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Abstract  Urbanization often results in a rise in urban 

development and a decrease in green cover, which are 

primary catalysts in increasing urban temperature. The 

elevated temperature of the microclimate of metropolitan 

areas, compared to their vicinities, is referred to as Urban 

Heat Island (UHI). Heat islands cause human discomfort, 

and life-threatening health issues along with increased 

energy consumption and aggravated pollution. This paper 

attempts to comprehend the impact and influence of green 

cover on the intensity of UHI in the microclimate of 

Aligarh city areas using the mobile traverse method. Two 

research objectives formulated to accomplish the study 

include the evaluation of the impact of green cover on the 

UHI effect in microclimatic conditions and a proposal of a 

mitigation strategy to alleviate the UHI impact in the 

affected area. This study dealt with only ambient D.B.T. 

and relative humidity- R.H. (%) observations and was 

confined to only two specific identified locations in 

Aligarh city. This research determined the presence and 

extent of UHI's microclimate variation concerning green 

cover within urban communities of distinct environmental 

layouts and functionalities. Spatial analysis of the data 

showed that with the 10% reduction in green cover, there 

was a rise in temperature by 0.082°C in short distances. 

These findings are beneficial for reducing the impact in 

UHI-affected areas and for developing a thermally 

comfortable environment along with improved urban 

planning. 

Keywords  Urban Heat Island, Microclimate, Green 

Cover, Mobile Traverse Method 

1. Introduction

Lack of economic possibilities and poor services have 

resulted in a constant migration of a significant amount of 

the population from rural to urban areas. According to a 

report by the United Nations [1], 55% of the global 

populace lives in cities, and this figure is projected to grow 

to 68% by 2050. In India, the urban population accounted 

for 31.2% in 2011, and it is expected to cross the 40% mark 

by 2030 [2], [3]. Urbanization has altered natural 

environments into cities and urban centers, by replacing 

nature with built structures. To cater to the settlement 

needs of migrated people, new cities and urban centers are 

coming up while existing ones are expanding. Such 

expansions transform the environment and result in 

unbalanced urban grain and alterations in land use [4]. 

Modifications in the urban form are anticipated to have a 

strong correlation with adverse environmental impact and 

are likely to accelerate with the increasing urban 

population [5]. Reduction in green cover and agricultural 

land and aggressive increase in built-up areas result in 

heating the urban areas when compared to their vicinities 

or areas with less density. This phenomenon is called 

Urban Heat Island. It is one of the ecological consequences 

resulting from the process of urbanization that generates 

elevated temperatures within cities relative to their 

vicinities [6]. 

Luke Howard in 1818, was the first to discover the UHI 

effect when he studied London's climate and observed that 

the city had a surplus of artificial heat compared to 

non-urbanized regions [7]. To understand the phenomenon 

on a deeper level, several studies were conducted later in 
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different locations of different climatic and environmental 

conditions with varying scales [5], [8]–[11]. It was 

observed that the heat island effect varies according to 

different climatic patterns, topography, and green cover 

and is also influenced by microclimatic conditions [12], 

[13]. Each urban area can have distinct UHI effects based 

on the circumstances found there [14] and sometimes the 

phenomenon may also result in a reversal effect known as 

urban cool island [13], [15]. 

Multiple researchers have extensively scrutinized the 

effects of greenery and vegetation on UHI; however, the 

majority of them are based on simulations rather than 

on-site observations [16]–[21]. This research intends to fill 

the gap by evaluating the impact of green cover on 

microclimatic UHI in the existing urban fabric of Aligarh 

City, India, in terms of reducing air temperature and 

therefore assuaging UHI effects. The research objectives 

are formulated as: 

1. To evaluate the impact of green cover on the UHI

effect in microclimatic conditions.

2. To propose a mitigation strategy to alleviate the UHI

impact in the affected area. This study deals with only

ambient D.B.T. and the relative humidity- R.H. (%)

observations in the canopy layer to analyze the effects

of green cover on UHI in microclimate and shall be

confined to only two specific identified locations in

Aligarh city.

2. Literature Review

2.1. The Terminology 

Microclimate is defined as any climatic condition in a 

relatively small area, within a few meters or less above and 

below the Earth’s surface and within canopies of 

vegetation” [22]. Surface urban heat island (SUHI) occurs 

during both diurnal and nocturnal times, but it is observed 

to be intense in the diurnal period. This happens because 

the urban surfaces absorb sun rays and increase the surface 

temperature, i.e. it varies with the sun's intensity [23] and is 

measured using remote sensing, which depicts thermal 

images to measure it. 

Atmospheric urban heat island (AUHI) is observed to be 

small during the day but found to be prevailing from 

predawn to the most intense at night. To measure 

atmospheric UHI, stationary weather stations and the 

mobile traverse method can be employed to gather air 

temperature data. This type of UHI is further divided into 

two types, based on the height of their occurrence namely, 

(1)Canopy layer UHI is the most frequently observed form 

and mainly results from immediate site characteristics [14] 

and exists in the aerial space where people inhabit or 

function, extending from ground surface to the highest 

point of buildings and trees, and (2)Boundary layer UHI 

exists above the canopy layer, encompassing the space 

between the top of trees and buildings, reaching 

approximately to the height of 1.5km. Within this layer of 

UHI, temperature varies from 7 to 12°C [12], [23], [24]. 

Gartland [13] defined urban heat island intensity or 

strength (UHII) as the disparity in air temperature between 

an urban area and its surroundings and it differs throughout 

day and night, with the smallest temperature difference 

observed in the morning. As the day progresses, UHII 

increases, usually reaching a maximum at night. This 

happens because urban surfaces continue to release heat at 

night and decelerate the cooling process within the 

impacted area, whereas the vicinities experience higher 

cooling rates [13]. 

Albedo refers to the proportion of solar radiation that 

bounces off a surface upon encountering it instead of being 

absorbed. Materials with high albedo values are typically 

characterized by being white, light-colored, and reflective, 

resulting in a greater reflection of solar radiation. 

Conversely, materials with low albedo values are darker in 

color, causing them to absorb a larger portion of the solar 

radiation rather than reflect it. It is measured on a scale of 0 

to 1 [25]. Urban materials like concrete, tar, and asphalt 

have dark colors, which is why they are known to absorb 

heat and contribute to UHI formation. 

2.2. Urban Heat Island: Generation, Causes and 

Impacts 

A significant amount of research has been carried out to 

investigate the UHI phenomenon, and continuous studies 

are underway that will increase the understanding of UHI 

on a more detailed level under different conditions [5], [13], 

[15], [26]–[28]. Many researchers have investigated the 

causes of UHI and linked its magnitude to the physical 

characteristics and activities within a city [29]. The larger 

the city, the more severe the heat island [30], and the 

greater the outdoor discomfort and load on air conditioners 

[29]. 

