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ABSTRACT 
Many of  us may have experienced the urban heat island effect or 

UHI.  

The urban heat island effect is a phenomenon that occurs when a city 
creates an artificially high temperature by using pavement surfaces and 
other materials that absorb radiation, raising temperatures in the area 
around them. It is a growing concern in many cities across the world.  

These elevated temperatures create severe health and economic 
impacts on society as a whole. Furthermore, urban heat contributes to 
climate change by requiring more cooling, accomplished through fossil 
fuel use, which results in more anthropogenic heat, creating a vicious 
circle. 

This thesis aims to explain the causes and consequences of  urban heat 
islands, provide examples of  mitigation strategies applied by cities around 
the world, examine potential mitigation strategies, and, ultimately, create 
a microclimate calculation model to demonstrate the effectiveness of  
available mitigation strategies. This was accomplished by selecting two 
neighbourhoods in New Delhi for the case study. 

In order to perform the microclimate analysis, four mitigation 
strategies were selected: planting trees in urban areas, using high-albedo 
surfaces, and adding green walls and  green roofs. 

The analysis results showed the alteration in wind speed, diffused 
shortwave radiation and air temperature. As a result of  applying the 
mitigation strategy, the maximum day temperatures were dropped by 
0.53 degrees Celsius in the first case study area and 0.24 degrees Celsius 
in the second case study area, respectively. 

In conclusion, the available mitigation strategies effectively reduce the 
air temperature of  a microclimate and, when applied on a larger scale, 
could reduce the extent of  the Urban heat island effect. 

Keywords: 

UHI mitigation, microclimate, albedo, model, radiation, air 
temperature.  
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CHAPTER 1 
Introduction 

1.1. Background information 

“The gradual shift in residence of  the human population from rural to urban areas, 
combined with the overall growth of  the world’s population could add another 2.5 
billion people to urban areas by 2050, with close to 90% of  this increase taking place 
in Asia and Africa” (United Nations, 2018). 

Currently, 55% of  the world population resides in urban areas already 
and is projected to increase to 68% by the year 2050 (United Nations, 
2018). The question here is: Are our cities prepared to adapt to this rapid 
change? 

This study is based on one such problem faced by most urbanised 
cities, which is 'the warming of  urban land'. Popularly known as the 
Urban Heat Island effect (UHI), is the "phenomenon whereby cities experience 
higher air temperatures than the surrounding countryside"  (MIT Climate Portal, 
2021). Since 1880, the Earth's temperature has risen at a pace of  0.14°F 
every decade, with the rate of  warming during the last 40 years more 
than double that of  0.32°F per decade since 1981 (Lindsey and 
Dahlman, 2021). Moreover, according to NOAA's temperature data, 
2020 was the second-warmest year on record (Lindsey and Dahlman, 
2021).  

Furthermore, as per US EPA 2014 (United States environmental 
protection agency), the UHI effect could increase the daytime 
temperature up to 1-7°F and the nighttime temperature by about 2-5°F 
higher. 

Nevertheless, several studies have shown positive results in mitigating 
this effect.  

This research aims to provide information related to urban heat 
islands, their formation, consequences, mitigation strategies, and, 
ultimately, create a microclimate calculation model to demonstrate the 
effectiveness of  available mitigation strategies by considering one of  the 
Indian Urban Agglomeration - New Delhi, India. 
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As the world's third largest urban agglomeration, New Delhi has 
experienced rapid urbanisation in recent decades, which has resulted in 
severe environmental problems.  

In the last five decades, the city's extremely uncomfortable hours have 
increased from 10 hrs to 12-13 hrs a day (Gandhiok, 2021). 
Approximately 500 SqKm of  New Delhi's area has witnessed a canopy 
level heat index surge by nearly 4-6 degrees Celsius (Gandhiok, 2021). 
The city's average near-surface temperature has increased by 1.02 
degrees celsius, caused by land use land cover change (Gandhiok, 2021). 
Likewise, the city's per capita energy demand has risen to 165% since 
1980, predominantly required for cooling the indoors, and an annual 
increase of  11.4% (Gandhiok, 2021 and Kumari et al., 2021). 
Furthermore, New Delhi has also experienced increased heatwaves in the 
last decades, impacting health, the ecosystem, and the economy (Singh, 
Mall and Singh, 2020).  

The development process will continue, but at the same time, it 
requires a solution for the rising concern. More importantly, a clear 
understanding of  the UHI is required, and the strategies need to be 
developed to implement them on the ground level. 

1.2. Objectives: 

This thesis intends to study the effectiveness of  available urban heat 
island mitigation strategies using the microclimate simulation software 
ENVI-met. Comprehending the theory behind urban heat islands and 
their formation and impact on microclimate. Additionally, the purpose 
was to make a microclimate model based on the current urban form and 
after applying urban heat island mitigation strategies. Lastly, the 
comparison of  the variables of  microclimate after the above-mentioned 
interventions. 
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1.3. Research questions: 

A key question guiding the research was to determine whether 
applying urban heat island mitigation strategies would reduce the 
temperature of  the microclimate. 

A few sub-questions that led to the main question are listed below: 

i) What is an urban heat island, and what drives its formation? 

ii) What are the consequences of  urban heat islands? 

iii) What are the possible mitigation solutions to urban heat islands? 

iv) How does urban heat island relate to land use, normalized 
difference vegetation index (NDVI) and energy consumption? 

v) What essential microclimate variables are affected after 
implementing urban heat island mitigation strategies? 

1.4. Hypothesis: 

The research was initiated by creating a hypothesis as mentioned 
below: 

The temperature of  a microclimate could be reduced by the 
application of  an urban heat island mitigation strategy.  

1.5. Methodology: 

The thesis is based on empirical research. It uses the microclimate 
simulation results for its conclusion. 

The thesis uses a mixed research methodology with a deductive 
approach. 

For defining the topic, existing pieces of  literature and theories were 
considered. 

To establish the relationship of  urban heat islands with land use and 
NDVI, the Landsat-8 and Sentinel-2 satellite imagery were collected and 
processed using the software QGIS and ArcGIS Pro to obtain the visual 
graphics. 
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For making the model and performing the simulation, the data were 
collected from google earth pro and google maps. The data acquired was 
processed on ENVI-met software to analyse the microclimate variation. 

The recommendation of  UHI mitigation strategies based on the 
available literature and simulation results were produced in the form of  
pictures made using Adobe Photoshop. 

Based on the simulation results, the discussion and conclusion were 
prepared.  

Lastly, using the simulation results, the hypothesis was accepted. 

1.6. Scope:  

This study discusses the approach for mitigating the urban heat island 
effect using two neighbourhood microclimates. 

Among all mitigation strategies, this study emphasises microclimate 
simulation, considering the four most effective strategies: increased 
vegetation, green walls, roofs, and high-albedo surfaces. 

Lack of  vegetation; increased radiation absorption due to building 
materials and urban form; anthropogenic heat was the primary source 
that caused the formation of  UHI.  

The two case study areas selected were known to the author. Also, 
both the case study areas lie under the same district of  Delhi but have 
utterly different built forms. 

1.7. Limitations: 

The critical limitation of  the study was limited time and resources. 

However, other limitations of  the study are listed below: 

i) The investigation of  the study area was done wholly based on 
google street view, as it was not feasible for the author to examine it 
physically. 

ii) The pictures used to describe the neighbourhood and prepare the 
model's land use were also done using google street view. 
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iii) The building footprint and other measurements related to the 
built-up condition were estimated using google earth pro due to the 
lack of  official data.  

iv) The study area was limited to 1 hectare due to the limitations of  
the microclimate simulation software. 

v) The microclimate analysis results were restricted to three variables, 
wind speed, diffused shortwave radiation and air temperature, due to 
the complexity of  the topic with limited time. 

vi) Furthermore, the microclimate analysis was done considering 
built-up geometry and built-up materials. 

1.8. Structure of  thesis 

This thesis is a comprehensive study of  urban heat island mitigation 
strategies, their application to the study area, and their effectiveness by 
performing a simulation of  the selected study area's microclimate model. 

The thesis is divided into nine chapters, each having different content. 

The first chapter contains the introduction, objectives, research 
questions, hypothesis,  methodology, scope, limitations and the structure 
of  the thesis. 

The second chapter discusses the broad concept of  urban heat islands, 
their types, characteristics, causes, consequences, and mitigation 
strategies. 

The third chapter showcases the project's policies and practices for 
UHI mitigation strategies used worldwide by presenting ten case studies. 

The fourth chapter deals with the information related to the case study 
city, like its background, administration, demographics, urbanisation, 
natural environments,  topography, elevation, climatic condition, public 
transport and urban challenges. 

The fifth chapter validates the existence of  UHI in Delhi by presenting 
the relationships between urban heat islands and land use, NDVI and 
energy consumption. 
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The sixth chapter deals with selecting two neighbourhoods from New 
Delhi, followed by its SWOT analysis. 

The seventh chapter presents the steps in preparing the microclimate 
model of  the two chosen neighbourhoods, its analysis, discussion of  
simulation results, as well as recommendation for UHI mitigation 
strategies. 

The eighth chapter provided suggestions for the policy implications. 

Lastly, the ninth chapter concludes the overall research work, including 
answers to the main questions and proving the hypothesis. 
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CHAPTER 2 
Overview of  UHI  

This chapter of  the paper will explain the topic of  urban heat islands 
and the other concepts related to understanding the topic UHI. 
Additionally, the chapter will cover the basic definition of  UHI, the origin 
of  the UHI, types of  UHI, characteristics of  UHI, formation of  UHI, 
and mitigation strategies. 

2.1. Urban heat island (UHI): 

According to the United States environmental protection agency, the 
urban heat island is defined as the urbanised areas experiencing higher 
temperatures than the outlying areas, refer fig 1 (US EPA, 2014). 

The magnitude of  the heat island is proportional to the population 
density, owing to the fact that human activity uses resources, which is 
subsequently released as heat into the atmosphere (Branea et al., 2016, 
pp.2). 

The concept of  temperature change was first given by Luke Howard 
in 1833, and further, it was termed the name of  urban heat island by 
Manley in 1958 (Adamowski and Prokoph, 2013, pp. 225). Howard and 
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Fig 1: Urban heat island - Human activities have altered the ecosystem to a great 
extent. Modification of  the environment has led to changes in urban climate. The fig 
illustrates different parts of  the land, such as rural, suburban residential, commercial, 
city, urban residential, park and rural farmland. It shows the temperature variants of  
different parts of  the land. Further, the dome-like structure in the picture is referred 
to as an urban heat island having a maximum late afternoon temperature. 

Source: Fuladlu, n.d.



his family started the work by recording the daily maximum and 
minimum air temperature of  the climate of  London and its outskirt for 
26 years (Stewart and Mills, 2021, pp.2). Howard's results show that the 
temperature differences were highest in the water months (Stewart and 
Mills, 2021, pp.3). Howard attributed the cause of  these changes to the 
anthropogenic heatings of  the building, lack of  vegetation, and 
unplanned constructions obstructing urban wind flow (Stewart and Mills, 
2021, pp.3). Howard concluded that the temperature of  the city should 
not be compared to the climate (Stewart and Mills, 2021, pp.3) 

Since then, the term ‘Urban Heat Island’ has become an important 
topic on which an enormous amount of  research has been conducted to 
date. The map below, represented in fig 2, illustrates the global presence 
of  the UHI effect. 
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Fig 2: Global significance of  UHI. 

Source: Manoli et al., 2019



2.2. Types of  urban heat island: 

Generally, UHI is categorised into two types: Atmospheric heat Islands 
and surface heat islands.  

The categorisation is done based on temperature differences at the 
surface of  the earth and the atmospheric air. Besides, both atmospheric 
and surface heat islands vary in the way they are formed (US EPA, 2014). 

Atmospheric Heat Island: These heat islands form when urban 
regions' hot air contrasts with suburban regions' cool air. Climatic 
intensity islands change substantially less in force than surface intensity 
islands (US EPA, 2014). Further, the atmospheric heat island is divided 
into two types: The canopy layer UHI and Boundary layer UHI, as 
shown in fig 3. 

Surface Heat Islands. These intensity islands are structured because 
the city’s surfaces, for example, streets and roofs, retain and transmit 
intensity to a more prominent degree than most regular surfaces (US 
EPA, 2014). Similar to the atmospheric heat island, the surface heat 
island is also characterised by two types: The surface layer UHI and the 
substrate layer UHI, as illustrated in fig 3. 

Based on the temperature conditions, the urban heat Island are 
classified into four distinct types, namely: 

- The Canopy Layer UHI (CLUHI) or Urban Canopy layer (UCL) heat 
Island. 

- Boundary Layer UHI (BUHI)  
- The Surface Layer UHI (SUHI)  
- The Substrate Layer UHI (GUHI) 
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Fig 3: Types of  Urban Heat Island (UHI). Ts: Solid-air interface; Ta: Air 
temperatures; Tsub: Temperatures below the surface; RSL: Roughness sublayer; UBL: 
Urban boundary layer; UCL: Urban canopy layer. 

Source: Stewart and Mills, 2021, pp.2



2.2.1.  The canopy layer UHI (CLUHI): 

The canopy layer UHI refers to the warmth of  a near-surface air layer 
that stretches from the ground to the average height of  buildings and 
plants, represented in fig 4 (Voogt, 2000, pp.265). The CUHI consists of  
the near-surface air temperature to 2 meters in height (Stewart and Mills, 
2021, pp.2). It is commonly used for calculating air temperatures due to 
its simplicity in the calculation (Voogt, 2000, pp.265). CUHI is shaped 
through the ingestion of  sun-oriented radiation by low reflectance 
surfaces and insulated surfaces, resulting in high daytime urban 
temperatures (Branea et al., 2016, pp.3). Likewise, there is an expansion 
of  anthropogenic intensity, humidity and pollutants; however, for all 
intents and purposes, there is no conclusive impact by the nearby breezes 
and turbulences (Branea et al., 2016, pp.3). 

2.2.2. The boundary layer UHI (BUHI) 

The boundary layer UHI lies above the urban canopy layer (Voogt, 
2000, pp.267). The BUHI addresses an urban scale warming through the 
profundity of  the urban boundary layer ranging around 1-2 km during 
daytime with clear skies and a couple of  10s to 100s of  meters around 
night time, having modest size and considerably less spatially and 
transiently factor than that of  UCL heat island, shown in fig 5 (Voogt, 
2000, pp.267). BUHI is created by a plume situated in the manner wind 
blows, and being affected by it (Branea et al., 2016, pp.3). The plume is 
additionally developed by the conglomeration of  heat from rooftops and 
highest points of  urban road canyons and several other anthropogenic 
activities (Branea et al., 2016, pp.3). 
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Fig 4: Schematic diagram of  CLUHI formation. 

Source : Branea et al., 2016, pp.4



2.2.3. The surface layer UHI (SUHI) 

The surface UHI addresses the general warmth of  the surfaces in 
urban areas contrasted with that in rural regions (Voogt, 2000, pp.267). 
The surface layer UHI formation is wholly connected with the energy 
balance represented by the surface properties within the city's surface: 
The impact and direction of  the sun, wind and sky; The conduction and 
dissemination of  intensity; The capacity to emanate and reflect sunlight 
based and infrared waves; The surface dampness and its capacity to 
evaporate; The surface relative unevenness, refer fig 6 (Branea et al., 
2016, pp.4). 

2.2.4. The substrate layer UHI (GUHI) 

The substrate layer UHI is referred to as “The urban effect on the soil 
and geology beneath the city (GUHI)” (Stewart and Mills, 2021, pp.1). 

The surface intensity island comprises all surfaces; however, normally, 
just a subset of  these surfaces should be visible from any perception point, 

12

Fig 5: Schematic diagram of  BUHI formation. 

Source : Branea et al., 2016, pp.3

Fig 6: Schematic diagram of  SUHI formation. 

Source : Branea et al., 2016, pp.5



e.g., melting permafrost in Arctic villages (Voogt, 2000, pp.267; Stewart 
and Mills, 2021, pp.1). As illustrated in fig 7, the substrate layer is the 
plane not visible but contains hotter air that is frequently transported on a 
level plane downwind of  the city (Voogt, 2000, pp.267). 

2.3. Characteristics of  UHI   

The characteristics of  atmospheric and surface UHI are based on 
temporal development; peak intensity; identification method; and 
depiction methods (U.S. Environmental Protection Agency, 2008d, pp.2). 
The atmospheric UHI is small or non-existent thought the day but is 
most significant at night or predawn and in the winters. In contrast, 
surface UHI is present both during the day and the night and is most 
significant during the day and in the summers. Atmospheric UHI shows 
less variation during the day (-1 to 3°C) and night (7 to 12°C) (U.S. 
Environmental Protection Agency, 2008d, pp.2). However, surface UHI 
shows more spatial and temporal variations both during daytime 
(10-15°C) and nighttime (5-10°C) (U.S. Environmental Protection 
Agency, 2008d, pp.2). Atmospheric UHI is measured using direct 
methods such as Fixed weather stations and mobile traverses, whereas the 
surface UHI are calculated using indirect methods such as remote sensing 
(U.S. Environmental Protection Agency, 2008d, pp.2). Atmospheric UHI 
is depicted using isotherm maps and temperature graphs, on the contrary, 
surface UHI are portrayed by thermal images (U.S. Environmental 
Protection Agency, 2008d, pp.2).  

Furthermore, the detailed characteristics of  UHI are shown using 
table 1, provided by Voogt, 2000. The characterisation methods are done 
using the same variables like Air or Surface; The measurement methods; 
Spatial characteristics; Temporal characteristics. 
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Fig 7: Schematic diagram of  subsurface heat island along with other heat island types. 

Source : Voogt, 2000, pp.267



 

Heat 
Island 
Type

Variable
Affected

Measuremen
t methods Spatial Characteristics Temporal 

Characteristics

Canopy 
layer heat 
island

Air
temperature

Fixed or mobile 
(vehicle-based) 
measurements 
using 
thermometers.

Shows significant spatial 
variability associated with 
important elements of surface 
structure: building height-to- 
width ratio, amount of 
vegetation, topographic 
features.

Largest at night. 
Magnitude grows rapidly 
in the late afternoon and 
early evening. May be 
negative (a cool island) 
during the daytime. Highly 
sensitive to wind and 
cloud.

Boundary 
-layer heat 
island

Air
temperature

Thermometers 
mounted on 
very tall 
towers, 
balloons, kites, 
or aircraft. 
Remote-
sensing from 
ground-based 
instruments.

