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1. Introduction

Extreme heat is emerging as one of the most urgent climate-related challenges of
our time. Although the earth’s climate has varied naturally in the past, scientific
evidence shows that the current rate of global warming is unprecedented in at least
the last 24,000 years.! As temperatures continue to rise and natural systems are
pushed beyond their adaptive thresholds, the frequency and severity of extreme
heat events are projected to escalate further.?

India is already bearing the consequences of this trajectory. Of the 15 warmest
years on record, 10 have occurred within the last fifteen years (2011-25), and the
decade 2016-25 stands as the warmest ever recorded.? Approximately 57 per cent
of India’s districts, home to 76 per cent of the country’s population, are currently
classified as facing high to very high risk from extreme heat.*

Exposure to extreme heat carries severe public health consequences. One study
estimated that an average of 1,116 deaths per year were attributable to heatwaves
across just 10 Indian cities,” suggesting that the nationwide mortality burden
is substantially higher. Beyond mortality, extreme heat elevates the risk of heat
stress, dehydration, and a broad spectrum of heat-related illnesses—ranging from
relatively mild conditions such as heat rashes and cramps to life-threatening
outcomes such as heat stroke.

Rising temperatures also carry significant economic consequences. Diminished
work capacity, slower movement, and the need for frequent rest during hot periods
translate directly into productivity losses. According to a World Bank report,
India could account for 34 million of the projected 80 million global job losses
attributable to heat stress-related productivity decline by 2030.6 Another study
found that India lost approximately 259 billion hours of labour annually during
2001-20 due to heat impacts, representing nearly half of total global losses.”

As outdoor spaces become increasingly inhospitable, many people are retreating to
air-conditioned interiors for relief. Enclosed spaces are now used not only for work
and residences but also for shopping, leisure and social interaction, as evidenced
by the rapid expansion of malls across the country.

This shift, however, carries a significant environmental cost. Growing reliance
on air conditioning drives higher electricity demand,® particularly during
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heatwaves. Simultaneously, air-conditioning systems discharge waste heat into
the surrounding urban environment, raising ambient temperatures—especially at
night—and intensifying overall heat stress. In Phoenix, USA, for example, waste
heat from air conditioners was found to raise mean nighttime temperatures by
more than 1°C.9 This dynamic creates a self-reinforcing cycle in which higher
temperatures drive greater demand for cooling, which in turn further amplifies
urban heat.

Critically, the impacts of this cycle are deeply uneven. While those with access
to air-conditioned homes, offices or commercial spaces can shield themselves
from rising temperatures, others—including street vendors, informal construction
workers, delivery personnel, traffic police, sanitation workers and daily wage
earners—remain exposed to deteriorating outdoor conditions. They face prolonged
exposure to heat, often with limited access to alternatives that provide protection
from it. For these workers, rising temperatures translate directly into income
losses. A study found that informal workers living in Delhi’s slums, who face high
heat exposure both at home and at work, experience a 19 per cent decline in net
earnings for every 1°C rise in temperature. During heatwaves, these income losses
escalated to as much as 40 per cent.!° Thus, as outdoor public spaces lose comfort
and vitality, the burden of heat is disproportionately borne by those with the least
capacity to avoid it.

Learning climate-responsive urban design from India’s past

Historically, Indian cities were shaped by a rich interplay of culture and climate.
Streets and public spaces were conceived in response to local climatic conditions,
ensuring that outdoor environments remained functional for movement, trade
and social life even during periods of intense heat. Rather than serving merely
as corridors for movement, streets operated as vibrant public realms that
accommodated commerce, worship, exchange and community interaction.
Street width, orientation and enclosure were carefully calibrated to balance solar
exposure and shade. Built form regularly created sheltered edges through arcades,
overhangs and continuous building facades, while trees and waterbodies further
tempered temperatures. Together, these elements produced thermally comfortable
environments that sustained everyday life across seasons.

Examples of such climate-responsive urban design are found throughout historic
Indian cities. In many Rajasthani towns, streets were typically narrow and flanked
by continuous row-houses of two to three storeys. This height-to-width ratio
ensured that building shadows fell across the street for most of the day, shielding
pedestrians from the harsh overhead sun while preserving airflow.!! In Jaipur,
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Chandni Chowk, Delhi, in 1947. A combination of shaded pathways, canopies and fabric-enhanced outdoor thermal
comfort.

Source: Wikimedia Commons 1947. ‘Chandni Chowk on 15 August 1947, Available at https://commons.wikimedia.org/wiki/
File:Chandni_Chowk_on_15_August_1947.jpg, as accessed on April 20, 2026

commercial activity along major streets was organized within columned arcades
that provided continuous shade for pedestrians and shopfronts. These arcades,
together with street trees, played a significant role in improving outdoor thermal
comfort.!? Similarly, Shahjahanabad (Old Delhi) was home to Chandni Chowk—a
grand avenue lined with pools, fountains and canals for cooling, and shaded
pathways that served simultaneously as cultural and commercial thoroughfares.!3:1#

Across these examples, consistent principles emerge: careful control of solar
exposure and the deliberate integration of water and vegetation. Over time,
however, these climate-responsive principles have progressively receded from
urban development practice, eroding the thermal resilience of public spaces.


https://commons.wikimedia.org/wiki/File:Chandni_Chowk_on_15_August_1947.jpg
https://commons.wikimedia.org/wiki/File:Chandni_Chowk_on_15_August_1947.jpg
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As cities expanded, design priorities shifted towards maximizing land use and
traffic efficiency, often at the expense of environmental performance and human
comfort. Open spaces were paved over, tree cover declined, waterbodies were
encroached upon, and built surfaces increasingly relied on heat-retaining materials
such as asphalt.

Need for this toolkit

Recognizing the urgent need to improve urban public spaces, governments
are now investing significantly in upgrading streets and public areas through
schemes, missions and redevelopment initiatives.!>16:17 The focus, however, has
largely remained on aesthetics and functionality, with limited attention to how
these spaces perform under heat stress. In a warming climate, the success of public
space design cannot be measured by appearance alone.

Urban design projects in India need to move beyond place-making through
aesthetics and more deliberately integrate local context, culture and materials,
with a sharper focus on everyday livability. When these considerations are taken
seriously, public spaces become more usable and relevant across different times of
day and throughout the year.

This shift also opens the possibility of a more distributed network of active public
spaces, reducing dependence on a handful of centralized locations that frequently
become overcrowded or overstressed. When thermal comfort and microclimatic
conditions are addressed at the neighbourhood level, a wider range of smaller,
everyday spaces can remain usable for extended periods. This supports more
equitable access to public space—particularly for those with limited mobility—and
helps ease pressure on large, formal parks and plazas.

Spaces that reflect local climate and cultural context are more likely to support
consistent, everyday use rather than sporadic or seasonal activity. When people
find spaces comfortable and familiar, they tend to occupy them for longer
durations and at different times of day. This sustained use can strengthen social
interactions, reinforce a sense of belonging and deepen people’s connection with
their surroundings, as the space responds to both environmental conditions and
lived practices.

Addressing this challenge requires moving beyond assumptions and broad
guidelines towards measurable, site-specific evidence. Urban design decisions
must be grounded in an understanding of how built form, materials, vegetation,
water and spatial layout influence the localized climatic conditions of a specific
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space—its temperature, humidity, wind patterns and solar radiation, collectively
referred to as its microclimate. Without such assessment, interventions risk
reproducing designs that appear improved while continuing to expose users to
unsafe thermal conditions.

This toolkit addresses this challenge through microclimate simulation. Using
ENVI-met, a three-dimensional modelling tool, this study examines how site-
specific design interventions influence surface and ambient air temperatures

SUGEET GROVER

SUGEET GROVER
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under heat-stress conditions. By comparing existing conditions with proposed
design scenarios, the study generates quantitative insights into how different
strategies can improve outdoor thermal comfort. It is intended as a decision-
support resource to assist planners, designers, and policymakers in creating urban
environments that remain accessible, equitable, and resilient in the face of rising
temperatures.

12



2. Solving for thermal comfort

Rising heat is a global challenge, but its effects are particularly acute in urban
areas due to the Urban Heat Island (UHI) effect, a phenomenon whereby cities
experience significantly higher temperatures than their rural surroundings. This
is driven primarily by the replacement of natural landscapes with heat-absorbing
materials, the heat-trapping properties of dense urban layouts and the reduction of
vegetation and waterbodies. As cities continue to expand, effective heat mitigation
strategies become increasingly critical for maintaining urban resilience and
livability. Meeting this challenge requires well-planned, evidence-based solutions
that can measurably reduce urban temperatures.

One of the most effective approaches to mitigating urban heat is improving
local microclimates. Microclimate refers to the localized climatic conditions
within the near-surface atmosphere and surface soil, shaped substantially
by the characteristics of the underlying surface.!® While global and regional
climate patterns lie beyond direct human control, urban planning and design
can meaningfully shape microclimates at the neighbourhood and block scale. By
incorporating targeted cooling interventions, planners can create more thermally
comfortable environments that, when implemented at scale, can collectively
reduce urban ambient temperatures.

2.1 National missions support and align with heat
mitigation measures
Multiple national missions and financing frameworks already provide a strong
institutional and financial basis for improving urban microclimates, even where
this is not stated as their primary objective. Programmes focused on water
management, air quality, urban planning and afforestation collectively support
interventions such as waterbody rejuvenation, expansion of green spaces,
reduction of impervious surfaces and integration of climate considerations into
city planning. These efforts are complemented by emerging financing mechanisms
that link funding to climate-responsive planning and infrastructure outcomes.
Taken together, this ecosystem of missions and funds creates a clear opportunity
to mainstream microclimate improvement within ongoing urban development,
rather than treating it as a separate or additional agenda.
e The Atal Mission for Rejuvenation and Urban Transformation (AMRUT) has
actively supported interventions such as water body rejuvenation, along with
the development of parks and green spaces. Under AMRUT 2.0, over 2,700

13
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SINGAPORE'S GUIDELINES INTEGRATE SOLUTIONS

Cities such as Singapore integrate microclimate considerations into urban policy and practice. Singapore
introduced the Landscaping for Urban Spaces and High-Rises (LUSH) programme, which aims to mitigate the
urban heat island effect. Under this policy, developers must replace greenery lost due to construction by adding
greenery within the development, such as roof gardens, sky terraces or vertical greening. At least 40 per cent
of the required landscape replacement must be permanent planting, while the remainder may include communal
spaces such as plazas, water features, or playgrounds.l? Such measures recognize that heat exposure and
thermal discomfort can be reduced through informed urban design decisions at the site scale. Singapore’s Urban
Redevelopment Authority is developing an environmental simulation planning tool named QUEST, which will help
planners understand the city's microclimate and assess how future developments will affect thermal comfort.2°

Moreover, Singapore's Privately-Owned Public Spaces (POPS) guidelines also define clear, climate-responsive
design expectations to support shading of public spaces. These go beyond general intent and define how comfort
should be achieved and evaluated. Shade is treated as a critical requirement for all-day usability, with explicit
attention to both its extent and performance during peak heat hours. The guidelines recognize multiple ways

to create shade, including building form, adjacent structures, vegetation and lightweight elements, while also
emphasising that materials used for shading should not contribute to additional heat retention within the space.

Figure 1: Landscape replacement areas under Singapore's Landscaping for Urban Spaces
and High-Rises (LUSH) programme

Extensive Green Rooftop Urban Farming \
(hardscape only)

Roofs
#ﬁ"‘m

Roof Garden Communal _»
Planter

, Boxes

Sky Terrace 0

Green
walls
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Area
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1* storey Landscape Area and/or
Covered Communal Ground
- Landscape Garden
Replacement Areas

Source: Urban Redevelopment Authority Singapore 2014. ‘Landscaping for Urban Spaces and High-Rises (LUSH) 2.0 Programme: Landscape
Replacement Policy for Strategic Areas'. Available at https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc14-12-original, as accessed on 20
April 2026
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Shaded pathway in Singapore

Source: Pan Jie 2024. ‘Under one roof: How the covered walkway conquered Singapore’, RICE. Available at https://www.ricemedia.co/culture-life-
one-roof-covered-walkway-conquered-singapore/, as accessed on 20 April 2026

Importantly, they require this to be demonstrated through a sun-shadow study on June 21, the longest day of

the year, assessing conditions at 9 a.m., 12 noon, and 4 p.m. The study requires designers to demonstrate that at
least 50 per cent of the total public space area and seating remain shaded during these hours, establishing a clear
and measurable benchmark for comfort. This requirement shows how climatic response, including material choice,
can be embedded into the design process in a verifiable manner, ensuring that public spaces remain usable during
the hottest parts of the day rather than being shaped only by visual considerations.?!

Points covered under the guidelines:22

e Public space should be well shaded to encourage public use throughout the day.

e Shade can be provided by integration within the building form, by adjacent buildings, trees, canopies/
pergolas, adjustable umbrellas/awnings and/or landscape elements.

e Material used to provide shade must not result in additional heat retention in the public space.

e Sun shadow study should be undertaken to demonstrate that sufficient shade is provided between 9 a.m. and
4 p.m. Shadow diagrams are to be studied for shadow cast on June 21 at 9 a.m., 12 noon and 4 p.m. For each
shadow diagram:

o At least 50 per cent of the total public space area is to be shaded; and
o At least 50 per cent of public space seating is to be shaded.

15
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waterbody projects and 1,599 parks have been approved at a cost exceeding
Rs 7,200 crore, of which 824 waterbodies and 825 parks have already been
completed as of March 2026.23

e While the National Clean Air Programme (NCAP) is primarily an air quality
initiative, its strategies are intrinsically linked to microclimate management. It
proposes targeted interventions such as green buffer zones and water fountains
along traffic corridors, greening of open areas, gardens and community places,
along with extensive urban plantation drives.?* These interventions, backed
with a performance-linked grant of over Rs 13,036 crore provided till 2025,25
and an additional Rs 1,091 crore allocated for 2026-2726 under the Control
of Pollution scheme, do not just suppress dust but also act as a vital defence
against the urban heat Island effect.

e The National Mission on Sustainable Habitat (NMSH), under the National
Action Plan on Climate Change (NAPCC), requires million-plus cities to prepare
and implement City Climate Action Plans. Within this framework, cities are
expected to integrate climate considerations into urban planning, green cover
and biodiversity management. This includes mapping eco-sensitive zones,
biodiversity hotspots and key natural assets such as waterbodies, wetlands,
forests and their catchments. Cities are also required to develop urban heat
island maps to guide local mitigation actions, particularly those that improve
microclimate conditions and reduce greenhouse gas emissions.

The mission further emphasizes strengthening urban ecological systems by
conserving and rejuvenating waterbodies, increasing green cover and ensuring
that 10 to 12 per cent of the developed area is allocated to recreational spaces,
including green and blue infrastructure. It also calls for reducing impervious
surfaces and promoting permeable materials in sidewalks and pavements to
improve groundwater recharge and manage surface runoff. Together, these
measures aim to support more climate-responsive and resilient urban habitats.

* Urban plantation at scale is being advanced through dedicated schemes that
embed greenery directly within city limits. The Nagar Van Yojana (NVY),
launched in 2020 under the Ministry of Environment, Forest and Climate
Change, aims to create 1,000 urban forests—Nagar Vans and Nagar Vatikas—
by 2027,27 covering areas ranging from 1 to 50 hectares within or immediately
adjacent to municipal limits. The scheme is implemented through State Forest
Departments with financial assistance from the National Compensatory
Afforestation Fund Management and Planning Authority (National CAMPA).
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* Complementing this, the Ek Ped Maa Ke Naam campaign has mobilized
urban local bodies to conduct georeferenced tree plantation on public land,
extending canopy cover into urban areas where large Nagar Van sites may not
be available.

