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Abstract 

Orchards and meadows featured ancient Dhaka city. Gradually over population has 

turned it into a concrete jungle. Rapid urbanization replaces foliage with edifices and 

produces microclimate of higher air temperature or Dry Bulb Temperature (DBT) than 

rural surroundings. Outdoor temperature of Dhaka is 1-1.5 K higher than that of 

immediate regions. Thirty percent denizens of Dhaka commute 0-2.5 km on foot daily. 

Ample striders die in road accident in this pedestrian inimical city. Integrating 

greenways on the street canyons of Dhaka is an implicit remedy alleviating these 

delinquents. Tropical studies found that planted urban streets reduce DBT to the 

extent of 1-3 K. Greenways are linear open spaces built along lush green, stream or 

similar features for non-motorized users that ameliorate environment. 

This study concerns about the microclimatic impact of integrated greenways on street 

canyons at planned residential Dhaka. To unravel this quest, field study was steered 

at eight potential planted and bare street canyons at planned residential Dhaka. The 

microclimatic parameters were recorded from 10.00-18.00 hours at summer days 

using Thermo-Anemometer and Hygro-Thermometer. An existing bare street canyon 

was simulated from 08.00-20.00 hours using Envi-met. Greenway was integrated on 

idem bare model and simulated from 08.00-20.00 hours. Simulated maps were 

extracted through Leonardo. Field and simulation study were analysed to scrutinize 

the microclimatic impact of integrated greenways on the street canyons of Dhaka. 

This study reveals that greenways hold an immense cooling effect on street canyon 

microclimate of planned residential Dhaka enhancing pedestrian thermal comfort. The 

integrated greenway reduced DBT to the extent of 7.03-10.30 K, Mean Radiant 

temperature (Tmrt) 5.76-31.36 K and increased Relative Humidity (RH) 7.90-18.47%. 

This study unveils the role of integrated greenways on street canyons to lessen the 

outdoor DBT of Dhaka. This study escorts the urbanites towards a hustle and bustle 

free thermally comfortable relaxed outdoor walking trail through integrated greenway. 

Keywords  

Integrated greenway, Microclimate, Urban street canyon, Aspect ratio, Pedestrian 

thermal comfort.  
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CHAPTER 1: INTRODUCTION 

1.1 Preamble 
This chapter discusses the background of this thesis. It pronounces the problem 

and purpose of this study. It defines the aims and objectives of this study. To 

fulfil those objectives it depicts the structure of this thesis. It as well identify the 

limitation of this study. 

1.2 Background  
During 19th century, there was a large population growth caused by the 

progressing agricultural revolution of the 18th century. The increase in human 

population and the need for industrial labour lead to the rise of cities. Since the 

industrial revolution the homo-sapiens activity on land surface, the extend of 

landscaping and its trend has been accelerated (Oke, 1982). Urbanisation is an 

extreme form of land use and Land Cover Change (LULC) where natural land 

covers are replaced with manmade infrastructure such as buildings and roads. 

Changes in LULC produce areas with distinct micro-climates, which tend to 

have significantly higher air temperatures or Dry Bulb Temperature (DBT) in 

urban area than their rural surrounding (Oke, 1982). The temperature of the 

urban areas can be in the range of 1.1- 4.4 K higher than the surrounding 

natural landscape (Oke, 1987).  Properties of near-surface climates are altered 

within urban areas relative to their non-urban surroundings. These changes 

include the Urban Heat Island (UHI) effect, which is ubiquitous to every city 

(Arnfield, 2003).  

The procedure of urbanization has transformed the relationship between 

society and the natural environment explicitly the physiognomies of urban 

surfaces (Stone, 2012). Urbanization fallout changes physical properties of 

surfaces, counting water content, thermal capacity, conductivity, albedo and 

emissivity; triggering a reduction in evaporation rates (Voogt and Oke, 2003). 

The deficiency of vegetation incentives the increase of DBT owing to the 

surface heating through the day and the decline of evaporative surfaces 

performing heat exchange. In addition, other issues like change in the urban 
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fabric geometry (height and width ratio of the street canyon), use of materials 

of such thermal properties that store part of the sensible heat and emission of 

anthropogenic heat generated by burning fossil fuel contribute to this effect 

(Oke, 1987).  

The urban microclimate is influenced largely by the city’s morphology, 

materialization and landscaping. Urban canyons bounds long-wave radiation 

heat loss to the sky and usually decrease Wind Speed (WS). Paving materials 

with low albedos and large thermal admittance upsurge heat storage. 