Exhibits a “domed" structure in 
near-calm conditions and a 
distinct downwind “plume” as 
winds increase. Boundary-layer 
depth is 1-1.5 km by day, but 
only 50-300 m at night. Heat 
island magnitude decreases 
with height in the boundary layer 
by night and is approximately 
constant by day.

Shows relatively small 
diurnal variation. Sensitive 
to wind and cloud.

Surface heat 
island

Surface
temperature

Remote 
sensing from 
towers, aircraft, 
or satellites.

Significant spatial variability 
associated with variations in 
surface characteristics, including 
shading, surface orientation, 
moisture status, thermal 
properties, surface reflectivity, 
and vegetation coverage. 
Variability of rural surface 
temperature is also large and 
affects heat island magnitude.

Largest during daytime in 
the summer season. 
Nighttime value is also 
positive and largest in 
summer. Highly sensitive 
to weather conditions. 
Varies with season 
especially if there are 
significant changes to 
moisture or vegetation 
characteristics or where 
substantial winter heating 
is used.

Subsurface 
heat island

Ground
temperature

Ground or 
borehole 
temperature 
measurements.

Spatial variability occurs due to 
variations in surface 
characteristics and subsurface 
heat sources from urban 
infrastructure. Urban areas 
show a greater depth of 
temperature decrease from the 
surface before temperatures 
reverse to show the geothermal 
gradient.

Temporal response is 
increasingly lagged with 
depth so that subsurface 
patterns reflect past 
conditions at the surface. 
Temporal influences 
below the first meter are 
typically only seasonal or 
longer.
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Table 1: Characteristics of  UHI’s. 

Source : Voogt, 2000, pp.267, Edited by the Author



2.4. Factors leading to the formation of  UHI 

The formation of  UHI is affected by several factors such as reduction 
in vegetation in urban land, urban material properties, urban geometry, 
urban metabolism, and climatic conditions like wind speed, cloud cover, 
seasonal variations, and time of  the day (Voogt, 2000, pp.268; and U.S. 
Environmental Protection Agency, 2008d, pp.10). 

2.4.1. Reduction in vegetation in urban land: 

Trees and vegetation are responsible for lowering the ambient 
temperature through a process called 'evapotranspiration' (U.S. 
Environmental Protection Agency, 2008b, pp,7). Evapotranspiration is 
the process where the plants lose water from the soil to their 
surroundings, thereby resulting in dissipating neighbouring heat 
(Britannica, 2020). Contrary to rural land, where vegetation and open 
land dominate the environment, urban land constitutes more impervious 
surfaces in the form of  built-up structures such as houses, roads, 
sidewalks, parking lots, etc. (U.S. Environmental Protection Agency, 
2008b, pp.7). The change of  surface in urban land results in less 
vegetation which further reduces the shade and moisture, which are 
responsible for cooling the ambient temperature (U.S. Environmental 
Protection Agency, 2008b, pp.7). The fig 8, shows the scenario of  
Impervious surfaces causing reduced evapotranspiration. 
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Fig 8: Schematic diagram illustrating  the scenario of  Impervious surfaces causing 
reduced evapotranspiration. On the left is the urban land constituting nearly 75-100% 
impervious surface having less surface available for evapotranspiration. On the right is 
the rural area illustrating less than 10% impervious land. 

Source : US Environmental Protection Agency, 2008d, pp.7



2.4.2. Urban materials: 

The materials used in the built environment effect the urban 
temperature. Different urban materials have different thermal emissivity, 
heat capacity and solar reflectance, impacting urban area’s environment 
(U.S. Environmental Protection Agency, 2008c). The detailed explanation 
of  the thermal emissivity, heat capacity and solar reflectance is discussed 
in the upcoming sections.  

2.4.3. Urban geometry: 

Urban geometry alludes to the aspects and dispersing of  structures 
inside a city (U.S. Environmental Protection Agency, 2008c, pp.8). Urban 
geometry significantly influences wind flow, energy assimilation, and the 
capacity to emanate radiation to space (Honrubia, n.d.). Building 
structures, volume, direction and the perspective proportion of  the spaces 
between them influence the openness of  urban surfaces to sunlight-based 
radiation (Soltani and Sharifi, 2017, pp.530). Hence, urban geometry 
influences the built environment's shadow patterns and heat exchange 
(Soltani and Sharifi, 2017, pp.530). The complicated heat exchange 
between the structure's mass and adjoining air, changes the force and flow 
of  wind streams in urban canyons, where wind designs are additionally 
impacted by the canyon-like construction of  streetscapes encompassing 
tall structures, refer fig 9 (Soltani and Sharifi, 2017, pp.530). Additionally, 
the urban canyon varies due to geometric properties like canyon aspect 
ratio, sky view factors and canyon orientation (Ibrahim et al., 2021, pp.2). 
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Fig 9: Urban geometry, land scape and land cover, contributing to UHI. 

Source : Sharifi and Lehmann, 2014, pp.25; Soltani and Sharifi, 2017, pp.531 



i) Canyon aspect ratio: Canyon aspect ratio is related to street width 
(W) and building height (H). The aspect ratio is a variable quantity 
depending on the local climate. Studies have revealed that the lower 
the H/W ratio, the higher the intensity of  UHI (Bakarman and 
Chang, 2015, pp.101). A H/W ratio of  0.5 is termed a shallow 
canyon, and a H/W value of  1.0 is called a deep canyon (Bakarman 
and Chang, 2015, pp.102). The increase in the H/W ratio minimises 
access to solar radiation on ground surfaces (Bakarman and Chang, 
2015, pp.102). Deep canyons receive and absorb less solar radiation 
than shallow canyons (Bakarman and Chang, 2015, pp.106).  

ii) Sky view factor: Sky view factor(SVF) is defined as the proportion 
of  the visible area of  the sky at a point on the ground to the area of  
the sky (Ge et al., 2022, pp.2). The more significant the H/W 
proportion, the more modest the area of  noticeable sky and 
dissemination of  long-wave radiation (Nakata-Osaki, Souza and 
Rodrigues, 2018, pp.158). Hence, a more significant H/W ratio 
minimises the rate of  cooling in urban land (Nakata-Osaki, Souza 
and Rodrigues, 2018, pp.158). 

iii) Canyon orientation: The canyon orientation plays a vital role in 
affecting microclimate (Peng and Huang, 2022, pp.1). Canyon 
orientation is an essential parameter for urban form, as it determines 
the amount of  solar radiation, shading and wind flow patterns, which 
further influences the change in air and surface temperatures (Peng 
and Huang, 2022, pp.2). The studies done so far also show that the 
East-West orientation of  canyons experiences the worst thermal 
comfort in comparison to other orientations (Peng and Huang, 2022, 
pp.2). 

Moreover, the urban geometry affects the urban heat island especially 
at night, depending on the size and spacing of  buildings within a city 
(Honrubia, n.d.). 

2.4.4. Urban metabolism: 

Urban life is related to energy utilization, causing extra waste heat 
creation in urban areas (Soltani and Sharifi, 2017, pp.530). Such 
anthropogenic (human-made) heat is fundamentally related to indoor 
cooling and transportation (Soltani and Sharifi, 2017, pp.530).  

17



Besides, the UHI extent rises as the anthropogenic intensity rises to 
lead to an occasional variety in specific environments and intraurban 
spatial fluctuation connected with the growing density and extent of  
energy use (Soltani and Sharifi, 2017, pp.530). 

2.4.5. Season: 

UHI size is generally the biggest in the warm season in mid-latitudes 
(Voogt, 2000, pp.269). In high latitudes, the UHI is the biggest in the 
colder time of  year because of  anthropogenic intensity input (Voogt, 
2000, pp.269). The UHI is ordinarily the biggest in the dry season in 
tropical urban areas with particular wet and dry seasons. (Voogt, 2000, 
pp.269) 

2.4.6. Wind speed  

The UHI extent diminishes quickly as wind speed increments (Voogt, 
2000, pp.269). 

2.4.7. Cloud cover: 

The magnitude of  UHI diminishes as cloud cover enlarges (Voogt, 
2000, pp.269). 

2.4.8. Time of  the day: 

The canopy layer UHI is the biggest around evening time (air 
temperatures), and the surface layer UHI extent is more significant 
during the day (clear, radiant circumstances) (Voogt, 2000, pp.269). 
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The following section of  this chapter will discuss essential concepts like 
radiation heat flux, evapotranspiration, albedo effect, and radiation effect 
in urban geometry to understand the topic ‘The Urban Heat Island’ in 
depth.  

• What is radiation heat flux, and how is it related to the urban heat 
island effect? 

• What is evapotranspiration? 
• What is the albedo effect, and how is it related to the urban heat island 

effect? 
• How does urban geometry relates to urban heat islands? 

2.5. Radiation concept: 

To understand heat island formation, it is essential to know radiation 
concept and a few technicalities related to radiation heat transfer, black 
body, energy conservation, radiation budget, long waves, shortwave, inter-
surface radiation exchange, and anthropogenic heat generation. 

2.5.1. Radiation heat transfer  

Generally, radiation heat transfer is defined as the "Heat transfer due to 
emission of  electromagnetic waves also known as thermal radiation" (Engineering 
ToolBox, 2003). 

At the point when warm radiation falls onto an item, some mix of  
three things might occur (Gedeon, 2018, pp.1). Firstly, the radiation 
might be consumed by the body's outer layer, changing its temperature 
(Gedeon, 2018, pp.1). Secondly, the radiation might get reflected from the 
body's outer layer, causing no temperature change (Gedeon, 2018, pp.1). 
Thirdly, the radiation might go through the body, causing no temperature 
change (Gedeon, 2018, pp.1). 

Usually, every surface tends to absorb heat and release or radiate back 
absorbed heat, depending on the material type (Bhattacharjee, 2019, 
pp.598). 

Further, the heat transfer takes place from a higher temperature 
surface to a lower temperature surface in the form of  radiation which 
does not necessarily require any medium  (Bhattacharjee, 2019, pp.599)  
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The term radiation heat transfer is explained by referencing a Black 
body (Engineering ToolBox, 2003). 

The black body is characterized as a body that retains all radiation 
that falls on its surface, which in reality does not exist in nature 
(Engineering ToolBox, 2003). 

The radiation energy is given by Stefan-Boltzmann law also expressed 
by an equation  “q = σ T4 A”, equation 1 (Engineering ToolBox, 2003). 

Radiation heat flux between two bodies are given by the following 
equation 2: 
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q =  ε σ F(Th4 -Tc4) 	 	 	 Equation 2 

where, 
ε = Emissivity coefficient of  the object (‘1’ for a black body) 

The emissivity coefficient is in the range 0 < ε < 1, depending on the type of  
material and the temperature of  the surface. It is the emission at a given 
wavelength by the body under consideration that is divided by that of  black 
body.  

q = heat transfer per unit time (W) 
σ = 5.6703 10-8 (W/m2K4) - The Stefan-Boltzmann Constant 
F = Configuration factor.  

It depends on the projection of  one surfaces to other, for instance if  there is 
two surface and they both see each other completely the value of  F=1, and 
when the bodies are inclined the projection of  1 will be there on other which 
lowers the F value. 

Th =Temperature of  the hot body in kelvins (K) 
Tc =Temperature of  the cold body in kelvins (K) 

Source: Bhattacharjee, 2019, pp.600

“q = σ T4 A” 	 	 	 	 Equation 1. 

where, 
q = heat transfer per unit time (W) 
σ = 5.6703 10-8 (W/m2K4)- Stefan-Boltzmann Constant 
T = absolute temperature in kelvins (K) 
A = area of  the emitting body (m2) 

Source:  Engineering ToolBox, 2003.



Furthermore, there are a few more terminologies necessary to 
understand the concept namely absorptivity (α), reflectivity (ρ), 
transmissivity (τ) , emissivity (ε), and Kirchoff ’s law associated with the 
theory of  radiation heat transfer. 

Absorptivity (α) : It is a proportion of  the amount of  the radiation 
consumed by the body (Gedeon, 2018, pp.1). 

Reflectivity (ρ): It is a proportion of  the radiation reflected by the body 
(Gedeon, 2018, pp.1). 

Transmissivity (τ): It is the measure of  the amount of  radiation passes 
through a body (Gedeon, 2018, pp.1) 

Emissivity (ε): It is the measurement of  the total heat radiation emitted by 
a body to its environment (Gedeon, 2018, pp.1). It is the proportion of  
the heat radiation transmitted from its surface to the theoretical 
emanations of  an ideal dark body (grey body) of  the same size and 
shape  (Gedeon, 2018, pp.1). 

All the above terminologies has a number ranging from 0-1 for any 
given wavelength (λ ),  

αλ +ρλ +τλ =1. 

The values of  absorptivity (α), reflectivity (ρ), transmissivity (τ) , 
emissivity (ε), are provided in table 2. 

Absorptivity  

(αλ)

Reflectivity  

(ρλ)

Transmissivity 

(τλ) 

Emissivity  

(ελ)

Perfect absorption 1 0 0 0-1

Perfect reflection 0 1 0 0-1

Perfect 
transparency

0 0 1 0-1

Black body 1 (at all λ) 0  (at all λ) 0  (at all λ) 1 (total)

Grey body 0-1 0-1 0-1 0-1 (same for all λ)
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Table 2. Surface properties involved in radiative heat transfer (function of  wavelength).  

Source : Gedeon, 2018, pp.1, Edited by the Author



Kirchoff  ’s law: 
According to Kirchoff ’s law, for a perfect black body, the emissivity (ελ) 

and absorptivity (αλ) will be equivalent at a wavelength on the 
hemispherical and total levels (Samuel Ginn College of  Engineering, n.d., 
pp.11). 

αλ = ελ	 	 	 	 Equation 3. 
        

Furthermore, The Sun is considered a black body with a surface 
temperature of  5800 K  and the Earth's surface temperature is 288 K 
(Engineering ToolBox, 2003). Since the quality of  radiation is a 
temperature function, the Sun and the Earth radiate differently 
(Bhattacharjee, 2019, pp.601). 

All that has a temperature emits electromagnetic radiation (light) (NC 
State University, n.d.). Shortwave radiation consists of  a higher amount 
of  energy, and long-wave radiation consists of  a smaller amount of  
energy (NC State University, n.d.). This way, the sun emits shortwave 
radiation, as it is very hot and has enormous energy to give, whereas the 
Earth's radiation is transmitted as long-wave since it is a lot cooler (NC 
State University, n.d.). 

Fig 10, illustrates the absorptivity and emissivity from the Sun and the 
Earth, it shows the part of  a wavelength absorbed by various greenhouse 
gases such as methane, nitrogen oxide, oxygen, ozone, carbon dioxide 
and water. It also provides a clear observation that most of  the 
absorptions occur in the Earth’s atmosphere, which is responsible for 
warming the environment. 
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Fig 10: Absorptivity and emissivity of   Sun and Earth. 

Source: Bhattacharjee, 2019, pp.601



2.5.2. Earth energy balance: 

The Earth's temperature relies upon the harmony between energy 
entering and leaving the planet (Brouwer et al., 2021). The Earth heats 
up once the approaching energy is absorbed (Brouwer et al., 2021). Earth 
abstains from warming, when the Sun's energy is reflected once more into 
space (Brouwer et al., 2021). Further, the planet cools when energy is let 
out of  Earth into space (Brouwer et al., 2021). Human and natural 
factors are responsible for this Earth's warming and cooling process, also 
known as the Earth's energy balance (Brouwer et al., 2021).  

The process of  balancing the incoming and outgoing heat on the 
Earth is referred to as ‘Energy budget’ expressed by Equation 4 (Brouwer 
et al., 2021).  

The energy budget is used to keep the equilibrium conditions 
(Brouwer et al., 2021). In general conditions, 30% of  the total radiation 
entering the Earth is reflected in space, and the remaining 70% is 
absorbed, out of  which 47% is absorbed by land and oceans and 23% by 
the atmosphere as represented in fig 11. 
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Fig 11: Earth’s energy budget.  

Source: (Brouwer et al., 2021)

Q* = K* + L* 	 	 	 Equation 4 

Where, 
Q* is the net total wave 
K* is the net total short wave radiation 
L* is the net total long wave radiation 

Source: Bhattacharjee, 2019, pp. 603



The Earth is considered an opaque object since it does not allow 
sunlight to pass through, this means that at any given point, there will be 
a continuous inflow and outflow of  radiation on Earth emitted by the 
Sun (Bhattacharjee, 2019, pp. 604).  

As noted earlier, some radiation gets absorbed, and the remaining gets 
reflected. The net total radiation is represent in form of  equation as 
shown in equation 5.  

Further, the total absorbed short wave radiation by earth is given using 
equation 6, where the term albedo (a) comes into the process. 

Albedo relates more to shortwave radiation, whereas emissivity relates 
to longwave radiation (Bhattacharjee, 2019, pp. 617). For shortwave, 
albedo is defined as the ratio of  upward shortwave radiation and 
downward shortwave radiation (Bhattacharjee, 2019, pp. 615).  

Additionally, albedo varies based on the type of  surface, latitude, time 
and season (www.climatedata.info, n.d. and Bhattacharjee, 2019, pp. 61). 
The typical values of  the albedo of  urban and non-urban surfaces are 
mentioned in fig 12. The higher the albedo value, the higher will be the 
reflective value and vice versa. Contrary to non-urban land, the urban 
land surface consists of  lower albedo materials which trap more 
shortwave radiation, resulting in the warming of  the environment.  
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K* = Kdownward - Kupward	 	 	 Equation 5 

Where, 
K* is the net total Radiation 
Kdownward is the incoming short wave radiation 
Kupward is the total outgoing short wave radiation 

Source: Bhattacharjee, 2019, pp. 615.

Kupward = aKdownward	 	 	 Equation 6 

Where, 
a is the albedo 
Kdownward is the incoming short wave radiation 
Kupward is the total outgoing short wave radiation 

Source: Bhattacharjee, 2019, pp. 615.



2.5.3. Inter-surface radiation: 

The inter-surface radiation is important concerning the warming of  
urban land. The theory of  Inter surface radiation exchange is explained 
using the fig 13, where the first image on the left shows a single ray of  
radiation falling to wall of  a building, the middle image shows multiple 
rays falling to a surface and the last on the right shows the actual 
condition where infinite amount of  radiation falls on the surface and 
some gets absorbed whereas the others gets reflected to the nearby 
surfaces (Bhattacharjee, 2019, pp. 627). This process is referred to the 
inter-surface radiation exchange. The more the surface the more will be 
the inter-surface radiation exchange (Bhattacharjee, 2019, pp. 627).  