* Broader ecological goals are further supported by the National Mission for
a Green India (GIM), which includes a dedicated component for expanding
forest and tree cover in urban and peri-urban landscapes to create vital
ecological buffers.?® For FY 2026-27, GIM has been allocated Rs 170 crore to
strengthen these green buffers.29

e The most recent and significant addition to this financing landscape is the
Urban Challenge Fund (UCF), approved by the Union Cabinet in February
2026. It represents a shift toward market-linked urban renewal, moving away
from purely grant-based models. Through a dedicated vertical, it incentivizes
cities to undertake the ‘Creative Redevelopment’ of central business districts
and heritage cores, and retrofitting of legacy infrastructure (drainage, water,
public spaces) while prioritizing climate resilience and disaster mitigation.
This initiative provides Rs 1 lakh crore in Central Assistance through 2031
with the aim of catalysing a total investment of Rs 4 lakh crore by mandating
that at least 50 per cent of project financing be sourced from the market.3°

Retrofitting existing urban spaces—potential low-hanging firuit
Most Indian cities are already built up and densely occupied, leaving limited scope
for large-scale redesign or reconstruction. In this context, improving thermal
comfort cannot depend on new development alone—it must focus on upgrading
and retrofitting existing urban spaces.

In this context, retrofitting refers to the modification and upgrading of existing
streets, open spaces, and built elements to improve thermal performance without
altering their fundamental structure or function. This encompasses changes
to surface materials, shading structures, greening, water features, and spatial
configuration that reduce heat accumulation and enhance outdoor comfort.
Unlike large-scale infrastructure projects, retrofitting measures are feasible
within existing urban constraints, can be implemented incrementally, and are
adaptable to different city contexts. Critically, they allow cities to address rising
heat risks without displacing users or disrupting everyday activities—a particularly
important consideration in heavily used public spaces.

17
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This toolkit, therefore, focuses on site-scale retrofitting interventions as a practical
and scalable approach to improving outdoor thermal comfort. The following
sections outline the intervention framework used to identify, evaluate, and
simulate these strategies across a range of urban contexts.

2.2 Framework for interventions

This toolkit presents a four-path intervention framework to guide cities in
improving outdoor thermal comfort. Interventions are grouped by the physical
processes that govern the microclimate: reducing solar exposure, enhancing
local cooling through nature-based measures, lowering surface heat absorption,
and managing wind variability. Together, these principles help cities prioritise
measures that directly influence ambient air and surface temperatures, thereby
improving overall outdoor thermal comfort.

Figure 3: Framework for interventions
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Cutting solar exposure

Under clear sky conditions, solar radiation at ground level can reach 700-1,000
W/m? at midday, with a significant share absorbed by the human body. This heat
input can exceed the body’s own heat production several times over, making direct

¢ i

Tensile fabric canopy (top); metal ffame with wooden trellis vegetation (bottom)

Sources: Topcu E. 2025. 'Busy street market scene with sunshades’, Pexels. Available at https://www.pexels.com/photo/busy-street-
market-scene-with-sunshades-33661539/, as accessed on April 20, 2026 (top); Sugeet Grover (bottom)
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solar exposure a primary driver of outdoor thermal discomfort. Its effect operates
largely through mean radiant temperature (MRT), which captures the combined
influence of radiation from the sun and surrounding surfaces, as well as heat
re-emitted by built materials. Even when air temperature remains unchanged,
elevated MRT can make conditions feel substantially hotter and significantly
reduce the usability of outdoor spaces.

Shading directly addresses this by intercepting incoming solar radiation and
lowering MRT, thereby reducing the heat load on the human body. This effect
occurs without significantly altering air temperature, yet results in a marked
improvement in comfort. In open urban areas such as streets, parking areas
and public squares, shading through trees or built elements can reduce surface
temperatures by more than 20°C,3! further limiting the re-radiation of heat from
surface materials. Together, these effects support longer and more consistent use
of outdoor spaces, particularly during peak heat hours.

Nature-based sinks

Blue-green infrastructure (BGI)—encompassing trees, parks, gardens, lakes,
and ponds—plays a vital role in regulating outdoor heat. Vegetation cools the
surrounding environment through evapotranspiration and shading, while
waterbodies absorb heat and generate cooler microclimates. A CSE analysis of
changes in blue and green cover across several cities found a direct relationship
with land surface temperature. In Kolkata, a sharp decline in vegetation and
waterbodies between 1999 and 2021 drove average land surface temperatures up
by nearly 5°C (37.82-42.65°C). Similar trends were documented in Pune, Jaipur,
Nagpur, Delhi and Bhubaneswar, where reductions in BGI were directly associated
with hotter outdoor environments.?? To address this, expanding vegetation cover

and introducing water features are key strategies.




Blue-green infrastructure can help reduce local surface temperatures

Sources:

L Wikimedia Commons 2016. ‘File: Verinag Spring in Anantnag District, Jammu and Kashmir, India 05.jpg’. Available at https://
commons.wikimedia.org/wiki/File:VERINAG_SPRING_IN_ANANTNAG_DISTRICT,_JAMMU_AND_KASHMIR,_INDIA_05.jpg,
as accessed on April 20, 2026.

2. Ravi Sharma 2023. 'Man with street food trailer on street in autumn’, Pexels. Available at https://www.pexels.com/photo/man-
with-street-food-trailer-on-street-in-autumn-17293004/ , as accessed on April 20, 2026.

3. Wikimedia Commons 2019. 'File: MayaDevi Temple, Lumbinijpg’. Available at https://commons.wikimedia.org/wiki/
File:MayaDevi_Temple,_Lumbinijpg#filelinks, as accessed on April 20, 2026.

4.  Wikimedia Commons 2017. 'File: Rabindra Sarobar-Dhakuria, Rabindra Sarobar, Kolkata-West Bengal 700029-DSC 0035
OLjpg’. Available at https://commons.wikimedia.org/wiki/File:Rabindra_Sarobar-Dhakuria,Rabindra_Sarobar,Kolkata-West_
Bengal_700029-DSC_0035_01.jpg, as accessed on April 20, 2026.

Trees along the roads provide shade, reducing surface temperatures.
Source: Gowtham A.G.M. 2024. ‘Green bus', Pexels. Available at https://rb.gy/hr255m, as accessed on April 20, 2026

Greening through trees

Expanding tree cover is a well-established heat mitigation strategy across diverse
climatic conditions, effectively reducing temperatures through shading and
evapotranspiration.33:34 A literature review on the effectiveness of blue-green
infrastructure for microclimate regulation found that tree shading can lower
surface temperatures by more than 15°C and reduce air temperatures by up to
2.8°C compared to unshaded areas.3? Itis essential, however, to select species that
are well-suited to local climatic conditions.
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Rooftop greening

Green roofs reduce heat accumulation on building surfaces by replacing
conventional roofing materials with a vegetated layer and a growing medium. The
vegetation shades the roof surface while the growing medium retains moisture and
slows heat transfer through the roof structure. The cooling effect of green roofs
arises from three interrelated processes. First, vegetated surfaces generally have a
higher albedo than dark roofing materials and therefore reflect a larger proportion
of incoming solar radiation. Second, both vegetation and the growing medium
cool the surface through evapotranspiration—water evaporates from plant leaves
and the growing medium, converting sensible heat into latent heat and reducing
the surrounding air temperature. Third, the plant canopy physically shades the
roof membrane, limiting direct solar heating of the roof surface.

At larger spatial scales, widespread adoption of green roofs can also influence
ambient air temperatures. When many rooftops are vegetated, the combined
reduction in heat storage and increase in evaporative cooling can lower local air
temperatures and help moderate urban microclimates. Research indicates that
green roofs can reduce daytime surface temperatures by an average of 10-17°C,
and lower air temperatures by 0.3-3°C when deployed at the city scale, thereby
reducing UHI intensity and improving outdoor thermal comfort.36

Green roofs help limit heat build-up on building surfaces

Source: Tanvi Deshpande 2023. 'Explained: As indoor heat rises, can India turn to green roofs?’, IndiaSpend.
Available at https://www.indiaspend.com/explainers/explained-as-indoor-heat-rises-can-india-turn-to-green-
roofs-867308, as accessed on April 20, 2026.
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Vertical greening

Vertical greening reduces heat accumulation on building facades and other
vertical surfaces, which are major contributors to heat storage in dense urban
environments. By incorporating climbing plants, modular green wall systems,
or vegetated trellises onto building exteriors, vertical greening shields walls from
direct solar exposure and reduces the heat absorbed by facade materials. This
shading effect lowers surface temperatures and limits the subsequent re-release of
stored heat into the surrounding environment.

Vegetated facades can further cool adjacent air through evapotranspiration and
by modifying airflow along building surfaces. The plant layer creates a thin buffer
zone between the wall and the outdoor environment, reducing facade heating and
moderating temperature fluctuations across the building envelope. As a result,
less heat is transferred from wall surfaces to the surrounding air.

At the urban scale, vertical greening is especially relevant in urban canyons,
where closely spaced buildings restrict air circulation and trap heat between
facades. Greening sun-exposed walls and high-solar corridors can reduce surface
heating along these vertical planes and introduce evaporative cooling within
the street canyon. When applied across multiple buildings in dense areas, these
interventions can help moderate local microclimates, reduce heat retention within
street corridors, and improve outdoor thermal comfort.

g = s=as

Vertical greening to block direct solar radiation and reduce ambient temperatures through evapotranspiration.
Source: CSE
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Studies indicate that vertical greening can reduce surface temperatures by 7-17°C
during the day, while lowering ambient air temperatures by up to 3.33°C when
irrigated.3?

Water features

Water features can moderate local microclimates by introducing evaporative
cooling. As water evaporates from exposed surfaces such as fountains, ponds,
shallow channels or misting installations, it absorbs heat from the surrounding
environment, reducing nearby air temperatures and improving thermal comfort
in outdoor spaces. Waterbodies also heat and cool more slowly than most urban
materials, helping to moderate temperature fluctuations in adjacent areas. When
thoughtfully integrated into public spaces such as plazas, courtyards or parks,
water features can create localized cooling zones that provide meaningful relief
in heat-stressed environments, particularly in dense urban areas with limited
vegetation.

Reducing surface ahsorption by changing surface

Urban surfaces significantly influence heat accumulation, as many commonly used
paving and roofing materials absorb large amounts of solar radiation and retain
this heat within the urban environment. Dark, impervious materials such as asphalt
or dense concrete typically have low reflectance and high heat storage capacity,
raising surface temperatures and contributing to the warming of surrounding
areas. Modifying these surfaces can reduce heat absorption and limit the release
of stored heat into the urban microclimate. One approach is to increase surface
reflectance through the use of light-coloured paving materials, high-albedo stones
or reflective coatings. Surfaces with higher solar reflectance absorb less incoming
radiation and therefore remain significantly cooler than darker alternatives. Field
measurements indicate that reflective pavements can achieve surface temperatures
up to approximately 19°C lower than conventional dark pavements under
comparable solar conditions.?® Lower surface temperatures reduce heat storage
within pavements and limit the transfer of sensible heat to the surrounding air.

Another approach involves increasing surface permeability in areas with little or
no pedestrian footfall. Replacing continuous hardscape with planted areas, shrubs
or grass allows the ground to retain moisture and supports evaporative cooling
from soil and vegetation. Permeable surfaces also reduce heat storage in dense
paving materials and improve near-ground thermal conditions. Applied across
plazas, courtyards and open spaces, a combination of reflective materials and
permeable landscaping can meaningfully moderate surface temperatures and
improve outdoor thermal comfort in dense urban environments.
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High reflectance stones used for paving in Akshardham temple, Delhi (left); high reflectance paint used over
concrete Tirupati Balaji Temple, Delhi (centre and right) for cooler circumambulatory paths

Source: Anon 2012. ‘Swaminarayan Akshardham, Delhi, India’. Airpano. Available at https://www.airpano.com/360article/
akshardham-india/, as accessed on April 20, 2026; CSE

Permeable pavers (left); grass and shrubs (right) instead of hard surfaces in places with less footfall
Sources: Mkrndmane 2024. ‘Photo detail’, WordPress Photo Directory. Available at https://wordpress.org/photos/

photo/2726612b0a/, as accessed on April 20, 2026
Anon. 2017. 'DSC-HX200V', Pxhere. Available at https://pxhere.com/en/photo/1002602, as accessed on April 20, 2026

Managing wind variability

Wind movement plays a significant role in determining outdoor thermal comfort,
particularly in dense urban environments. The orientation of streets, open spaces
and buildings determines how air moves through a site and whether accumulated
heat is dispersed or trapped. By aligning site layouts and built form with prevailing
wind directions, airflow can be channelled to flush out heat and enhance convective
cooling at the pedestrian level.

Effective wind management can also amplify the cooling potential of blue-green
infrastructure by dispersing cooler air generated through evapotranspiration
across adjacent spaces. Conversely, poorly oriented built forms and unbroken
barriers can restrict airflow, creating stagnant heat pockets. Integrating wind
considerations into urban design is therefore essential to ensuring that heat
mitigation interventions perform effectively under local climatic conditions.
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Figure 2: Wind plays a role in trapping or dissipating heat in an urban area

Source: CSE

INDIA'S ECSBC INCORPORATES SITE-LEVEL MEASURES TO MITIGATE
HEAT ISLAND EFFECT AND IMPROVE OUTDOOR THERMAL COMFORT

India’s Energy Conservation and Sustainability Building Code 2024 (ECSBC 2024) seeks to address
heat stress and outdoor thermal comfort not only at the building scale but also at the site level to
reduce the heat island effect. By expanding its scope from individual buildings to ‘urban layouts’, the
code incorporates provisions that address the surrounding microclimate and the thermal performance
of outdoor spaces.

The code recognizes the role of vegetation and surface treatment in moderating thermal conditions by
requiring the preservation of existing mature trees wherever feasible and mandating compensatory
tree planting for those that are removed or transplanted. It also limits paved non-roof areas, including
uncovered parking spaces and pathways, to a maximum of 30 per cent of the total site area excluding
the building footprint, acknowledging the contribution of excessive hardscaping to heat absorption
and re-radiation in urban environments.

The code further strengthens these provisions for Super ECSBC buildings by introducing explicit
heat island reduction requirements for both roof and non-roof areas. It mandates cool roofs or roof
vegetation for at least 95 per cent of the net exposed roof area and requires 100 per cent of paved
non-roof areas to be shaded by vegetation or a combination of vegetation and structural shading
with high-reflectivity surfaces. By also specifying minimum reflectivity requirements for roofs, the
code aims to reduce the heat these surfaces absorb and re-radiate. Together, these provisions signal
a broader shift towards integrating microclimate considerations and outdoor thermal comfort into
building and site planning practices.

26



3. Methodology for
microclimate simulation

For the strategies outlined above to be truly effective, they must be carefully
assessed and optimized for specific urban settings. This is where microclimate
simulation becomes essential, providing an evidence-based approach to test and
refine heat mitigation strategies before deployment. Simulation tools enable the
modelling of different mitigation scenarios to quantify their effectiveness prior to
implementation. By evaluating changes in key microclimate parameters—such
as temperature, wind flow and humidity—under various intervention scenarios,
simulations offer valuable decision-support insights for urban planners and
policymakers.