Impervious surfaces and less vegetative cover compared to rural areas 

decrease evapotranspiration from urban areas; resulting more energy input into 

sensible heat, warmer urban areas than their rural surrounding (Oke, 1987; 

Santamouris, 2013). UHI intensity is more distinct at night hours; nevertheless, 

a considerable UHI can develop during daytime as well. This phenomenon 

augments the amount of discomfort and disturbs the workability and health of 

the urban population, specially the senior and the persistently ill. Urban design, 

in specific the geometry of streets familiar as urban street canyons, traps the 

heat and hampers the efficiency of night-time cooling  (Erell, 2008). 

The mean temperature of the earth is swelling at a rate of 0.74 K per century 

(IPCC, 2007). Dark colour, water resistance, specific heat absorption, retention 

and conduction capacities of urban materials, height above sea level, 

topography and all that can contribute to the creation and strengthening of UHI 

effect (Doick and Hutchings, 2013). The development and morphology of the 

UHI directly affects outdoor thermal and climatic comfort, and as well indirectly, 

and mostly unfavourably, affects human health and urban energy use over 

numerous spatio-temporal scales (Mills et al., 2010; Georgescu et al., 2015). 

Cities are the main source of anthropogenic carbon dioxide emissions due to 

the burning of fossil fuel for heating and cooling, industrial processing, transport 

of people and goods and so forth. More than 70% of anthropogenic carbon 

emissions can be attributed to cities. With the wealthy cities located in 

developed countries in the northern hemisphere as the main emitters 

(Svirejeva-Hopkins et al., 2004; Mills, 2007)  place this value of anthropogenic 
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carbon emissions  in excess of 90% (Mills, 2007). Cities are also sources of 

many anthropogenic pollutants emitted to the atmosphere, with consequences 

for both local air quality and for regional and global atmospheric chemistry and 

its consequences for climate change (Lawrence et al., 2007).   

The urban climate is characterized by amplification of DBT values, lower air 

humidity or Relative Humidity (RH) values, and moderation of WS (Oke, 1987), 

that potentially create unpleasant micro-climatic conditions for people, mainly 

during the hot season (Golden and Kaloush, 2006; Baker et al., 2009). The 

highest temperatures can be found in areas with the least vegetation and 

largest concentration of dark paved surfaces. The consequence is that, during 

the day, much of the solar radiation is stored as energy in the urban area, and 

then radiated out overnight. Additionally, more heat is added to the urban 

environment via anthropogenic sources like air conditioning, cars, and other 

machinery (Golden and Kaloush, 2006). 

Pavements become 27-38.9 K higher than the ambient temperature (Taha et 

al., 1992). This affects and raises the ambient temperature through sensible, 

latent and radiative heat flow exchanges (Asaeda et al., 1996). This as well 

ominously deteriorates the human thermal comfort, and sequentially, has a 

negative effect on the urban pedestrian environment. Approximately 39% of the 

urban area is made up of paved surfaces including parking lots and sidewalks. 

Subsequently these surfaces structure the massive majority of the urban fabric, 

and are the main culprit in producing the UHI effect. It is vital to comprehend 

the mechanism by which these paved surfaces effect the near surface DBT, 

and their role in increasing the DBT in the urban areas (Akbari et al., 2001).  

The higher DBT causes heat stress with related mortality and morbidity, 

especially in summer. Besides, higher DBT stimulate the formation of ground-

level ozone in urban areas, which can lead to or aggravate cardio-respiratory 

diseases such as lung inflammation and decreased lung function (Dara, 2010).  

According to the population reference bureau, 2016 (total population 7.4 billion 

in the year 2016), 54% of the world population (3.99 billion) were settled in 

urban areas (Kaneda and Bietsch, 2016). It is predicted that inhabitation in 
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cities will reach 60% by 2030. These ever-growing cities and their consequent 

problems need to be balanced by an effective strategy of sustainable city that 

could meet the crying need of the microclimatic and human wellbeing.  

Planning new configurations using vegetation, increasing the albedo by 

replacing surface coatings with more reflective materials can mitigate warming 

in large urban areas (Stone, 2012). At the microscale, trees are predominantly 

beneficial in lowering urban temperatures and improving human thermal 

comfort caused by both evapotranspiration and shading. Significant factors of 

the intensity of cooling from vegetation include tree location, size and canopy 

coverage, planting density and irrigation management and as much as 80% of 

the cooling effect of trees is from shading (Coutts et al., 2015). Additionally, cool 

pavements decreases solar gain of urban surfaces, implying in moderation of 

UHI (Santamouris and Kolokotsa, 2016).  In addition, the street design, 

orientation, street canyon aspect ratio (height: width), pedestrian walkway, 

shape of  buildings, green spaces, airflow and so on are parameters that impact 

the heat elimination from the surfaces (Mirzaei et al., 2016).  