Factors such as rapid urbanization, aggressive expansion 

and introduction of new urban areas, continuous reduction 

in green cover, and replacement with dry, impervious, and 

high heat-absorbing urban materials are mainly responsible 

for UHI generation [6], although, on a detailed level, there 

are other factors that also foster UHI phenomenon and its 

intensification. Properties of urban materials broadly 

influence the microclimatic conditions and comfort of 

urban dwellers. Surfaces exposed to solar radiations like 

roofs and pavements generally heat up to 27–50°C more 

than the air [12], [13], [31]. This absorbed heat is sustained 

and released into the environment, which slows down the 

natural cooling process and results in UHI formation [32]. 

Natural cooling which is highly dominated by trees and 

vegetation, further experiences decline because of poor 

green cover [13], [33]–[36]. In addition, the heat generated 

by human activities contributes to the further escalation of 

this already elevated temperature, specifically in densely 
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built and populated places where most of the urban 

activities are clustered [12]. Such conditions make the 

situation worse by trapping the heat between buildings, 

reducing long-wave radiation, and forming urban canyons 

[37], [38]. The influence of meteorological conditions also 

plays an important role in the creation and intensification 

of UHI. It has been observed that UHI is the most intense in 

clear and calm weather, as the solar absorption is more and 

the heat dispersal is slow [13]. Adding up most of the 

causes, humidity also influences the UHI effect. Humidity 

is affected by the amount of moisture and temperature. The 

relationship between humidity and temperature is inversely 

proportional, which means that as the temperature 

increases, relative humidity decreases, rendering air drier, 

limiting cooling efficiency, and making the environment 

uncomfortable for users [39]. Declining green cover can be 

projected as the primary reason for lower humidity levels 

in urban areas. 

Such conditions result in devastating effects, especially 

during summers. The elevated temperature because of UHI, 

not only raises the electricity consumption in buildings but 

also elevates the requirement for portable water for both 

human use and cooling purposes [40]. This cycle of 

cooling down buildings and consuming more energy, 

produces more heat, resulting in further degradation of the 

air. It also increases the noise pollution generated by the 

working of air conditioning systems [41]. According to 

Akbari [42], with each 0.6°C rise in summer temperature, 

electricity consumption rises by 1.5-2%, and 5-10% of the 

electricity requirement is utilized to offset the impacts of 

UHI. Various investigations have indicated that the 

elevated temperature experienced within urban regions 

poses potential heat-related problems to urban dwellers. 

Clarke [43] was probably one of the initial researchers to 

associate heat-induced fatalities with the microclimatic 

alterations, resulting from aggressive urbanization and 

UHI [44]. The excessive heat can cause weakness, heat 

strokes, cramps, unconsciousness, lack of attention, and 

irritation and also exacerbate serious illnesses like 

cardiovascular and respiratory impairments due to 

prolonged exposure to excessive urban heat, and even 

death in some cases [41], [44]–[47]. Senior citizens and 

kids are more susceptible to being affected by this [41], 

[48]. As per a recent study, rising temperatures reduce 

human sleep, and insufficient sleep can give rise to serious 

health complications [49]. At the observed rate of 

temperature rise, it is highly improbable that human beings 

will become capable of acclimating to high temperatures in 

the future [50]. 

2.3. Relationship between Green Cover and UHI 

Trees and vegetation influence the environment at a 

range of scales, varying from a small area around an 

individual tree to a microclimate, and later forest cover on 

a large scale. Water transpiration, wind speed alterations, 

and changes in energy and heat budget of urban areas are 

some of the features of trees and vegetation that impact the 

microclimate. Although trees typically contribute to 

keeping the air and surface temperature cool, in some 

instances, their presence and unfavorable locations can 

increase air temperature by blocking wind and trapping 

solar radiation [51], [52]. Some of the relationships 

between the green cover and environmental factors that 

also influence the UHI effect are discussed below: 

 Trees and Energy Consumption 

Urban areas usually have dense urban fabric 

characterized by high built-up areas and poor green cover. 

Solar energy heats these areas on greater magnitude and 

contributes in UHI formation. This scenario can be altered 

with an effective increase in greenery and vegetation. 

Trees have a significant impact on solar radiation 

absorption, leading to the potential to decrease by as much 

as 90% or possibly higher [53]. If planted effectively, they 

can minimize heating and cooling demands by offering 

shade to the structures and surfaces during the summer and 

by shielding winds in winter. According to a simulation 

study conducted in Canadian cities by Akbari and Taha 

[54], increasing the number of trees by 30% could 

potentially result in a decrease of 10% and 40% in energy 

consumption for heating and cooling purposes, 

respectively. The savings from such energy consumption 

can reach up to 180 dollars annually. The amount of energy 

savings provided by trees largely depends on the regional 

climate, the location of trees around buildings, and the size 

and amount of tree foliage [52]. Trees' evapotranspiration 

along with the shading factor can lower air temperature up 

to 5°C [19], [52]. Such a substantial reduction in 

temperature will lead to a decrease in the usage of heating 

and cooling systems in cities. Consequently, there will be a 

reduction in the amount of heat generated by these systems, 

which will ease the already heat-stressed urban 

environment and aid in the alleviation of adverse impacts 

of UHI. 

 Trees/ Greenery and Natural Cooling 

It is widely acknowledged that the presence of plants and 

trees keeps the environment cool and mitigates the effects 

of UHI [17], [55], [56]. The evapotranspiration process 

used by trees and plants transforms solar energy into 

vaporized water rather than heat. This allows the 

temperature of both, trees and surrounding air to remain at 

a lower level [13], [16]. In simple terms, trees and plants 

consume water via their roots and transpire it from stems 

and leaves. This reduces the dry bulb temperature and 

increases latent cooling by introducing moisture to the air 

[17]. In addition, the air temperature also gets cooler when 

the air moves within and on the leeward side of 

well-vegetated areas. A grown-up tree can absorb 

approximately 400 liters of water and may eliminate 960 

megajoules of heat daily in summer when natural cooling is 

the most needed [13]. This promotes more comfortable 

urban communities. 
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 Green Cover and Albedo 

Albedo plays a crucial role in influencing heat energy 

absorption and its regulation in urban areas [25], [57]. 

Construction materials like concrete and tar have low 

albedo, which means they are heat-absorbing materials that 

increase urban temperature [25]. It is seen that the changes 

in vegetation are related to the alterations in land cover, 

which affect the albedo values [58]. The major changes in 

albedo occur in areas of deforestation [59]. 