This study employs a simulation-based methodology to assess the effectiveness
of urban heat mitigation strategies using the microclimate modelling tool ENVI-
met. The approach is designed to evaluate how specific interventions perform
under real urban conditions. The methodology begins by identifying urban areas
requiring urgent heat mitigation, with these priority sites forming the basis for
subsequent analysis and simulation.

3.1 Identification of priority areas for intervention

CSE conducted a spatial analysis across eleven Indian cities to identify areas
experiencing recurrent heat stress during peak summer months. Satellite-derived
Land Surface Temperature (LST) data for the summer period (March-July)
were analysed to map spatial patterns of extreme heat. Heat stress thresholds
were defined using India Meteorological Department (IMD) heatwave criteria—
temperatures exceeding 40°C in inland plains and 37°C in coastal regions.

To account for the difference between surface and ambient conditions, the
relationship between air temperature and LST was defined as LST = AT + 5°C,
following the findings of Gallo et al.3? While the referenced study identifies a
possible range of 2-7°C between air temperature and LST, a conservative offset
of 5°C was adopted to ensure analytical robustness. Areas were classified as heat-
stressed when IMD-defined thresholds were exceeded recurrently for six or more
years during the decadal period 2014-23.
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The analysis revealed that seven of the eleven cities had more than 80 per cent of
their urban area under heat stress, indicating widespread and persistent exposure
to extreme summer temperatures. From these, Delhi, Jaipur, Mysuru and Pune
were selected for detailed simulation-based analysis, representing composite
and warm-humid climatic zones. Leh, located in the cold climatic zone, was also
included in response to emerging concerns about rising summer temperatures
amid rapid urban development.

Within the identified heat-stressed zones, the study focused specifically on
outdoor spaces requiring thermal comfort interventions. These included areas
with high pedestrian activity—streets, markets, transit nodes and public gathering

Map 1: CSE analysis for 11 cities showing the percentage area under heat stress

Jaipur 99.54 % Mysuru 69.05 %

Pune 84.5 % Ahmedabad 95.45% Nagpur97.84%  Chennai 80.27 %

Bhubaneswar 5.61 % Bengaluru42.71% Hyderabad 37.21%

Source: CSE analysis
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spaces where people not only pass through but also wait, interact, work and eat.
Such locations disproportionately expose street vendors, daily-wage workers,
commuters and other vulnerable groups to prolonged heat stress, making them
critical priority sites for targeted interventions.

Delhi

Within Delhi, sites were chosen to reflect a range of urban forms and activity
intensities, enabling assessment of heat mitigation strategies across varied public
realm conditions.

Connaught Place

Connaught Place was selected as the study site for Delhi due to its role as one of
the city’s most prominent mixed-use urban precincts. The area supports a wide
range of commerecial, religious and social activities, resulting in consistently high
pedestrian presence across different times of the day. As a major destination for

Map 2: Map of Delhi with study areas

PARAMETERS DETAILS
Area ~1,484 km?
Climate Composite

Peak Summer

Temperature 4245 ¢

Heatwave Days (2024) | 23 days

Chandni Chowk

Source: CSE
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commuters, shoppers, workers and visitors, Connaught Place represents a space
where outdoor thermal conditions directly influence everyday urban life. The
precinct includes formal pedestrian corridors, open plazas and public gathering
spaces, making it a suitable location for evaluating interventions aimed at
improving outdoor thermal comfort.

Chandni Chowk

Chandni Chowk was selected as a study site due to its role as one of Delhi’s oldest
and most active mixed-use commercial corridors. The area supports a dense
concentration of retail, wholesale trade, religious institutions, food establishments,
and informal activities, resulting in very high pedestrian volumes throughout the
day. As a key destination for traders, workers, residents, and visitors, Chandni
Chowk is an urban space where outdoor thermal conditions directly affect daily
livelihoods and mobility. The area comprises narrow streets, continuous building
edges, and highly active public realms, making it an appropriate setting for
evaluating heat mitigation strategies in historically evolved, high-density urban
environments.

Lajpat Nagar

Lajpat Nagar was selected as a study site due to its character as a dense
neighbourhood-scale mixed-use area, where commercial activity is interwoven
with residential use. The area supports daily retail activity, local services and
neighbourhood movement, resulting in sustained pedestrian presence, particularly
along market streets and access roads. The precinct consists of active street
edges, neighbourhood markets and residential blocks, making it representative
of everyday urban environments where outdoor spaces are routinely used by
residents, vendors and commuters.

Jaipur
Within Jaipur, sites were chosen to capture different types of outdoor public
spaces, i.e. market squares and transit gateways, used intensively during the day.

Badi Chaupad

Badi Chaupad was selected as the study site for Jaipur due to its role as a major
public square and market junction with strong cultural and historic significance.
The space functions as a key node within the city, supporting a mix of commercial
activity, transit movement, and social interaction, and attracting high pedestrian
presence throughout the day. As a prominent junction within the historic core,
Badi Chaupad accommodates multiple modes of movement, including pedestrians,
non-motorized transport and vehicular traffic. Its function as both a movement
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Map 3: Map of Jaipur with study areas PARAMETERS DETAILS
Area ~467 km?
Climate Composite
Peak Summer 40-47 °C
Temperature

Source: CSE

corridor and a public gathering space makes it a suitable location for examining
outdoor thermal comfort in heritage-intensive, high-activity urban settings.

Chandpole Metro Station

Chandpole Metro Station was selected as a study site due to its role as a major
public transport node within Jaipur’s historic core. The station serves as an
important gateway connecting key heritage landmarks, including Hawa Mahal
and City Palace, and provides access to surrounding public spaces such as Chhoti
Chaupad and Badi Chaupad. As a result, the area experiences high pedestrian
movement from commuters, tourists and local residents throughout the day. The
precinct functions primarily as a transit-oriented public space, where pedestrians
gather, wait and transfer between modes of movement.

Mysuru
Within Mysuru, sites were chosen to capture public spaces with sustained outdoor
use, ranging from civic junctions to transport hubs.
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Map 4: Map of Mysuru with study areas

PARAMETERS DETAILS

Area ~6307 km?
Climate Warm & Humid
Peak Summer 5
Temperature =366

Source: CSE

KR Circle

KR Circle is a central civic and commercial node within the city. The space
functions as a focal point for public gatherings, processions and local celebrations,
and supports continuous everyday use by residents and visitors. As a major traffic
intersection, KR Circle connects key arterial roads and sees heavy pedestrian and
vehicular traffic. The presence of shops, banks, and small businesses around the
circle contributes to sustained outdoor activity, making it a suitable location for
assessing outdoor thermal comfort in active, multifunctional urban junctions.

Mysuru city bus stand

The Mysuru City Bus Stand was selected as the study site due to its role as a
primary public transport hub in the city. The facility serves a large number of
daily commuters, resulting in consistently high pedestrian movement throughout
the day. As a space where people arrive, wait, and transfer between routes, the
bus stand is a critical outdoor environment in which thermal conditions directly
influence commuter comfort. Its functional importance and continuous use
make it a suitable location for evaluating heat mitigation interventions in transit-
oriented urban settings.
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Pune
Pune’s sites were chosen to examine outdoor thermal comfort across formal office
precincts and informal market streets.

Margarpatta city car parking

The parking area within Magarpatta City’s inner circle was selected as the study
site due to its location within a large, planned IT and commercial hub. Magarpatta
City accommodates offices, industries and allied services, resulting in high daily
commuter activity and extensive use of outdoor spaces associated with work-
related travel. The site forms part of a planned urban precinct organised around a
central green, with surrounding areas dedicated to circulation and parking.

Tulsi Baug Market

Tulsi Baug Market is one of Pune’s most active traditional market areas, catering
to heavy pedestrian footfall on a daily basis. The market supports a mix of retail
shops, eateries, religious activity, and informal vending, drawing residents and

Map 5: Map of Pune with study areas

PARAMETERS DETAILS
Area ~331.26 km?
Climate Temperate
Peak Summer 23-35°C
Temperature

Source: CSE
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visitors throughout the day. As a space characterised by continuous street-
level activity and prolonged outdoor presence, Tulsi Baug Market represents a
typical high-intensity public realm where people walk, stop, interact and work.
Its functional diversity and dense use make it a suitable location for evaluating
outdoor thermal comfort in informal, activity-driven commercial streets.

Leh

Within Leh, sites were chosen to capture commonly used outdoor spaces such as
transport hubs and commercial parking areas.

Leh city bus stand

The Leh City Bus Stand is a key transit hub serving both local commuters and
intercity travellers. The facility experiences continuous pedestrian and vehicular
movement throughout the day, with people arriving, waiting, and transferring
between modes of transport. As one of the most actively used public spaces in

Map 6: Map of Leh with study areas

PARAMETERS DETAILS
Area ~17 km?
Climate Cold
Peak Summer 2535 °C
Temperature

Source: CSE



Leh, the bus stand represents an important outdoor environment where thermal
conditions directly influence user comfort.

Parking for commercial area near Changthan

The parking area near Changthan is in an active commercial zone that caters to
shoppers, tourists and local vendors. The space supports regular movement and
short-duration stays associated with commercial activity, resulting in sustained
daytime outdoor use. As a functional component of the commercial area, the
parking lot represents a common urban space in rapidly developing hill towns,
where vehicular access and pedestrian movement overlap.

3.2 Developing mitigation scenarios

Following the selection of study areas across the five cities, detailed site visits
were conducted to document existing on-ground conditions. These visits
were supplemented by systematic visual analysis to understand how the built
environment, surface materials, vegetation and spatial configuration influence
outdoor thermal conditions at each site. Particular attention was given to areas
of active public use—spaces where people walk, wait, gather, work or engage in
commercial activity.

The visual assessment focused on identifying patterns of heat accumulation and
thermal discomfort, including exposed pedestrian corridors, unshaded paved areas,
waiting zones and activity nodes with prolonged outdoor use. Observations also
documented missing or inadequate elements that contribute to thermal comfort,
such as shading structures, vegetation, surface treatment and ventilation pathways.
These observations established a qualitative understanding of how different spatial
elements interact to intensify or moderate heat stress at the site level.

Based on this assessment, two simulation scenarios were developed for each
site. Both scenarios were run under identical meteorological conditions to
ensure comparability. The base scenario represents the existing ‘as-is’ condition,
capturing current built form, surface materials, vegetation cover, and spatial
layout. The intervention scenario was developed by introducing context-specific
heat- mitigation measures informed by the site observations and aligned with
CSE’s four-path intervention framework. Model outputs were then analysed to
assess changes in key thermal comfort parameters—air temperature and surface
temperature—both of which are central to how people experience heat in open
spaces. This comparative assessment enables an evaluation of the effectiveness of
individual interventions, providing evidence to support climate-responsive urban
design and planning.
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Figure 4: The base scenario is compared with Intervention scenario

Base Scenario Intervention Scenario High
. albedo

Asphalt stone

road

Dense
Canopy

Trees
Concrete

paving
PvC

shading

Choosing context-appropriate interventions

The effectiveness of thermal comfort strategies varies considerably across contexts,
making site-specific assessment essential. For instance, while tree shading is
broadly effective, canopy density significantly influences outcomes—dense-
canopy trees deliver the greatest surface temperature reductions, underscoring
the importance of prioritizing them in planting plans. Given the time required
for trees to mature, a combined approach using both trees and artificial canopies
is recommended to ensure immediate shading benefits through built structures
while building long-term cooling capacity as tree cover matures.

Similarly, in areas where hard paving is not functionally required—such as
spaces without defined pathways or heavy footfall —surfaces can be converted to
softscapes. Blue infrastructure, including water features, can provide additional
cooling benefits, but their application must be context-sensitive. In high-humidity
regions, reduced evaporation limits their effectiveness, while in water-scarce areas,
continuous water demand constrains their long-term sustainability.

Applying these principles, site-level observations were used to identify missing
heat-mitigation elements and to develop tailored intervention scenarios for each
study area. Only feasible and contextually appropriate strategies were selected,
reflecting on-ground implementation realities. Shading measures—such as
tree planting along medians and lightweight canopies along shopfronts—were
prioritized in areas with high pedestrian activity and direct solar exposure.
Ambient air temperature reduction measures, including activating existing water
features and targeted greening, were proposed for spaces with limited vegetation
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but high public use. Surface material modifications, such as permeable finishes,
were selectively applied in low-footfall zones to reduce heat absorption without
disrupting pedestrian circulation. These interventions were integrated into a
unified scenario for each site and simulated against the base (as-is) condition
using ENVI-met.

Case example—Chandni Chowk, Delhi: Site-level observations,
tdentification of missing elements and selecting site-specific
intervention

The pedestrian zone of Chandni Chowk, while designed to accommodate very
high footfall, is dominated by hard, impervious surfaces. Shading is largely absent
across key walking and gathering areas, despite sustained pedestrian presence
throughout the day.

The fenced area surrounding the central fountain is entirely hardscaped, limiting
its potential to contribute to microclimatic cooling. Although a fountain structure
is present, it is currently non-functional, eliminating an important opportunity
for evaporative cooling within the space. The surface materials used across the
plaza and adjoining pedestrian areas further intensify heat absorption during
peak hours.

Satellite image of study area

Fountain structure exists
but is non-functional

Fenced area around the fountain is entirely
hardscaped. Surface material can be improved

Pedestrian zone is designed for
heavy footfall but dominated by
hard surfaces. Shading is absent.

Analysis of the current scenario and missing elements of Chandni Chowk study area
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Figure 5: Framework for interventions and highlighted strategies that were
used to formulate the intervention scenario for Chandni Chowk study area

Potential Interventions
Strategies

Shading

Trees added along median and
""""""" hd canopies added on shop fronts

Blue-Green Infrastructure

I : Water feature added by making
existing fountain functional
Framework

for
interventions

Changing Surface

Surface material changed to grass in
fenced area where there is minimal
footfall

-—--»

3.3 Simulation steps

Once identified, mitigation scenarios must be modelled and simulated for the
selected study area to understand and quantify their effect on the microclimate.
ENVI-met is the simulation software used for this purpose. It is based on the
Reynolds-Averaged Navier-Stokes equations and the Energy Balance equation,
which govern heat transfer processes within the simulated environment. The
software enables three-dimensional modelling of building-air-vegetation
interactions within a defined urban environment. The key components and models
used to simulate microclimate parameters are as follows:

1. Thermal properties: Thermal properties of each material used, such as
reflectance, absorptance, emissivity and thermal conductivity, etc. were
included, to accurately simulate the exchange of heat energy between surfaces
and the surrounding environment.
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MATERIAL PARAMETERS FOR THERMAL PERFORMANCE

Each theme within the database manager consists of material whose thermal performance depends on specific

material parameters.

Table 1: Parameters associated with built environment

Parameter

Absorption (absorption coefficient)

Significance

The fraction of short-wave radiation
absorbed and is converted to internal
heat energy

Transmission (transmission
coefficient)

The fraction of radiation that passes
through the material without being
absorbed or reflected

Reflection (reflection coefficient)

The fraction of radiation that
bounces off the material

The effectiveness of a material in

Emissivity emitting heat energy as long-wave
thermal radiationv
S el The heat required by a body to raise

its temperature by a single unit

Thermal conductivity

Material's ability to transfer heat
through itself
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Table 2: Parameters associated with vegetation

Parameter Significance

The percentage of short-wave radiation

Albedo reflected from the surface of the plant

Average amount of short-wave solar
radiation that passes through the plant
to reach the ground determines the
strength of the shadow cast by the plant

Transmittance

2. Vegetation model: The vegetation model calculates the foliage temperature
and the energy balance of the leaves, taking into account the physiological and
meteorological parameters. The vegetation is characterized by the normalized
leaf area density (LAD) and the normalized root area density (RAD). The
evaporation rate and turbulence calculations are based on the airflow fields
around the vegetation and the tree shape. The evaporation rate at the leaf
surface, regulated by the stomata, is affected by the heat exchange between
the leaf and its environment. The absorption characteristics of the foliage are
calculated as a function of the sun path and the projected shade

Building surfaces: The thermal properties as well as the orientation of building

surfaces, including walls and roofs, were considered to simulate their impact on

surface temperatures. The simulation process in ENVI-met involves several key

steps:

1. Setting up: Software installation, creating a workspace for the study area, and
creating and managing a material database.