Dhaka city is no difference from this scenario. Street canyons are the heart and 

main ingredient of Dhaka city like any other cities. Hence, potential Integration 

of greenway on street canyons of Dhaka city could influence the improvement 

of microclimate of Dhaka, which is the core concern of this study. 

1.3 Problem statement 

Similar to numerous cities of the world, Dhaka is the product of impulsive rapid 

growth without any meticulous planning. It is one of the most populated mega 

cities in the world, one of the major metropolitans of South Asia. It is the ninth 

largest and one of the most densely populated cities in the world (Chakma, 

2014). Dhaka is one of the impulsive growing cities in Asia. In 2005, Dhaka had 

a population of 12.43 million, and contained 32% of the country's urban 

population (United Nations et al., 2014). Dhaka encountered a population bang 

in the last 10 years turning from 12.43 million to 14.4 million. Recent studies 

confirmed that the number increased to 18.237 million with the density of 



6 

 

24,628 people per square mile in 2016 (UN, 2016; World Population, 2016). At 

present, Dhaka including the municipalities making the greater Dhaka area with 

a total population of over 18 million has shown a population growth of about 

4.2% annually (Bangladesh Bureau of Statistics, 2007; BBS, 2018; Dhaka 

Population, 2018). Resembling numerous other metropolises of the world, the 

growing population of Dhaka has consequences.  

Dhaka city is growing at an exceptional rate both horizontally and vertically to 

accommodate this exploded population. Planned & unplanned residential areas 

are accepting this population at its very best. Besides growing, it is as well 

adapting different measures to house this huge number of population. Rapid 

growth has filled Dhaka with heterogeneous urban structures. Most of these 

structures are built in the prior vegetation areas. These vegetation areas are 

reducing by this accommodation tendency. The present residential areas of 

Dhaka are losing green areas at an alarming rate. This vegetation areas are 

also distributed in a capricious manner (Jaber et al., 2014). Dhaka has endured 

radical changes in its physical form, along with its vast territorial expansion, as 

well through internal physical transformations over the last decades. These 

have created entirely new kinds of urban fabric. In the process of urbanisation, 

the physical characteristics of Dhaka has gradually changed as plots and open 

spaces are transformed into building areas, open squares into car parks, low 

land and water bodies into reclaimed built-up lands and so on. Green fields are 

converted into brown fields. Consequently, the previous green spaces are 

replaced by the built-up areas at an unrivalled pace from 8.4% to 46% between 

1989 and 2009 (Ahmed, 2013). The old part and new part of Dhaka has only 

5% and 12% of green open spaces respectively (DMDP, 1997).  

Less green space creates an UHI effect. This densely built up areas in Dhaka 

lead to a higher outdoor temperature, explicitly to the extent of 1 K to 1.5 K 

higher than the immediate urban zones with more green coverage. It is a range 

of 0.5 K to 1 K higher than the average meteorological record. In addition, the 

indoor DBT of residential buildings in neighborhoods with less green covering 

rise at a range of 1 K to 2 K, thus creates thermal discomfort among occupants 



7 

 

(Tabassum and Sharmin, 2011). In the tropics, the outdoor thermal comfort 

conditions during daytime are often far above the acceptable comfort standards 

due to intense solar radiation and high solar altitudes (Ali-Toudert and Mayer, 

2005; Johansson and Emmanuel, 2006).  

Some major environmental issues for Dhaka are subsequent (Hossain, 2010).  

 Overheating in hard and flat surfaces of dense settlement,  

 Use of air conditioning for high UHI effect,  

 High energy consumption, high greenhouse gas emission,  

 Air pollution due to over traffic congestion,  

 Water logging during rainy seasons,  

 Lack of green open land for urban agriculture or horticulture,  

 Low wildlife provision in dense residential and commercial area,  

 Low use of roof as a recreational space,  

 High ecological footprint.  

In terms of the vital need, World Health Organization (WHO) recommends 4.23 

acres of greeneries per 1000 people. In contrast, the Detailed Area Plan (DAP) 

in Dhaka has proposed an insufficient quantity of greeneries (0.2 acres for 1000 

people) and has even failed to allocate land for them. Meanwhile, Hong Kong, 

the most crowded city on earth, provides on average 0.71 acres of greeneries 

per 1000 people, which is more than four times the amount of greeneries 

proposed by DAP  (WHO, 2006).  