To mitigate this, an increment in green cover can be an 

effective solution. The existence of vegetation influences 

and increases the overall albedo value of densely 

agglomerated areas [60]. Vegetation helps in cooling the 

surface temperature by increasing albedo along with other 

factors [61] and it is well established that surface 

temperature significantly influences near-surface air 

temperature [62]. The reflective properties of green roofs 

vary between 0.7 and 0.85 in terms of albedo value. This 

range is significantly higher than the typical roof's albedo 

range of 0.1 to 0.2. As a result, green roofs have the 

potential to reflect 20-30% of incoming solar radiation [63]. 

Grass which appears a bit dark and has albedo between 

(0.25-0.30) is a good reflector of infrared radiation [19]. 

Trees albedo lies between (0.15-0.18) which is higher than 

most urban surface materials, therefore, vegetation absorbs 

less solar radiation and helps in keeping the environment 

cool [25], along with providing aesthetic improvements 

and environmentally friendly benefits. 

 Trees and Pollution 

CO2 is a notorious greenhouse gas that is released from 

vehicles, factories, power plants, burning, etc., and 

contributes to global climate change. In the current world 

order, countries are under pressure to reduce and control 

their carbon emissions through different strategies. Trees 

do that naturally. They are well known to absorb CO2 from 

air for photosynthesis and produce oxygen in return. A 

well-grown tree can store approximately 3 metric tons of 

carbon [52]. They decrease air pollution by assimilating 

gases and capturing particles through their foliage. This 

mechanism is known as "dry deposition". It removes 

nitrogen oxide, ozone, sulfur oxides, and particulate matter 

(PM10) from air which is known to contribute to UHI 

formation and its intensification [13]. 

Apart from the above-mentioned benefits, trees also 

reduce noise pollution [64]. Several studies have 

demonstrated that trees can reduce urban noise by up to 

15db, which is roughly the same as a standard masonry 

sound barrier [52]. 

2.4. Research Context 

This research has been conducted in Aligarh city, which 

is situated in the northern part of the state of Uttar Pradesh, 

India (Figure 1a). It falls in the central region of Doab, 

which is positioned amidst the Yamuna and Ganga rivers. 

Aligarh has a humid subtropical climate [65] and it is 

approximately 132km southeast of India's capital city, New 

Delhi. Aligarh is famous for its prestigious educational 

institution – Aligarh Muslim University (A.M.U). 

Furthermore, it has also gained recognition for its 

proficiency in the lock manufacturing industry, earning it 

the moniker "City of Locks". 

Two critical locations were selected in Aligarh city for 

the data collection. These two areas are opposed in terms of 

built-up density and micro-climatic characteristics. The 

first location is Centre Point Chauraha (Square), which is 

designated as A1. The second location is Staff Club 

Chauraha (Square), A.M.U campus designated as A2 in 

this study, as shown in Figure 1b. The distance between 

these two locations is approximately 3 km. A1 acts as a 

central business district (CBD) and experiences the 

majority of the city's footfall with substantial traffic 

volume. It is located in the core of a high-density area with 

mixed land use, particularly commercial and residential. 

The urban grain of the area is unbalanced due to the lack of 

urban greenery in comparison to the built-up area. A2 is 

located on the thoroughfare of the university campus and 

witnesses a significant volume of traffic. The area of A2 

has a green cover as compared to A1, with an existing 

public park in its vicinity. 

2.5. Data Collection 

The measurements were collected from the canopy layer 

of study locations for 23 days, between 22nd April and 15th 

May 2022. However, during the survey period, readings of 

4th May 2022 appeared to be outliers and were not 

considered in the final data due to unexpected adverse 

weather conditions. Data was collected five times/day i.e. 

9:00 hrs, 12:00 hrs, 15:00 hrs, 18:00 hrs, and 21:00 hrs. 

A circular peripheral zone of 500m was established at 

both research areas to capture and comprehend the urban 

grain, and their built-up to greenery composition (Figure 2). 

Each examination survey was concluded within 30 minutes 

to prevent microclimatic variations. This study was 

conducted based on the methodologies and measures used 

by earlier researchers [13], [24], [34], [66]. Temperature 

and humidity data from both locations were analyzed and 

represented in tables. The data of A1 and A2 were to 

comprehend the impact of cover on the UHI effect and its 

intensity, based on different urban settings. 
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Data was acquired utilizing the mobile traverse method 

(portable equipment), to capture the evidence of the UHI 

effect on green cover and vegetation. For measurements, 

the apparatus was mounted at 1.3 meters height from the 

surface level on a tripod stand. To prevent the sensor from 

being exposed to direct sun rays and affecting the readings, 

hard cardboard was placed over the equipment sensor 

while taking care to allow proper ventilation. Before taking 

readings, the apparatus was placed at each designated 

location for 10 minutes to acclimatize to the environment. 

Figure 1.  (a) Location of Aligarh city on the map, (b) Image showing the locations of study areas, urban area boundary, and connectivity of Aligarh 

city (Source: Master Plan Aligarh, 2021) 

Figure 2.  Image showing the circular peripheral zone of a 500m radius at both study locations (Source: Author) 
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3. Result and Discussion 

The shortage of vegetation along with other catalyst 

factors like artificial impervious surfaces and 

anthropogenic heat caused an increase in temperature in 

the microclimate of A1. Based on the assessment of 

collected data, it was found that A1 witnessed higher 

temperature compared to A2 in all measurements as shown 

in Table 1. 

This research establishes and demonstrates the fact that 

the UHI effect varies within short distances about the green 

cover. It was observed that A1, which has a low green 

cover (15.78%) and high built-up area (58%), experienced 

higher temperature, while A2 area, which has a high green 

cover (46.36%) witnessed consistently lower temperatures 

in comparison (Figure 3, Table 1). The peak average 

temperature difference during observation time, was 

2.23°C at night (21:00 hrs) while the lowest was in the 

morning (09:00 hrs) with 0.87°C (Table 1), which justifies 

the usual pattern of AUHI. The distance between both 

locations is just around 3km; still, the effect of vegetation 

on microclimatic UHI is significantly considerable. Due to 

the lack of trees and greenery at A1, the evapotranspiration 

must have been reduced, declining the natural cooling 

along with poor shade to urban surfaces from scorching sun 

rays. Such conditions are known to favour the formation of 

UHI and further its intensification [13], [34], [67]. The 

maximum UHII registered was 3.1 °C during the 

observation time at 21:00 hrs, while the minimum was 

0.6 °C when observed at 09:00 hrs (Table 2). This is 

happening because throughout the day, unshaded urban 

built mass at A1, absorbed more heat and reduced the long 

wave radiation. In such a scenario with reduced cooling, 

the heat continues to dominate the microclimate of A1, 

resulting in intensified UHII by night. 