2. Digitizing the base and intervention scenarios by modelling the built
environment.
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3. Inputting weather parameters such as temperature, humidity and wind
conditions to understand their variation under different scenarios

4. Running the simulation to generate microclimate outputs.

5. Visualizing and analysing results to study the effectiveness of mitigation
strategies in reducing the UHI effect (see Figure 6: Simulation framework).

Figure 6: Simulation framework

Set Up
Software Installation
Workspace creation
Project name
Database Management
Microclimate Parameters
Digitizing Area File Initial Parameters

Location -Simulation date
Geographic properties -Simulation time (hours)
Model dimensions Weather parameters
Buildings -Temperature
Greening- Trees/Plants/Grass -Humidity
Soil/ Pavement -Wind speed

-Wind Direction

Run Simulation
Output Files

Visualize Results
Surface Temperature maps
Potential Air Temperature maps

Source: CSE

Set up
Software Installation
Step 1: Download software setup from Envi-met website

* Open website https://envi-met.com/
e Click on ‘Free Trial’
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* Download software set up by clicking on ‘click here’

Start using ENVI-met today

Get a free trial license to explore ENVI-met‘s powerful tools for urban
climate modeling and environmental analysis. Perfect for professionals and
researchers seeking advanced solutions.

Thank you for requesting a free trial! Click here to download the installation file.

Step 2: Install software
» Locate setup file in Downloads folder and run the setup

e Follow the instructions for installation

Open File - Security Warning s B Setup - ENVI-met 5.6.1 Wintes23 -
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Ready to Install .
Setup is now ready to begin instaling ENVI-met on your computer. (& Completing the ENVI-met Setup
S Wizard
Click Install to continue with the installation, or dick Back if you want to review or Setup has finished installing ENVI-met on your computer. The
change any settings. application may be launched by selecting the installed
shortcuts.
Destination location:
C:\ENVImetS Click Finish to exit Setup.
Start Menu folder:
VI-met 5
ENVI
—MET
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Step 3: Check for update

e Click on ‘ENVI-met Headquarters 5.6.1" icon on the desktop
» Update pop up will appear

* Click on ‘Update’

@ ENVI-met update Info . m} X

ENVI 5
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You are here: Technical Model Webpage » ENVI-met Applications Homepage » ENVI-met
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- >
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4 »
* Follow instructions for update
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regarding the software "ENVI-met” (here: “Software”) of ENVI-met GmbH, Essen
(here: "ENVI-met”). The License Agreement does not govern additional services,
such as ization, i i ion, hosting, mair e, etc.
This License Agreement also does not apply to accompanying programs supplied
with the Software; these are subject to the provisions of the license terms in the

ndix.
Any and all general terms and conditions of the Licensee are excluded.

(® 1 accept the agreement
(1 do not accept the agreement

=] = S ==
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@ Setup - ENVI-met 5.7.2 Winter25 - X

Select ENVI-met Workspace Location
Where should project data files be stored?

@ setup - ENVI-met 5.7.2 Winter25 - X

Select Destination Location
Where should ENVI-met be installed?

Project data data files will be stored in the following folder.

To continue, dick Next. If you would like to select a different folder, dlick Browse.

Browse...

[ D Setup will install ENVI-met into the following folder.

To continue, dlick Next. If you would like to select a different folder, dick Browse.

[cEnvimets. A Browse...

At least 701.1MB of free disk space is required.

Back Cancel

= ==

@ setup - ENVI-met 5.7.2 Winter25 - X
Select Start Menu Folder
Where should Setup place the program’'s shortcuts?
o—
85— Setup will create the program's shortcuts in the following Start Menu folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.

@ setup - ENVI-met 5.7.2 Winter25 -

X
Download Additional Files
Please select if you would like to download additional files and specify the

download location.

[ Do you want to install QGIS now? =

ERL =t S | l Iiilize ] [ Download sample project data (~2 GB)
* ENVI-met works great when combining it with Rhino, SketchUp, and QGIS.
If you do not have any of these programs installed, we suggest installing QGIS.
Back Next Cancel Back Next Cancel
@ setup - ENVI-met 5.7.2 Winter25 - X @ setup - ENVI-met 5.6.1 Winter23 -
Installing .
Please wait while Setup installs ENVI-met on your computer. @ Cqmpletmg the ENVI-met SetuD
] Wizard
Extracting files... Setup has finished installing ENVI-met on your computer. The
C:\ENVImetS. 7\win64\Spaces. exe application may be launched by selecting the installed
shortcuts.
ENVI
—MET
e |

Creating workspace and project

Step 1: Setting up workspace

¢ Click on ‘ENVI-met Launcher 5.7.2" icon located on the desktop to open the
ENVI-met Headquarter. The ENVI-met Headquarter serves as the central
hub for all programs within the ENVI-met Suite. It provides access to essential
tools required for the simulation process, including setting up a new project,
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creating and customizing material databases, digitizing the study area, running
the simulation.
e Click on ‘Manage Projects’ icon on the Headquarter

3 ENVI-met 5
& &

Check for the latest Version

* Click on the icon for ‘Manage Workspace, Create Projects and Scenarios’ to
open workspace and settings window

@ eviemet

Import Jaipur |
(Showing all Scenarios)

Changen.  Your sctive Workspace i D:\Simulation

Manage Workspaces, Create Projects and Scenarios

Projects

Select the Project to work with

<Please select a Project to work with>

¢ Inthe workspace and settings window click on ‘Change Workspace’ and create
new folder in the desired location on the system.

e Inthe following pop up select the location and then click on ‘Make New Folder'’.

* Rename the folder accordingly for example, ‘Microclimate Simulation’ and
click on ‘ok’

B EMVI-met Workspace snd Settings >
Current Workspace: DiSimulation 1| 37 crange workspace..
§ Projects [ gy 1Ay | ¥ Fremsoespem
J Project Mame: Import Jaipur
= =
Add Project Group: o0 ir} B Seliet e FINF 1O OrQIEVIELE Jeir PrOfect e
Ean Project
Oescription:  Imported Project
Browse For Falder = 1

Add Project
Exprore.
Select your Workspace Owectory:
Mename
falder

USing 3 Froct CaTaDars wil repisce e Q0 LISICaBnaLE
8 o DALt e i T Bropeel Fere P

AreGIS_Desktop_10.7.1.11595

Scenarios > cfrbackup-MMHCOLTW l
CSE

iCloud Photos from Vaani Khanna

| of Projecn

iCloud Photos from Vaani Khanna (1

?I n;u.-mr-ﬁu« i E- o I'- w jl

Baie Scenario
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¢ Click on the ‘Add new empty project’ icon and name the new project. The name
can be based on the study area for example ‘Jaipur’.

B ENVI-met Workspace and Settings x

Current Workspace: DASimulation Q Change Workspace..

= [Bho o [rrses
| Project Name: Import Jaipur
b 2
Add Project Group: \ <Type in or select @ group name to Organise your projectss r_l
Edit Project
@ Description:  Imported Project
Add Project LT
Home Folder within Workspace: Explore-
Jaipur Rerame
? folder..
DA\SimulationtJaiput
2 Enter name of new project X

i Project Datacase will repiace the glooal serdambate

Project name: |[ENED RS 3 i 8 local Gatabase 520red in e project home foder
Scenarios 0 > '
' ' [ e 1

@ Description:

Base Scenario (Root Folder of Project)

Base Scenario Relative Path:  (Project root folder)

e Click on the project Jaipur’ so created and then on ‘Edit Project’ to change
project name or home folder within the workspace and click on ‘Apply’
*  Close the Workspace and Settings window.

B ENVI-met Workspace and Settings

b e
Current DAMicrodimate Sit f_zj Change Workspace-.
M Projects ch i [t 2.
1 Project Name: Jaipur -
E . - 2,
Group: elect ¢ group nOMe 10 Organse your p - L'
Edit Project
Description:
Jaipur .
Add Project Home Folder within Workspace: Faplons
@ Jaipur Rename
folder.
DMlicreclimate SimulatiorJaipur
Add Project. v Datab ;
Project uses a Project Database m‘g@&mﬁg&:;mﬂw
Scenarios BEE |y s
Scenario name:  Base Scenario
@ Description: Base Scenanio (Root Folder of Project)
Base Scenario Relative Path: {Project root folden
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Database management

* Reopen ENVI-met headquarters

» To create and modify customized materials and to look up the attributes of the
elements within the system database, click on ‘Materials and Objects Library’
on the ENVI-met Headquarters to open the Database Manager.

o All elements used in the model area, such as materials, walls, soils, simple
plants, sources, etc., can be found and adapted here.

| NVI-met  Userink M

> ENVI-met 5
ks

Check fo4 the Batest Version

» Database Manager contains a list of the different thematic tables stored in the
database. For detailed information, click on the items.

Soils: Properties of different natural and artificial soils

Soil profiles: Different soil types as vertical sandwiches of soils

Materials: Basic collection of different materials that can be used for walls
Walls: Sets of building walls and roof composed out of 3 layers of different
materials

B

bl

Single walls: Sets of single walls consisting of one material
6. Simple plants: Simple 1D plants such as grass.
7. Sources: Emission profiles for different pollutant sources.

Editing materials in database

Each material in the database is defined by a specific parameter. New materials
can be created as needed by modifying these parameters to align with the study’s
requirements.

Example 1: to create a new material —Fly ash brick

» Select project Jaipur’ on the top right corner

* Click on ‘Wall/Roof Materials’ theme

* Right-click on any existing system material and click on ‘Create user—Copy
from item’
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() ENVI-met DBManager 5.7.2 - 0 X
Database  User Info 1-I|@wwf V}Ifgﬂo - @
@ a Save Database @ Save User DB as.. ‘a & é‘:‘:i:““'u

AR mpontamstouserDB. | oo g [, CloseClipboas
Clipboard_.

Reload
Database
Reload/ Save UserDB Clipboard Data
Diota lodded from fie: CAENVImeS\sys basedata\database ech 2 -

J Soils/ Ground Materiak 3 Soil Profiles & Simple Plarts

B onstructions:  yy  Greenings i’ Single Walls

¥ ] Database-ID: [0
& User Materials | MName:
D System Materials Color:
~ (= Cement and Concrete
= [0200C1] Concrete: heavyweight Paramater Value
[D200C2] Concrete: lightweight i b
3 [1020003] Concrete: hollow block Defask hidmsss o -
[ 9200¢4] Concrete: filled block Abserption 0.60000
B [0200C5] Concrete: cast dense Transmission 0.00000
B [0200WC] Concrete: lightweight and wet Reflection 0.40000
» 4y Ovfaut Emissivity 093000
=
6= f":"; Specific Heat 240.00000
N Thermal Conductivity 030000
> S Mixed Density 1000.00000
¥ = Natural 3. ExtraiD 0
v
[020081] Brick: aerated
- fed
Bright | 5 New Grouj
[020068] Bright | (55 P
B 1020085 Brickc ¥ Gy Delete Group
» = Tiles
>~ legay g Newltem
Clone ftem
.
% Detete ltem Wall/ Roof Materials
4-' ‘8 Create User-Copy from ltem
|
p Save System Materials as...
System Item. Cannot be edil B St

* The user copy will now appear under ‘User Materials’
» It can be edited to replace the existing values with the appropriate ones for fly
ash brick:

Parameter Fly ash brick

Absorption coefficient 0.52
Transmission coefficient 0.00
Reflection coefficient 048
Emissivity 0.75
Specific heat (J/Kg*K) 950
Thermal conductivity (W/m*K) 0.25

* Click on each field on the right to edit the values accordingly. The database ID
for each material in the database must be unique.
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[ ENVI-met DEManager 5.7.2 Edit Propent
Database  User ink Mame: Database-ID R T
v Save Chigboard Value: @ Characters
E & soveDatabise filn Sove user DB 3s ﬂ i ity
el JB) moortcatatouserve. | L B cosecidfors Datatype: 10
Database Clipboard..
Refoad/ Save UserDB Clipboard Data
Data loaded from fie: CUENVImetSinsusercatiusendatabase edb
= @ Databise ID must have 6 Chars. o Cancel
s/ 4 L s L IR
1 Solils/ Ground Materisk B Soil Profies Et Simple Plants e Wall'Rool Matenals [ Wall e — ‘
¥ 4 2 Database-iD:
v & User Materials Hame:
¥ {7 Stone Color Ehort descritve nsms for the item,
102004 Fiy Ash Brick Mame: Description
v o System Materialy Parameter Value: Fiy Ash Brick. Characters
w {7 Cement and Concrete |5 S ——
B [0200€1] Concrete: hesnyweight - . Datatype: Swing
1B 1920002] Concrete: ighiweight
163 1020003 Concrete: hollow block Transmission
1B 0200C4] Concrete: filled block Reflection
B 10200C5] Concrete: cast dense Emisshity
B 10200WC) Conerete: lightweight and wet Spedinc Heat
» o Defaut el
» 5 Glags Thermal Conductivity
> 5 Metal Deniity
» {5y Mise Edra 1D
> {5 Mixed
* iy Natusal
v {5 Stene
18 1020081) Bsck: sersted
1B 1020082 Defauit Erick: burned
188 (020068 Bright Brickc bumed
1B 120083 Bnck: reintorced
» {55 Tikes
» 5~ Legay
|
Edit data on the right

Example 2: Constructing wall/roof from material

* Click on ‘Wall/Roof Constructions’ theme

* Right click on any existing system wall and click on ‘Create user—Copy from
item’

e The user copy will now appear under ‘User Walls’

e Itcan be edited to replace the existing values with the appropriate ones for Fly
Ash Brick walls.

7] EMVI-met DBManager 5.7.2 _ o "
w User info [_@]O‘D’U' 7‘-" 6—33 - o
& @ sove Database [ia Save User DBas— IE ;wecnnuaam
ats as
Reload AR} importdata toUser DB~ | 1o datato [ closeCiipboss
Database Clipboard_.
Reload, Save UserDB Clipboard Data

Cats waced from fie: C

J Soils/ Ground Matenalk = Soil Profiles m Simple Plants B WallRoof Materials y i Single Walls
P> N :
[ & Userwaiis Wally Roof Constructions
oo System Walls Collection of wall and roof constructions composed out of
» =y Cement and Concrete up to 3 material layers.
~ =5 Default

[0 1020001 Detautt Wall - moderate insulation
1 (0000003 Default Wall - moderate insulation

Misc Materials
Roofing

s.l: Metal 2.
1020081) Brick wall (aerated)
BB 1020083] Brick val; o MNew Group
> @ ~ Legacy =
| & Delete Group
| 58 New ltem
Clone Item
=
| (5@ Delete Item
3. I R Create User-Copy from ltem I

‘ Wall/ Roof Constructions

(Please select an item)
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* Click on the user copy created and edit the parameters such as database ID,

name, colour etc.

* Double click on the user copy created to open the Edit Wall window.

o The wall is constructed in three layers. Each layer constitutes a material.