1.4 Purpose statement 
According to Khan and Nilufar (2009), Dhaka represents a composite urban 

form that has developed spontaneously through ages without any rigid planning 

proposal, where planned residential areas are divided into plots. Previously 

building regulation 1996 was active and many residential areas were developed 

following that code. In 2006, a new building regulation was established. Street 

canyon aspect ratio (building height and road width ratio) varied compared to 
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previous building regulation through this new one. In current situation, Dhaka is 

getting many established planned residential areas. Nonetheless, maximum 

settlement has already been built according to previous building regulation of 

1996 where the building height was found between 5 to 6 stories. As they have 

only recently been built, they are expected to stay for the elongated future. This 

study focuses on these previously planned residential areas.  

Dark surfaces for instance asphalt and other impermeable pavement materials 

contribute towards worsening pedestrian thermal comfort and increasing air 

temperature and surface temperature. In addition, the hard surfaces of roads 

gain heat and causes higher DBT on Dhaka city (Ahmed, 1995). Street canyon 

is the core ingredient of urban canopy layer of a city (Oke, 1988; Arnfield, 1990; 

Ali-Toudert and Mayer, 2007). Research shows that vegetation and street trees 

has a great Cooling Effect (CE) explicitly reducing DBT on urban street canyon 

as well creating pedestrian thermal comfort (Rosheidat, 2014; Silva et al, 2017). 

Many studies proved that the urban vegetation and street trees can reduce the 

outdoor DBT to the extent of 1 K to 3 K at a hot arid locations (Shashua-Bar 

and Hoffman, 2000). Several studies show that cool pavements explicitly 

reflective and permeable pavements influence reducing surface temperature, 

air temperature, and provide pedestrian thermal comfort (Qin, 2015; Li, 2016).  

30% people of Dhaka city travel between 0-2.5 km on foot daily to their work 

space or other nearby places (RAJUK and Gob, 2015). Dhaka is a pedestrian 

antagonistic city where a large number of pedestrian die or get hurt in road 

accident daily (DTCB and MOC, 2010). 

Greenways can be an implicit remedy relieving these problems. To make a 

thermally comfortable microclimate and pedestrian friendly city and attract the 

urbanites towards walking for their physical and mental health benefits, 

worldwide greenways are becoming popular gradually. Greenways are the 

linear-corridor shield that enhances environmental quality offering outdoor-

relaxation (Little, 1995). Greenways are considered as a linear open space built 

along lush green, water body and other similar features for pedestrian (Mugo, 

2012). It provides the urbanites safe and joyful walk through the city. 
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Greenways can as well enhance urban microclimate and storm water drainage 

and prevent surface runoff, flooding and so on (Flink and Searns, 1993; Little, 

1995; Brasier, 2011; Marwa, 2012).  

However, Dhaka city is lagging behind in case of making a thermally 

comfortable pedestrian friendly city. It is also lagging behind in terms of sound 

microclimatic environment explicitly thermally comfortable cool outdoor 

environment. It is undeniable that pedestrian safety and thermal comfort are 

ultimate negligible issues in Dhaka city. Which leads to many health issues and 

road accidents (DMDP, 1997; DTCB and MOC, 2010; RAJUK and Gob, 2015). 

When the world is embracing a tremendous transformation in creating CE, 

reducing outdoor DBT, creating thermally comfortable pedestrian walkways, 

embracing innovations such as greenways, Dhaka has shown a little effective 

progress in this field limited to planting some scattered street trees. This is the 

high time for Dhaka to embrace the drastic transformation in hemming a 

network of safe and secure urban environment. 

The snags discoursed above can be plausibly responded with one solution 

called greenway explicitly applying greenway on urban street canyon of Dhaka 

city. This research concerns about the potential impact of applying greenway 

on street canyons of planned residential areas of Dhaka city. Research in this 

area is significant because there are many studies on the role of vegetation or 

street tree and cool pavements on reducing the DBT and providing thermal 

comfort to the pedestrians. There are also several studies on the role of 

greenway providing a safe and joyful urbanite experience, storm water 

management and preventing surface water runoff, flooding and so on. 