The presence of  large numbers of  buildings causes large inter-surface 
radiation exchange (Bhattacharjee, 2019, pp. 627). The inter-surface 
radiation gets absorbed into the urban areas which further results in 
creation of  urban heat island. The intensity of  trapped inter surface 
radiation depends on the orientation of  the buildings (Bhattacharjee, 
2019, pp. 627).  
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Fig 12: Albedo value of  urban and non-urban surfaces.  

Source: Spångmyr, 2010.

Fig 13: Inter-surface radiation exchange.   

Source: Bhattacharjee, 2019, pp. 627.



Furthermore, different surfaces at different latitudes receive different 
types of  radiation, which can be calculated based on the heat transfer, for 
instance, in the northern hemisphere, the maximum short wave radiation 
falls on the roof  represented in fig 14.  

2.5.4. Radiation Budget based on the type of  Urban form: 

To understand the radiation budget for an urban pattern, calculation 
of  the floor area ratio is essential. Fig 15, illustrates the changes in albedo 
in different urban form’s. The more the structure, the more is the 
radiation absorption, leading to a decrease in albedo (Bhattacharjee, 
2019, pp. 630).    
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Fig 14: Radiation incoming and net (W/Sq.m). 
Roof  receives the maximum incoming radiation in the Northern hemisphere.  
a. Short wave incoming radiation (Kdownward)  
b. Long wave incoming radiation (Ldownward)  
c. Long wave outgoing radiation (Lupward) 
d. Net Total radiation (Q*) 

Source: Bhattacharjee, 2019, pp. 629.

East 
Wall

West 
Wall

Fig 15: Change of  albedo according to urban 
form.  
i) Plain land consisting of  soil surface has an 

albedo of  approximately 0.40, which changes 
due to land use pattern. 

ii) The second pattern shows an increase of  floor 
area ratio to 1.5 where the albedo reduces to 
0.32 due to absorption of  radiation summing 
to 17% changes.  

iii) The third section shows a total change of  21% 
with increase of  floor area ratio of  2.  

iv) The fourth section illustrates a total change of  
27% with the increase of  floor area ratio of  3. 

Source: Bhattacharjee, 2019, pp. 630.



2.6. Urban heat island and its impact. 

Urban heat island has several impacts, such as discomfort and danger 
to human well-being; Increased energy utilization; Elevated greenhouse 
gas emissions and air pollution; Impaired water quality; Secondary 
impacts on weather and climate; Reduction in labour productivity 
(Rinkesh, 2016 and Sustainable Energy for All, 2018, pp.12).  

i) Discomfort and danger to human well-being: During the summer 
months, the urban population is at serious risk of  heat stress, mostly 
older people, a person with cardiovascular illness, and children who 
are often unable to adjust to the climatic changes (The Deutscher 
Wetterdienst, 2019). Globally, extreme temperature events have 
increased, leading to the death of  more than 166,000 people during 
1998-to 2017 and nearly 125 million people exposed to heatwaves 
during 2000-2016 (World Health Organization, 2022). 

ii) Increased energy utilization: Hotter temperatures lead to higher 
demand for electricity to cool the surroundings. To compensate for 
the heat in the urban land, an additional 5-10% of  energy demand is 
required (Sustainable Energy for All, 2018). Additionally, for cooling, 
the energy demand surges 1-2% for every 0.6 degrees Celsius in air 
temperature beginning from 20-25 degrees Celsius (US EPA, n.d.). 

iii) Elevated greenhouse glass emissions: To fulfil the energy demand, 
power plants produce more electricity, mainly using fossil fuels (US 
EPA, n.d.). Pollutants such as sulphur dioxide (SO2), nitrogen oxides 
(NOX), particulate matter (PM), carbon monoxide (CO) and mercury 
(Hg) are released by the power plants, which increases air pollutants 
and greenhouse gas emissions (US EPA, n.d.). Moreover, the 
pollutants are responsible for the growth of  ground-level ozone 
(smog), fine-particulate matter, acid rain, and carbon dioxide (CO2), 
leading to global climate change (US EPA, n.d.).  

iv) Impaired water quality: Excessive pavements and rooftop surfaces 
result in heating stormwater runoff  (US EPA, n.d.). The water gets 
heated up to 35 degrees celsius during summertime as it flows 
through the hot pavements and rooftops (Geilman, 2020). The heated 
rainwater accumulates in sewers and water sources, increasing the 
temperature of  sewer water, rivers, lakes, etc. (Geilman, 2020). 
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Further, the change in temperatures impacts the metabolism and 
reproduction of  aquatic lives resulting in an imbalance in the rivers, 
ponds, lakes, etc. (Geilman, 2020).  

v) Secondary impacts on weather and climate: Urban heat islands 
are also responsible for manipulating weather and climate. Changes 
include local wind patterns; Fog and cloud formation; Irregular 
precipitation; Seasonal variation (Rinkesh, 2016). UHI reduces the 
occurrence of  cold exposure and frost season in urban residents 
(Voogt, 2000, pp.270). It likewise enlarges the duration of  the 
growing season and manipulates the timing related to the phases of  
plant development (Voogt, 2000, pp.270). The UHI develops a local 
dissemination pattern named city breeze, where the cooler rural air is 
transferred horizontally into the urban area leading to pollutant 
dispersion and cloud formation, flash flooding, etc. (Voogt, 2000, 
pp.270).  

vi) UHI impact on outdoor labour productivity: In addition to 
discomfort and danger to human well-being, exposure to high-
intensity heat lessens productivity (Sustainable Energy for All, 2018, 
pp.12). A reduction of  40-50% by 2050 in work capacity is expected 
in southeast Asia in sun work environments (Sustainable Energy for 
All, 2018, pp.13). Additionally, a nearly 6% loss in yearly GDP is 
expected for seriously impacted countries like South Asia, West 
Africa, Oceana, etc. (Sustainable Energy for All, 2018, pp.13). 

2.7. UHI mitigation strategies 

Numerous studies have been done so far and have listed some of  the 
standard measures to curtail the urban heat island effect formation. The 
most comprehensive mitigation strategies are listed below. However, the 
strategies are developed by the factors contributing to the urban heat 
islands, such as increasing vegetation in the urban fabric, converting 
traditional roofs to green roofs, changing pavements to water-permeable 
pavements, modifying building geometry, etc.   

2.7.1. Trees and vegetation:  

The plantation of  trees and increasing vegetation cover are among the 
simplest strategies to mitigate urban heat islands. It can reduce air and 
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surface temperature by providing shade and cooling through 
evapotranspiration (U.S. Environmental Protection Agency, 2008c, pp.2). 
Besides, vegetation helps in providing better thermal comfort due to its 
reflectance factor (AboElata, 2017). It has a higher albedo of  25% 
compared to other surfaces (AboElata, 2017). The shading factor helps 
reduce the direct solar radiation falling to the surface, keeping the canopy 
layer cooler (U.S. Environmental Protection Agency, 2008c, pp.2). 
Further, if  trees plant strategically, considering the location and direction 
helps minimise the energy requirement, refer fig 16 (U.S. Environmental 
Protection Agency, 2008c, pp.3). For instance, trees shading done on the 
East side of  the building can reduce air conditioning demand, likewise, if  
planted in the South minimises the summertime energy requirement 
(U.S. Environmental Protection Agency, 2008c, pp.3).  

2.7.2. Green roofs:  

As the name sounds, it is a vegetative layer grown on the roofs of  
buildings (WGIN, 2021 and U.S. Environmental Protection Agency, 
2008a, pp.1). The green roofs date back to 10th BC throughout Persia, 
widely used as a stormwater management system for irrigating steeped 
series of  planters (WGIN, 2021). However, it became famous when 
Patrick Blanc developed irrigated felt vertical garden in 1986 (WGIN, 
2021). Green roof  provides many advantages which can be experienced 
in sectors like environmental, economic and social (WGIN, 2021). Green 
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Fig 16: Trees placement and its benefit.  

Selection of  right tree and planting it on the right location can help in increasing the 
standing of  the building further duding the energy requirement. 

Source:U.S. Environmental Protection Agency, 2008c, pp.4



roof  helps in increasing biodiversity, thermal regulation, carbon 
sequestration, stormwater treatment and management, improving air 
quality, reducing energy demand, increasing property value, noise 
reduction, food production, increased amenity and recreation 
opportunities, improving physiological and mental health, etc., refer fig 
17 (WGIN, 2021). 

Generally, green roofs are categorised into extensive green roofs, semi-
intensive green roofs and intensive green roofs. Extensive green roofs are 
economical, easy to retrofit, and have shallow growing medium ranging 
from 90-300mm (WGIN, 2021). The semi-intensive plant ranges from 
ground cover to small trees and requires a medium growing depth of  
300-500mm (WGIN, 2021). Intensive green roofs require a deep growing 
medium greater than 500mm and have incredible benefits like insulation, 
water retention, and higher biodiversity; however, they are typically 
expensive and require proper retrofitting (WGIN, 2021).   

2.7.3. Green wall:  

Similar to the green roofs are the green walls. The concept of  the 
green wall became popular because of  Patric blanc, the same person who 
introduced green roofs. Green walls also have similar benefits to green 
roofs. Green walls help reduce building energy requirements, noise 
reductions, pollutant removal, UHI mitigation, minimising air 
temperature variation, increasing outdoor thermal comfort, restore urban 
ecosystems, etc. (Susca et al., 2022, pp.2). The mechanism of  the green 
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Fig 17: Impact of  green roofs.  

(Left) Green roof  installed on Chicago City hall. (Right) The temperature difference 
between a conventional roof  and a green roof, in this case the city hall measures 40 
degree celsius(80 degree Fahrenheit) cooler than the neighbouring roof. 

Source:U.S. Environmental Protection Agency, 2008a, pp.4



wall for mitigating UHI depends on features like shading properties and 
evapotranspiration (Susca et al., 2022, pp.3). As defined earlier, the 
shading properties of  leaves help reduce solar radiation absorption, 
keeping the environment cooler during the summers (Susca et al., 2022, 
pp.3). Moreover, the performance of  the green walls varies by plant 
characteristics like plant albedo, plant’s biological activity, substrate 
properties, albedo, local climate, building dimensions, building 
orientations, etc. (Susca et al., 2022, pp.3). Green walls are characterised 
by two types, green facades and living walls, see fig 18 (Susca et al., 2022, 
pp.3). 

Furthermore, the Green facade is classified into two types: Direct and 
Indirect. In the direct green facade, the vegetation holds directly to the 
walls. In contrast, indirect green facades support systems such as modular 
trellis, mesh and frames are provided to hold the vegetation (Susca et al., 
2022, pp.3). The second classification of  green walls is the living walls. 
The living walls are characterised by continuous and modular walls 
(Susca et al., 2022, pp.3). The continuous wall consists of  pre-vegetated 
support, irrigation and a water-resistant membrane (Susca et al., 2022, 
pp.3). Further, the modular living walls are designed of  plastics, metals or 
ceramic stratum in addition to a structural framework  (Susca et al., 2022, 
pp.3). 

Research done by Susca et al. (2022), on 647 case studies suggests that 
the green walls can decrease up to 51% cooling and 16.5% heating 
demand for a building. Additionally, green walls have the possibility to 
mitigate the UHI up to 8 degrees Celsius in a highly urbanised locality 
(Susca et al., 2022, pp.1).  
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Fig 18: Types of  green walls. 

Source: Susca et al., 2022, pp.3.



2.7.4. Cool roofs: 

Cool roofs are defined as roofs with higher solar reflection and higher 
thermal emittance (U.S. Environmental Protection Agency, 2008a, pp.1). 
It works on the two basic principles i.e. solar reflectance and thermal 
emittance, explained using fig 19 (U.S. Environmental Protection Agency, 
2008a, pp.3). Generally, a cool roof  having a higher albedo rate 
minimises the net radiation by reflecting the incoming solar energy 
reducing the sensible heat flux and further emitting the absorbed solar 
heat (Wang, Li and Sodoudi, 2022, pp.1). During the summer, a black 
roof  reflects close to 5% of  the solar energy and emits more than 90% of  
the absorbed heat (U.S. Environmental Protection Agency, 2008a, pp.4). 
The metal roof  has high solar reflectance and low emittance rates (U.S. 
Environmental Protection Agency, 2008a, pp.4). Compared to a black 
and metal roof, the white coloured roof  has the highest solar reflectance 
and emittance rate (U.S. Environmental Protection Agency, 2008a, pp.4).  

Cool roofs are available in different types: single-ply membranes, foam 
coating, cool tiles, and metal tiles. 

i) Single ply membranes: These are typically rolled sheets of  
material composed together with plywood using adhesives. Single-ply 
membranes are commonly used for low-slopped roofs and are easy to 
retrofit (Bert, 2020). 

ii) Foam roofing: These are polyurethane spray foams with a 
reflective coating applied on top, used as a cool roof, increasing the 
roof's durability, and are widely popular in commercial applications 
(Bert, 2020).   

iii) Cool tiles: Tiles are one of  the old roofing materials used in 
building roofs, and nowadays, they are designed with a more 
reflective and emissive solar property, making them cool tiles (Bert, 
2020).  

iv) Metal roofs: Metal roofs are generally made of  metal with a cool 
finish, forming themselves as a more reflective and emissive material 
(Bert, 2020). 
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2.7.5. Cool pavements:  

Cool pavements are a pavement having higher solar radiation 
reflective properties and higher permeability, often used for contracting 
UHI,  illustrated in fig 20  (Wang et al., 2021, pp.2). Cool pavements are 
categorised into two types: reflective and permeable/water-retentive 
pavements (Ferrari et al., 2020, pp.2). 

i) Reflective pavements: As the name defines, reflective pavements 
are pavements with high solar reflectivity and high emissivity (Ferrari 
et al., 2020, pp.2). It has a greater albedo compared to traditional 
pavement (Ferrari et al., 2020, pp.2). These pavements are made by 
colouring the topmost layer with light colours or manufacturing the 
materials with light colours (Ferrari et al., 2020, pp.2). 

i) Permeable pavements: The permeable pavements work on the 
principle of  vaporisation (Dollond, 2019). Vaporisation is when a 
substance changes to vapour phases from liquid or solid phase in the 
presence of  heat (Dollond, 2019). Permeable pavements utilise the 
latent heat of  vaporisation to minimise the surface temperature 
(Ferrari et al., 2020, pp.2). Permeable pavements consist of  pores 
which catch water on the surface and permit it to penetrate the layers 
beneath, which lessens the temperature (Wang et al., 2021, pp.2). 
Permeable pavement is considered more sustainable as it not only 
reduces the surface's temperature but also benefits urban stormwater 
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Fig 19: Working principle of  cool roofs. 

Source: U.S. Environmental Protection Agency, 2008a, pp.4.



management, re-energising groundwater, decreasing the release of  
pollutants, and minimising the noise on streets (Ferrari et al., 2020, 
pp.2). 

The studies done on cool pavements about UHI mitigation have 
shown positive results. One of  the studies done by Santamouris et al. 
(2012, pp.135), for a park of  4500 metre square revealed that using cool 
pavements can reduce surface temperature up to 12 degrees Celsius and 
is also effective in minimising the ambient air temperature up to 1.9-
degree Celsius. 

2.7.6. Urban geometry: 

 As discussed in the previous sections, urban geometry is an essential 
factor contributing to the formation of  the UHI effect. Hence, it is 
important to analyse the urban geometry to reduce the effect. The 
geometry of  an urban canyon, like sky view factor, mean building/tree 
height should be taken care of  while planning areas (Ivanchev et al., 
2017, pp.38-58). Variations between building heights, minimising 
breezeway obstructions, increasing breezeway prosperity, adding 
adequate open spaces at road junctions, integrating passive cooling 
systems, and surface coverage partitioning can help diminish the UHI 
effect (Ivanchev et al., 2017, pp.38-58). 
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Fig 20: (a) Conventional pavement, (b) reflective pavement, and (c) permeable 
pavements. 

Where, (SW↓)downward shortwave radiation (solar radiation), (SW↑)upward shortwave 
radiation (reflected), (LW) net long-wave radiation, (G) heat conduction, (H) sensible 
heat flux, and (LE) denote latent heat flux. 

Source: Wang et al., 2021, pp.2



In addition to the technologies mentioned above, a few less-known 
innovation solutions could also help mitigate the UHI. A few of  them are 
introduced below: 

i) Thermo-chromic materials are a special type of  materials that can 
change their visible colour by molecular structure transformation, 
which further increases the albedo of  the material (Abbas 
Mohajerani, Bakaric and Jeffrey-Bailey, 2017, pp.32).  

ii) Harnessing the heat: Heat can be harnessed by using asphalt solar 
collectors under the pavements. A numerical study done by Nasir et 
al. (2020, pp.7), concludes that within set parameters, urban canyon 
temperatures was lessened by 4.67 degrees Celsius, and the surface 
temperatures were decreased by 27%. However, it is still in the 
research phase, and less known facts such as cost-benefit, efficiency, 
etc, are available for this technology. 

iii) Photovoltaic pavements: The photovoltaic pavements are generally 
panels made of  photovoltaic which produce energy when exposed to 
sunlight and are used widely for harvesting solar energy (Xie and 
Wang, 2021, pp.1; Abbas Mohajerani, Bakaric and Jeffrey-Bailey, 
2017, pp.33). A study by Xie and Wang (2021, pp.3,12), summarised 
that photovoltaic pavements could reduce the pavement surface 
temperature by 3-5 degrees Celsius during the summers and ambient 
temperature by ambient temperature 1 degrees Celsius. Additional to 
the temperature reduction, photovoltaic pavements are also a source 
of  producing renewable energy and have the potential to mitigate the 
UHI effect (Xie and Wang, 2021, pp.12) 
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CHAPTER 3  
Global projects, policies and practices for UHI 

mitigation 

Since the last decade, there has been an acceleration in the projects 
and policies developments focusing on mitigating the UHI effect. This 
chapter of  the document will cover some of  the best initiatives taken for 
UHI mitigation. It will include both projects and policies related to UHI 
mitigation. Due to its ongoing status, most of  the projects carried out 
under the individual governments do not disclose any relevant 
temperatures change results. Nevertheless, every project undertaken, aims 
to have positive results. 