 Spatial analysis of the correlation between 

temperature variation and green cover 

After the scrutiny of green cover at selected locations, it 

was found that A1 has 65.96% less green cover in 

comparison to A2 (Figure 3). This notable absence of green 

cover can be identified as a significant contributing factor 

to the formation of UHI at A1, as substantiated by 

comprehensive research findings [13], [34], [35], [62], [68]. 

It was analyzed that with the reduction of green cover from 

46.36% (A2) to 15.78% (A1), the average mean 

temperature difference of all time slots was 1.59°C (Figure 

3, Table 1). Consequently, it can be deduced that a 10% 

decrease in green cover leads to a temperature increase of 

0.082° Cat A1. 

 Spatial analysis of the correlation between relative 

humidity and green cover 

The findings demonstrate that A1 has 65.96% less green 

cover in comparison to A2 (Figure 3). In concern with 

relative humidity, it can be inferred that a 10% reduction in 

green cover leads to a decrease of 0.141% in humidity at 

A1 (Figure 3, Table 3). This scenario might be taking place, 

as inadequate green cover reduces the evapotranspiration 

process, which leads to lower relative humidity [13]. 

Evapotranspiration plays a crucial role in cooling down 

temperatures, and lack of it eventually acts as a catalyst in 

the formation of UHI [13], [34], [35]. Such a scenario 

makes A1 microclimate difficult to restrain for urban 

dwellers. 

Table 1.  Mean temperature (°C) of A1 and A2 and the difference between them at chosen timings in the course of the survey period 

MEAN TEMPERATURE DIFFERENCE (°C) 

Time Mean Temperature 

Centre Point Chauraha (A1) 

Mean Temperature 

Staff Club Chauraha (A2) 

Mean Difference 

09:00 36.63 35.76 0.87 

12:00 41.80 40.43 1.37 

15:00 42.78 41.13 1.65 

18:00 37.64 35.80 1.83 

21:00 34.00 31.77 2.23 

   Average = 1.59 
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Figure 3.  Image depicting the green cover and built-up area within a 500m radius of the study locations (Source: Author) 

Table 2.  Maximum and minimum UHI intensity at selected timings throughout the survey period 

ANALYSIS OF UHI INTENSITY (UHII) 

Time Maximum UHI Minimum UHI 

09:00 1.4 0.6 

12:00 1.8 1.1 

15:00 2 1.2 

18:00 2.4 1.4 

21:00 3.1 1.6 

Table 3.  Mean relative humidity (%) at A1 and A2 and the difference between them at selected timings during the survey period 

MEAN HUMIDITY DATA (%) 

Time Mean Humidity 

Centre Point Chauraha (A1) 

Mean Humidity 

Staff Club Chauraha (A2) 

Mean Difference 

09:00 33.01 34.96 1.95 

12:00 25.73 27.21 1.49 

15:00 23.58 26.43 2.85 

18:00 29.80 32.61 2.82 

21:00 36.08 40.70 4.63 
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3.1. Mitigating UHI through Trees and Vegetation 

Increasing urban greenery has the potential to serve as 

one of the most efficient and inexpensive strategies to 

mitigate UHI impact [17], [42], [55]. Urban greenery can 

influence the air temperature through diverse mechanisms. 

The two prominent aspects are evapotranspiration and 

shading. Evapotranspiration directly helps in cooling the 

air temperature near the green areas by 2 to 8°C [11]. 

Shading, on the other hand, assists in reducing the 

incoming solar radiation. Consequently, these factors 

decrease the absorption and conversion of solar energy into 

heat energy, thereby limiting the impacts of UHI [69]. 

The size and dispersion of green spaces in urban areas 

are regarded as the critical drivers influencing thermal 

comfort [20], [70], [71]. Therefore, it is important to 

strategically and effectively increase the green cover to 

fetch maximum results[70]; otherwise, it may have 

negative consequences like increased temperature, which 

may accelerate the UHI effect [51]. Trees' good growth and 

their type are essential considerations. Shade trees, with 

their expansive canopies, are an appropriate choice as they 

provide shade to buildings and pedestrians, as well as limit 

the direct exposure of sunrays on urban surfaces, thereby 

effectively maintaining a cooler microclimate [16]. The 

strategic placement of trees is an equally important factor 

to consider. For optimal shading effects, it is preferable to 

position trees in the east, southeast, west, and southwest 

directions [41]. Trees along with street furniture will 

enhance the visual aesthetics and urban comfort of the 

cities. A mature tree can release as much as 450 liters of 

water into the air in a day through evapotranspiration, 

which is the same amount of work done by a 5-star A.C. in 

a 20-hour usage per day [41]. The associated saving 

benefits from a tree can be up to $200, depending on the 

climatic conditions, and its planting and maintenance costs 

can range from $10 to $500 [69]. Regarding relative 

humidity, it was shown that a 10% decrease in green cover 

causes the humidity at A1 to drop by 0.141%. 

The associated studies show how the increase in green 

cover can help to maintain a better urban microclimate. 

Temperatures were found to be consistently lower in the 

A2 region, which has a high percentage of green cover 

(46.36%), than in A1, which has a low percentage of green 

cover (15.78%) and a high percentage of built-up area 

(58%). The increase in green cover can be achieved in two 

ways ̶ increasing the green cover on the ground and 

introducing vertical greenery in the A1 region thus 

lowering the temperatures. Green cover on the ground can 

be increased by planting trees or introducing urban parks or 

grassy areas. Trees could potentially hold warm air under 

their canopies, while a grassy area allows minimal 

resistance to air movement, which facilitates cooling 

through convection [6]. A park could be around 1°C cooler 

compared to an area with no greenery [72]. 

According to simulation research conducted by 

Dimoundi and Nikolopoulou [17], a row of trees on a 

100m2 area of a basic urban setting has the ability to lower 

air temperature by 1K. Additionally, a 100m2 park area has 

the potential to reduce the temperature on streets by around 

4K. 

Some of the strategies are discussed below to increase 

greenery and vegetation: 

 Green Roof 

Typically, roofs are characterized by their dark color, 

which possesses poor reflectivity i.e. low albedo. This 

means that materials with dark colors tend to absorb a 

greater amount of heat. Roofs and pavements cover 60% of 

the urban surfaces and consume 80% of sunlight [12]. 