Nevertheless, these scattered elucidations are not synchronized yet to come 

up with a unique solution solving most of the hitches. However, there is lack of 

studies or explicitly no significant studies on the CE or pedestrian thermal 

comfort and precise microclimatic impact of greenway. This study seeks for 

determining the microclimatic impact of the implicit integration of greenway on 

the street canyons at planned residential areas of Dhaka city. Explicitly the 

possibility of achieving CE and the pedestrian thermal comfort by implementing 
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greenway on street canyons of Dhaka city. Since this potential impact of 

greenway on the microclimate of street canyons of Dhaka city may lead to a 

safe and secured thermally comfortable pedestrian friendly city along with 

cooling the city. This study may lead towards the plausibility of greenways 

contribution to lessen the increasing outdoor temperature of Dhaka city 

providing the city dwellers a hustle and bustle free, safe and secure pedestrian 

trail and a prime source of relaxation for the urbanites.  

1.5 Aim and objectives 
The aim of this research is to study the potential impact of integrating greenway 

on urban street canyons at planned residential areas of Dhaka city. 

 To find out the characteristics of existing microclimate on urban street 

canyons at planned residential areas of Dhaka city. 

 To study the potential impact of integrating greenway on urban street 

canyon microclimate at planned residential areas of Dhaka city. 

1.6 Structure of the thesis 
This thesis is designed into seven chapters counting Introduction, Literature 

review, Methodology, Field study, Simulation study, Discussion and 

Conclusion. The structure of this thesis is presented in Figure 1. 1. 

Introduction: The first chapter pronounces the background of this study. It 

states the problem and purpose of this study. Subsequently it discourses the 

aims and objectives of this study. Successively, it describes the structure of this 

thesis. This chapter concluded with the limitation of this study. 

Literature review: The second chapter elucidates the Literature review. In this 

chapter, worldwide conducted research on urban greenway is thoroughly 

studied. The present climatic condition of Dhaka, planted and bare street 

canyon microclimate, cooling effect of urban vegetation and cool pavements on 

urban street canyons are reviewed from various publications.  
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Figure 1. 1: Structure of the thesis. 
Legend: DBT=Dry Bulb Temperature, RH = Relative Humidity, WS = Wind Speed and Tmrt = 
Mean Radiant Temperature. 

Methodology: The third chapter depicts the methods and methodology of this 

study. This chapter states that this study is mix method in approach. The 

inclusive scheme is categorized as quantitative research blending experimental 

or field survey, simulation and analytical method. This chapter depicts 

recommended methods of profound researchers for quantifying the urban 

microclimatic impact and outdoor thermal comfort from distinguished 

publications. Subsequently this chapter shows the implementations of those 

methods in this study. This chapter concludes with declaring the justification 

and validity of the selected methodology for this study. The conceptual 

framework of the research designed for this study is presented in Figure 1. 2. 

Field survey: The fourth chapter defines the field study of this research. This 

chapter illustrates that the field exploration is conducted investigating the 

existing condition of urban street canyon microclimate for selected sites. After 

extensive reconnaissance, the sites are selected in such a way that they 

contain street canyons with diverse aspect ratio (mostly 6 stories building height 

and 18 m to 36 m road width). Streets are gridiron patterned representing the 

whole area. Both North South and East West oriented, green and bare streets 
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Figure 1. 2: Conceptual framework. 

are selected for comparisons. Good number of pedestrians use the streets 

points of selected sites. These sites are selected as they encompass all the 

essential features for this particular study. To identify the microclimatic thermal 

status and thermal comfort level, at each site, DBT, Relative Humidity (RH) and 

Wind Speed (WS) was measured from 10.00 to 18.00 hours at one-hour interval 

using mini Thermo-anemometer and Clock and hygro-thermometer.  

 

 

 

 

 

 

Simulation study: The fifth chapter portrays the simulation study of this 

research. This chapter clarifies that this study has directed numerical simulation 

using Envi-met V4.3.2 Summer 18 software. The simulation is conducted in two 

phases. Firstly, based on field survey and existing infrastructures simulation is 

run on the bare street canyon. The microclimatic impact of integrating greenway 

on the same urban street canyon is focused in the second phase. To identify 

the microclimatic thermal status and thermal comfort level, DBT, RH, Mean 

Radiant Temperature (Tmrt) and WS, maps and line charts are extracted from 

the simulation study in both phases using Leonardo 4.3.0 software. 