3.1. Stuttgart, Germany 

	 The City Stuttgart was the first city in Germany to establish a 
separate climatology department under the environmental protection 
office in 1938 (Rinke et al., 2016, pp.281). The aim was to study 
environmental metrology concerning air pollution control and global 
climate protection  (Rinke et al., 2016, pp.281). The department 
predicted a temperature rise of  1.5-2 kelvin for Stuttgart City concerning 
global climate change (Rinke et al., 2016, pp.281). Additionally, the 
department’s climate models calculated an increase of  scorching days to 
30% (Rinke et al., 2016, pp.281). The department analysed that the city’s 
complicated topography has a big impact on its local climate (climate-
adapt.eea.europa.eu, 2020). Hence to mitigate the urban heat island 
impact, a project was adopted in 2008, which still continues (climate-
adapt.eea.europa.eu, 2020). However, the project has listed a few urban 
development principles aligned to characteristics of  local climate 
(climate-adapt.eea.europa.eu, 2020). The important guidelines are listed 
below (climate-adapt.eea.europa.eu, 2020):  

• Vegetation should surround developments, and larger, connected 
green spaces should be created or maintained throughout developed 
areas to facilitate air exchange (climate-adapt.eea.europa.eu, 2020). 

• Valleys serve as air delivery corridors and should not be developed 
(climate-adapt.eea.europa.eu, 2020). 
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• Hillsides should remain undeveloped, mainly when development 
exists in valleys, since intensive cold- and fresh-air transport occurs here 
(climate-adapt.eea.europa.eu, 2020). 

• Saddle-like topographies serve as air induction corridors and should 
not be developed (climate-adapt.eea.europa.eu, 2020). 

• Urban sprawl is to be avoided (climate-adapt.eea.europa.eu, 2020). 

• All trees growing in the urban core with a trunk circumference of  
more than 80 cm at the height of  1m are protected with a tree 
preservation order (climate-adapt.eea.europa.eu, 2020). 

3.2. Frankfurt, Germany 

	 Globally, Frankfurt is considered one of  the best-prepared cities for 
climate change adaptation through mitigating the UHI effect (Wright, 
2020). However, 2018 was the hottest year of  Germany's history, with 
Frankfurt being the hottest city (Wright, 2020). To minimise the 
occurrence of  such activity, the city's municipality has developed five 
steps to keep itself  cool: 

i) Development of  Air corridors: Together with the German 
weather service, the municipal government prepared a heat map 
projecting the climate change effect (Wright, 2020). The results 
showed a temperature difference of  10 degrees celsius between the 
urban and rural outskirts (Wright, 2020). To solve the issue, air 
corridors are being prepared and additionally, zoning regulations 
were planned to ensure that no tall buildings are built between the air 
corridors (Wright, 2020).  

ii) Plantation of  trees: To increase the variety and resilience to such 
climate events, guidelines were prepared for planting the trees 
strategically (Wright, 2020). The planning also uses a purposeful 
strategy similar to air corridors by connecting open spaces to make 
green corridors (Wright, 2020).  

iii) Insulated buildings:  The municipality of  Frankfurt passed new 
guidelines on passive house norms for newly built and refurbished 
structures belonging to the municipality (Wright, 2020). The strategy 
is also applied in a hospital soon to be the world's first hospital to 
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meet the passive house norms (Wright, 2020). Following the research 
on insulated buildings, the municipality aims to mitigate the UHI 
effect and also decrease the energy requirement of  a building 
(Wright, 2020).  

iv) Green roofs. The city is also using one of  the strategies mentioned 
above to keep the environment cool by installing green roofs. This 
strategy has been applied on 40000 square meters of  Frankfurt 
airports roof, the largest airport in Europe (Wright, 2020).  

v) Pervious Pavements: The pavements play an important role in 
temperature variation. Choosing the right pavements could help 
improve thermal comfort in a locality. The municipality aims to use 
this technique to improve both thermal comfort and water 
management (Wright, 2020). 

3.3. Toronto, Canada 

The capital city of  Canada initiated the ‘Green Roof  bylaw’  and 
‘Eco-roof  incentive’ policies in 2009 to combat the urban heat island 
effect (Stern, Peck and Joslin, 2019, pp.6). The program green roof  by 
law developed 5.4 million square 
feet of  a green roofs during 
2009-2018, which resulted in 
multiple benefits like 1.6 million 
kWh o f  annua l e l e c t r i c i t y 
reduction due to the urban heat 
island effect, annual retention of  
222 million litres of  stormwater, 
annual carbon sequestration of  
225 tons, annual electricity saving 
of  3.2 million kWh for the building 
with green roofs (Stern, Peck and 
Joslin, 2019, pp.6).  

3.4. New York State, United State 

The New York State introduced the ‘Green Roof  Property Tax 
Abatement Program’ in 2008, where a property owner can get a one-year 
tax exemption of  $5.23/square foot to establish green rooftops. The 
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Fig 21:Green roof  installation at Esri 
Canada. 

Benefits - Stormwater diverted: 393,353 
liters/year; GHG reduction: 88 kgCO2/
year. 

Source: COGS, 2016



exemption was higher, up to $15/square for certain localities (Stern, Peck 
and Joslin, 2019, pp.20). Additionally, New York State launched a cool 
roof  program in 2010 to convert all the roofs to cool roofs (Fried, 2010). 
The initiative is intended to help reduce the city’s greenhouse gas 
emissions by up to 30% by 2030 (Fried, 2010). The cool roof  program 
also stated that covering roofs to cool roofs can help the city with a 1-
degree reduction in ambient air temperature (Fried, 2010). 

3.5. Baltimore, United States 

Baltimore has been facing poor health quality issues related to the 
residents (Baltimore Office of  Sustainability, n.d.). The city produced a 
report covering the action required to increase the city's overall 
sustainability (Baltimore Office of  Sustainability, n.d.). Action number 
three aims to reduce the heat island effect by installing cool and green 
roofs and increasing vegetation to avoid trading of  heat (Baltimore Office 
of  Sustainability, n.d.). The city has also developed the Maryland forest 
conservation act to reduce the UHI effect (American Council for an 
Energy-Efficient Economy, n.d.). The conservation act aims to safeguard 
land with 20,000 square feet of  forest, steep slopes, and wetlands for sites 
undergoing development (American Council for an Energy-Efficient 
Economy, n.d.). In addition, the city also has a zoning code providing a 
development bonus for permanent safeguarding of  open spaces 
(American Council for an Energy-Efficient Economy, n.d.).  

3.6. Singapore 

Singapore is an island country facing regular temperature rise, close to 
27 degrees year-round (Mokhtar, 2020). To combat the temperature 
issues, Singapore launched an interdisciplinary project named 'Cooling 
Singapore' (Cambridge CARES, n.d.). It aims to utilise science for 
cooling temperature. The city developed an island-wide digital urban 
climate twin (DUCT) to study the climatic conditions (Cambridge 
CARES, n.d.).  

Since the project's launch, the country has developed a central 
underground cooling network from which chilled water is transported 
through building pipes to cool the air (Mokhtar, 2020). According to the 
estimation, the cooling system will reduce 30% of  the energy 
requirement for cooling (Mokhtar, 2020). Additionally, the city has 
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developed a UHI mitigation report mentioning 86 strategies considering 
various site conditions. Recently it has launched the project 'Cooling 
Singapore 2.0' aiming to evaluate anthropogenic heat emissions from 
Industries and analyse them on regional and micro climate models to 
mitigate the UHI effect (Cambridge CARES, n.d.; and Singapore-ETH 
Centre, 2022). 

3.7. Vienna, Austria 

Frequent heat waves have created advancements in global crises 
(Streetlife Wien, n.d.). To solve the issue, Vienna, the capital city of  
Austria, has initiated the ‘cool streets’ and ‘cool streets plus’ programs 
(Streetlife Wien, n.d.). The initiative aims to develop a cooler space 
throughout the city (Streetlife Wien, n.d.). The development plan has 
used strategies like shading by increasing vegetation, reducing surface 
temperatures by using light-coloured asphalt, installing water fountains,  
no driving zones etc. Additionally, the program has listed 18 cool street 
maps for public awareness (Streetlife Wien, n.d.).   
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Fig 22 (A,B): Oasia hotel, Singapore. 

The 21 Storey Oasia hotel, is made of  
made of  innovative cooling technology. 
The Building is covered with aluminium 
mesh which helps the plants grow. The 
shade due to the plants cools the building 
year-round. The building also have 
enough open spaces ad ventilation, with a 
chilled water cooling technology to 
minimise the heat when required. 

Source: Williams, 2018.
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3.8. Tokyo, Japan 

Japan has been experiencing a temperature rise constantly since the 
last century (Edahiro, 2015). Tokyo's temperature rose to 1 degrees 
Celsius due to global warming, whereas an increase of  2 degrees Celsius 
was due to the UHI effect (Edahiro, 2015). However, to reduce the 
increasing temperature in urban areas, the Japanese government 2002 
introduced a Liaison committee for mitigating UHI and formed a policy 
framework in 2004 (Edahiro, 2015). In one of  the mitigation projects, the 
Tokyo municipal corporation (TMC) planned to construct a twin 
skyscraper about 246 m high and demolish a 12-storey building close by, 
which used to block the wind flow (Edahiro, 2015). The TMC 
experimented with installing water-retentive pavements for a four-
kilometre street and found it effective in reducing the surface temperature 
by 10 degrees celsius (Edahiro, 2015). The government also promotes an 
ancient way of  cooling the environment, popularly known as Mission 
Uchimizu (Edahiro, 2015). In Mission Uchimizu, people are encouraged 
to sprinkle secondary water or unused water on streets during the 
summer days to benefit from the cooling effect of  water vaporisation, 
represented in fig 24 (Edahiro, 2015). 
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Fig 23: Vienna ‘Cool Street’ program. 

A) Water mist sprayer installed in the 
streets to cool down surroundings. 

B) Increased shading due to Tree 
plantations. 

C) Cool Street maps, marked in red. 

Source: Streetlife Wien, n.d. and Wien.gv.at, 
2019.
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3.9. Paris, France 

The average annual temperature in Paris is rising by 1-4 degrees 
Celsius each year, and yearly heat waves are increasing by 10-25 days, 
compared to one day per year, previously (Urban Innovative Actions, 
2021).  

Paris developed OASIS program to solve this challenge, aiming to 
build cool islands using high thermal performance materials, low carbon 
footprint materials, rainwater harvesting systems, and nature-based 
solutions for shading and evapotranspiration (Urban Innovative Actions, 
2021).  
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24,A

Step 1: Use safe 
water while 
using wasted 
water. Use 
bucket or Bottle 
for sprinkling.

Step 2: Bash 
water using 
hand or can or 
a bottle. Be 
cautious of 
your 
surrounding.

Step 3: Feel 
the breeze. 
Keep doing is 
regularly if 
you feel 
comfortable. 

24,B

Fig 24 : Uchimizu Daisakusen.  

(A) Practicing ‘Uchimizu Daisakusen’, An ancient way of  keeping the surrounding 
cool by sprinting water.   

(B) Guideline for practicing 'Uchimizu Daisakusen’. 

Source: Uchimizu Daisakusen Headquarters, 2022. 

Fig 25 : Urban Oasis Program, Paris. 

Paris using the combination of  cool materials and innovative landscaping for 
mitigating UHI effect   

Source: Bloomberg Associates, 2019.



3.10. Poland 

To fight the summer heat and rise in the 
heatwave, Polish cities have started installing 
water curtains in several areas like city 
centres, bus stops,  parks, etc. (Dimitrova, 
2020). It has become an interesting 
characteristic element of  Poland city. It aims 
to cool down the human body temperature 
and the surrounding atmosphere.  
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Fig 26 : Water curtain in 
Katowice City centre. 

Source: Author, 2022
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CHAPTER 4 
Case study of  New Delhi 

This chapter will cover the background information related to the 
selected city for the study, New Delhi. It will briefly provide important 
information about the history, demographics, administrative structure, 
urbanisation and its natural environment. The introduction of  the city 
New Delhi will be discussed with respect to Delhi as it is a part of  Delhi 
City and national capital territory. 

4.1. Background - Delhi 

New Delhi is the capital of  India and is located in Delhi, also called 
the national capital territory (NCT) of  India (Sundaram, Ram and Rao, 
2019; Britannica, T. Editors of  Encyclopaedia, 2020). Delhi is situated in 
the North central part of  India (Sundaram, Ram and Rao, 2019). Delhi 
consists of  two parts: Old Delhi, located in the North, and New Delhi, 
located in the South region of  Delhi (Sundaram, Ram and Rao, 2019). 
Delhi got its name after Raja Dhilu, a king who reigned over the region 
during the first century BCE (Sundaram, Ram and Rao, 2019). Since 
then, several dynasties have come into power (Sundaram, Ram and Rao, 
2019). It was the late 12th century when the city was passed over to 
Muslim hands, during which the Khalji dynasty took the reins in the 13th 
century, which was then passed further to the Tughluq dynasty in 1321 
(Sundaram, Ram and Rao, 2019). During the Tughluq dynasty, the city 
got invaded by the Timur in the late 14th-Century (Sundaram, Ram and 
Rao, 2019). Later, in the 15th century, the Mughal emperors overpowered 
the city and ruled until the mid-18th century (Sundaram, Ram and Rao, 
2019). In the early 18th century, the British came into power and ended 
the Mughal rule (Sundaram, Ram and Rao, 2019). It was 1911 when the 
British shifted the capital city of  India from Calcutta to New Delhi 
(Sundaram, Ram and Rao, 2019). Amid the transition, British-India 
formed a three-member committee to plan a new administrative centre, 
headed by the architect Sir Edwin Lutyens who planned and gave the 
shape to the city of  New Delhi (Sundaram, Ram and Rao, 2019). Later, 
in 1947 India gained independence from British rule, and since then, the 
capital of  India has remained the same (Sundaram, Ram and Rao, 
2019). 
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4.2. Administration 

Delhi is a Union territory comprising 11 districts, of  which New Delhi 
is one of  Delhi's districts and also the capital of  India, represented in 
right of  fig 28 (Maps of  India, 2020). Delhi is also referred to as Delhi-
NCR, where the NCR denotes the National Capital Region (NCR), an 
interstate planning and development region involving the National 
Capital Territory of  Delhi, illustrated in left of  fig 28 (National Capital 
Region Planning Board, n.d.). 

The NCR constitutes the whole area of  Delhi, eight districts of  Uttar 
Pradesh on the East, two districts of  Rajasthan on the South and 
fourteen districts of  Haryana on the North (National Capital Region 
Planning Board, n.d.). The Delhi NCR region covers a total area of  
55,083 square kilometres, which includes 1,483 square kilometres of  
Delhi, 14,826 square kilometres of  Uttar Pradesh, 13,447 square 
kilometres of  Rajasthan, and 25,327 square kilometres of  
Haryana (National Capital Region Planning Board, n.d.). 

The chief  commissioner governed Delhi during the British province 
until it gained independence in 1947 (Sundaram, Ram and Rao, 2019). 
Delhi became a centrally governed state in 1952 and received its status of  
union territory in 1956 under the central government (Sundaram, Ram 
and Rao, 2019). The principal administrator of  the National Capital 
Territory is a lieutenant governor appointed by the President of  India 
(Sundaram, Ram and Rao, 2019). Ensconced in various layers of  
administrative and planning areas, Delhi incorporates the metropolitan 
area and over 200 villages located primarily in the Delhi and Mehrauli 
tehsils (subdistricts) of  the territory (Sundaram, Ram and Rao, 2019).  

Three levels are used to understand Delhi's administration. At the 
macro level, Delhi is a part of  the National Capital Region (NCR), a 
planning area created in 1971 by the National and Town Planning 
Organisation (Sundaram, Ram and Rao, 2019). At the micro level is the 
NCT comprising three local administrative referred to as statutory cities: 
Delhi municipal corporations (MCD), New Delhi City council (NDMC), 
and the Board of  directors (Sundaram, Ram and Rao, 2019). Three 
statutory have different roles, the MCD, which is an elected body that 
serves the city's social welfare functions and eliminates substandard 
housing (by demolition or improvement), and the NDMC, as a 
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designated body, is responsible for New Delhi and its surrounding areas 
and lastly, the cantonal councils comprising of  both elected and officially 
appointed members to have responsibilities related to water and utility 
management; public health and sanitation; birth and death registration; 
and primary education (Sundaram, Ram and Rao, 2019). 
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Fig 27: World map highlighting India. 

Source: Vector stock, (n.d.).

DELHI 

NCR

Fig 28: Map of  Delhi NCR (Left), Map of  Delhi (Right). 

Source: Maps of  India, 2020 and National Capital Region Planning. 



New Delhi lies on the West bank of  the River Yamuna. The southern 
part of  Delhi City consists of  several straight and diagonal patterns with 
broad tree line avenues (Britannica, T. Editors of  Encyclopaedia, 2020). 
New Delhi has vast green spaces and views that contrast sharply with the 
crowded, narrow and winding streets characteristic of  Old Delhi , refer 
fig 29 (Britannica, T. Editors of  Encyclopaedia, 2020). New Delhi's main 
east-west axis is Central Vista Park, surrounded by administrative 
buildings, museums and research centres in a park-like setting (Britannica, 
T. Editors of  Encyclopaedia, 2020). New Delhi covers a total geographic 
area of  16.5 square kilometres comprising three revenue divisions, three 
thesil, twenty villages and 27 police stations (Government of  NCT of  
Delhi, n.d.). Like other districts of  Delhi, New Delhi is administered by a 
District Magistrate (D.M) assisted by an Additional District Magistrate 
(A.D.M), Sub-Divisional Magistrates (S.D.M), Tehsildars and Sub-
Registrars (Government of  NCT of  Delhi, n.d.). The district 
administration is responsible for functions including judicial matters, 
revenue courts, enactment of  various laws, property registrations, 
conduction of  elections,  recovery relief  and rehabilitation of  lands and 
many other problems related to the district (Government of  NCT of  
Delhi, n.d.). Each subdivision has Tehsildars, Naib-Tehsildar, Kanungo 
and Patwaris for functions related to revenue (Government of  NCT of  
Delhi, n.d.). 
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NEW DELHI `

Fig 29: Map of  New Delhi  

Source: Maps of  India, 2020



4.3. Demographics:  

Currently, Delhi is the third largest urban agglomeration in the world 
with a projected population of  32.26 million inhabitants, refer fig 30 
(Wendell Cox Consultancy, 2022). 