Converting these heat-absorbing roofs into green roofs can 

be an effective strategy. A green roof consists of a 

vegetative layer that grows on rooftops. Research 

conducted by Pompeii II [73] in Chicago, revealed that the 

implementation of green roofs can result in an average 

reduction of 1.77°C in indoor temperature and 0.24°C in 

outdoor temperature. According to Susca et al. [74], it has 

been found that green roofs have the potential to enrich the 

microclimate since they enhance air quality and boost 

water retention by a margin of 7 to 10%. 

Implementing green roofs in buildings in the A1 area 

could be a highly effective solution without causing 

significant disruption to urban activities. These buildings' 

rooftops can be covered with a vegetative layer, placed 

over a steel framework positioned at an elevation of 

approximately 1.5m to 1.8m above the roof surface. This 

approach will not only offer shade to the sun-exposed roof 

but also facilitate the cooling of air between the roof and 

the vegetative covering, all while allowing sufficient 

height for unrestricted movement. 

 Vertical Greenery 

Areas of high density usually have limited available land. 

In such conditions, planting can become somewhat 

challenging. Therefore, the installation of green walls can 

be contemplated as a viable solution to increase greenery. 

These walls serve as a vertical ecosystem that generates a 

microclimate, resulting in a substantial reduction in 

temperature and an enhancement in the energy efficiency 

of the buildings they are installed on. This is because these 

green walls increase the thermal mass of the buildings, 

which helps to regulate the temperature inside [41], [75]. 

Typically, green walls experience a maximum temperature 

of around 30°C, whereas conventional walls' temperature 

can extend up to 60°C [41]. Apart from lowering the urban 

temperature and energy usage of buildings, they also help 

to improve the aesthetics of urban areas, making them 

more attractive and inviting for residents and visitors along 

with creating more sustainable and livable cities. 

 Policies to Promote Vegetation and Greenery 

As stated by Imam and Banerjee [76], people’s lack of 

technological understanding and scientific consciousness 
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has led to a decline in green cover. This can be overcome 

by government-backed initiatives and awareness programs. 

Such things can help to dispel misconceptions and 

encourage people to plant more trees. City authorities can 

organize programs such as "Tree Census" that will 

facilitate the identification and help quantify the number of 

trees within a specific zone or area. This initiative would 

involve various trees’ physical attributes, such as 

approximate height, age, variety, overall health, etc. The 

collected data could subsequently be utilized to educate the 

public regarding the benefits of trees. A similar endeavor 

named “Right Place, Right Tree” was launched in London 

to provide technological guidance for the city’s intelligent 

greening [76]. Authorities can organize public events like 

"Green City-Name", where free trees/plants can be gifted, 

to instill their environmental responsibilities and 

accountability in people. In return for receiving free plant 

saplings, individuals could be encouraged to pledge their 

participation in their locality’s tree census program or to 

adopt green roofs for their homes. Tree planting programs 

can be structured to be cost-effective, which will make 

them more accessible for communities that wish to 

participate in these programs. Such programs have the 

potential to teach and motivate youngsters to voluntarily 

engage in tree planting and their management. However, 

Imam and Banerjee [76] argued that the successful 

outcomes of such campaigns rely on public engagement 

and participation, which is currently missing in India. 

4. Conclusions 

The spatial analysis of empirical data from the selected 

locations in this research justifies the fact that the UHI 

effect and its intensity can occur and vary over small 

distances in microclimate about the amount of green cover 

available. The findings of this study align with the 

outcomes of most of the associated studies [15], [34], [67], 

[74], [77]. It was found that A1 which has poor green cover 

experienced high temperature, while A2 which has more 

vegetation and grassy area witnessed less temperature rise 

(Table 1, Figure 3). The absorbed urban heat at A2 reduced 

much more quickly after sunset compared to A1 because of 

the presence of the high green cover. This scenario resulted 

in a continuous increase in UHII after sunset and found it 

maximum during observation time at early night (21:00 

hrs). It was found that A1 had consistently higher 

temperatures compared to A2. This can be attributed to the 

lack of trees and green cover at A1. Soltani and Sharifi [34] 

also indicate similar results in their study in which they 

found that the reduction in tree canopy has a direct 

correlation with the intensification of the UHI effect. A1 

also experienced lower humidity compared to A2 (Table 3). 

Reduced humidity along with already elevated temperature 

at A1 can produce uncomfortable microclimatic conditions 

for urban dwellers. 

The results of this research shed some insight related to 

the thermal effects of trees and vegetation in the urban 

environment, implying that it may significantly enhance 

the urban microclimate, and help to attenuate the UHI 

impact, by lowering the temperature, particularly during 

summertime in urban centers. Such investigative 

endeavors can contribute to developing a detailed 

comprehension of microclimatic UHI, which might 

become the base for creating a thermally pleasant 

microclimate. However, there is limited scope to increase 

vegetation in dense urban areas; therefore, other mitigation 

methods like adopting high albedo materials along with 

possible vegetation increase can show a major impact in 

mitigating UHI. Thus, there is scope for future research to 

examine the impact of adopting hybrid mitigation 

strategies for UHI. This study only included measured data 

from the diurnal period. Additional observation of the 

nocturnal period can significantly help in understanding 

the entirety of microclimatic variations of a city, which 

could be the scope of future studies. 

Acknowledgements 

The authors would like to thank Dr. Mohd. Khalid 

Hassan, Chairman of the Department of Architecture, 

Aligarh Muslim University, for providing the equipment 

and his valuable input for the successful completion of this 

research. The first author would like to express his 

gratitude towards his batch mate Ar. Sonal Jain for 

assisting with fieldwork for data collection. 

 

REFERENCES 

[1] United Nations, “World Urbanization Prospects 2018,” 
2018. [Online]. Available: https://population.un.org/wup/ 

[2] Census of India, “Census of India 2011: Urban Rural 
Distribution of Population,” New Delhi, 2011. [Online]. 
Available: http://censusindia.gov.in/2011-prov-results/pap
er2/data_files/india/Rural_Urban_2011.pdf 

[3] United Nations India, “Poverty and Urbanisation.” 
https://india.un.org/en/171267-poverty-and-urbanisation 
(accessed Mar. 16, 2023). 

[4] Kousis, I., Pigliautile, I., Pisello, A.L., “Intra-urban 
microclimate investigation in urban heat island through a 
novel mobile monitoring system,” Scientific reports. Rep., 
vol. 11, no. 1, pp. 1–17, 2021. DOI: 10.1038/s41598-021-8
8344-y. 