Discussion: The sixth chapter defines the detail discussion of the findings of 

this study. The data obtained from field survey in terms of DBT, RH and WS 

are analysed and compared through comparative lines charts. DBT, RH, WS 

and Tmrt data obtained from simulation study are analysed and compared with 

bare and greenway integrated street canyons through comparative line charts 

and simulation maps. The validity of the simulation study data is checked 

through percentage deviation calculation with field study data. Findings at this 

stage aid quantifying the impact of greenway on urban street canyon 

microclimate at planned residential areas of Dhaka city.  
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Conclusion: The seventh chapter concludes this study. This chapter describes 

the outcome of this study. The concluding chapter of this research substantiates 

that the integrated greenway ameliorate the microclimate and pedestrian 

thermal comfort of urban street canyons at planned residential areas of Dhaka. 

1.7 Limitations 
It is difficult to estimate the actual contribution of greenways on pedestrian 

thermal comfort, and reducing the outdoor DBT or the overall microclimatic 

impact on urban street canyon. As it is dependent on many other factors for 

instance, street materials, the geometry of urban space, anthropogenic heat 

from traffic and mechanical equipment. In addition, for this particular study only 

daytime microclimatic parameters are investigated. Further research can be 

conducted considering night-time microclimatic measurements.  

1.8 Summary 
With travel of time, ancient Dhaka city, featured with orchard and meadows, is 

turned into a congested place of brick, concrete and asphalts. Rapid 

urbanization brought environmental degradation; increased outdoor DBT 

consequently amplified human health risks. The ability of greenways enhancing 

microclimatic environment, offers an opportunity for the greenway users to 

enjoy a thermally comfortable outdoor environment. Greenways offer the 

urbanites walking impulsively in the benign intriguing emerald trail from which 

they often feel far removed at present situation with urban built environment. 

This study offers an orientation for placing viable strategies of integrating 

greenways on urban street canyons of planned residential areas of Dhaka 

based on findings relating to impact of greenways on urban street canyons 

microclimate and pedestrian thermal comfort. In this chapter the background, 

statement of problem and purpose of statement of this research is revealed. 

Subsequently, aims and objectives are formed to seek for retorts through 

conducting this research. The structure of this thesis and limitations of this study 

are discoursed. In the following chapter, an extensive Literature review in 

forming this research is offered.  
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CHAPTER-2: LITERATURE REVIEW 

2.1 Preamble 
This chapter discusses about the previous studies on urban greenways, there 

definitions, benefits and evolution. To hunt down the root of the urban greenway 

this chapter discourses the conducted studies on Urban Green Infrastructure 

(UGI). It pronounces the implementation of greenways in urban city and their 

challenges. Gradually this chapter talks over the necessity of urban greenways 

on the current global city sustainability perspective. Subsequently, it takes a 

closer look on the current environmental status of Dhaka and the necessity of 

urban greenways in perspective of Dhaka. There is a discussion on thermal 

comfort indices; thermal comfort level; microclimate urban surface energy 

balances; smart material; screening of tree species for outdoor thermal comfort 

and greenway researches on Dhaka, Bangladesh for better understanding. 

This chapter concludes pondering the need of conducting this research.  

2.2 Urban sustainability and livability 
In 1987, a United Nations committee addressed sustainability as meeting the 

needs of the present without compromising the ability of future generations to 

meet their needs (World Commission on Environment and Development, 

1987). By 2050, it is estimated that 70 percent of the global population would 

live in urban areas (Ahern, 2011). This geographical change of settlement 

would greatly affect land use, resources, quality of life, and the social equity of 

cities. This alteration sparks a need for sustainable development practices 

within urban areas. New infrastructure need to be built replacing or updating 

the old failing infrastructure. This demand offers an opportunity to create and 

amplify the green infrastructure that sustains the natural processes in cities to 

ameliorate sustainability. Sustainability is a bare generic concept (Entropy, 

2005). It is multi-dimensional, involving the nurture of natural resources and 

spatial patterns of land use (Leila & Ahern, 2002). Green infrastructure is an 

intertwined nexus of green spaces that fosters natural ecosystem values and 

functions bestowing affiliating advantages to human populace (Benedict and 

McMahon, 2002). Greenways embody an intrinsic ingredient of green 
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infrastructure and connects to the sustainability and resilience of a city. Urban 

planning hinges on the triple bottom-line of sustainability as following 

(Campbell, 1996).  

 Environmental Sustainability,  

 Economic Sustainability and 

 Social Equity.  

The environmental sustainability aspect convenes on retaining resources for 

future generations and reducing ruinous effects to the environment from urban 

formations. Often, these three goals conflict. Nonetheless, all three 

sustainability goals can be achieved through transdisciplinary planning 

(Campbell, 1996; Ahern, 2010). 