However, the last census conducted by India in 2011 revealed Delhi's 
population to be 16.78 million inhabitants, with a population growth of  
21.21% compared to the last decade (2001-2011) (Census of  India, 
2011b). Moreover, Delhi's district-wise population released by the census 
2011 presented New Delhi’s population to be 142,004 Persons with a 
population density of  4057 per square kilometre having a negative 
population growth of  20.72%, accounting for 0.85% of  the total Delhi 
population with a sex ratio of  822 females per 1000 males (Census of  
India, 2011b). Furthermore, due to rapid growth, the Delhi population 
has become more urban than rural, having a total urban population of  
97.50% and a rural population of  2.50%, whereas, New Delhi has a 
100% population living in urban areas (Census of  India, 2011b). 
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Fig 30: Largest urban agglomerations worldwide in 2022, by population.  

Source: Wendell Cox Consultancy, 2022,© Statista, 2017. 



4.4. Urbanisation: 

Urbanization is defined as the process that drives a city to grow in 
terms of  size and population (National Geographic Society, 2022). In 
general, several factors cause urbanization, especially in India; 
urbanization is caused due to industrialization, modernization, social 
factors, employment opportunities, etc. (Ghosal, 2015). 

Over the past decades, the rural population has diminished and shifted 
to urban land or converted the rural land to urban land. Besides, the rate 
of  urbanization in Delhi is justified by the urban population residing in 
Delhi, summing up to 97.50%, depicted in fig 31 (Yadav, 2015, pp.27). At 
present, New Delhi and the central districts of  Delhi are considered to be 
100% urbanized (Yadav, 2015, pp.32). However, this shift from rural to 
urban has attracted an excessive population resulting in a virtual collapse 
of  basic services like housing, water, liveability, etc. (Yadav, 2015, pp.27). 

Furthermore, the rate of  urbanisation can also be justified by 
visualising the satellite image captured and released by the NASA earth 
observatory in 2018, showing the comparison of  Delhi NCT’s urban 
growth, which eventually doubled in its size over the years, refer fig 32 
(Patel, 2018). 

51

Fig 31: Rate of  urbanisation - Delhi NCT. 

Source: Yadav, 2015, pp.37.

June 5, 2018December 5, 1989

Fig 32: Urban Growth - Delhi NCT. 

Source: Patel, 2018.



4.5. Natural environment: 

Delhi NCT latitudinal and longitudinal coordinates are given by 23.38 
degrees north and 77.13 degrees east (Maps of  India, 2013). The city is 
situated adjacent to the River Yamuna, a tributary of  the Ganges, and 
160 km south of  the Himalayas (Maps of  India, 2013; Sundaram, Ram 
and Rao, 2019). 

4.6. Topography: 

The geography is divided into three different ridges - The Delhi ridge, 
The Plains and the Yamuna flood plains (Maps of  India, 2013). The 
topography of  Delhi is often explained by the term Delhi triangle. Most 
of  the early parts of  the city lie within the triangular area covering 180 
square kilometres.  

The two sides Southern 
and Western sides of  the 
triangular area are hinged by 
the rocky hills of  the Aravalli 
range also known as the Delhi 
ridge (NWC, n.d.; Sundaram, 
Ram and Rao, 2019). The 
third side of  the triangle was 
shaped due to the River 
Yamuna's shifting channels, 
also called the Yamuna flood 
plains (NWC, n.d.; Sundaram, 
Ram and Rao, 2019). Lastly, 
the region in between the river 
and the hills rests on the broad 
alluvial plains, also called the 
plains as illustrated in fig 33 
(NWC, n.d.; Sundaram, Ram 
and Rao, 2019). 
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Fig 33: Geological map of  Delhi NCT.  

Source:  Sarkar et al., 2016.



4.7. Elevation: 

New Delhi lies between the River 
Yamuna and the hills, with an 
elevation varying from 700 feet to 
1086 feet, refer fig 34. 

The three kilometres of  New Delhi 
have a modest variation with a 
maximum elevation change of  177.12 
feet and an average elevation of  
721.78 feet above the mean sea level. 

4.8. Climate: 

In Delhi, the weather conditions are influenced by its geographical 
location, resulting in some of  the most extreme weather conditions 
characterised due to its tropical steppe climate (Maps of  India, 2013). 
The average wind speed is 2.4 meters per second, while the maximum 
wind speed is around 8 meters per second, where almost 18.35% of  all 
wind directions are from the North-West, shown in right of  fig 35 (Indian 
Climate, n.d.). Relative humidity hovers at about 66.5% on average and 
varies between 14.9% and 100%, with an average pressure of  1000 hPa, 
(Indian Climate, n.d.).  

Generally, Delhi weather is characterised by a semi-arid climate that 
experiences five different types of  seasons, the summer season, the rainy 
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Fig 34: Topography map Delhi. 

Source:  Topographic-map.com, n.d.

Fig 35: Daily average meteorological data - Delhi (Left), Wind rose diagram - Delhi 
(Right). 

Source:  Indian Climate, n.d.



season, the autumn season, the winter season and the spring season 
(www.insaindia.res.in, n.d.).  

Summer begins in April and lasts until June with an average 
temperature between 25 to 40 degrees Celsius; the monsoon season starts 
from July until mid-September with an average temperature of  35 to 25 
degrees Celsius; the autumn season starts in late September and ends in 
November with an average temperature of  35 to 20 degrees Celsius. The 
winter period occurs between December and mid-February, with an 
average temperature of  7 to 24 degrees Celsius, refer left of  fig 35.  
Furthermore, Delhi receives most of  the rainfall during the month from 
July to September which is also characterised as the rainy season. On 
average, August is the wettest month having approximately 238 mm of  
precipitation, whereas, November month is the driest with just 5 mm of  
precipitation, represented in fig 36 (WEATHER & CLIMATE, 2022). 
The annual precipitation of  the Delhi NCR is observed close to 745 mm 
(WEATHER & CLIMATE, 2022). 
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Fig 36: Average temperature and precipitation - Delhi. 

Source:  Climatestotravel, 2019.



4.9. Public transport: 

Delhi is famous for its public transport. There are several formal and 
informal modes of  public transportation available in  Delhi. Formal 
public transport acts as the lifeline of  Delhi (Government of  NCT of  
Delhi, 2019, pp.198). Formal public transport includes two major 
transport systems - Bus transport operated through the Delhi transport 
corporation (DTC) along with cluster buses and the metro rail transport 
(Government of  NCT of  Delhi, 2022, pp.3). The informal transport 
includes taxis and auto rickshaws. There are also shared systems 
available, run by a private organisation which include shuttle services and 
bike and car sharing services.  

Delhi transport corporation (DTC) is the largest entity of  public 
transport operating in 453 city routes and 8 NCR routes; along with it, it 
also runs International bus services from Delhi to Lahore, Pakistan and 
Kathmandu, Nepal (Government of  NCT of  Delhi, 2019, pp.211). 
Alongside,  the government of  Delhi NCT introduced the Cluster Bus 
scheme in 2011-2012, under the public-private partnership model, which 
operates 1789 cluster buses in 8 clusters of  Delhi NCT (Government of  
NCT of  Delhi, 2019, pp.213). 

As of  31 March 2021, there were 58 functional bus depots, 12 under 
construction bus depots facilitating a total of  3760 buses on 453 city 
routes (Government of  NCT of  Delhi, 2022, pp.3). 
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Fig 37: DTC Bus services - Delhi. 

Source: Negi, 2020.



The daily average number of  passengers dropped significantly after 
the covid period. In the years 2020–21, the daily average number of  
passengers on DTC buses was 1.24 million, 0.84 million for Cluster 
buses, compared to 3.33 million for DTC busses and 1.77 million for 
cluster busses, pre-covid (Government of  NCT of  Delhi, 2022, 
pp.3).Furthermore, the metro rail transport in Delhi is run by the  Delhi 
metro rail corporation limited (DMRC) (Delhi metro rail corporation 
limited, 2022). It is the most modern metro system providing comfortable, 
air-conditioned and eco-friendly services throughout (Delhi metro rail 
corporation limited, 2022). It has a network of  391 kilometres, including 
286 stations divided into ten different lines, each having a unique colour 
for its representation, as shown in fig 38 (Delhi metro rail corporation 
limited, 2022).      

The daily average number of  passengers dropped by 60% for the 
Delhi metro after covid (Outlook India, 2022). The average daily 
ridership of  the Delhi metro was estimated to be 1.71 million in 
2020-2021, which, compared to pre-covid, was 5.0 million in 2019-2020 
(Outlook India, 2022).  
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Fig 38: Delhi NCR metro and route map. 

Source:  Outlook India, 2022



4.10. Current challenges in Delhi: 

The cities are the engines of  growth and an indicator of  progress 
(Singh, 2015). Besides, they significantly impact the environment and 
society (Singh, 2015). 

The general growth indicators of  a city are divided into three sectors: 
economy, environment and social, each having a set of  indicators 
(Science for Environment Policy, 2018, pp.11). The economic sectors 
include indicators like the city's economic growth and unemployment 
rate. The environment sector contains indicators related to the 
percentage of  green spaces, GHG emissions, access to mobility, water 
quality and availability, air quality, and waste recycling rate (Science for 
Environment Policy, 2018, pp.11). Lastly, the social sector includes access 
to local/neighbourhood services, income and inequality, housing 
conditions, quality of  public spaces, education facilities, sanitation and 
health (Science for Environment Policy, 2018, pp.11). 

At present, Delhi faces several growth challenges due to its 
unprecedented population growth and the level of  urbanisation. Some 
common challenges are the housing crisis, lack of  clean water, lack of  
sanitation facilities, lack of  formal transit facilities, rising pollution levels, 
etc.  

Nearly 4.5 million of  Delhi's total population reside in informal 
settlements, and another 0.5 million live in urban villages with poor or no 
formal civic services (Shukla, 2022). Further, several localities in Delhi are 
still not connected to a piped water system and sewerage services, besides 
which the area having connected with piped water and sewerage facilities 
lack in the frequency of  supply and quality. Overburdened by the 
increasing population has created a deficit in water supply and demand 
by 26%, with just 66% of  the wastewater treated (Aijaz, 2020, pp.252). 
Delhi ranked 11th in the world's most congested cities (Roy, 2022). With a 
continuous rise in private vehicles, the streets of  Delhi are often full of  
traffic congestion. The absence of  formal public transport in the 
neighbourhood areas forces people to shift to personal vehicles (Apula 
Singh, 2016). Delhi also faces severe environmental challenges, whether 
PM10 particulate matter or 2.5. In the past few years, Delhi has been on 
the list of  the most polluted capital cities in the world. It topped for the 
fourth consecutive year in terms of  the most polluted capital in the world 
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in 2021 (The Indian Express, 2022). The pollution in Delhi is due to 
several factors such as vehicle exhaust, power generation industries, brick 
kilns, suspended dust due to vehicle moments, construction activities, 
open waste burnings, power generation using diesel generators, etc. 
(Chatterji, 2020, pp-6). The level of  pollution directly impacts the health 
condition of  the residents of  Delhi by affecting human respiratory 
organs, chronic headaches, eye and skin irritation etc. (Nongkynrih, 
Gupta and Rizwan, 2013, pp.5). Studies also show that the natural 
mortality rate has increased with the increase in pollution in Delhi 
(Nongkynrih, Gupta and Rizwan, 2013, pp.6).  

The national capital is also experiencing frequent occurrences of  heat 
waves. In the summer of  2022, Delhi recorded mercury rising as high as 
49.2 degrees celsius making it the highest average temperature for the 
month in the last 122 years (Hrishikesh and Sebastian, 2022). The 
country recorded a total of  280 heat wave days from March 11, 2011 to 
May 18, 2022 (Pandey, 2022). Delhi alone recorded five heat wave days 
between March to May 2022 (Hrishikesh and Sebastian, 2022). Exposure 
to such heat waves affects the human body in several ways; a person feels 
dizziness, increased heart rate, heat rashes, swollen joints, and in the 
worst case, leads to death (Hrishikesh and Sebastian, 2022). The 
occurrence of  such frequent heat waves is considered to be an effect of  
climate change, which is happening due to resulting strain on resources, 
deforestation, increased use of  transport, poor construction material 
leading to absorption of  heat, etc. (Hrishikesh and Sebastian, 2022). The 
situation in summer worsens as the human body gets less chance to 
recuperate due to high temperature, even at night, which increases the 
risk of  illness and higher medical costs (Hrishikesh and Sebastian, 2022). 
The increase in average temperature impacts on a much larger scale by 
causing a humanitarian crisis, energy crisis and economic crisis.  

To overcome such urban issues, the author decided to consider 'rising 
temperature’ in urban areas as an essential topic of  study as the 
mitigation strategies, when applied, will not just reduce the urban 
temperature but also indirectly solve other urban issues.. 
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CHAPTER 5 
Existence of  UHI in Delhi 

In this section of  the document, the author explains the existence of  
an urban heat island in Delhi. The explanations cover previously 
available literature and the author's own work. Further, the cause of  the 
formation of  urban heat islands will be discussed by establishing the 
relationships between UHI and the factors contributing to UHI. A total 
of  three relationships are discussed: relationship between urban heat 
island and land use changes; relationship between urban heat island and 
normalised difference vegetation index; relationship between urban heat 
island energy demand. 

As mentioned earlier, an Urban heat island is an effect where the 
urban areas are warmer compared to their outlying areas (US EPA, 
2014).  

Several studies have been done 
to examine the effect of  urban heat 
islands in Delhi. One of  the 
research work done by Mohan, 
Kandya and Battiprolu in 2011 
conducted the temperature trend 
analysis in Delhi NCR region by 
considering data taken from 
different weather stations, of  which 
two stations belonged under Delhi 
- Safdarjung station and the Palam 
station, refer fig 39. 

Mohan, Kandya and Battiprolu, 
(2011), plotted annual and seasonal 
mean minimum temperatures 
showing the variation in yearly 
temperature. In general, both Safdarjung and Palam data's show a 
warming trend  after the 1990’s (Mohan, Kandya and Battiprolu, 2011). 

Several observations were made for instance, the Safdarjung station 
data, when plotted, indicated a warming trend for both winter and 
summer season except for a period during early eighties and late nineties 
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Safdarjung
Palam

Fig 39: Delhi weather stations. 

Source:  Maps of  India, 2020, edited by author.



displayed in fig 40a (Mohan, Kandya and Battiprolu, 2011). A continuous 
warming trend was also observed during monsoon season in between the 
years 1968-2005 and post-monsoon after 1992 (Mohan, Kandya and 
Battiprolu, 2011).  

Similar to Safdarjung station observation, Palam weather station also 
witnessed warming trends. The data plotted shows a warming trend in 
annual mean minimum temperature rising until 1996 and slightly cooling 
thereafter, illustrated in fig 40b (Mohan, Kandya and Battiprolu, 2011). 
The seasonal mean minimum temperature indicated a warming trend 
during winters baring during 1994-2002; along with it, a consistent 
warming trend was noticed during the summer and the monsoon season, 
with a cooling trend after 1998 (Mohan, Kandya and Battiprolu, 2011).   

Furthermore, it can be observed that the period when Delhi’s rural 
population declined and the urban population increased, was the same 
period when warming trend started. 
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Fig 40 a, b: Annual and Seasonal Mean Minimum Temperatures  form 1968 - 2005 
Safdarjung (a), Palam (b) 

Source: Mohan, Kandya and Battiprolu, 2011,

(b) Palam(a) Safdarjung

years



5.1. Relationship between UHI and land use land cover: 

The measurement of  UHI is best described by calculating the urban 
area's land surface temperature (LST). 

Other studies have been done on urban heat islands in Delhi, showing 
the relationship between urban heat islands and land use land cover 
changes. A study done by Shahfahad et al. in 2022 correlated the impact 
of  land use land cover change on surface urban heat islands and analysed 
the thermal comfort of  Delhi. Shahfahad et al. (2022), considered 1991, 
2001, 2011 and 2018 for the study and found that the built-up area was 
doubled and cropland reduced by half  during the above-mentioned 
years, with an increase in the mean surface UHI intensity (SUHII) by 
1.18 degree celsius, see fig 41. The changes resulted in decreasing the 
thermal comfort with the increase of  9 degrees Celsius in land surface 
temperature in the last 27 years (Shahfahad et al., 2022, pp.1).  
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Fig 41: Land use land cover - Delhi (1991-2018). 

Source:  Shahfahad et al., 2022, pp.7



After analysing the change in land use land cover and the impact on 
the land surface temperature, it can be noted that the maximum SUHII 
was on the outlying areas in the South-west and the North due to the 
expansion of  urban areas with less vegetation and more built-up as shown 
in fig 42  (Shahfahad et al., 2022, pp.19). However, due to the presence of  
River Yamuna, dense vegetation and minimal change in built-up, the  
Eastern side land surface temperature change was comparatively lower  
(Shahfahad et al., 2022, pp.19). Also, there is a significant increase in the 
land surface temperature in open area due to the lack of  vegetation and 
high amount of  solar radiation absorption. 
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Fig 42: Land surface temperature Delhi (1991-2018). 

Source:  Shahfahad et al., 2022, pp.10.



Like the above study, the author made its own land surface 
temperature map using the Landsat 8 satellite data captured on 
06/05/2022 and land use land cover map using Sentinel 2 imagery 
captured on 01/01/2021, shown in fig 43.  

The result found were 
s imi lar to the s tudy 
m e n t i o n e d a b o v e . 
However, there has been a 
significant rise in land 
surface temperature since 
2018. As illustrated in fig 
44, the minimum land 
surface temperature value 
obtained was between 
60.265 - 63.496 degrees 
Celsius with a maximum 
value of  67.546 - 71.868 
degrees Celsius. The land 
surface temperature was 
found less, closer to the 
River Yamuna and the 
areas with vegetation. The 
temperature in the corp 
land was the highest due 
t o t h e a b s e n c e o f  
vegetation, and since soils 
have less albedo value, the 
absorption of  short wave 
radiation is higher making 
the surface warmer. 
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Fig 43:  Land use land cover Delhi measured on 01/01/2021. 