[5] Filho, W. L., Icaza, L. E., Emanche, V. O., Al-Amin, A. Q., 
"An evidence-based review of impacts, strategies, and tools 
to mitigate urban heat islands," International Journal of 
Environmental Research and Public Health, vol. 14, no. 12, 
pp. 1–29, 2017. DOI: 10.3390/ijerph14121600. 

[6] Shishegar, N., “The Impact of Green Areas on Mitigating 
Urban Heat Island Effect: A Review,” Inernational Journal 
of Environmnetal Sustainability, vol. 9, no. 1, pp. 119–130, 



1114 Spatial Analysis of Green Cover Concerning Urban Heat Island Effect in Micro-Climate  

 

2014. 

[7] Howard, L., "The Climate of London," International 
Association for Urban Climate, vol. 1, 1833, [Online]. 
Available:https://urban-climate.org/documents/LukeHowa
rd_Climate-of-London-V1.pdf 

[8] Sharma, P., “Literature Review of UHI Studies to Find the 
Gaps in Indian Studies in Comparison to International 
Studies,” International Journal of Engineering Research & 
Technology, vol. 10, no. 01, pp. 762–770, 2021. 

[9] Veena, K., Parammasivam, K. M., Venkatesh, T. N., 
“Urban Heat Island studies: Current status in India and a 
comparison with the International studies,” Indian Academy 
of Sciences, vol. 129, no. 85, 2020. DOI: 
10.1007/s12040-020-1351-y. 

[10] Oke, T. R. “Initial guidance to obtain representative 
meteorological observations at urban sites,” World 
Meteorological Organization., no. 81, p. 51, 2004, [Online]. 
Available: http://www.geog.ubc.ca/~toke/IOM-81-Urban
MetObs.pdf 

[11] Taha, H., “Urban climates and heat islands: Albedo, 
evapotranspiration, and anthropogenic heat,” Lawrence 
Berkeley National Laboratory, vol. 25, no. 2, pp. 99–103, 
1997. DOI: 10.1016/s0378-7788(96)00999-1. 

[12] US EPA, “Urban Heat Island Basics Reducing Urban Heat 
Islands: Compendium of Strategies,” U.S Environmental 
Protection Agency, pp. 1–22, 2008, [Online]. Available: 
https://www.epa.gov/sites/default/files/2014-06/documents
/basicscompendium.pdf 

[13] Gartland, L., "Heat Islands: Understanding and mitigating 
heat in urban areas", Earthscan, 1st ed 2008. DOI: 
10.4324/9781849771559. 

[14] Yow, D. M., "Urban Heat Islands: Observations, Impacts, 
and Adaptation," Geography Compass, vol. 6, pp. 1227–
1251, 2007. 

[15] Wong, P. P. Y., Lai, P. C., Low, C. T., Chen, S., Hart, M., 
“The impact of environmental and human factors on urban 
heat and microclimate variability,” Building Environment, 
vol. 95, pp. 199–208, 2016. DOI: 10.1016/j.buildenv.2015.
09.024. 

[16] Akbari, H., Pomerantz, M., Taha, H., “Cool surfaces and 
shade trees to reduce energy use and improve air quality in 
urban areas,” Elsevier Science, vol. 70, no. 3, pp. 295–310, 
2001. DOI: 10.1016/S0038-092X(00)00089-X. 

[17] Dimoudi, A., Nikolopoulou, M., “Vegetation in the urban 
environment: Microclimatic analysis and benefits,” Energy 
and Buildings, vol. 35, no. 1, pp. 69–76, 2003. DOI: 
10.1016/S0378-7788(02)00081-6. 

[18] Asadi, A., Arefi, H., Fathipoor, H.,"Simulation of green 
roofs and their potential mitigating effects on the urban heat 
island using an artificial neural network: A case study in 
Austin, Texas," Advances In Space Research, vol. 66, no. 8, 
pp. 1846–1862, 2020. DOI: 10.1016/j.asr.2020.06.039. 

[19] Akbari, H., Davis, S., Dorsano, S., Huang, J., Winnett, S., 
“Cooling Our Communities: A Guidebook On Tree 
Planting And Light - Colored Surfacing,” Lawrence 
Berkeley Laboratory, p. 264, 1992, [Online]. Available: 
https://escholarship.org/content/qt98z8p10x/qt98z8p10x.p
df 

[20] Lee H., Mayer, H., “Maximum extent of human heat stress 
reduction on building areas due to urban greening,” Urban 
Forestry and Urban Greening, vol. 32, pp. 154–167, 2018. 
DOI: 10.1016/j.ufug.2018.04.010. 

[21] Alves, E. D. L., Lopes, A., “The urban heat island effect and 
the role of vegetation to address the negative impacts of 
local climate changes in a small Brazilian City,” 
Atmosphere, vol. 8, no. 18, 2017. DOI: 10.3390/atmos802
0018. 

[22] Britannica, “microclimate,” Encyclopedia Britannica, Mar. 
17, 2022. https://www.britannica.com/science/microclimat
e (accessed Mar. 05, 2022). 

[23] Oke, T. R., “The energetic basic of the urban heat island,” 
Quarterly Journal of the Royal Meteorological Society., vol. 
108, pp. 1–24, 1982. 

[24] Sahu, S., Pawar, A. S., Mukherjee, M., "Urban Heat Island 
Investigation: Techniques and Methods so Far," 
Architecture- Time Space & People, vol. 14, no. 3, pp. 16–
22, 2014, [Online]. Available: https://www.researchgate.ne
t/publication/330701184 

[25] Hulley, M. E., “The urban heat island effect: Causes and 
potential solutions,” Metropolitan Sustainability, pp. 79–98, 
2012. DOI: 10.1533/9780857096463.1.79. 

[26] Lowry, W. P., “Empirical Estimation of Urban Effects on 
Climate: a Problem Analysis.,” Journal of Applied 
Meteorology, vol. 16, no. 2, pp. 129–135, 1977. DOI: 
10.1175/1520-0450(1977)016<0129:EEOUEO>2.0.CO;2. 

[27] Memon, R. A., Leung, D. Y. C., and Chunho, L., “A review 
on the generation, determination and mitigation of Urban 
Heat Island,” Journal of Environmental Sciences, vol. 20, 
no. 1, pp. 120–128, 2008. DOI: 10.1016/S1001-0742(08)6
0019-4. 

[28] Raj, S., Paul, S. K., Chakraborty, A., Kuttippurath, J., 
“Anthropogenic forcing exacerbating the urban heat islands 
in India,” Journal of Environmental Management, vol. 257, 
2020. DOI: 10.1016/j.jenvman.2019.110006. 

[29] Imamura, I. R., “Controlling Summer Heat 
Islands,”Lawrence Berkeley Laboratory, Berkeley, 
California: Lawrence Berkeley Laboratory, 1989. 