* The required material can be dragged from the list on the right and dropped
onto each layer. The list consists of all the ‘Wall/Roof Materials’ including the

user material created- ‘Fly Ash brick’

» For Fly ash wall drag ‘Fly Ash Brick’ material from the list onto the layers
» Edit the width of each layer to achieve the desired wall width.

e (Click ‘ok’

Edit Wall

2.
Ede B

X

Materials

Calc. Transmission:0.0000
840 cm 840 cm

Outside

3 R—
} 25.00 cm

! ]

Inside

[ Autoassign color from outer Material

--[E§ [0210BG] Burned Brick to Glass ratio: 90 t A
--{CG [0250CG) Concrete to Glass ratio: 50 to &
168 [0230CG] Concrete to Glass ratio: 70 to =
{88 [0210CG] Concrete to Glass ratio: 90 to 1
{16 [0250IG] Insulation to Glass ratio: 50 to ¢
- J8] [02301G] Insulation to Glass ratio: 70 to
-] [021016] Insulation to Glass ratio: 50 to 1
--/PG [0250PG] Plaster to Glass ratio: 50 to 50
P8 [0230PG] Plaster to Glass ratio: 70 to 30
- [&3 [0210PG] Plaster to Glass ratio: 30 to 10
TG [0250TG] Roof Tile to Glass ratio: 50 to 5
-6 [0230TG] Roof Tile to Glass ratio: 70 to 3
& [0210TG] Roof Tile to Glass ratio: 90 to 11
v {77 Natural

-8 [020002] Air

[ [0200MH] Masonry: heavyweight

v & Stone

[ [020083] Brick: reinforced

5 [0200B8] Bright Brick: burned

v G Ties '
- [ [0200R 1] Roofing: tile G
< >

@ Drag Materials onto the Wall
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e Once the database has been edited click on ‘Save Database’

() ENVI-met DEManager 5.7.2 - o b 4
Database  User info (51 Jaipur > é'g_'o - @
{ka Sove User DBas. ‘a s é‘:;‘.c!!“bc‘""
A8 1mportaata to user DB Import data to a Close Clipboards
Clipboard..
Reload/ Save UserDB Clipboard Data
[Data ioaded from fie: C
1 Soils/ Ground Materiak 1 Soil Profiles ?d Simpie Plants :_:.: Wall/R: 5 Wall/Roof Constructions
9 ® £ Database-iD:  [0200FW]
v oA User walls MName: Fiy Ash Wall
~ = Stones Color: -
I [D200FW] Fiy Ash Wall
RS Sy Parameter Value
2, Come andtomaste Thickness of Layers 0,08400,0.08400,0.08200
=
[T [0200MI) Default Wall - moderate insulation Posible Usage Wl o Boar
[D00G00] Default Wall - moderate insulation Roughness Length: 0.02000
» ey Glass Can be greened True
» \; Misc Materials Costs 0.00000
» fi Rotfing Additional Value 1 0.00000
¥ =y Simple Metal ad 1 Viohae 2 o
v & Stones ditional Value .00000

18 1020081) Brick wai (aerated)

[ 1020082] Brick wail (burned)

[020083) Brick wal freinforced)
> ~legay

Double cick to edit advanced data

Digitizing area
Volume construction: The building elements can be constructed using building
footprints from google earth and heights can be obtained from Google Street view
as well as site visits.

Step 1: Study area selection for modelling
Open Google Earth and locate the study area.
* Rotate north to align building boundaries, roads, etc., in right angles as much

as possible.
» Save the image as a .jpeg file.

52



.lel:n._l_.__:; ' e

o ‘“LE:@ q'v:

E':!'-m b -
Bhen 1 F LW

Satellite image of study area as taken from Google Earth
* Open the saved .jpeg with MS Paint and save as a bitmap image (.bmp format)

Step 2: Digitizing model area

Opening Bitmap tmage
* Reopen ENVI-met headquarters and click on ‘Edit model area’ to open the
‘Spaces’ window.
® .
| ENVI-met ) s
& B =} ) EbiYT-met
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. Select project Jaipur’ on the top right corner
. Click on ‘Digitize’ and then on ‘Select Bit map image’.

Select the bit map image of the study area as saved earlier.

3. a Cal Teee 0 3| tem i 2| Meememtwd 2ps b= wefi 2

Select bitma. Botten 0

Bimag:« No Background b

Clpects
B wei (600 m) yust (9000m)

D Sehect bachgreund pictun o
ereiiioioid + Local Dink (D} + Simulation & £
Safland surtace  Receplon Madker  Sourseh  Single Walls esesesnes e
Vegetation DM/ Teman Organize = Hrw folder - @
& Declay and £t cptors. 2| || iR eteat: -
¥ Deley = ||| o cii E e @UHC L ES comect UHCT_MS sencn_
Duplayas | Helght | Buddinglic 2 30 Objects

A4/ Remove Cell: B Desitop

AT, DIIIIIIIIY e Downioas
[ soecnmong B ek con ' i B B o4 ﬁ:‘:’:ﬂ A—
[ son [ seperme veaes S Ve
K Recursive bark ?- ToohandPropestien |||~ 2o % Locat Disk (€4
Manage Buddings aiaesn s O N DY
4 Revet an Suaings e s = boeal Disk (B
7 Top of bulding or slement {m): ot
a v Cancel
o f:m-wmmﬂw!ommw .................................. ;
Curter: x = 2 5.00m); v = 48 (%9.00 =)
Setting up Model Area
e Click on ‘Start’ and then on ‘Edit Area/Create New Area’
* In the pop-up window click on ‘Model Location’
e Under the ‘Location on earth’ panel click on ‘Find Location’
(&) pur vl @
oo o i
Soil and surtace  Recepton Marker  Sources  Swgle Waks ||| 3. Laosian sn éuil,
Budsing: Wegeiation DEM/ Teeram 3 e Na ol cation: | Erveny Gasmary
¥ Diplary and £t optons ol e it
e T =
A0a / Ramove Ce Usndeideg o5t R )
g o Remore 3 s action Lorghude ldsg. . o) [700
Felect 7 ARer Bubdngs: Fledesence hme zore
[} sesec busiding F muca Hame m -
[ soim R Sepeeate Relerence keghude. | 1500
& mecursive s h Ta21 ana Prasem
Manage tutding
1 neuet il Budicings
¥ Edt Buldng Geomety
T Top o kg o st e Cravte nem emotyaen || Sogtychargrs th g e | Carel
0 [t - . ; -

Cursors x = 5 (1200 m): y = 36 (S4.00m)




In the ‘Location’ pop-up, type the name of the city in which the selected study
area lies, in this case Jaipur’ and then click on ‘Search’

From the list of options that appear, select the one with coordinates closest to
the chosen study area as seen in Google Earth and click on ‘Select Location.

Find location X
1.

Name of location: |Jaipur I |

N

Search..
Search with: Geonames.org V|

[Jsearchall [ Junsure speling
3. 4

Matching locations: _ Select location
aipur

Jaipur

Jaipur

Jaipur

Jaipur

Jaipur

Jaipur

Jaipur

Jaipur district

Jaipur v

IR S RSP TR I S ey S

Cancel

Jaipur
(Long: 75° 47 16" Lat:26° 55' 10")
India Standard Time (Reference Longitude 75°)

Under ‘Model Geometry’ enter number of grids in the x, y and z axis based on
the size of each grid in each direction (x, y, z)

Determine Study Area Size:
* Identify the dimensions of the chosen study area.
» Example: The selected area is 150m x 150m.

Check Grid Limitations:
e The trial version of ENVI-met allows a maximum grid size of 50 x 50 x 40.

Calculate Grid Resolution for X and Y Axes:

* To use the maximum grid size (50) in both X and Y directions:
o Resolution = Study area size / Maximum grid count
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o

o 150m + 50 =3m
o Final resolution: 3m x 3m for X and Y axes.

Determine Model Height (Z-Axis):

The height of the model should be twice the tallest building in the area or
60m, whichever is greater.

In selected study area, the tallest building is 9m, so:

0 9m x 2 = 18m (which is less than 60m)

o Final model height: 60m

Calculate Grid Size for Z-Axis:

Choose an appropriate vertical grid resolution.

Example: Using a 2m resolution in the Z direction:

60m + 2m = 30 grids

Final grid count in Z-axis: 30.

For ‘Telescoping factor (%)’ enter 10

For setting the ‘Start Telescoping After Height) first identify the tallest
building in the selected study area. In this example, the tallest building is
9m. Add 3m to this height (9m + 3m = 12m) and enter 12m

Enter the rotation angle relative to grid north. In this example, the rotation
is 20 degrees.

Click on ‘Create new empty area’.

r A

Model Location Model Geometry

Model Geometry | Model Dimensions:

Georeference and DEM Level 2 wGrids: (50 | yGiids: [50 | 2Grids: (30 |

Description and Copynights Method of vertical grid generation:

Default Settings Size of gnd cell in meter:

Nesting Grids 3. dx= IE_J dy= |3 dz= {200 | [base height)

dz of lowest gridbox is spihit into 5 subcells
[ telescoping (dz increases with height)

Telescoping factor (%): 4'
Start telecoping after height (m): 5.

Model rotation out of grid north: 60

Maxirmum Model Size is 50=50x40 in ENVI-met LITE Concept Design

7 Create new empty area | Applychanges to existing area Cancel




Creating model area—volume construction

Step 1: Construct buildings

* Click on the ‘Buildings’ tab on the left-hand side ‘Objects’ panel

* Click on ‘Add’ or ‘Remove’ to build or erase respectively.

» Enter the building height in metres in the “Top of the building or element (m).

e In the ‘Bottom of the building or element (m)’ enter O

* Under ‘Assign Building Materials and Greenings’ select material for building
walls and roof. In this example wall material was chosen as ‘Brick wall (burned)’
and roof material as ‘Concrete Wall (cast dense)’.

Bl Recursive Mark Qﬂ* Tools and Properties
Manage Buildings:
1 Reset all Buildings

¥ Edit Building Geometry

Bl (outof Area)
Receptor/ Marker  Sources  Single Walls
Buildings Vegetation DEM / Terrain
¥ Display and Edit options A
Display as: Height BuildingNr
Add / Remove Cells:
o Add W Remove [ Noadtion
Select / Alter Buildings:
[ select Buitding 7 Mark cen
E Join I] Seperate

-7

B x=27 (84.00 m) y=23 (72.00 m)

Soil and surface  Receptor/ Marker  Sources  Single Walls
Buildings Vegetation DEM / Terrain

¥ Edit Building Geometry

~* Top of buiding or element (m): E
, Bottom of building or element (m): E

Use absolute z-data (not follow terrain)

¥ Building Data and Logic
Building Nr: 1 Name:

m a
[ ] a

¥ Assign Building Material and Greenings

Materials

~

[0200B2] Brick wall (burned)

% Top of buiding or element (r): 2 0 [ [0200C5] Concrete Wall (cast dense) vJ
= £ ax L iy v Greenings v
@ ()]

the boundaries as much as possible

Use the uploaded bitmap image as reference to digitize buildings by following
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Position 1y,=

View dngie -

Sodand surtace  Raceptor'Mader  Sources  Single wally

Buildings Vegetation OEM  Termain
Displayss:  Heoght | Bulidinghé
Adg | Remare Cets
P o Remove [ wosdvon

Select / Altes Bulldings:

[ seeapuiang  F7 makce

[ 1o [ seomte

& mecurae ark Q_l Tasls and Properties
Manage Bunangt:

S Reset all Buildngs

| ¥ EdtBadrgGumery
| = roo oftubdrg or et )

T S S =

@

then on ‘Open 3D View’

i3 wipur e @

i

i
5]
L
P
|

{0t of Ares)

To view the model in 3D mode, click on ‘View’ in the toolbar on the top and

Use the mouse scroll button to zoom in or out and hold down the ‘Ctr]’ key and

move the mouse to change visualizing angle

1@ ENVI_met SPACES VT Mewdvea (303 502 20
St Bt View Dighise  Userlls  Help

Poitionsyr 7561 404 146

a8 IEE e
Retwntodn [ Viewdngae 202 19

30 Voew Camers

W (0ut of 10 ares)

Soland sudace  Receptou Marker  Souces  Sngle Wall
Blgings Vegetation DEM / Termmeen
% Display and Bt eptions 3|

Display a:  Height  Buiisinghe
Add / Remove Cells

o dd o Remove 3 4o action

Sesect / Aiter Budngs:
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et [0

Click on ‘Return to 2D Mode’ to go back to 2D view to continue digitizing.

[ ssipue

Cursor: x = 2 {3.00ml; v = 8 (27,00 m)




Step 2: Digitizing the surroundings

* Click on ‘Soil and surface’ to digitize surfaces like roads, pavements, etc.

e From the list of surface materials select the appropriate one and started
digitising by clicking on each cell using the bit map image as reference

* For example: for the roads, the material ‘Asphalt Road’ was selected, for
pavement ‘Concrete Pavement Gray’ was selected

(=]
suan & o e @
3 amoIN s
s View angie i
ter 30 View Camess
oweas ey
Onjects =¥ m B s (I
B outofaenn)
iy -
Soil Pratie a5
.=
el
oz
e
Vegetation DEM / Temain Bl
50 403 vrisce l| eceptorMaker  Sources  Singe wom ||
— | /¥
& Uses Profies ATa) e
v Sptem Profiies A

~ gransione s SUFPRS
B 220054] Oetaurt Unsealed Sofl andy Losm]
B 1o20000] Loamy Sail

5} 12004R] Atphatt rosd with red coating
I (520084) Basan Brick Bond

[ 20090 Concrete Pavement Dark

P [2200G] Concreti Pavement Gray

L [3290PL] Concrete Pavement Light

22 120065] Dark Geaevt Pavement

R 192000 Darkar wood Panks

D 12200G] Geanst Pavement (singht stomes]
81 20062 Geanst shining

{9 1222007 Pavement (Concretel, weed! dirty
T 1200wl woes anks

Specinl Surtaces

S0l Prafide:

(Dt of Area)

Click on the ‘Vegetation’ tab to digitize surrounding trees, hedges, grass, etc.
Click on ‘Add’ under the ‘Edit options’ menu.

For grass, hedges and smaller plant click on ‘Simple plants’ tab under the ‘Edit’
menu.

Choose from the list of options to digitize greening in the area by selecting it
and clicking on model area using the bit map image as reference

For trees click on ‘3D plants’ tab under the edit menu.