Source: Author, 2022, Data acquired by Impact Observatory, Microsoft, and 
Esri, Data processed using ArcGIS Pro 2021

Fig 44: Land surface temperature Delhi 

Source: Author, 2022, Data acquired by Landsat 8 on 06/05/2022, Data 
processed using ArcGIS Pro



5.2. Relationship between UHI and normalised difference 
vegetation index: 

Normalised difference vegetation index (NDVI), is widely used as a 
vegetation monitoring method (NASA earth observatory, 2000). It is an 
indicator of  vegetation health and the relative amount of  vegetation 
based on how the plants reflect a specific electromagnetic spectrum 
(NASA earth observatory, 2000). Due to the presence of  chlorophyll, 
plants reflect green waves and absorb red waves (NASA earth 
observatory, 2000). NDVI 
calculation is done by 
c o m p a r i s o n o f  t h e 
absorption and reflection 
of  red and near-infrared 
l i g h t s ( N A S A e a r t h 
observatory, 2000). NDVI 
value ranges from -1 to +1, 
where +1 features the 
healthiest plants (NASA 
earth observatory, 2000).    

The NDVI plays a 
significant role in the 
computat ion of  land 
surface temperature due to 
its direct relationship with 
land surface emissivity and 
is invariably used in studies 
that examine LSTs (Guha 
a n d G o v i l , 2 0 2 0 ) . 
Typically, in the tropical 
a t m o s p h e r e , t h e 
re l a t i on sh ip be tween 
NDVI and LST  i s 
inversely related  (Guha 
and Govil, 2020). NDVI is 
c a t e g o r i s e d a s a n 
independent variable, 
wh e re a s t h e U H I i s 
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Fig 45: NDVI map Delhi 

Source: Author, 2022, Data acquired by Landsat 8 on 06/05/2022, Data 
processed using ArcGIS Pro 2021.

Fig 46: LST map Delhi 

Source: Author, 2022, Data acquired by Landsat 8 on 06/05/2022, Data 
processed using ArcGIS Pro 2021



generally the dependent variable. 

Furthermore, the author calculated the NDVI index of  Delhi using 
Landsat8  imagery and correlated it with LST. The NDVI value for Delhi 
on 06 May 2022 obtained was between 0.013 to 0.379, illustrated in fig 
45. 

The correlation graph, showed a negative relationship between NDVI 
and LST, represented in fig 47. The region with fewer NDVI values 
shows a higher LST value, whereas the region with greater NDVI value 
shows a lesser value of  LST. It is observed that the Southwest region with 
less or no vegetation has the maximum LST values; also, the central part 
of  the region, which comparatively has more vegetation, has less LST 
value. 

5.3. Relationship between UHI and energy consumption: 

Urban areas consume 75% of  all energy and emit 80% of  all 
greenhouse gasses, most of  which are consumed as electricity in 
residential and commercial buildings (Kumari et al., 2021, pp.1; United 
Nations Human Settlements Programme, 2020). According to world 
energy & climate statistics, India ranks third among all electricity 
consumers worldwide (Enerdata, 2021). Delhi, which is 97.5% urban, has 
also experienced an increase in electricity consumption over the past few 
years (Kumari et al., 2021, pp.1). Delhi's per capita electricity 
consumption has risen over time, from 522 kWh in 1984-85 to 1548 kWh 
in 2018-19 (Kumari et al., 2021, pp.2).  

While many factors influence electricity consumption, the climate is 
considered one of  the most influential, which can raise the electricity 
demand. A study conducted by Akbari et al. (2001) in American cities 
indicated that peak electricity demand could increase by 2–4% for every 
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Fig 47: Correlation between NDVI and LST. 

Source: Author, 2022, Data acquired by Landsat 8 on 06/05/2022, Data processed using ArcGIS 
Pro 2021.



1 degrees Celsius increase in daily maximum temperature over the 15–20 
degree Celsius threshold (Akbari, Pomerantz and Taha, 2001, pp.295; 
Kumari et al., 2021, pp.1).  

Another study by Santamouris et al., (2001), on the impact of  climate 
on electricity demand concluded that the UHI effect with more than 10 
degrees Celsius could double the urban energy consumption. 

Delhi, which in general is facing an increase in daily temperature 
mostly in summers due to its tropical steppe climate, causes residents to 
use more cooling devices to increase their thermal comfort, which 
eventually leads to more energy usage. 

A limited number of  studies are available on the effect of  UHI on 
Delhi's energy consumption. Recently, Kumari et al., (2021), estimated 
the impact of  urban heat island formation on energy consumption in 
Delhi and found several interesting results.  

Kumari et al., (2021), correlated the energy consumption of  eight 
different parts of  Delhi from 2012-2017 with the UHI phenomena of  
Delhi and found that the electric consumption was higher during UHI's 
presence and vice versa, shown in fig 48. The per capita electric 
consumption was found to be increased in all parts of  Delhi, refer fig 49 
(Kumari et al., 2021, pp.13). Central Delhi's net electric consumption 
increased by 5.2%, East Delhi by 11.5%, North Delhi by 8.3%,  
Northeast Delhi by 15.8%, Northwest Delhi by 18.8%, South Delhi by 
12.0%, Southwest Delhi by 19.7%, and West Delhi by 20.5%,(Kumari et 
al., 2021, pp.13). 
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During the study period, the UHI was maximum near the central part 
of  Delhi, which also had the maximum net energy consumption. 

The impact of  UHI can directly be related to Delhi’s increased per 
capita energy demand to 165% since 1980, mostly required for cooling 
the indoors. The annual increase was estimated to be 11.4% (Gandhiok, 
2021). 
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Fig 48: Monthly variation in per capita energy consumption averaged for 2012-2017, 
with and without UHI effect for different parts of  Delhi.  

Source:  Kumari et al., 2021, pp.11.



The increase of  2600 GWh due to the UHI phenomena in Delhi is a 
result of  urbanisation, and mitigating the UHI effect can help save the 
cost of  excess expenditures of  the Delhi government by nearly USD 
176.12 million (~14 Billion INR) (Kumari et al., 2021, pp13). 

Further, while evaluating the UHI values in Delhi, it was found that the 
maximum UHI was in the central part of  Delhi until 2017. However, 
after 2018, the UHI presence in Delhi was maximum in the Southwest 
region in the barren land. The reasons could be the increase in vegetation 
in the central part, and the decline of  crop production may have resulted 
in the change in surface temperature.  
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Fig 49: Correlation between electric consumption and LST. 

Source:  Kumari et al., 2021, pp.10
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CHAPTER 6 
 Selection of  two neighbourhood’s in New 

Delhi 
In the previous chapters, the author discussed information related to 

urban heat island formation, consequences, and mitigation strategies in 
general and existence of UHI in Delhi.

The following Chapter will now cover the details of the 
comprehensive study that was conducted to compare the urban heat 
island strategies in modifying the urban microclimate of the 
neighbourhood using a micro-scale model on 'ENVI-met' software. 

From the New Delhi district, two areas were selected to test whether 
the available mitigation strategies could reduce the urban heat island 
intensity or not. The study was conducted by creating two models for 
each neighbourhood based on the current built-up structure and, after 
applying mitigation strategies, on the software program - 'ENVI-met' to 
simulate microclimates.

The steps taken to perform the study are as follows:

1. Selection of two neighbourhoods from the New Delhi district.

2. SWOT analysis of the neighbourhoods 

3. Preparation of model of the current urban form in ENVI-met 
software, followed by its analysis. a.

4. Development of a second model incorporating UHI mitigation 
strategies like green walls, green roofs, adding vegetation, and 
increased albedo materials, followed by its analysis. a.

5. Comparison of the current urban form of the neighbourhoods 
and proposed urban form neighbourhoods. a.
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————————— 
a. Steps 3,4 and 5 are presented in chapter 7 of  the document.



6.1. Selection of two neighbourhood:

The two neighbourhoods were selected from the district of New Delhi 
- Anand Niketan and Palam, shown in fig 50. The primary rationale 
behind choosing the localities is due to the centrality of the 
neighbourhood, both being in the same district differs in terms of built 
up. 

Due to the limitation of ENVI-met software, the max area supported 
was not more than 1 hectare in ENVI-met lite version. Hence, both areas 
considered were one hectare. 
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Fig 50: Map of  New Delhi with the case study area. 

Source: Maps of  India, 2020 (modified by author).



6.2. First case study - Anand Niketan block E, New Delhi. 

The first study area comes under the Anand Niketan block-E, see fig 
51(B). Anand Niketan block E lies at 28.5807° N, 77.1647° E, and is 
mostly dominated by residential properties. Anand Niketan is located in 
the eastern part of  New Delhi. 
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Fig 51: Satellite image of  Anand Niketan block E (A), selected study area (B) 

Source: Google earth pro, 2022 (modified by author)

A

B



6.3. Anand Niketan block E - Status quo 

Out of  the total one hectares of  the selected area, streets cover 44.5%. 
Two main types of  streets are present in the selected area of  study, the 
primary street covers 37.2% (0.1925 hectares), and the secondary streets 
cover 61.32% (0.0445 hectares) of  the total street, represented in fig 52. 
The primary streets are 15 meters wide, whereas the secondary streets are 
5 -7 .5 mete r s w ide.b,c ,d , e 
Primary streets are built using 
asphalt material having an 
a l b e d o v a l u e b e t w e e n 
0.05-0.20. The secondary 
streets are built using grey 
cement concrete whose 
a l b e d o v a r i e s b e t w e e n 
0.10-0.35. The study area has 
a good amount of  vegetation 
present, providing shading 
features in some parts of  the 
streets. 

In the study area, the 
residential buildings cover 
0.317 hectares, the mixed-use 
b u i l d i n g c o v e r s 0 . 0 4 7 
hectares, the institutional 
b u i l d i n g c o v e r s 0 . 0 1 2 
hectares, the park covers 
0.0518 hectares, and forest 
land covers 0.046 hectares of  
land, see fig 53.b,c,d,e 
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Fig 52: Anand Niketan block E - Street type 

Source: Author 2022, created using Google Earth pro, 2022 and 
ENVI-met 5.0.3, 2022.

Fig 53: Anand Niketan block E - Land Use. 

Source: Author 2022, created using Google Earth pro, 2022 and 
ENVI-met 5.0.3, 2022.

————————— 
b. All the observations were made using Google Maps and Google earth pro 
2022. 

c. The land use classification was done by observing the patterns in Google maps. 
d. The measurements were done using Google earth pro. 
e. Due to virtual observation there might be a possibility of  error.



Commonly, the walls of  the buildings are built in three layers - the 
outer layer is a cement plaster of  0.0120 meters thick, the middle layer 
consists of  burnt bricks of  a thickness of  0.2286 meters, and the internal 
cement plaster of  0.0120 meters (Ghar Expert, n.d.). The roofs are also 
constructed in three layers - the top layer is of  cement plaster with a 
thickness of  0.0060 meters, the centre layer is reinforced cement concrete 
of  0.15240 meters, and the inner layer is cement plaster of  0.0100 meters 
(Sir, 2021). The Building height varies from 3 meters to 18 meters and 
has no insulation. The permissible height in the area is 15 meters without 
stilt parking and 17.5 meters with stilt parking  (Delhi Development 
Authority, 2017). Also, buildings above 17.5 meters are high rise (Delhi 
Development Authority, 2017).  

Most of  the area's buildings vary in shape, height and wall colour. The 
roofs generally have a concrete colour with an albedo value between 
0.10-0.35. The low albedo value is one of  the reasons for making the 
building warmer than usual by absorbing short wave radiation. 

6.4. Anand Niketan block E - SWOT Analysis. 

6.4.1. Strength: 

i) The study area is well vegetated, which helps keep the 
environment cool naturally. 

ii) Mostly the structures are mid-rise (< 15 meters in height). The 
surface area of  mid-rise buildings is less than high-rise buildings (>15 
meters in height), resulting in less short wave radiation absorption 
responsible for the warming of  the environment. 

iii) The building orientation in the area is in the direction of  wind 
flow, leading to wind decapitation even in the inner parts of  the 
neighbourhoods.  

iv) The built-up is comparatively less congested and has many open 
spaces. 

v) The houses in the area have glazed windows that reduce the short 
wave radiation penetrating inside the structures. 

vi) The building roofs are flats, providing more free space for 
retrofitting green roofs. 
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vii) The area is considered one of  the posh localities of  New Delhi, 
with a wealthier population. The affluent population can help in 
adapting the urban policies faster without strict observations. 

6.4.2. Weakness: 

i)  Even being well vegetated, the streets lack shading features that 
reduce thermal comfort. Poor vegetation planning yields an 
unsatisfactory outcome. 

ii) The buildings have no insulation materials, due to which the 
structures become warmer than usual in summers and coolers in 
winters. The residents use air conditioning systems to increase their 
thermal comfort, resulting in more anthropogenic heat production in 
the surroundings. 

iii) There are no end-mile public transport facilities, forcing people in 
the area to use personal vehicles, which again contributes to human-
induced heat. 
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Fig 54: Anand Niketan block E 

Source: Google Map (Street view), 2022



6.4.3. Opportunities: 

i) Appropriate vegetation planning could be done to increase the 
shading feature of  the streets and reduce the diffused short wave 
radiation falling directly to the surface. The presence of  vegetation 
can cool the surroundings through the evapotranspiration process, 
which is a natural cooling method. 

ii) Green roofs and facades can be added to the building to provide 
insulation and reduce the absorption of  diffused short-wave 
radiation. 

iii) The carriage width of  the primary street could be reduced, and 
sidewalks with bike lanes can be incorporated. This change in street 
elements can reduce the anthropogenic gasses motor vehicles 
produce. 

iv) The secondary streets or inner streets built material could be 
changed from low albedo material to high albedo materials that can 
help dissipate the short wave radiation, resulting in little radiation 
absorption. 

v) Water mist sprayers could be installed in streets and parks to 
provide higher human thermal comfort even during the hottest time 
of  the day. 

6.4.4. Threat: 

i) Not responding to the current climatic problems can worsen the 
status quo in future. 

ii) Delay in developing UHI mitigation strategies in building code 
can worsen the situation. 

iii) Future high-rise development could increase the surface area, 
increasing the quantity of  radiation absorption.  
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6.5. Second case study - Palam, New Delhi. 

The second case study area comes under ‘Palam’. ‘Palam’ lies at 
28.5901° N, 77.0888° E, located southwest of  New Delhi. Palam, in 
general, is a very densely packed area consisting of  residential, mixed-use 
and commercial properties. For study, 1 hectare from the Palam has been 
selected, illustrated in fig 55. 
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Fig 55: Satellite image of  Palam (A), selected study area (B) 

Source: Google earth pro, 2022 (modified by author)

A

B



6.6. Palam - Status quo 

Out of  the total 1 hectares selected, the streets cover 23.70%, the 
built-up area covers  58.92%, and open space covers 17.38%. There are 
two main types of  streets present in the selected area of  study, the 
primary street covers 0.1925 hectares, and the secondary street covers 
0.0445 hectares, refer fig 
56. The primary streets 
are built on two levels, 
each 19 meters wide, 
whereas the secondary 
streets are 2.75 meters 
wide.f,g,h,i Primary streets 
are made using asphalt 
material having an albedo 
value between 0.05-0.20. 
The secondary streets are 
built using grey cement 
concrete whose albedo 
varies between 0.10-0.35. 
T h e r e a r e v e r y l e s s 
vegetation amount present 
in the selected area, lacking 
shading feature for roads, 
which results in more short 
wave radiation absorption, 
making the surrounding 
warmer than usual. 

T h e b u i l t - u p a r e a 
consists of  three major 
types: commercial, mixed-use, and residential. The residential buildings 
occupy a minor part of  the land, covering 0.0806 hectares; the 
commercial buildings cover 0.205 hectares; and mixed buildings cover the 
most area, covering 0.3067 hectares, refer fig 57.f,g,h,i  

79

Fig 56: Palam Street type 

Source: Author 2022, created using Google Earth pro, 2022 and ENVI-met 
5.0.3, 2022.

Fig 57: Palam Land Use Type 

Source: Author 2022, created using Google Earth pro, 2022 and ENVI-
met 5.0.3, 2022.

————————— 
f. All the observations were made using Google Maps and Google earth pro 
g. The land use classification was done by observing the patterns in Google maps. 
h. The measurements were done using Google earth pro. 
i. Due to virtual observation there might be a possibility of  error.



Most buildings are used for mixed purposes; commonly, the ground 
floors are used as shops and the upper levels are used for residential 
purposes. Due to virtual observation there might be a possibility of  error. 

Like the first study area, the building construction is done in three 
layers with the same thickness as mentioned before. 

The building in the area differs in shape, height and wall colour. The 
roofs are generally of  the concrete colour with an albedo value between 
0.10-0.35, which is also responsible for absorbing short wave radiation 
making the building warmer. 

The building height in the area varies from 3 meters to 15 meters and 
has no insulation. Also, there are no sufficient gaps between the two 
buildings, and it has a shallow sky view factor. The narrow streets and 
canyons trap short wave radiation which, as a result, contributes to 
warming up the neighbourhood.  

6.7. Palam - SWOT Analysis. 
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Fig 58: Palam 

Source: Google Map (Street view), 2022



6.7.1. Strength: 

i) The area has mid-rise development (<15 meters in height). 

ii) Mixed-use buildings mostly dominate land use. 

iii) The houses have light-coloured paint, which reduces the short 
wave radiation absorption. 

iv) The narrow street canyons provide shade in the inner parts of  the 
neighbourhood. 

v) Due to the mixed land use, there is less motor vehicle traffic on 
secondary streets, resulting in less human-induced heat. 

vi) The building roofs are flats, providing more free space for 
retrofitting green roofs. 

6.7.2. Weakness: 

i) The built-up orientation is perpendicular to the wind flow, which 
blocks the wind from flowing via the inner parts. 

ii) The area has a low sky view factor due to its compactness resulting 
in radiation trapping, making it warmer than otherwise. 

iii) The building gets warmer in summer than usual as the structures 
do not entail any insulation layer. 

iv) There are no formal means of  transport, which makes people use 
their vehicles. 

6.7.3. Opportunities: 

i) Green roofs and facades can be installed on the building to reduce 
the direct contact of  short wave radiation with the building surface, 
avoiding radiation absorption. 

ii) The carriage width of  the primary street could be reduced by 
adding sidewalks and bicycle lanes to curtail the production of  
anthropogenic gasses in the neighbourhood. 

iii) Vegetation could be added to the primary street.  

iv) The secondary streets built material could be modified to a higher 
albedo material to disperse short wave radiation. 
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v) The secondary street can be converted into a pedestrian-only area 
to reduce vehicle access and anthropogenic heat. 

vi) Water mist sprayers could be placed in inner parts of  the 
neighbourhood to increase the human thermal comfort level. 