[30] Oke, T. R., “City size and the urban heat island,” 
Atmospheric Environment, vol. 7, pp. 769–779, 1973. 

[31] Berdahl, P., Bretz, S. E., “Preliminary survey of the solar 
reflectance of cool roofing materials,” Energy and 
Buildings, vol. 25, no. 2, pp. 149–158, 1997, doi: 
10.1016/s0378-7788(96)01004-3. 

[32] Asaeda, T., Ca, V. T., “Heat storage of pavement and its 
effect on the lower atmosphere,” Atmospheric Environment, 
vol. 30, no. 3, pp. 413–427, 1996. DOI: 
10.1016/1352-2310(94)00140-5. 

[33] Wong, N. H., Jusuf, S. K., “Study on the microclimate 
condition along a green pedestrian canyon in Singapore,” 
Architectural Science Review, no. December 2014, pp. 
192–212, 2010. DOI: 10.3763/asre.2009.0029. 

[34] Soltani, A., Sharifi, E., “Daily variation of urban heat island 
effect and its correlations to urban greenery: A case study of 
Adelaide,” Frontiers of Architectural Research, vol. 6, no. 
4, pp. 529–538, 2017. DOI: 10.1016/j.foar.2017.08.001. 



 Civil Engineering and Architecture 13(2): 1105-1116, 2025 1115 

 

[35] Jain, G., Sarkar, S., “Urban Heat Island: Causes, Effects & 
Mitigating Strategies,” Imperial Journal of 
Interdisciplinary Research, vol. 3, no. 5, 2017. 

[36] Balany, F., Ng, A. W., Muttil, N., Muthukumaran, S., Wong, 
M. S., “Green infrastructure as an urban heat island 
mitigation strategy—A Review,” Water (Switzerland), vol. 
12, no. 3577, pp. 1–22, 2020. DOI: 10.3390/w12123577. 

[37] Priyadarsini, R., Hien, W. N., David, C. K.W., 
“Microclimatic modeling of the urban thermal environment 
of Singapore to mitigate urban heat island,” Solar Energy, 
vol. 82, no. 8, pp. 727–745, 2008. DOI: 
10.1016/j.solener.2008.02.008. 

[38] Coutts, A., Beringer, J., and Tapper, N., “Changing Urban 
climate and CO2 emissions: Implications for the 
development of policies for sustainable cities,” Urban 
Policy and Research, vol. 28, no. 1, pp. 27–47, 2010. DOI: 
10.1080/08111140903437716. 

[39] Valsson, S., Bharat, A., “Impact of Air Temperature on 
Relative Humidity - A study,” Architecture - Time Space & 
People, no. February, pp. 38–41, 2011. 

[40] Balling, R.C., Gober, P., Jones, N., “Sensitivity of 
residential water consumption to variations in climate: An 
intraurban analysis of Phoenix, Arizona,” Water Resources 
Research, vol. 44, no. 10, pp. 1–11, 2008. DOI: 
10.1029/2007WR006722. 

[41] Giguère, M., “Urban Heat Island Mitigation Strategies,” 
Institut national de santé publique du Québec, 2009. 
[Online]. Available: http://www.inspq.qc.ca. 

[42] Akbari, H., “Energy Saving Potentials and Air Quality 
Benefits of Urban Heat Island Mitigation,” Lawrence 
Berkeley National Laboratory, pp. 1–19, 2005, [Online]. 
Available: http://escholarship.org/uc/item/4qs5f42s.pdf 

[43] Clarke, J.F., “Some effects of the urban structure on heat 
mortality,” Environmental Research, vol. 5, no. 1, pp. 93–
104, 1972. DOI: 10.1016/0013-9351(72)90023-0. 

[44] Piracha, A., Chaudhary, M.T., "Urban Air Pollution, Urban 
Heat Island and Human Health: A Review of the 
Literature," Sustainability, vol. 14, no. 15, p. 9234, 2022. 
DOI 10.3390/su14159234 

[45] Basu, R., “High ambient temperature and mortality: A 
review of epidemiologic studies from 2001 to 2008,” 
Environmental Health, vol. 8, no. 1, 2009. DOI: 
10.1186/1476-069X-8-40. 

[46] Heaviside, C., "Urban Heat Islands and Their Associated 
Impacts on Health," Oxford Research Encyclopedia of 
Environmental Science, 2020. DOI: 10.1093/acrefore/9780
199389414.013.332. 

[47] Harlan, S.L., Brazel, A.J., Prashad, L., Stefanov, W.L., 
Larsen, L., “Neighborhood microclimates and vulnerability 
to heat stress,” Social Science & Medicine, vol. 63, no. 11, 
pp. 2847–2863, 2006. DOI: 10.1016/j.socscimed.2006.07.
030. 

[48] Portier, C.J. et al., “A Human Health Perspective on 
Climate Change: A Report Outlining Research Needs on 
the Human Health Effects of Climate Change,” 
Environmental Health Perspectives, no. February 2015, 
2010. DOI: 10.1289/ehp.1002272. 

[49] Minor, K., Bjerre-Nielsen, A., Jonasdottir, S.S., Lehmann, 

S., Obradovich, N., "Rising temperatures erode human 
sleep globally", One Earth, vol. 5, no. 5. Elsevier Inc., 2022. 
DOI: 10.1016/j.oneear.2022.04.008. 

[50] Arbuthnott, K., Hajat, S., Heaviside, C., Vardoulakis, S., 
“Changes in population susceptibility to heat and cold over 
time: assessing adaptation to climate change,” 
Environmental Health, vol. 15, 2016. DOI: 
10.1186/s12940-016-0102-7. 

[51] Myrup, L. O., McGinn, C. E., Flocchini, R. G., "An analysis 
of microclimatic variation in a suburban environment," 
Atmospheric Environment. Part B. Urban Atmosphere, vol. 
27B, no. 2, pp. 129–156, 1993. 

[52] Nowak, D. J., Dwyer, J. F., “Understanding the Benefits 
and Costs of Urban Forest Ecosystems,” Urban and 
Community Forestry in the Northeast, pp. 11–25, 2007. 
DOI: 10.1007/978-1-4020-4289-8. 

[53] Heisler, G. M., “Energy savings with trees,” Journal of 
Arboriculture, vol. 12, no. 5, pp. 113–125, 1986. 

[54] Akbari, H., Taha, H., "The impact of trees and white 
surfaces residential heating and cooling energy use in four 
Canadian cities," Energy, vol. 17, no. 2, pp. 141–149, 1992. 