Choose from the list of options to digitize trees in the area by selecting it and
clicking on model area using the bit map image as reference.
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] (Out of Area)

T
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The study area is thus modelled with all the components namely buildings,
soils and surfaces and vegetation.

|ﬂ (Out of Area) :E (Out of Area)
Simple Plant: Simple Plant:
3D Plant: 3D Plant:
Soil and surface I&Wﬂh{_inurces Single Walls Soil and ptor/ Mark Sources  Single Walls
Buildi getati DEM / Terrain Buildil getation DEM / Terrain
¥ Edit options L) ¥ Display options A
5 Show: [Asi ~
( = { Remove [ NoAction EA] simple PlantsE-] 3D Plants
[[J Highlight marked plants
£
Display options : ¥ Edit
Show: [4 Simple Plants[] 3D Plants Simple Plants II 3D Plants 1| 3D Plants (List) \
[ Highlight marked plants S Fe— —
N Atcmetive Mame | riter by 1D/ Mame | GO.| More
Edit &% User 3D Plants
| Simple Plants ] 3D Plants I 3D Plants (List) v - System 3D Plants
v = Abstract
& User Plants | > 4= Conifers
W <> System Plants v =5 Deciduous Trees
» {= Agriculture » = Large
» = Facade Greening plants ~ (= Medium
v 3 Grass ~ (= dense canopy
v [0200XX] Grass 25 cm aver. dense = = 020LDM Cylindric, large trunk, der
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Study area—Badi Choupar, Jaipur

Model Features

. Burnt brick walls Central water tank red

. Concrete roof sandstone

. Asphalt road Minimal greenery

- Concrete pavements (hedges)

Model Dimensions

Model Size (m) 150 x 150 x 60

Number of Grids (x-y-z) 50x50x30

Size of each grid cell (m) 3x3x2

Location | 26°92" N, 75°79" E
Digitized model of Badi Choupar, Jaipur North \ 20°

Digitized model of Badi Choupar, Jaipur

» To save the completed area file click on ‘Start’ on the toolbar on top then click
on ‘Save model as’

» Save the file in the project folder as created in the first step. For this example,
the file location is- D:\Microclimate Simulation\Jaipur\Badi Choupar.
‘Microclimate Simulation’ is the workspace, Jaipur’ is the project folder and
‘Badi Choupar.INX’ is the saved area file.
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Microclimate parameters

Setting initial parameters
* For setting the simulation parameter, reopen the ENVI met headquarters and
click on ‘Simulation Settings’

-]
| ovrmet s o
| = 5

9. g 2 ENVI-met
Q E <%
Manage Project mpotfomQGrs Editmedelores Simudation Settings || Start Simutation Simuate Thermal Comtod | ViscalizeResuit | Materit ard
ojects Library
Check 10¢ The atest Version

» Select the project name (‘Jaipur’) on the tab on the top right corner.
e Inthe ‘Simulation Settings’ panel, click on ‘General Settings’
¢ Simulation Date and Time-The simulation date and time must be set based on

the study requirements. For this example, the simulation was conducted for
May 21, 2024, with a start time of 5 AM and a total simulation duration of 24
hours.

e Simulation name and settings—Enter the name of the simulation—‘Badi
Choupar Base Scenario’

*  Click the check box in front of ‘Use default output folder’

* Click on ‘Select area’ to upload area file saved.

B Simulation Settings — -] x

Sealsbon Setup  Userih el | T 1l ]

E = B -

Ope:

P——— General Settings

1_Mandator Setting
- Simulation Scenario:

b Meteorologeal Sextings Seieit Scenaria e
& [ Bazic Meteorology Baie-Seenanio: Output fekder will gl 1ot 1okder
B advanced Meteorclogy
e Simulation Date and Time 3 ,
@ 5o Settings .
& Poltant / Source Settings s 5 H
& Output Settings L

Ui Rackation Settings

Simulation name and Settings
B Epen sentings

7 s aetsum sutput rasser P Sat Outpet Folder
-
e £ e Sonearc fider aies 5 B Fame




Click on the area file ‘Badi Choupar’ in this example, appearing in the window
and then click on ‘Select’

Open 3D Area Input File (INX)

Base Scenario pen 3D Area Inpu : v
D:\Microclimate Simulation\Jaipur - o o ! = o “Nui
- Please select your 3D Area Input File (INX).

lAt the moment you are using Project “Jaipur”,

Your INX file must located in the associated
Project or Scenario folder to be used.

it Chonpac o, B Select x Cancel

Setting weather parameters

Click on ‘Basic Meteorology’ under ‘Meteorological Settings’ in the ‘Simulation
Settings’ panel on the left.

In the ‘Basic Meteorology’ window add the maximum and minimum
temperature and relative humidity along with their respective time for the
selected date of simulation.

Click on ‘Update’

B seuliten temng: - a *®
Semulotion Sebep  Useriky  Heip ) g <l @

BE = ]

o =
p—— Basic Meteorology
1 Mandatory Seitmgs ¥ St Hhour crde of Ar Temperstae s ity -
[ General Settings A Tempesature and Humedrty
5 i - e
= <t ST
- -, - Tune T "
o o g 7 g e . s
o -1 e P e T o100 M 1R
° T 2 oron w3
=L T 9 s X 000 387 mas
» - .‘_7‘ - . 7.,.0’ " o400 379 0
s = et L I - 0500 100 1M
= Budding Setnings - TR 0600 M0 3300
& vodutsat / source Settings G 1 2 3 4 & & T 8 9 1001203 M N7 W BN 3D oF00 3530 3038
B Gutpu sa oadn 63 1730
put Settings 0M00 140 478

Ereste 24-hour cycle by autamatic bnear intr
e Fadution Settngs

P — . e —— N |me s
Expent Sattings 8 - 2
a Time o4 A Al Temerature | | e jonm us

Time o1 14 Rl Humsgey: I 3. Lo o g e 1500 sa00 1238
100 san T

Time o e et Humicity 1 gy oy b
W00 anss 1630

b Update 100 w86 TTas

4 000 00T "2

T In 2900 300 130 200
Speatic numiatyin 2500 mighge (10 2 300 w1 138

63



RECLAIMING HEAT-RESILIENT PUBLIC SPACES: A SIMULATION TOOLKIT FOR URBAN HEAT MITIGATION .

64

e Also add the wind speed in m/sec and wind direction in degrees for the chosen
simulation date.

e Click on ‘Save’ under the main menu on top and enter a name for the
simulation—‘Badi Choupar Base Scenario’ and click on ‘Save’.

» Thefilewillbesaved in the project folder ‘Jaipur’in the workspace ‘Microclimate
Simulation’ as .SIMX file.

a8
Smulition Setup  Uses el Hes & mipwr ~| @
" Coen -
™
-3 3 . y? 4 .~ ’)'_,.— ] o= 0300 3457 a8 Y
Frm— Lot W ", 40 BT XU
Semvutatiam Setting o.on - b
szl A — u R A S . — a— 0500 3100 3183
[] Mandstory Settings Save Simutation Configuration x 0600 341 30
& General Settings L 0700 (3520 308
0800 3630 2750
[5 &8 meteorological Settings P o900 31a0 24N
& )7 5 1000 80 200
b s— e
- advanced Meteorology S I 1200 470 1680
] Asvanced Settings | 100 40 11TS
P | 004250 1100
o SO Settiniy. Time of Min R | 58 1500 a00 123
» Buliding Settings Tune ot Mac ] | |;4nn q:;; 1;?;
5 100 aar 141
&' Pollutant / Source Settings | W00 e 1850
& owput Settings {0 ¢ Update 1900 [an6 178
000 |a007 133
S Radiesion Senings ] o | uoe B2 28
B Expert Settings - 2200 |mso 2200
o0 | 2w
¥ Set Bouncdary Conbtions for Wind and Sackaion
Wind and Radiation
Winda geed Lew clouds
Constant wand wpeed n 10 m height at infiow order (m') 200 - Cloud cover of iow doudy 0-5
Wind direction Meduan chmeds
Conatant wand duertion in 10 m height at infiow border (| 100 o Clowd tover of medium douds 0-8
Roghness Length High clouds

Run simulation
e To run simulation, reopen the ENVI met headquarters and click on ‘Start

. .,
Simulation
a2
| ENVI-met ser Ik Help
. 5
= ENVI-met
B Q &
Memgemoiects | tmpetiromQEs - Edktmedetares SimdationSettings [ Start Simutation malComion | ViualizeResuite | Materish ard Tree Utary
Qbjects Library




e In the top right corner of the ‘Envi Core’ window select the desired project—

3 P 5
Jaipur
ENVI-COre Vu/.& H
o
ENVI-core User Info Help Ml = & 0

© <none>

> B 0O bile

Load Simluate
ENVI-met
‘rom One Click LCA ENVI-met® V5.7.2 Feb24 © ENVI_MET GmbH Essen, 1997-2025
(RS ek oM A Holistic Microscale Climate Model
Norker node
Computername: DESKTOP-AMSIBZH Build: 2025228.01

Workspace: D:A\Microclimate Simulation

This version expires (YYYY/MM/DD): 2025/12/1
ENVI-met LITE

icensed under the Creative Commons
License BY-NC-SA 3.0

o ial use is not all d with
icense. If you have doubts, please contact
sffice@envi-met.com

sorry, your license does not support Multi-
Core usage

mportant

fou are using the LITE Version of ENVI-met.
The maximum number of grids in the LITE
rersion is limited to 50 x 50 x 40

ENVI-met® V5.7.2 Feb24 © ENVI_MET GmbH Essen, 1997-2025

*  Once the project is loaded, click on ‘Open SIMX file’ under the main menu on
the top

e Open the .SIMX file saved earlier—‘Badi Choupar Base Scenario’ from the
project folder Jaipur’ saved in the workspace ‘Microclimate Simulation’
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ENVI-met® V5.7.2 Feb24 © ENVI_MET GmbH Essen, 1997-2025

Click on ‘Check simulation’ under the main menu on the top.
Click on ‘Run Simulation’ once the message ‘Check done. Please see output for
errors and warnings!” appears on the window.

ENVicore  Userinfo  Help (2 Jaipur v 0%51 « 9|
Open SIMX-File
rpee [E) Open ENVI-met Simulation File.. X

ENVI-met 4+ « Microclimate Simulation » Jaipur w & | Searchlaipur » (s
from One Click LCA
fwww.envi-met.com Organize v New folder = O @O
Waorker node 0 This PC A Name g Date n

Computername: DESKTOP-AMS5JB2H . z .

Workspace: DAMicroclimate Simulat B 30 Objects 0 Badi Choupar Base Scenario 23-03-
ENVI-met LITE I Desitop
licensed under the Creative Commons “| Documents
License B-‘.r-.NC-So_\ 3.0 & Downloads

use is not with )
license. If you have doubts, please col b Music No preview available
pffice@envi-met.com = | Pictures
Sorry, your license does not support i [l Videos
Fore usage 2. Local Disk (C:)
mportant == Local Disk (Dx)
[fou are using the LITE Version of ENVI-f Local Disk (€)
[Fhe maximum number of grids in the LI =
ersion is limited to 50 x 50 x 40 o Network v € >
File name: -B;diChwplr Base Scenario v‘ _ ENVI-met Simulation "SIM) / { ~| Y
3 = |
o
w007 TSI TgrEen = sanoy L TOTOOFU] SE
Totak: 8 Greenings out of 900 used.
Project loaded!




ENVISCOTE: B30ILNOUPArSImIC =]
ENVI-core  Userinfo  Help - @
Open SIMX.File Check Simulation Run Simulation
Load Simluate
ENVI-met s R % A

From One Click LCA
WWW.envi-met.com

Worker node
Computername: DESKTOP-AMSJB2H
Workspace: D)\Simulation

ENVI-met LITE

licensed under the Creative Commons
License BY-NC-SA 3.0

C ial use is not all d with
license. If you have doubts, please contact
office@envi-met.com

;-ﬂ-'_:/ your license does not support Multi-
Core usage

Important

You are using the LITE Version of ENVI-met.
The maximum number of grids in the LITE
version is limited to 50 x 50 x 40

SimiD:

30 Plant "B Receptor

Setting up output files....Please wait

Check done.
55 Finished check

*  Once the simulation is running, the progress can be monitored through the
bar on the left-hand side, which displays the percentage completed and the
estimated time remaining for completion.
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ENVI-core: BadiChoupar.simx n

ENVI-core User Info Help 83 import Jaipur 6%6 ¥ 0

ENVI-met A
$$

From One Click LCA

- ENVI-met® V5.7.2 Feb24 © ENVI_MET GmbH Essen, 1997-2025
www.envi-met.com

$$ A Holistic Microclimate Model
Worker node $$
Computername: DESKTOP-AMSJB2H (8 Start: 21.05.2024 06.00.00 End: 22.05.2024 06.00.00 = 86400.0 sec
$$  Dynamical time steps:
$$  Sun height <40.00° : dt=2.00 s

Workspace: D:\Simulation

ENVI-met LITE $$ 40.00-50.00° : dt=2.00 s
licensed under the Creative Commons $$ >50.00° : dt=1.00 s
License BY-NC-SA 3.0 i i -

C ial use is not all d with $$ Passive Particle/Gas Concentration:

license. If you have doubts, please contact Not used .
office@envi-met.com $$ Turbulence Closure 3D Mainmodel: TKE

$$ Turbulence Model Version: ENVI_MET/ Bruse 2018 Modification
Sorry, your license does not support Multi- [$$ Turbulence Model LBC: Forced (Closed) Boundary
Core usage

$$ Starting ENVI-met Mainmodule on 23-03-2025@14:12:19

Important [0h 39min 33s ] New flow: 1 Steps [78 SOR Steps] du:0.018 dv:0.011 dw:0.007 after 10.10 s total
You are using the LITE Version of ENVI-met. [Maximum divergence in flow field= 0.95107 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)
The maximum number of grids in the LITE Dynamical time step adjustment. Set dt=2 sec. (Class 0)

version is limited to 50 x 50 x 40 [0h 46min 525 ] New flow: 1 Steps [101 SOR Steps] du:0.018 dv:0.014 dw:0.006 after 10.20 s total
SimlID: Maximum divergence in flow field= 0.95019 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)
SimID: Em5530KyLv [0h 50min 47s ] New flow: 1 Steps [101 SOR Steps] du:0.017 dv:0.018 dw:0.007 after 10.30 s total

Maximum divergence in flow field= 0.94905 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)
0h 54min 48s ] New flow: 1 Steps [101 SOR Steps] du:0.020 dv:0.022 dw:0.008 after 10.40 s total
laximum divergence in flow field= 0.94769 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)

. 8%
Simulation will finish around:
2025-03-24 00:23 =2 hrs

14:37:32] ENVI-met at 21.05.2024 [07.00.01] Sun: h=23.25° a=58.39° TOref=300.367 qOref=9.829
0h 55min 19s ] Time executed in prognostic flow equation: 10.40 s

1h Omin 32s ] New flow: 1 Steps [101 SOR Steps] du:0.024 dv:0.027 dw:0.009 after 10.50 s total
Maximum divergence in flow field= 0.94595 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)
[1h 9min 455 ] New flow: 1 Steps [101 SOR Steps] du:0.031 dv:0.034 dw:0.012 after 10.60 s total
Maximum divergence in flow field= 0.94358 @ 4,32,5 (absolute)/4,32,5 (without nesting grids)
[1h 21min 155 ] New flow: 3 Steps [101 SOR Steps] du:0.039 dv:0.040 dw:0.014 after 10.90 s total
Maximum divergence in flow field= 0.93997 @ 3,15,5 (absolute)/3,15,5 (without nesting grids)

07:48:27 | 21.05.2024

Sun: h=32.07": az=81.98" | Time Step=2.00s | TOref=32.851°C| qOref=11.046 | uv(1)=0.86,0.31 | T(2m)=32.60°C | T(Facade)=39.998°C
max change: T:0.0000K | q:0.0000 | E:0.00008 eps:0.00001 | Km:0.00115 | T_s:0.027°C | Water s0il:0.000 | Pollutants:--- | C02:0.000 | Spray:---

Visualize results

¢ Once the simulation is complete the output is saved in the project folder
‘Jaipur’ within the workspace ‘Microclimate Simulation’

* The output folder, ‘Badi Choupar Base Scenario’ will contain subfolders

| = | Badi Choupar Base Scenario_output - [m] x

Home Share View o

» L'I o cut < x I 3 New item ~

W Copy path £ Easy access ~

i4 Open HHSeIed:aH

Edit 15 select none

Pinto Quick Copy Paste _ Move Copy Delete Rename Mew Properties
access o lﬂ Paste shortcut to mpy - folder pv 4 History j‘%‘lnvertselection
Clipboard Organize New Open Select
<« A <« Jaipur » Badi Choupar Base Scenario_output v O Search Badi Choupar Base Scenario_output »
~
~ [ Name Date modified Type Size
# Quick access
atmosphere 23-03-2025 13:30 File folder
[ Desktop * U . _p :
buildings 23-03-2025 13:30 File folder
¥ Downloads # inflow 23-03-2025 13:30 File folder
Documents inputData 23-03-2025 13:30 File folder
[&] Pictures b log 23-03-2025 13:30 File folder
& OneDrive radiation 23-03-2025 13:30 File folder
soil 23-03-202513:30 File folder
@ OneDrive - Persor surface 23-03-202513:30 File folder
vegetation 23-03-2025 13:30 File folder
[ This PC e _
o windclimate 23-03-202513:30 File folder
B 3D Objects
| Desktop e
10 items
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10.