“The greenway area is distinctive in its proximity to exciting and convenient 

commercial districts. Over time, it will grow as a place where the natural and 

built environments work together.” (Jacobs, 1961). 

Cities are the concentrated places of people and economic activities. As the 

flow of people and merchandise progressively depends on automobiles, cities 

encounter growing transportation and environmental crises (Rodriguez et al., 

2006). Due to grandiose motorization, contemporary cities aches from 

venomous traffic congestion and air pollution; uphold climate change; consume 

enormous energy and deliver deprived accessibility for the non-driver (Cervero, 

1998). In this realm of urbanization, where more than half of the denizens live 

in cities, there is an inherent conflict between automobile and the city. After 

certain point, automobiles stake immobility with their numerical proliferation 

along with intensify air pollution and health problems.  Urban transport systems 

grounded on a mishmash of rail lines; bus lines; bikeways and pedestrian 

pathways offer the best mobility, fiscal transportation and a vigorous 

metropolitan milieu.  Recently several cities on earth are encountering a mirror 

deviation in transit hunch and urban development policies. As cities brooked 

from austere traffic clog, blighted neighborhoods, and eroding environment, 

urban authorities such as San Francisco and Boston in the United States 
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altered their attention from mobility to accessibility, livability and urban 

amenities. Molding cities green and transit oriented is deemed as a franchise 

to bolster sustainable urban economic affluent (Ewing; Bartholomew; 

Winkelman; Waters and Chen, 2008). 

While frequent central cities ail from contrastive coercions and confrontations, 

cities need virgin paradigms to brew them more sustainable and boost their 

zeal. Freeway eliminations in the United States and alterations of bus rapid 

transit policies in Latin America are instances of favorable fresh patterns in the 

urban transport sector. The antagonism crusade of civilians against highways 

in San Francisco headed to freeway exclusion and pedestrian-friendly 

boulevards (Levy, 2003). Dealing with the urge of freeway removal, certain 

cities have razed freeways in order to coin urban greenways and pedestrian 

areas. Urban greenways offer relaxation, education, and salvation by virtue of 

their linear open space nature (Imam, 2006). Freeway removal and human-

oriented urban planning are not glitches that hardly any cities have embraced; 

nonetheless, they are the new nascent policies cities are gradually opting. 

Pedestrian space, plazas, streets, sidewalks and alleys fetch folks together and 

moor communities. It is notable that maneuver in these spaces is clamorous. 

The serenity of roaming for stroller is braced by the reflection of connectivity 

and permeability. Streets, walkways and civic spaces connected into well-used, 

easily accessible, direct and high quality routes leading to safe and public 

preferable places enrich locomotion in an urban community. Street planning 

need to interrelate with comprehensive community planning to facilitate a safe 

and genial environment for inhabitants, pedestrian, and bicyclists while 

ensuring mobility for all modes of transportation. Civic safety, ingenious 

streetscapes and multi-modal accessibility build the attributes of a livable city. 

Ingenious streetscape delivers a unique identity to each place and provide 

alternative transportation modes (IBI, 2009). There is a paradigm swing in the 

scheme of current cohort’s choice of living. Transit-oriented development, 

downtown living, walkable community, live-work environment are turning out to 

be more significant than their reliance on the automobile.  
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2.3 Green infrastructure 
In 1999, the green infrastructure work group defined green infrastructure as 

nation‘s natural life support system, an interconnected network of waterways, 

wetlands, woodlands, wildlife habitats, and other natural areas; greenways, 

parks and other conservation lands, working farms, ranches and forests; and 

wilderness and other open spaces that support native species, maintain natural 

ecological processes, sustain air and water resources and contribute to the 

health and quality of life for America‘s communities and people (Benedict and 

McMahon, 2002).  

A simpler definition states that green infrastructure is an intertwined nexus of 

green spaces that fosters natural ecosystem values and functions bestowing 

affiliating advantages to human populace (Benedict and McMahon, 2002). 

Green infrastructure networks consist of hubs and links. Hubs creates the 

anchors or destinations for people, wildlife or resources. The links connect the 

hubs together forming an integrated system. Hubs embrace nature reserves, 

managed native landscapes, working lands, regional parks and preserves, 

community parks and natural areas. Links comprise landscape linkages, 

conservation corridors, greenways, greenbelts and eco belts (Benedict and 

McMahon, 2002). Green infrastructure, especially greenways, usually revive 

existing urban infrastructures for instance rail lines, hydro rights-of-way, road 

rights-of-way, and pipelines (Baker et al., 2009). This revitalization thrives the 

function of these infrastructure ingredients from solo to manifold uses and 

addresses the multi functionality scheme of urban resilience theory. 