[55] Wilmers, F., “Green for melioration of urban climate,” 
Energy and Buildings, vol. 11, no. 1–3, pp. 289–299, 1988. 
DOI: 10.1016/0378-7788(88)90045-X. 

[56] Synnefa, A., Dandou, A., Santamouris, M., Tombrou, M., 
Soulakellis, N., “On the use of cool materials as a heat 
island mitigation strategy,” Journal of Applied Meteorology 
and Climatology, vol. 47, no. 11, pp. 2846–2856, 2008. 
DOI: 10.1175/2008JAMC1830.1. 

[57] Trlica, A., Hutyra, L. R., Schaaf, C. L., Erb, A., Wang, J. A., 
“Albedo, Land Cover, and Daytime Surface Temperature 
Variation Across an Urbanized Landscape,” Earth’s Future, 
vol. 5, no. 11, pp. 1084–1101, 2017. DOI: 
10.1002/2017EF000569. 

[58] Li, Q., Ma, M., Wu, X., Yang, H., “Snow cover and 
vegetation-induced decrease in global albedo from 2002 to 
2016,” Journal of Geophysical Research: Atmospheres, vol. 
123, no. 1, pp. 124–138, 2017. DOI: 10.1002/2017JD0270
10. 

[59] Hayden, B. P., “Climate and changes in the albedo of the 
surface,” Britannica.https://www.britannica.com/science/c
limate-meteorology/Climate-and-changes-in-the-albedo-of
-the-surface (accessed Feb. 25, 2023). 

[60] Wong, N. H., Tan, C. L., Kolokotsa, D. D., Takebayashi, H., 
"Greenery as a mitigation and adaptation strategy to urban 
heat," Nature Reviews Earth & Environment, vol. 2, no. 3, 
pp. 166–181, 2021. DOI: 10.1038/s43017-020-00129-5. 

[61] Shiflett, S. A., Liang, L. L., Crum, S. M., Feyisa, G. L., 
Wang, J., Jenerette, G. D., “Variation in the urban 
vegetation, surface temperature, air temperature nexus,” 
Science of the Total Environment, vol. 579, pp. 495–505, 
2017. DOI: 10.1016/j.scitotenv.2016.11.069. 

[62] Kawashima, S., Ishida, T., Minomura, M., Miwa, T., 
“Relations between surface temperature and air temperature 
on a local scale during winter nights,” Journal of Applied 
Meteorology and Climatology, vol. 39, no. 9, pp. 1570–
1579, 2000. DOI: 10.1175/1520-0450(2000)039<1570:RB
STAA>2.0.CO;2. 



1116 Spatial Analysis of Green Cover Concerning Urban Heat Island Effect in Micro-Climate  

 

[63] Berardi, U., GhaffarianHoseini, A. H., GhaffarianHoseini, 
A., “State-of-the-art analysis of the environmental benefits 
of green roofs,” Applied Energy, vol. 115, pp. 411–428, 
2014. DOI: 10.1016/j.apenergy.2013.10.047. 

[64] Roth, M., “Urban heat islands,” Handbook of 
Environmental Fluid Dynamics, vol. 2, pp. 67–75, 2013. 
DOI: 10.1007/978-94-017-9499-2_5. 

[65] Asif, K., “Encroachment of agricultural land in urban fringe 
areas of Aligarh city, India – process and parameters,” 
Asian Geographer, vol. 31, no. 2, pp. 129–148, 2014. DOI: 
10.1080/10225706.2014.883321. 

[66] Voogt, J., “How Researchers Measure Urban Heat Islands,” 
AMS Glossary of Meterology, 2000. DOI: 
10.1007/978-3-642-00887-0_19. 

[67] Erell, E., Pearlmutter, D., Williamson, T., "Urban 
Microclimate: Designing the Spaces Between Buildings", 
1st ed. Earthscan Routledge, 2011. 

[68] Jin, H., Cui, P., Wong, N.H., Ignatius, M., “Assessing the 
effects of urban morphology parameters on microclimate in 
Singapore to control the urban heat island effect,” 
Sustainability, vol. 10, no. 1, 2018. DOI: 
10.3390/su10010206. 

[69] Akbari, H., “Shade trees reduce building energy use and 
CO2 emissions from power plants,” Environmental 
Pollution, vol. 116, pp. 119–126, 2002. 

[70] Gill, S.E., Handley, J.F., Ennos, A.R., Pauleit, S., 
“Adapting Cities for Climate Change: The Role of the 
Green Infrastructure,” Built Environment, vol. 33, no. 1, pp. 
115–133, 1978. DOI: 10.2148/benv.33.1.115. 

[71] Norton, B. A., Coutts, A. M., Livesley, S. J., Harris, R. J., 
Hunter, A. M., Williams, N. S. G., "Planning for cooler 
cities: A framework to prioritize green infrastructure to 
mitigate high temperatures in urban landscapes,"Landscape 
and Urban Planning, vol. 134, pp. 127–138, 2015. DOI: 
10.1016/j.landurbplan.2014.10.018. 

[72] Bowler, D.E., Buyung-Ali, L., Knight, T.M., and A. S. 
Pullin, A.S., “Urban greening to cool towns and cities: A 
systematic review of the empirical evidence,” Landscape 
and Urban Planning, vol. 97, no. 3, pp. 147–155, 2010. 
DOI: 10.1016/j.landurbplan.2010.05.006. 

[73] Pompeii II, W.C., "Assessing urban heat island mitigation 
used green roofs: A hardware scale modeling approach," 
Shippensburg University, 2010. 

[74] Susca, T., Gaffin, S.R., Dell’Osso, G.R., “Positive effects of 
vegetation: Urban heat island and green roofs,” 
Environmental Pollution, vol. 159, no. 8–9, pp. 2119–2126, 
2011. DOI: 10.1016/j.envpol.2011.03.007. 

[75] Dunnett, N., Kingsbury, N., “Planting Green Roofs and 
Living Walls,” Journal of Environmental Quality, vol. 37, 
no. 6, pp. 2408–2408, 2008. DOI: 10.2134/jeq2008.0016br. 

[76] Imam, A.U.K., Banerjee, U.K., “Urbanisation and greening 
of Indian cities: Problems, practices, and policies,” Royal 
Swedish Academy of Sciences., vol. 45, no. 4, pp. 442–457, 
2016. DOI: 10.1007/s13280-015-0763-4. 

[77] Filho, W.L. et al., “Addressing the urban heat islands effect: 
A cross-country assessment of the role of green 
infrastructure,” Sustainability, vol. 13, no. 2, pp. 1–20, 2021. 
DOI: 10.3390/su13020753. 

 