11.

12.

All files in one folder are of the same structure and contain the same set of
information. The following list summarizes the basic content of the folders.

Input data: This folder contains a copy of all relevant simulation files (.INX,
SIMX,...), database files and forcing data used in the simulation.

Atmosphere: All information about the state of the atmosphere at different
times of model simulation.

Buildings: Detailed data for the facades and roofs of the buildings. Folder
includes static data such as material, albedo (folder STATIC) as well as
dynamic data of meteorology along the building and building physics data like
temperatures and fluxes (folder DYNAMIC, not in ENVI-met LITE).

— Inflow: Data about the inflow model of ENVI-met used to represent the
surroundings of the model domain that cannot be modelled in the given scale.

Log: A copy of the ENVI-met outputs generated during the model run.

. Pollutants: Data about pollutant concentration in the model atmosphere (only

present if pollutants are used in the model).
Radiation: Detailed data sets about the different radiation fluxes in the model.

— Receptors: Time series and profile data at defined receptor points in the

model (if defined)
Soil: State of the ENVI-met soil model

Solar access: Detailed analysis on solar access data such as solargrams, sun
hours, etc (Full versions of ENVI-met only)

Surface: State of the soil surface as an interface between the atmosphere and
the soil model

Vegetation: State of the vegetation including detailed log of observed 3D
plants. Contains 3D data and text data for observed plants which are organized
in a STATIC folder for constant properties and a DYNAMIC folder with time-
dependent properties of the plants.
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Generating temperature maps
» To visualize the simulation results in the form of maps, reopen the ENVI met
headquarters and click on ‘Visualize Results’ to open ‘Leonardo’ application

| omet  usein e

o'g‘o Q E &(5; ENVI-met 5

MaageProjects  Impetfrom OGS Editmodelsres

e In the Leonardo window, select project Jaipur’ on the top right pull down
menu.

» Toimport output files, click on ‘Select Main Data File A’ in the ‘Data Navigation’
panel on the right.

10 LECHARDD 5.7.2 [Hewhbapiean] = =] x

M —

Map  MspEigpicer Dl

PR S . Do Bx
[
Extract Data o M
Fe ] ... o |
- Amowl al
& Month Arrow

@ Secondary Attt
® Graphics Overiay
¥ Datalayer
& Dataleper Settiogs
® Dstataper Legend
v Speciliaper
® Speculiyes Setings
@ Speciallayer Legend
~ Vedlor and Partices
@ Vedtor Settings
@ vector Legend
@ ParticieTasgectory Settings
~ Contourtaer
@ Contautaper Sattngs

[No File selecied)
Double-Chick: ino actise)

Select peveesl filed to eviract Bame senien
 Symbstuyer Settings

¥ Datafied
@ Symboliuyer Legend =

mare)

gy veane Eght ek sty ety E
rokome uzcaamoon | ¥ selctrancaurien
Sekect  category friam the kst abowe to mansge [t new data tie or dsuble twer
map kiyers and map properties. b e File Mag o koad 8 fils.
«
-

» To analyse surface temperature, select the ‘surface folder’ within the output
folder.
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B3 Open enhanced datafile... X
<« v A4 <« Jaipur » BadiChouparl_output v O Search BadiChouparl_output @
Organize v New folder Bz ™ @
This PC e Name - Daten
~J 3D Objects atmosphere 05-02-
I Desktop buildings 03-02-
E"j Dlctimisings inflow 05-02-
inputData 03-02-
& Downloads
log 05-02-
Music _—
d ; radiation 05-02- Select a file to preview.
&= Pictures soil 05-02-
B videos 052
‘s Local Disk (C:) vegetation 03-02-
- Local Disk (D:) windclimate 23-03-
il 3-02-
= Local Disk (E) windsectors 03-02
@# Network LI >
File name: | v|  Enhanced Data Files (*.edx;*ed v

I Open I’ Cancel |

* The surface folder contains the output files for each hour of the simulation
time in the form of .EDX file. Click on any one and then on ‘Open’

i . Open enhanced data file... M
&« v 4 | « BadiChouparl_output » surface v 0 Search surface yel
Organize New folder B O @
+ [ This PC i Name - Date modified *
3 30 Objects [] Badi Choupar_FX_ (initialisation)2024-05-...  04-02-2025 00:0¢
B Desktop [ ] Badi Choupar_FX_##CHECK##2024-05-2...  23-03-2025 13:4(

D Badi Choupar_FX_2024-05-21_07.00.01.EDX  04-02-2025 00:3(

f—_—:’] Documents
E] Badi Choupar_FX_2024-05-21_08.00.01.EDX  04-02-2025 01:0:

4 Downloads i
E] Badi Choupar_FX_2024-05-21_09.00.01.EDX  04-02-2025 01:42
d Music [7] Badi Choupar_FX_2024-05-21_10.00.01.EDX  04-02-2025 02:51 No preview
& Pictures [7] Badi Choupar_FX_2024-05-21_11.00.01.EDX  04-02-2025 03:57 i
B videos [ Badi Choupar_FX_2024-05-21_12.00.01.EDX  04-02-2025 05:0
2 Local Disk (C2) [7] Badi Choupar_FX_2024-05-21_13.00.01.EDX  04-02-2025 06:1%
| = Lol Disk () [ Badi Choupar_FX_2024-05-21_14.00.01.EDX  04-02-2025 07:2

[ ] Badi Choupar_FX_2024-05-21_15.00.01.EDX  04-02-2025 08:2°
[ ] Badi Choupar_FX_2024-05-21_16.00.01.EDX  04-02-2025 10:17 w
¥ Network v < >

- Local Disk (E:)

File name: | Badi Choupar_FX_2024-05-21_140001.EDX v | | Enhanced Data Files (*.edx;".ed v
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*  Once the .EDX file is imported, the tabs depicting each hour of simulation are

visible within the ‘Data Navigation’ panel.

» Select the hour for which the temperature variation needs to be studied, for
example- 2 pm and click on ‘Extract Data to Map’ tab.
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e Under ‘Extract Set A to 2D map’ click on ‘Extract 2D’
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e In the ‘Datalayer Legend’ panel at the bottom, click on ‘Select palette’ and
choose the desired colour scheme
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» To analyse the temperature at a particular area of interest within the site. Right
click on the cell on the map and select ‘Explore grid’
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* In the map explorer, right click on one of the tabs depicting the hours of
simulation and select ‘Set time series to whole range’.
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» From the list of variables on the right-hand side, select ‘T surface’ to visualize
the variation of surface temperature for the selected cell through the simulation
time of 24 hours for the selected date of 21 May, 2024.
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4. Results

Surface and ambient temperature reductions from
different interventions

Shading

In the base scenario, surface temperatures of materials such as concrete, granite,
sandstone, and dark asphalt ranged between 57-63°C during peak heat hours. The
introduction of targeted interventions resulted in significant reductions across
these temperatures.

Trees reduced surface temperatures by 6-15°C, with canopy density being the
decisive factor. Dense-canopy trees achieved reductions of 9-15°C, while sparser
canopies lowered temperatures by 6-9°C.

= ,
Trees enhance the microclimate by providing shade. The amount of surface temperature reduction depends on the density and
spread of the canopy.

Given the time required for trees to mature, the simulation also evaluated
lightweight polyvinyl chloride (PVC) canopies, which reduced surface temperatures
by 15-22°C.
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Lightweight canopies also bring down surface temperatures by providing shade

These results were obtained by
simulating PVC canopies and
trees. In practice, however, shading
can be achieved through a variety
of approaches, including tensile
structures using fabrics stretched
over steel or cable-supported frames.
Wooden frames or trellises covered
with climbing vegetation can also be
introduced, providing both shade and
additional greening.

b ——

R g
Wooden trellis at Anil Agarwal Environment Training
Institute, Neemli, Rajasthan

43N0 1339NS
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In heritage zones, collapsible or movable canopies—such as retractable frames or
inverted umbrella structures—can be deployed to provide shading during peak
hours while preserving unobstructed views of the streetscape at other times. Solar
panels can also be strategically positioned as shading devices in spaces such as
parking areas, combining thermal comfort with renewable energy generation.

Retractable umbrella canopies (left); solar panels used as shading devices (right)

Sources: Omar A. 2010. ‘Looking northwest from north side of Al-Masjid al-Nabawi’, Flickr. Available at https://www.flickr.com/photos/
oansari/4454894880, as accessed on 20 April 2026

Wikimedia Commons 2020. 'File: Solar-Car-Park-PV-Structures.jpg'. Available at https://commons.wikimedia.org/wiki/File:Solar-Car-Park-PV-
Structures.jpg, as accessed on 20 April 2026

Changing surface reflectance

The second set of interventions targeted hardscape reflectance. Surfaces prone
to heat absorption and retention were replaced with high-reflectance pavers,
resulting in reductions in surface temperature of 5-12°C.

Replacing hardscape surfaces with vegetation

The third approach involved replacing hard surfaces with vegetation, including
shrubs and grass. Areas away from pathways covered with shrubs were found to
be 2.5-5°C cooler than adjacent hardscape, while grass-covered surfaces were
approximately 3°C cooler than heat-absorbing materials such as concrete and
granite. Together, the combined effect of vegetation and nearby water bodies
contributed to an overall reduction of 2-3°C in ambient air temperature.

The results also highlight the potential of combining interventions. When

strategies were layered—through clusters of canopy trees, or the combined effect of
trees and lightweight canopies—the thermal benefits were amplified. Pairing tree
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Table 3: Surface temperature (°C) reductions from Intervention

Jaipur

Interventions

Connaught Place
ysore Bus

Chandni Chowk
Lajpat Nagar
Badi Choupad
Chandpole Metro
KR Circle
Magarpatta City
Tulsi Baug

Leh Bus/Taxi
Parking in
Commercial area

o Wl

Light weight 15-21 12-18 15-21 9-13 13-18 -12 20-22 | 18-20 | 16-20 | 18-20
shading

Shrub 25-3 3-4 4-5 4-5

Grass 1-2 1-3 1-2

Dense canopy 9-13 10-15 9-14 10-15 9-12 9-11 11-15 9-12

trees

Sparse canopy 6-8 4.5-6 5-8 7-9 5-7 5-8
tree

Reflective 5-9 9-12 7-9 7-8

material

Source: CSE

shade with reflective paving proved particularly effective, delivering temperature
reductions of up to 15°C compared to single-intervention approaches.

Granite
paving

Red
sandstones——____ 1

paving

Base scenario (left) vs intervention scenario (right) for Chandni Chowk, New Delhi
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Surface temperature distribution across study area, base (left) vs intervention scenario (right) in Chandni Chowk, Delhi
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Air temperature distribution across study area, base (left) vs intervention scenario (right) in Chandni Chowk, Delhi

80



5. The way forward

This study demonstrates that improving outdoor thermal comfort in Indian cities
is both necessary and achievable through targeted, site-specific interventions.
As extreme heat intensifies, the usability, safety, and inclusivity of public spaces
will depend increasingly on how well they perform under high-temperature
conditions. The findings clearly show that relatively modest, well-designed
changes—such as shading, surface material modification, and the integration
of blue-green infrastructure—can yield substantial reductions in surface and
ambient temperatures, significantly improving on-ground thermal comfort.

The study also underscores the value of simulation-based approaches in urban
design. By enabling planners to test interventions before implementation, tools
such as ENVI-met make it possible to quantify impacts, reduce uncertainty, and
prioritise investments that deliver measurable outcomes. Embedding such tools
within planning and design processes can foster evidence-based decision-making,
ensuring that public investments translate into tangible thermal comfort gains.
A key insight from the analysis is the importance of tailoring interventions to the
specific spatial, functional, and climatic context of each site—what works in a
dense historic market may differ considerably from what is effective in a transit
hub or open plaza. This reinforces the need to move away from generic design
solutions towards context-responsive, evidence-driven planning.

Identify and map urban heat hotspots
Cities should undertake systematic spatial assessments to identify areas experiencing
recurrent and sustained heat stress. This can be achieved through satellite-derived
land surface temperature data combined with on-ground observations of built form,
materials, and activity patterns. Mapping heat hotspots enables cities to prioritise
interventions in areas where thermal risks are most acute.

Integrate thermal comfort into urhan design

Urban design must move beyond aesthetics and functionality to systematically
account for heat exposure and thermal comfort. Planning guidelines, street
design standards, and public space redevelopment projects should incorporate
heat mitigation as a core performance criterion. Embedding these considerations
early in the planning process ensures that both new developments and retrofits
are responsive to local climatic conditions and support genuinely usable outdoor
environments.
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Prioritize high-exposure and vulnerable populations
Interventions should be targeted at spaces with high pedestrian activity,
particularly those frequented by vulnerable groups—such as informal workers,
street vendors, delivery personnel and daily commuters—who face sustained heat
exposure. Prioritizing such spaces can maximise the impact of investments by
improving health, productivity and overall livability for those most at risk.

Adopt context-specific mitigation strategies

Heat mitigation measures must be tailored to the specific characteristics of each
site, including climatic conditions, urban form, and patterns of use. While this
report outlines a range of potential strategies, their effectiveness depends on
careful selection and contextual adaptation. A combination of interventions—
such as shading, greening and surface material modifications—should be applied
on the basis of local feasibility and need, rather than a one-size-fits-all approach.

Implement evidence-based approaches

Cities should make greater use of simulation tools to evaluate the effectiveness of
proposed interventions before implementation. An evidence-based approach will
help ensure that interventions deliver measurable and lasting improvements in
outdoor thermal comfort.