6.7.4. Threat: 

i) Not reacting to the present climatic issues can exacerbate the 
status quo in future. 

ii) Delay in forming UHI mitigation strategies in the building 
regulation can aggravate the situation. 

iii) Future high-rise growth could increase the surface area, resulting 
in more radiation absorption.  
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CHAPTER 7 
Preparation and analysis of  models  

In this step, the author discusses the steps taken in preparation of  the 
models. The section will start with a brief  introduction of  ENVI-met 
software, its workflow and a few general limitations. 

7.1. ENVI-met 

ENVI-met is a micro-climate simulation software used to measure the 
effects of  urban morphology on urban climate. It is a holistic three-
dimensional model to simulate a complex urban environment and access 
its impact using a wide range of  temporal and spatial analyses. 

The ENVI-met workflow is divided into four parts - Edit, Simulate, 
Process and Visualise. The software is available in two versions - ENVI-
met full version (Requires premium) and ENVI-met lite version ( No 
premium required). 

The creation of  the database is done using a workspace manager. 
Using the ENVI-met's database manager and ENVI-met's Albero, the 
design of  different materials for ground surface, building materials, 
plants, and greening are done. The preparation of  the model is done 
using ENVI-met's Monde and Spaces. The simulation file is made using 
ENVI-met's ENVI-guide and forcing manager. The simulation and post-
processing are done using ENVI-met's ENVI-core and BIO-met. Lastly, 
the results are analysed using ENVI-met's Leonardo. 

7.2. Steps taken while preparing the model: 

i) The model was created by providing inputs like model location, 
geometry, geo-reference and type of  materials in ENVI-met's Spaces. 

ii) For simulation, the climate data taken was of  5th May 2022, which 
was also one of  the hottest days in New Delhi this year, with a 
minimum temperature of  32 degrees Celsius and maximum 
temperature of  46 degrees Celsius. 

iii) The building materials were prepared according to the present 
built materials using the ENVI-met database manager. 
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iv) The simulation's results analysis was done using ENVI-met's 
Leonardo. 

The study was conducted using the ENVI-met Lite version, which is 
free but has limitations like the maximum model size cannot be more 
than one hectare. The ENVI-met did not contain data on trees 
commonly found in the New Delhi region. The model did not support 
the presence of  a flyover in an area. Outside the model's periphery is 
considered an open area in ENVI-met software. Another limitation while 
preparing the model was the lack of  building footprint data. 

However, a few modifications were made to overcome the above 
limitations.  

i) The building footprint was calculated using Google earth pro's 
satellite image. The estimations of  building height were done by 
considering each level of  the building as 3 metres.  

ii) The area selected for the study was restricted to one hectare. 

iii) The model could not simulate flyover, so for the simulation 
purpose, it was considered a flat structure originating from ground 
level. 

7.3. Model description of  the first case study area. 

Location of  the model: Anand Niketan Block E 

Model size: 100meter X 100meter 

Model number: 1 

The model was prepared 
using the existing built-up 
condition.  

The primary street in the 
model was built using asphalt 
material albedo of  0.20 and an 
emissivity value of  0.90. The 
secondary road was made using 
grey cement concrete, having 
an albedo of  0.50 and an 
emissivity value of  0.90. The 
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Fig 59: Model 1 soil and surface profile 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



soil profile assigned was loamy 
soil with an emissivity value of  
0.98, refer fig 59. 

The minimum building 
height in the model area was 3 
meters, and the maximum was 
18 meters. The building wall in 
the model was made in three 
layers with a total width of  
25.26 centimetres. The wall's 
outer layer was built using 
cement plaster 1.20 centimetres 
thick. The middle layer was burnt brick thickness of  22.86 centimetres. 
The wall's inner layer was again made using cement plaster thickness of  
1.20 centimetres. 

The building roof  was created in three layers of  thickness of  18.84 
centimetres. The outer layer was made using a cement plaster thickness 
of  0.60 centimetres. The centre layer was constructed using cast dense 
concrete with a thickness of  15.24 centimetres. The inner layer was made 
using cement plaster thickness of  1.00 centimetres. 

The model's output in three-dimensional is illustrated in fig 61. 
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Fig 60: Model 1 buildings footprint. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 61: Three dimensional image of  model 1. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.4. Analysis of  model 1. 

For the analysis purpose, three different measurements were made. 
The first measurement was done for the wind speed and direction, 
followed by diffused short wave radiation and the temperature. The 
measure was conducted at 13:00 on 5th May 2022, at 1.80 meters from 
the ground surface. However, to better understand the UHI significance, 
the air temperature was measured twice, one at 13:00 on 5th May 2022 
and another at 05:00 on the following day. 

7.4.1. Wind analysis:

Wind plays a vital role in influencing the climate of an area. With an 
increase in wind speed, there is correspondingly a decrease in the extent 
of UHI.

During the analysis, the minimum wind speed found in the model as 
per the present built form was 0.02 meters/second, while the maximum 
was 9.01 meters/second, as represented in fig 62. The wind flow direction 
was 300 degrees from the North. Since the building orientation and wind 
flow direction were nearly aligned, the wind flowed even in the inner 
parts of the built-up area. However, the wind speed decreased in the inner 
built-up region. Additionally, it was observed that the trees decreased the 
wind speed in the model area. 
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Model 1 
Wind analysis

Fig  62: Model 1 - Wind analysis 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.4.2. Diffused short wave radiation: 

Radiation also plays an essential role in changing the climate, 
primarily the short wave radiation emitted due to its enormous portion of  
energy, which, when absorbed by any object, affects its energy balance. 

For the prepared model, the minimum diffused short wave radiation 
was found to be 35.55 watts/square metre, whereas the maximum was 
214.54 watts/square metre, as illustrated in fig 63. The metric of  diffused 
short wave radiation at 1.8-meter height was less in the presence of  trees 
and the inner parts of  the built-up due to the low sky view factor 
compared to an open area. 

7.4.3. Air temperature: 

The air temperature is one of  the factors measuring the extent of  
UHI.  During the analysis on 5th May 2022 at 13:00, the minimum 
temperature obtained in the model area was 40.76 degrees Celsius, while 
the maximum was 42.03 degrees Celsius, as shown in fig 64. The 
temperature was minimal on the eastern side of  the model, probably due 
to the absence of  buildings and grass in that open space. The trees also 
lowered the temperature in the area lying in the direction of  the wind 
flow. 
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Model 1 
Diffused short wave 
radiation analysis

Fig 63: Model 1 - Diffused short wave radiation analysis 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



Furthermore, the temperature dropped when measured on 6th May 
2022 at 05:00. The minimum temperature was 32.98 degrees Celsius, 
and the maximum was 34.45 degrees Celsius, visualised in fig 65. The 
temperature subsided in the area with trees and vice versa. 
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Model 1 
Temperature analysis 
at 13:00 on 5th May 2022

Fig 64: Model 1 - Air temperature analysis at 13:00 on 5th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Model 1 
Temperature analysis 
at 05:00 on 6th May 2022

Fig 65: Model 1 -  Air temperature analysis at 05:00 on 6th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.5. Model description of  the second case study area. 

Location of  the model: Palam 

Model size: 100meter X 100meter 

Model number: 2 

Similar to the previous study 
area, the model was built 
according to the current built 
form.  

The primary street in the 
model was made employing 
asphalt material with an albedo 
value of  0.20 and an emissivity 
value of  0.90. The secondary 
street was constructed with grey 
cement concrete, with an albedo 
of  0.50 and an emissivity value 
of  0.90. The soil profile set was 
loamy soil with an emissivity 
value of  0.98, refer fig 66.  

The lowest structure height in 
the model was 3 meters, and the 
highest was 15 meters. 

The building wall in the 
model area was prepared in three 
layers with a total width of  25.26 
c e n t i m e t r e s . T h e w a l l ' s 
outermost layer was made using 
cement plaster 1.20 centimetres 
thick. The intermediate layer was 
burnt brick thickness of  22.86 centimetres. The wall's internal layer was 
built with a cement plaster thickness of  1.20 centimetres. 

In order to create the building's roof, three layers were used, with a  
total thickness of  18.84 centimetres. The exterior layer was made using a 
cement plaster thickness of  0.60 centimetres. The mid layer was 
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Fig 66: Model 2 soil and surface profile 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 67: Model 2 buildings footprint 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



constructed with cast dense concrete with a thickness of  15.24 
centimetres. The interior layer was made using a cement plaster thickness 
of  1.00 centimetres. 

The model's outcome in three-dimensional is shown in fig 68. 

7.6. Analysis of  model 2.

Similar to the analysis of  the previous model,  three distinct 
measurements were done. Firstly, the wind speed and direction; secondly, 
diffused short wave radiation; and lastly, air temperature. 

The time of  measurement was kept the same as in the previous model. 
Analysis was conducted at 13:00 on 5th May 2022, 1.80 meters above the 
earth's surface. The air temperature was measured twice, one at 13:00 on 
5th May 2022 and another at 05:00 on the following day. 

7.6.1. Wind Analysis: 

The minimum wind speed in the model area was 0.0 meters/second, 
while the maximum was 6.04 meters/second, as represented in fig 69. 
The wind flow was 300 degrees from the North.  

The building orientation was opposing the wind flow in the inner parts 
of  the built-up, resulting in almost no wind flow. Even the wind speed 
dropped substantially while entering the inner streets in the built-up area 
due to the building's orientation. 
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Fig 68: Three dimensional image of  model 2. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.6.2. Diffused short wave radiation: 

The minimum diffused short wave radiation for the model obtained 
was 5.91 watts/square metre, whereas the maximum was 213.07 watts/
square metre, as illustrated in fig 70. The diffused short wave radiation at 
1.8 meters from the ground surface was comparatively lower in the built-
up area due to the low sky view factor. 
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Model 2  
Wind analysis

Fig 69: Model 2 - Wind analysis 

Author 2022, created using ENVI-met 5.0.3, 2022.

Model 2 
Diffused short wave 
radiation analysis

Fig 70: Model 2 - Short wave radiation analysis 

Author 2022, created using ENVI-met 5.0.3, 2022.



7.6.3. Air temperature:  

The air temperature was measured twice to check the variation of  
UHI with time. The minimum air temperature on 5th May 2022 at 13:00 
was 29.64 degrees Celsius, while the maximum was 42.15 degrees 
Celsius, as shown in fig 71. j 

When measured on 6th May 2022 at 05:00, the air temperature was 
comparatively lower. The minimum air temperature was 32.94 degrees 
Celsius, while the maximum was 35.31 degrees Celsius, visualised in fig 
72. 

It can be noted that the area with the highest temperatures during the 
day is the same, having the lowest temperature at dawn. In this model, it 
might be because of  wind flow and would differ when measured on a 
larger scale. 
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Model 2  
Temperature analysis 
at 13:00 on 5th May 
2022

Fig 71: Model 2 - Air temperature analysis at 13:00 on 5th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

————————— 
j. The obtained minimum temperature was less than expected, probably due to 
error while simulation. The simulation process must have missed data from a 
cell which resulted in lower temperature. 
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Model 2 
Temperature analysis 
at 05:00 on 5th May 2022

Fig 72: Palam - Air temperature analysis at 05:00 on 6th May 2022. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.7. Development of a first model incorporating UHI 

mitigation strategies. 

In this step, the preparation and analysis of both case study area’s will 
be discussed. The models in this section are made after applying UHI 
mitigation strategies like - Green walls, green roofs, increased vegetation 
amount and higher albedo materials. This was done to find the 
effectiveness of the above mentioned mitigation strategies.  

7.8. Model description of the first case study area using UHI 

mitigation strategy.

Location of  the model: Anand Niketan Block E 

Model size: 100meter X 100meter 

Model number: 3

The model 3 was prepared 
after applying the above-
mentioned UHI mitigation 
strategies to the existing built-
up condition. The secondary 
streets in the model were 
changed from grey cement 
concrete with low albedo 
values to light cement concrete 
with higher albedo values. The 
light cement concrete used in 
the model had an albedo of 0.8  
and an emissivity of 0.9 refer 
fig 73. 

All buildings were added 
with additional green roofs 
and walls; however, their 
height and core material were 
left unchanged. 
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Fig 73: Model 3 soil and surface profile 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 74: Model 3 buildings footprint 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



The green walls were added using plant thickness of 30 centimetres 
with a substrate of 15 centimetres and an additional air gap of 10 
centimetres. The substrate material used in the model has an albedo value 
of 0.3 and an emissivity value of 0.95.

The green roofs used in the model were made by adding plant 
thickness of 30 centimetres along with a mixed substrate of 15 
centimetres, having an albedo of 0.30 and emissivity of 0.95.

In addition, trees were also placed in all streets to provide shade and 
increase the quantity of evapotranspiration in the model area.

The model 3 outcome in three-dimensional is shown in fig 75. 
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Fig 75: Three dimensional image of  model 3. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.9. Analysis of  model 3. 

7.9.1. Wind analysis: 

As a result of  the application of  UHI mitigation strategies, the 
maximum wind speed was 8.75 meters per second, and the minimum 
wind speed was 0.02 meters per second, as represented in fig 76.k The 
wind flew 300 degrees from the North.  

It was also observed that the trees dropped the wind speed almost in 
every part of  the model area.  
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————————— 
k.While exporting the analysis map’s, a few trees were not illustrated in some 
parts of  the model as shown  in the 3-D model of  model number 3. Also, It is 
not sure if  the missed out trees were considered during the simulation process 
or not.

Model 3 
Wind Analysis

Fig 76: Model 3 - Wind Analysis  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.9.2. Diffused short wave radiation:

After applying UHI mitigation strategies, the maximum short wave 
radiation at 1.8 metres from the ground surface was 247.36 watts/square 
meter, while the lowest was 33.67 watts/square metre, as illustrated in fig 
77.

The diffused short wave radiation was lower near the trees and inside 
the built-up region, likely due to the low sky view factor. Also, the 
highest diffused shortwave radiation was higher near the park.

7.9.3. Air temperature: 

Similar to the previous two models, the air temperature for model 
three was measured twice, firstly on 5th May 2022 at 13:00 and secondly 
on 6th May 2022 at 05:00.  

The minimum air temperature after applying the UHI mitigation 
strategy on 5th May 2022 at 13:00 was 40.40 degrees Celsius, while the 
max was 41.50 degrees Celsius, as shown in fig 78. The minimum air 
temperature dropped on 6th May 2022 by nearly 7 degrees celsius.  
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Model 3 
Diffused short wave 
radiation analysis

Fig 77: Model 3 - Diffused short wave radiation analysis 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



The lowest temp was 33.02 degrees Celsius, and the highest was 34.45  
degrees Celsius, as visualised in fig 79. 

According to the results, it can be concluded that during the day, the 
temperatures are lowest around the trees and highest near the primary 
street, which is made of  asphalt. Furthermore, at dawn, again, the 
temperature was lowest around the trees and highest near the park. The 
effect of  wind speed and direction also played a role in influencing the 
temperature. The temperature was down in the incoming direction of  the 
wind and vice versa. 
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Model 3 
Air temperature analysis 
at 13:00 on 5th May 2022

Fig 78: Model 3 - Air temperature analysis at 13:00 on 5th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Model 3 
Air temperature analysis 
at 05:00 on 6th May 2022

Fig 79: Model 3 - Air temperature analysis at 05:00 on 6th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.10. Model description of the second case study area using 

UHI mitigation strategy.

Location of the model: Palam

Model size: 100meter X 100meter

Model number: 4

The steps taken while 
making model 4 were the same 
as model 3. The mitigation 
strategies used were also 
identical.  

The streets were changed to 
light cement concrete with high 
albedo value, shown in fig 80. 
Green walls and roofs were 
added to all the buildings 
without changing the building 
height and core material. Due 
to a lack of  space in the inner 
built-up area, vegetation was 
added only on the primary 
streets.  

The model 3 outcome in 
three-dimensional is shown in 
fig 82. 
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Fig 82: Three dimensional image of  model 4. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 80: Model 4 soil and surface profile 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 81: Model 4 buildings footprint 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.11. Analysis of  model 4

7.11.1. Wind analysis: 

The minimum wind speed after UHI mitigation strategies was found 
to be 0.00 meters per second, and the maximum was 6.19 meters per 
second, as represented in fig 83.l Similar to the above-described models, 
the wind in the model was flowing from the North at 300 degrees.

The increased vegetation in the model area has also affected the 
microclimate by lowering the wind speed.
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Model 4  
Wind Analysis 

Fig 83: Model 4 - Wind analysis  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

————————— 
l.While exporting the analysis map’s, a few trees were not illustrated in some 
parts of  the model as shown  in the 3-D model of  model number 3. Also, It is 
not sure if  the missed out trees were considered during the simulation process 
or not.



7.11.2. Diffused short wave radiation: 

The lowest diffused short wave radiation calculated was 33.71 watts/
square meter, and the highest was 201.68 watts/square meter as illustrated 
in fig 84. As a result of the lower sky view factor in the central part of the 
model area, the amount of diffused short wave radiation is also minimal. 

Also, the highest diffused short wave radiation fell directly on the 
primary streets. 

7.11.3. Air Temperature: 

The air temperature was measured twice at two different times, one at 
13:00 on 5th May 2022 and another at 05:00 on 6th May 20222. After 
applying mitigation strategies, the minimum temperature found was 
39.13 degrees Celsius, and the maximum was 41.91 degrees Celsius, as 
shown in fig 85. The lowest temperatures were at the point of intense 
shortwave radiation and minimal wind.

Furthermore, the air temperature dropped nearly 6 degrees Celsius at 
dawn compared to the daytime. The minimum air temperature at 05:00 
on 6th May 2022 was 33.02 degrees Celsius, and the maximum was 34.77 
degrees Celsius, as visualised in fig 86. The point with the highest 
temperature during the day witnessed the lowest temperature drop during 
dawn. 
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Model 4 
Diffused short wave 
radiation analysis

Fig 84: Model 4 - Diffused short wave radiation analysis 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.
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Model 4  
Air temperature analysis 
at 13:00 on 5th May 2022 

Fig 85: Model 4 - Temperature analysis at 13:00 on 5th May 2022 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Model 4 
Air temperature analysis 
at 05:00 on 6th May 2022 

Fig 86: Model 4 - Temperature analysis at 05:00 on 6th May 2022. 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.12. Comparison of results of model 1 and model 3

Following the UHI mitigation strategies mentioned in the previous 
part of  the chapter, this part demonstrates the changes observed in the 
selected neighbourhood after applying those strategies. 

The changes observed are discussed concerning the microclimate 
variables like wind, short wave radiation and temperature. 