82



References

Osman, M.B., et al. 2021. ‘Globally resolved surface temperatures since the Last
Glacial Maximum/, Nature, 599(7884): 239-244. Available at https://doi.org/10.1038/
$41586-021-03984-4, as accessed on 20 April 2026

Dosio, A., et al. 2018. ‘Extreme heat waves under 1.5°C and 2°C global warming’,
Environmental Research Letters, 13(5): 054006. Available at https://doi.
org/10.1088/1748-9326/aab827, as accessed on 20 April 2026
Ministry of Earth Sciences and India Meteorological Department 2026. ‘Statement
on the climate of India during 2025’ Available at https://internal.imd.gov.in/press_
release/20260101_pr_4602.pdf, as accessed on 20 April 2026

Prabhu, S., et al. 2025. ‘How extreme heat is impacting India: Assessing district-
level heat risk), Council on Energy, Environment and Water, New Delhi. Available at
https://www.ceew.in/sites/default/files/ceew-how-extreme-heat-is-impacting-india-
final-web-file.pdf, as accessed on 20 April 2026

De Bont, J., et al. 2024. ‘Impact of heatwaves on all-cause mortality in India: A
comprehensive multi-city study, Environment International, 184: 108461. Available
at https://doi.org/10.1016/j.envint.2024.108461, as accessed on 20 April 2026

World Bank 2022. ‘Climate investment opportunities in India’s cooling sector.
Available at https://documentsl.worldbank.org/curated/en/099920011222212474/
pdf/P15743300f4cc10380b9f6051f8e7ed1147.pdf, as accessed on 20 April 2026

Parsons, L.A., et al. 2021. ‘Global labor loss due to humid heat exposure underestimated
for outdoor workers’, Environmental Research Letters, 17(1): 014050. Available at
https://doi.org/10.1088/1748-9326 /ac3dae, as accessed on 20 April 2026

Ministry of Environment, Forest and Climate Change 2019. ‘India cooling action
plan. Available at https://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-
COOLING-ACTION-PLAN-e-circulation-version080319.pdf, as accessed on 20
April 2026

Salamanca, F., et al. 2014. ‘Anthropogenic heating of the urban environment due to air
conditioning, Journal of Geophysical Research: Atmospheres, American Geophysical
Union Publications. Available at https://agupubs.onlinelibrarywiley.com/doi/
full/10.1002/2013JD021225, as accessed on 20 April 2026

83


https://doi.org/10.1038/s41586-021-03984-4
https://doi.org/10.1038/s41586-021-03984-4
https://doi.org/10.1088/1748-9326/aab827
https://doi.org/10.1088/1748-9326/aab827
https://internal.imd.gov.in/press_release/20260101_pr_4602.pdf
https://internal.imd.gov.in/press_release/20260101_pr_4602.pdf
https://www.ceew.in/sites/default/files/ceew-how-extreme-heat-is-impacting-india-final-web-file.pdf
https://www.ceew.in/sites/default/files/ceew-how-extreme-heat-is-impacting-india-final-web-file.pdf
https://doi.org/10.1016/j.envint.2024.108461
https://documents1.worldbank.org/curated/en/099920011222212474/pdf/P15743300f4cc10380b9f6051f8e7ed1147.pdf
https://documents1.worldbank.org/curated/en/099920011222212474/pdf/P15743300f4cc10380b9f6051f8e7ed1147.pdf
https://doi.org/10.1088/1748-9326/ac3dae
https://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
https://ozonecell.nic.in/wp-content/uploads/2019/03/INDIA-COOLING-ACTION-PLAN-e-circulation-version080319.pdf
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013JD021225
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2013JD021225

RECLAIMING HEAT-RESILIENT PUBLIC SPACES: A SIMULATION TOOLKIT FOR URBAN HEAT MITIGATION .

10. Das, S., and Somanathan, E., 2024. ‘Heat causes large earnings losses for informal-
sector workers in India’, Environmental Research Letters, 19(12): 124019. Available at
https://doi.org/10.1088/1748-9326 /ad7da4, as accessed on 20 April 2026

11. Shabnaprarthana, and Bhansali, S., 2021. “The micro-climate in the streetscapes of
India), Arts Illustrated. Available at https://artsillustrated.in/architecture/the-micro-
climate-in-the-streetscapes-of-india/, as accessed on 20 April 2026

12. Ahmed, K.S., and Hossain, M.T., 2018. ‘Study of environmental design thinking in
ancient Vedic settlement morphology using parametric techniques’. Available at
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/5513, as accessed on 20 April
2026

13. Daftua, S., 2011. ‘Delhi — 100 years as the capital, The Hindu. Available at https:/ /www.
thehindu.com/features/kids/Delhi-mdash-100-years-as-the-Capital/article15540817.
ece, as accessed on 20 April 2026

14. Roy, D., 2024. ‘Brick-and-mortar chronicles of Delhi, The New Indian Express.
Available at https://www.newindianexpress.com/states/delhi/2022/Mar/21/brick-
and-mortar-chronicles-of-delhi-2432445.html, as accessed on 20 April 2026

15. Ministry of Housing and Urban Affairs 2015. ‘Mission statement and guideline:
Atal Mission for Rejuvenation and Urban Transformation’. Available at
http://164.100.87.10 /writereaddata/AMRUT%20Guidelines%20.pdf, as accessed on
20 April 2026

16. Sharma, V., and Mishra, S., 2024. ‘Chandni Chowk revamp: 2021-2024. RIP: Rs 100
crore rejuvenation crumbles, much-hyped project falls apart, The Times of India.
Available at https://timesofindia.indiatimes.com/city/delhi/chandni-chowk-revamp-
a-failed-promise-of-restoration/articleshow/113203615.cms, as accessed on 20 April
2026

17. Sangoi, V., 2025. ‘Delhi housing: East Kidwai Nagar revamp delivers green housing and
smart urban infrastructure’. Available at https://propnewstime.com/getdetailsStories/
MTQOOTk=/delhi-housing-east-kidwai-nagar-revamp-delivers-green-housing-and-
smart-urban-infrastructure, as accessed on 20 April 2026

18. Williams, T.B., 1991. ‘Microclimatic temperature relationships over different
surfaces, Journal of Geography, 90(6): 285-291. Available at https://doi.
org/10.1080/00221349108979321, as accessed on 20 April 2026

19. Urban Redevelopment Authority Singapore 2014. Landscaping for Urban Spaces
and High-Rises (LUSH) 2.0 Programme: Landscape Replacement Policy for Strategic

84


https://doi.org/10.1088/1748-9326/ad7da4
https://artsillustrated.in/architecture/the-micro-climate-in-the-streetscapes-of-india/
https://artsillustrated.in/architecture/the-micro-climate-in-the-streetscapes-of-india/
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/5513
https://www.thehindu.com/features/kids/Delhi-mdash-100-years-as-the-Capital/article15540817.ece
https://www.thehindu.com/features/kids/Delhi-mdash-100-years-as-the-Capital/article15540817.ece
https://www.thehindu.com/features/kids/Delhi-mdash-100-years-as-the-Capital/article15540817.ece
https://www.newindianexpress.com/states/delhi/2022/Mar/21/brick-and-mortar-chronicles-of-delhi-2432445.html
https://www.newindianexpress.com/states/delhi/2022/Mar/21/brick-and-mortar-chronicles-of-delhi-2432445.html
http://164.100.87.10/writereaddata/AMRUT Guidelines .pdf
https://timesofindia.indiatimes.com/city/delhi/chandni-chowk-revamp-a-failed-promise-of-restoration/articleshow/113203615.cms
https://timesofindia.indiatimes.com/city/delhi/chandni-chowk-revamp-a-failed-promise-of-restoration/articleshow/113203615.cms
https://propnewstime.com/getdetailsStories/MTQ0OTk=/delhi-housing-east-kidwai-nagar-revamp-delivers-green-housing-and-smart-urban-infrastructure
https://propnewstime.com/getdetailsStories/MTQ0OTk=/delhi-housing-east-kidwai-nagar-revamp-delivers-green-housing-and-smart-urban-infrastructure
https://propnewstime.com/getdetailsStories/MTQ0OTk=/delhi-housing-east-kidwai-nagar-revamp-delivers-green-housing-and-smart-urban-infrastructure
https://doi.org/10.1080/00221349108979321
https://doi.org/10.1080/00221349108979321

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Areas’ Available at https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc14-12-
original, as accessed on 20 April 2026

Urban Redevelopment Authority Singapore. 2017. ‘Harnessing the Power of Digital
Technologies’ Available at https://www.ura.gov.sg/Corporate/Resources/Ideas-and-
Trends/Harnessing-the-Power-of-Digital-Technologies, as accessed on 20 April 2026

Urban Redevelopment Authority Singapore. n.d. ‘Gross Floor Area’ Available at
https://www.ura.gov.sg/Corporate/Guidelines/Development-Control/gross-floor-
area/GFA/Privately-OwnedPublicSpacesPOPS, as accessed on 20 April 2026

Ibid.

Ministry of Housing and Urban Affairs n.d. AMRUT 2.0 - National progress
comparison report. Available at https://amrut.mohua.gov.in/uploads/National-
Progress-Comparison-Report.pdf, as accessed on 30 March 2026

Ministry of Environment, Forest and Climate Change 2019. National Clean Air
Programme’ Available at https://moef.gov.in/wp-content/uploads/2019/05/NCAP_
Report.pdf, as accessed on 20 April 2026

Ministry of Environment, Forest and Climate Change. 2025. ‘Outcomes of NCAP
Starred Question No. 304, Lok Sabha, Parliament of India. Available at https://
sansad.in/getFile/loksabhaquestions/annex/185/AS304_n7aJPT.pdf ?source=pqals,
as accessed on 20 April 2026

Ministry of Finance 2026. ‘Union Budget 2026-2027. Available at https://www.
indiabudget.gov.in/doc/eb/sbe28.xlsx, as accessed on 20 April 2026

Ministry of Environment, Forest and Climate Change 2024. ‘Ministry achieves 100-
day target of 100 Nagar Vans with objective to enhance urban greenery’. Available at
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2057503&reg=3&lang=2, as
accessed on 20 April 2026

Ministry of Environment, Forest and Climate Change . 2020. ‘National Mission for
a Green India. Available at https://moef.gov.in/uploads/2017/08/GIM_Mission-
Document-1.pdf, as accessed on 20 April 2026

PRS Legislative Research 2026. ‘Demand for grants 2026-27 analysis. Available at
https://prsindia.org/files/budget/budget_parliament/2026/DfG_Analysis_2026-27-
Environment.pdf, as accessed on 20 April 2026

Ministry of Housing & Urban Affairs 2026. ‘Cabinet approves Rs. one lakh crore
urban challenge fund to drive market-led urban transformation’. Available at https://

85


https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc14-12-original
https://www.ura.gov.sg/Corporate/Guidelines/Circulars/dc14-12-original
https://www.ura.gov.sg/Corporate/Resources/Ideas-and-Trends/Harnessing-the-Power-of-Digital-Technologies
https://www.ura.gov.sg/Corporate/Resources/Ideas-and-Trends/Harnessing-the-Power-of-Digital-Technologies
https://www.ura.gov.sg/Corporate/Guidelines/Development-Control/gross-floor-area/GFA/Privately-OwnedPublicSpacesPOPS
https://www.ura.gov.sg/Corporate/Guidelines/Development-Control/gross-floor-area/GFA/Privately-OwnedPublicSpacesPOPS
https://amrut.mohua.gov.in/uploads/National-Progress-Comparison-Report.pdf
https://amrut.mohua.gov.in/uploads/National-Progress-Comparison-Report.pdf
https://moef.gov.in/wp-content/uploads/2019/05/NCAP_Report.pdf
https://moef.gov.in/wp-content/uploads/2019/05/NCAP_Report.pdf
https://sansad.in/getFile/loksabhaquestions/annex/185/AS304_n7aJPT.pdf?source=pqals
https://sansad.in/getFile/loksabhaquestions/annex/185/AS304_n7aJPT.pdf?source=pqals
https://www.indiabudget.gov.in/doc/eb/sbe28.xlsx
https://www.indiabudget.gov.in/doc/eb/sbe28.xlsx
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2057503&reg=3&lang=2
https://moef.gov.in/uploads/2017/08/GIM_Mission-Document-1.pdf
https://moef.gov.in/uploads/2017/08/GIM_Mission-Document-1.pdf
https://prsindia.org/files/budget/budget_parliament/2026/DfG_Analysis_2026-27-Environment.pdf
https://prsindia.org/files/budget/budget_parliament/2026/DfG_Analysis_2026-27-Environment.pdf
https://www.pib.gov.in/PressReleseDetailm.aspx?PRID=2227991&lang=1&reg=3&utm

RECLAIMING HEAT-RESILIENT PUBLIC SPACES: A SIMULATION TOOLKIT FOR URBAN HEAT MITIGATION .

www.pib.gov.in/PressReleseDetailm.aspx?PRID=2227991&lang=1&reg=3&utm, as
accessed on 20 April 2026

31. Grover, S., 2024. ‘India’s urban open spaces have become unbearably hot. A planning
expert shows how to reclaim these areas, Down to Earth. Available at https://
www.downtoearth.org.in/governance/indias-urban-open-spaces-have-become-
unbearably-hot-a-planning-expert-shows-how-to-reclaim-these-areas, as accessed on
20 April 2026

32. Roychowdhury, A., et al. 2025. Planning and designing habitat in climate-risked
times: Heat toolkit, Centre for Science and Environment, New Delhi. Available at
https://www.cseindia.org/planning-and-designing-habitat-in-climate-risked-times-
heat-toolkit-12566, as accessed on 20 April 2026

33. Jamei, E., et al. 2015. ‘Review on the impact of urban geometry and pedestrian level
greening on outdoor thermal comfort, Renewable and Sustainable Energy Reviews,
54: 1002-1017. Available at https://doi.org/10.1016/j.rser.2015.10.104, as accessed on
20 April 2026

34. Taleghani, M., 2017. ‘Outdoor thermal comfort by different heat mitigation strategies
- a review, Renewable and Sustainable Energy Reviews, 81: 2011-2018. Available at
https://doi.org/10.1016/j.rser.2017.06.010, as accessed on 20 April 2026

35. Probst, N, et al. 2022. ‘Blue green systems for urban heat mitigation: Mechanisms,
effectiveness and research directions’, Blue-Green Systems, 4(2): 348-376. Available at
https://doi.org/10.2166/bgs.2022.028, as accessed on 20 April 2026

36. Ibid.

37. Ibid.

38. Ibid.

39. Gallo, K., et al. 2010. ‘Evaluation of the relationship between air and land surface
temperature under clear- and cloudy-sky conditions), Journal of Applied Meteorology

andClimatology,50(3):767-775.Availableathttps://doi.org/10.1175/2010jamc2460.1,
as accessed on 20 April 2026

86


https://www.pib.gov.in/PressReleseDetailm.aspx?PRID=2227991&lang=1&reg=3&utm
https://www.downtoearth.org.in/governance/indias-urban-open-spaces-have-become-unbearably-hot-a-planning-expert-shows-how-to-reclaim-these-areas
https://www.downtoearth.org.in/governance/indias-urban-open-spaces-have-become-unbearably-hot-a-planning-expert-shows-how-to-reclaim-these-areas
https://www.downtoearth.org.in/governance/indias-urban-open-spaces-have-become-unbearably-hot-a-planning-expert-shows-how-to-reclaim-these-areas
https://www.cseindia.org/planning-and-designing-habitat-in-climate-risked-times-heat-toolkit-12566
https://www.cseindia.org/planning-and-designing-habitat-in-climate-risked-times-heat-toolkit-12566
https://doi.org/10.1016/j.rser.2015.10.104
https://doi.org/10.1016/j.rser.2017.06.010
https://doi.org/10.2166/bgs.2022.028
https://doi.org/10.1175/2010jamc2460.1




Extreme heat reshapes the livability of Indian
cities. The spaces where people walk, work, wait
and gather are becoming increasingly hostile, and
the burden falls hardest on those with nowhere
else to go.

Reclaiming Heat-Resilient Cities is a rigorous,
evidence-based toolkit that uses ENVI-met
microclimate simulation to test and quantify
targeted interventions—from canopy trees and
lightweight shading to reflective pavements and
blue-green infrastructure—across ten study sites

in Delhi, Jaipur, Mysuru, Pune and Leh. Drawing

on spatial heat-stress analysis, on-ground site
assessments and comparative scenario modelling,
the report demonstrates that well-chosen, context-
specific retrofits can reduce surface temperatures
by up to 22°C and meaningfully lower ambient air
temperatures—transforming unsafe outdoor spaces
into thermally comfortable, equitable public realms.

A practical guide for urban planners, designers and
policymakers, this report makes the case that heat
resilience is not a luxury but a prerequisite for just
and liveable cities.
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