The discussion will start with the changes observed in wind and short 
wave radiation, affecting UHI's extent in the model. 

7.12.1. Wind analysis: 

As mentioned in the earlier chapter, the wind plays an essential role in 
cooling the microclimate of  an area, which can be seen concerning the 
temperature change in the model.  

Concerning the UHI mitigation applied in the model, only the trees 
have been seen impacting the wind speed and flow. Changes in the 
surface along with green walls and roofs have not impacted the wind 
speed and flow direction. 

The max speed was reduced by 0.26 meters per second after 
implementing strategies, depicted in fig 87. The trees also played a role in 
lowering the wind speed and flow direction. However, no significant 
changes were observed in the central part of  the model, likely due to no 
trees and less wind flow.
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Fig 87: Comparison of  model 1 (left) and 3 (right), based on wind analysis.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.12.2. Diffused short wave radiation: 

Like the wind, the short wave radiation also affects the change in 
temperature in the microclimate of  the model. 

The changes in diffused short wave radiation after applying strategies 
are observed in the model area both in minimum and maximum 
amounts, displayed in fig 88.  

The minimum diffused short wave radiation decreased by 1.88 watts/
square meter, whereas the maximum amount of  diffused short wave 
radiation increased by 32.82 watts/square meter. 

All the strategies contributed to changing the amount of  radiation. 
Short wave radiation has reduced in the parts with ground surface 
change. Likewise, the green walls and roofs have reduced the short wave 
radiation at 1.8 meters from the earth's surface. 

7.12.3. Air temperature: 

The UHI mitigation showed a positive effect in lowering the 
temperature of  the model area. The minimum temperature measured at 
13:00 on 5th May 2022 in model 3 was 40.40, which, compared to model 
1, was lesser by 0.36 degrees Celsius, as illustrated in fig 89.  

There is also a reduction of  0.53 degrees Celsius in maximum 
temperature in model 3 compared to model 1. 
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Fig 88: Comparison of  model 1 (left) and 3 (right) based on diffused short wave radiation  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



All parts of  the model experienced temperature reductions, especially 
near trees and the innermost parts of  the built-up area. The lowering of  
temperature in the inner parts of  the neighbourhood can be attributed to 
green walls, roofs and vegetation. It can also be concluded that the 
decrease in diffused short wave radiation in model 3 significantly reduced 
the temperature. 

However, the temperature, when measured at 05:00 on 6th May, did 
not see any decrease in temperature, refer fig 90.  
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Fig 90: Comparison of  model 1 (left) and 3 (right) based on air temperature measured at 05:00 on 
6th May 2022.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 89: Comparison of  model 1 (left) and 3 (right) based on air temperature measured at 13:00 on 
5th May 2022.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.13. Comparison of results of model 2 and model 4

7.13.1. Wind analysis:

Adding trees as one of the mitigation strategies in model 4 has 
affected the minimum wind speed in the model. 

There is an increase in wind speed of 0.15 meters per second, as 
indicated in fig 91. Despite an increase in wind speed, the south-west part 
of the model demonstrates a reduction in wind speed.

The changes in the wind flow direction were also observed in the 
south-west region of the model.

Apart from trees, other strategies like green roofs, green walls and 
ground surface changes do not seem to significantly impact wind speed 
and direction.

7.13.2. Diffused short wave radiation:

There was an increase of 27.8 watts/square meter in minimum 
diffused short wave radiation; besides, a decrease in maximum diffused 
short wave radiation of 11.39 watts/square meter was also observed after 
applying the UHI mitigation strategy, refer fig 92.

The lowering of the diffused short wave radiation was also observed 
in the places with vegetation. On the contrary, there is not much change 
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Fig 91: Comparison of  model 2 (left) and 4 (right), based on wind analysis.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



in the inner parts of the built-up area, probably due to the low sky view 
factor. 

Like the results of the previous models, the green roof and walls do 
not affect the values of diffused short wave radiation at 1.8 meters from 
the ground surface.

7.13.3. Air temperature: 

The UHI mitigation strategies successfully resulted in lowering the 
temperature in model 4. There was a reduction of 0.24 degree Celsius in 
the maximum temperature of model 4, as illustrated in fig 93.m The 
decline in temperature after the intervention was observed in almost 
every part of model 4, even in the central part of the model with a low 
sky view factor and less vegetation, likely due to green walls, green roofs 
and high albedo streets.
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Fig 92: Comparison of  model 2 (left) and 4 (right), based on diffused short wave radiation 

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

————————— 
m. The obtained minimum temperature was less than expected in model 2, 
probably due to error while simulation. The simulation process must have 
missed data from a cell which resulted in lower temperature.



Further, a temperature change was also seen at 05:00 in the morning, 
after application of mitigation strategies. There was a reduction of 0.08 
degree Celsius in the minimum temperature and a drop of 0.54 degrees 
Celsius in the maximum temperature in model 4, as referred in fig 94.

Compared to the daytime, a decline of 7 degrees Celsius was found in 
both models 2 and 4. Nonetheless, the minimum and maximum 
temperature reduction were higher in model 4 after applying UHI 
mitigation strategies. 
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Fig 93: Comparison of  model 2 (left) and 4 (right) based on air temperature measured at 13:00 on 
5th May 2022.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.

Fig 94: Comparison of  model 2 (left) and 4 (right) based on air temperature measured at 05:00 on 
6th May 2022.  

Source: Author 2022, created using ENVI-met 5.0.3, 2022.



7.14. Discussion: 

The microclimate analysis was done concerning the urban heat island 
effect for the two study areas. The general strategies like adding 
vegetation, green walls and roofs, along with high albedo streets, were 
applied to the current urban form to analyse the variation in the wind, 
shortwave radiation and temperatures. 

The application of strategies was performed using the ENVI-met 
software. For this purpose, a total of four models were prepared. Two 
models were designed for each study area, one with the present urban 
form and the other with applying the UHI mitigation strategy. 

Changes in wind speed, direction, diffused shortwave radiation, and 
air temperature were observed after applying the UHI mitigation 
strategies. 

The first study area primarily functioned for residential purposes. It 
had good vegetation, open spaces, and proper building orientation. The 
study area after intervention tended to lower the air temperature of the 
model. There was a decrease of 0.26 meters per second in the wind speed 
and a reduction of 1.88 watts per square meter in most of the parts of the 
study area. Further, these modifications lowered the minimum air 
temperature by 0.36 degrees Celcius and the maximum air temperature 
by 0.5 degrees Celsius during the daytime. However, the mitigation 
approach did not favour lowering the air temperature in the morning.

Furthermore, the second study area was dense in terms of built-up and 
primarily functioned for mixed-use purposes. The site had no open 
spaces, which limited the possibility of aplying mitigation strategies. 
Nevertheless, the model with green walls and roofs applied on buildings 
along with high albedo street showed microclimate variation in its 
windspeed, diffused short wave radiation and temperature. The 
interventions increased the wind speed by 0.15 meters per second and 
minimum short wave radiation by 27.8 watts per square meter. Besides, 
there was a decrease in maximum diffused shortwave radiation and, more 
importantly, a drop in air temperature by 0.24 degrees Celcius.

In addition to the above results, the atmospheric variation between day 
and night for the model results was nearly 7 degrees Celsius, which 
corroborates UHI's characteristics.
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The analysis of the above two areas validates the effectiveness of UHI 
mitigation strategies. The study area was small due to the software 
limitation. Nonetheless, the above-mentioned strategy, when applied on a 
larger scale, can certainly result in a more significant result for lowering 
the UHI effect.

7.15. UHI mitigation strategies recommendation for the study 

area:

Based on the previous chapters and after the study area analysis, a few 
UHI mitigation strategies have been proposed to lower the extent of  UHI 
in future. 

7.15.1. Increasing Vegetation: 

Increasing vegetation in the urban fabric comes with multiple benefits. 
According to the analysis results, vegetation played a critical function in 
affecting the microclimate of  the study area. Vegetation affects wind 
speed and flow, radiation change, and air temperature. As described in 
chapter 2, vegetation also helps in minimising the air conditioning 
demand if  planted strategically. Also, it helps increase human thermal 
comfort by providing street shading elements. Fig 95, 96 shows the before 
and after application of  mitigation strategy, image of  study area 1 and 2. 
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Fig 95: Before and after image of  study area 2.  

The images shows most of  the mitigation strategies discussed in this paper.  

Addition of  trees on streets. Proper sidewalk and bike lane. Retrofitted green walls on buildings.  

Source: Author 2022, created using photoshop, image collected from Google map (street view).

Before

After



 

7.15.2. Adding green roofs and walls: 

Green roofs and green walls are popular mitigation strategies. It 
permits minimising building energy needs, decreases noise, protects the 
structure from pollutants, and restores urban ecosystems. Above all, it 
protects the building from absorbing shortwave radiation responsible for 
warming up the building. 

The analysis of  the selected study area demonstrates the significance 
of  green roofs and walls in the built-up area. Retrofitting green walls and 
green roofs reduced the minimum diffused short wave radiation. 

Since there are flat roofs on the buildings in this study area, green 
roofs are easier to install. Fig 97, illustrates the study area 1 satellite view 
after applying green roofs.  
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Fig 96: Before and after image of  study area 1.  

The images shows most of  the mitigation strategies discussed in this paper.  

Addition of  trees on streets. Proper sidewalk and bike lane. Retrofitted green walls on 
buildings, Public transport bus.  

Source: Author 2022, created using photoshop, image collected from Google map (street view).

Before

After



7.15.3. Cool roofs: 

Cool roofs are one of  the simplest UHI mitigation strategies. Two 
basic principles govern its operation, solar reflectance and thermal 
emittance. As described in chapter two, the cool roof  with a high albedo 
rate minimises net radiation by reflecting the incoming solar energy, 
thereby reducing the sensible heat flux and emitting the additional heat 
absorbed by the sun.  

Further, The presence of  flat roofs in the study area gives more 
possibility for short wave radiation absorption responsible for warming 
the buildings, which could be prevented by transforming into a cool top, 
as shown in fig 98.   
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Fig 97: Before and after application of  green roofs of  study area 1.  

Source: Author 2022, created using photoshop, image collected from Google map (street view).

Before After

Fig 98: Before and after application of  Cool roofs of  study area 2.  

Source: Author 2022, created using photoshop, image collected from Google map (street view).

Before After



7.15.4. High albedo streets: 

The working principle of  high albedo is similar to cool roofs. The 
higher the albedo value of  a surface, the lesser the short wave radiation 
absorptivity. 

This UHI mitigation strategy was applied on the secondary streets of  
the study area for the analysis, as shown in fig 99. 

7.15.5. Facilitating end-mile public transportation: 

As discussed in chapter 4, Delhi has many public transport facilities. 
However, it lacks end-mile connectivity, which forces the user to opt for 
personal vehicles. Each additional vehicle increases the energy demand, 
further increasing anthropogenic heat. Anthropogenic heat is one of  the 
major sources of  Urban heat island formation. To minimise the intensity 
of  the UHI, it is essential to provide proper public transport facilities in 
all areas. 
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Before

After

Fig 99: Before and after application of  high albedo street in study area 2.  

Source: Author 2022, created using photoshop, image collected from Google map (street view).



7.15.6. Adding bicycle lanes on the road: 

Bicycles are the cheapest, healthiest and eco-friendly options for 
commuting. However, most of  the Delhi streets lack bike lanes, which 
makes people choose other modes of  transport, contributing to 
anthropogenic heat. The problem of  end-mile connectivity could also be 
solved by facilitating proper and safer bike lanes on the streets. 

7.15.7. Public awareness: 

Public awareness is an important prerequisite for making people aware 
of  the problems and solutions. Often governments come up with good 
policies, laws, etc., but ends up ineffective or under-utilised due to a lack 
of  public awareness.  

Urban planning bodies need to educate the general public about 
urban planning concerns.  

The awareness could be raised in different means, for instance 
displaying urban problems and solutions on bus stops, metro stations and 
city centres, portraying the problems and solutions in their miniature 
forms, organising public awareness camps, partnering with non-profitable 
organisations, etc. 
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CHAPTER 8
Policy Implication

The research has demonstrated the effects of  built-up form, building 
materials, and urban geometry on microclimate. With this, the author 
proposes a few policy implications concerning this research in this 
chapter. The policy recommendation is provided based on two concerns 
observed after analysis of  the study area.  

8.1. Concerning to urban geometry:

The two case studies discussed had different geometry. In the first case 
study area, the building geometry was in the direction of  wind flow; as a 
result, the wind flew in the inner parts of  the built-up area without having 
any obstructions. On the contrary, in the second case study area, the 
built-up form opposed the wind direction, resulting in zero to no wind 
flow in the built-up area.  

As mentioned in previous chapters, wind plays an important factor in 
influencing the extent of  UHI. The building orientation should be in the 
direction of  an area's average yearly wind flow direction. The correct 
orientation will help distribute the wind in all parts; as a result, it reduces 
the possibility of  heat-trapping and further reduces the intensity of  UHI. 

Another concern related to building geometry is the sky view factor. 
Unplanned construction reduces the sky view factor, resulting in radiation 
trapping responsible for warming the locality. 

To avoid this issue of  UHI formation, the building laws should provide 
sufficient data on an area and mandate microclimate analysis prior to 
construction. The guidelines should be prepared by giving clear building 
footprint information in favour of  a higher sky view factor.  

8.2. Concerning to building materials: 

The building materials are essential in absorbing short wave radiation 
responsible for warming the microclimate. The effects of  shortwave 
radiation after implementing UHI mitigation strategies like green roofs 
and walls and high albedo material have been demonstrated in the 
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previous chapter. There was a significant variation in the short wave 
radiation applied to the current urban form.  

Radiation plays an integral part in maintaining the energy balance of  
an area. To achieve an equilibrium condition, the amount of  radiation 
falling should be dissipated back, which, when absorbed, influences the 
microclimate.  

The current building materials used have less emissivity and high 
absorptivity, which results in absorbing shortwave radiation and heating 
the environment. 

To avoid the formation of  UHI, proper guidelines for building 
materials should be provided to urban planners with information related 
to high albedo materials. The usage of  materials with less albedo should 
be prohibited in construction. Also, green roofs, walls, and high albedo 
surface materials should be mandatory to avoid future retrofitting.  
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CHAPTER 9 
Conclusion 

The term 'urban heat island' is more extensively used to describe the 
temperature difference between urban and outlying areas. Studies show 
this is primarily due to anthropogenic heating, unplanned constructions 
and lack of  vegetation. 

Factors such as reduction in vegetation, urban materials, urban 
geometry, urban metabolism, season, wind speed, cloud cover, and inter-
surface radiation lead to the formation of  UHI. 

As a consequence, UHI  causes discomfort and danger to human well-
being; increases energy demand; elevates greenhouse gas emissions and 
air pollution; degrades water quality; has secondary impacts on weather 
and climate, reduction in labour productivity.  

 The existing literature suggests that planting trees and vegetation on 
the ground, green roof, and walls can reduce the UHI effect due to 
evapotranspiration and albedo effect. Besides, the cool roof, which works 
on the principle of  albedo, minimises the net radiation due to the 
surface's higher solar energy reflectance and emittance, thus creating a 
cooler surrounding. The UHI can be minimised by using the above-
mentioned strategies on both small and large scales, starting from 
individual houses to streets. 

Furthermore, according to previous research presented in this thesis, 
urban heat island directly relates to land use land cover. This thesis 
discusses the literature that exemplifies the change in land use land cover 
of  Delhi from 1991-2018, decreased thermal comfort with an increase of  
9 degrees Celsius in land surface temperature. The author's analysis 
revealed a similar relationship between land use land cover and land 
surface temperature.  

Conversely, as mentioned above, the correlation between land surface 
temperature values and normalised difference vegetation index revealed a 
negative relationship. The land with less vegetation had the highest value 
of  land surface temperature, while vice versa was true.  

Likewise, the urban heat island directly relates to energy consumption. 
The literature discussed, showed an increase of  165% in Delhi's per-
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capita energy demand since 1980, resulting from urbanisation and energy 
required for UHI mitigation. 

Also, Delhi's warming trends matched Luke Howard's results, like 
warming in monsoon months due to the formation of  UHI. Besides, the 
causes of  changes were also the same for Delhi and Luke Howard. 

In addition, the thesis's primary purpose was to analyse the 
effectiveness of  available UHI mitigation strategies by applying them to 
the case study area. For this purpose, two neighbourhoods from New 
Delhi were selected. The microclimate model was prepared using ENVI-
met software based on the present urban form for each case study area. 
Additionally, the second microclimate model for both case study areas 
was prepared with the application of  four mitigation strategies: increased 
vegetation, green walls, roofs and high-albedo surfaces. 

The results were then compared between the initial models and the 
models with interventions. The analysis was done based on three 
variables of  microclimate at the height of  1.8 meters from the ground 
surface: wind speed, diffused shortwave radiation and air temperature. 

The mitigation approach, when applied to the first case study area, 
showed variance in its wind speed, diffused shortwave radiation and air 
temperature. A reduction of  0.26 meters per second in the wind speed 
and a reduction of  1.88 watts per square meter in most parts of  the study 
area were observed during daytime hours. The decrease in minimum air 
temperature by 0.36 degrees Celcius and maximum air temperature by 
0.5 degrees Celcius were also observed during daytime hours after the 
mitigation approach was applied. However, it did not favour lowering air 
temperature in the morning. 

Similarly, the microclimate of  the second model area was also affected 
by the mitigation strategies. The interventions increased the wind speed 
by 0.15 meters per second and minimum short wave radiation by 27.8 
watts per square meter. Besides, there was a decrease in maximum 
diffused shortwave radiation and, more importantly, a drop in maximum 
air temperature by 0.24 degrees Celcius for the daytime hours, which 
validates the effectiveness of  the UHI mitigation strategies. 
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The atmospheric variation between day and night for the model 
results was nearly 7 degrees Celsius, which substantiates UHI's 
characteristics. 

Followed by the above analysis, a few general mitigations was proposed 
for the case study area in the form of  graphics. The suggestion was 
provided concerning increasing vegetation, retrofitting green roofs and 
walls, converting roofs into cool roofs, facilitating end-mile public 
transport facilities and adding sidewalks and bike lanes to the streets. 

The thesis also suggested two policy implications based on two 
concerns: Urban geometry and building materials. 

The microclimate simulation results after application of  mitigation 
strategies proves that the hypothesis mentioned in the introduction of  the 
thesis is true. 
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