Designating natural areas and green spaces as infrastructure implies that these 

areas are equally essential to quality of life and efficiency as grey infrastructure 

such as roads and sewers. The terminology infrastructure indicates that these 

features need to be maintained and protected (Benedict et al., 2003). Distinct 

from the advocating of some environmental conservationists; green 

infrastructure works with development instead of remoting from or resisting to 

development. In 1990, Florida and Maryland escorted the way of the green 

infrastructure movement by instigating statewide green infrastructure agendas 
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to identify, protect, and restore conservation areas and to link these areas 

together as a whole infrastructure system (Benedict and McMahon, 2002). 

President‘s Council on sustainable development reported green infrastructure 

as one of five strategic areas for providing holistic sustainable community 

development in 1999. The report stated that green infrastructure strategies 

strive to understand, leverage and assess the different ecological, social and 

economic functions provided by natural systems in order to lead more efficient 

and sustainable land use and development patterns as well as protect 

ecosystems (Benedict and McMahon, 2002). The prominence of green 

infrastructure, particularly parks and greenways; is denoted through the explicit 

environmental, economic, and social benefits these networks carry to cities. 

2.4 Environmental benefits of green infrastructure 
Spirn (1985) addressed the necessity of nature in the built environment in her 

groundbreaking book, Granite Garden. She placed that the built environment is 

an equal part of nature as nature itself and therefore must be designed and 

developed accordingly. Green infrastructure entwines nature and the built 

environment. Green infrastructure mend environmental sustainability and 

health of the urbanites by preserving and upholding the extent of parks and 

open spaces and the environmental character of the cities. Additional greenery, 

for instance trees and plants can assist in ecosystem functioning. Green spaces 

absorb the pollution and heat contrasting concrete surfaces (Spirn, 1985). This 

lessens the Urban Heat Island (UHI) effect that happens while pavement and 

buildings trap heat and raise the temperature of the downtown area.  

Greenways lend alternative modes of transportation to vehicles and public 

transportation. The rails-to-trails conservancy evaluated that one-third of 

weekday trail users are shuttling in key urban areas, for instance Washington, 

D.C., Seattle, and Tampa (Benedict et al., 2003). Alternative modes of 

transportation such as walking and biking entail only the energy of the 

individual; plummeting the necessity for fossil fuel. Greenways lead towards 

greater urban sustainability by defining development boundaries and defending 

communities from intruding growth. Greenways congruently lead towards a 
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magnificent flow of resources, people and information by enriching connectivity 

among neighborhoods and ecosystems (Thorne and James, 1993; Benedict et 

al., 2003).  

Werneck and Romero (2017) explored the design of public spaces focusing on 

surface UHI phenomenon and its effect on microclimatic aspects in Brasilia, 

Brazil. Various scenarios were simulated using Envi-met 4 applying alternative 

materials on surfaces and shading for effect analysis on temperature and air 

humidity variation. The results suggested that cool pavements lessened air 

temperatures when albedo was increased. In addition, cool pavements 

decreased surface temperature about 4 K. The best performance was attained 

by adding street trees with increase in Relative Humidity (RH) and reduction of 

air temperature nearly 1.08 K and lower surface temperature. The surface 

temperature above asphalt pavements were higher than other parts of the 

model. The impact in daytime was greater than that in nighttime in all scenarios. 

Added street trees reduced Mean Radiant Temperature (Tmrt) up to 30 K in 

daytime due to shading effect. In contrast, cool pavements increased Tmrt up to 

3.7 K caused by reflected shortwave radiation from the surfaces. The results 

recommended that integrating cool pavements and vegetation were more 

effective in influencing the microclimatic conditions at pedestrian level than 

those implemented to the roof levels in the examined context of Brasilia 

(Werneck and Romero, 2017).  

Sabbagh and Yannas (2018) studied pedestrian thermal comfort in urban 

communities in Dubai by providing cooler conditions that would attract people 

to walk for longer distances. Methodologies for instance environmental 

monitoring using data loggers, interviews and experiments measuring skin 

temperature and thermal sensation were used. The outcomes revealed that 

efficient shading and outdoor greening could improve the microclimatic 

conditions of Dubai during hot period. Vegetation for instance trees and grass 

was the most effective measure for outdoor cooling, which provided balance 

between the diurnal gains and nocturnal losses. The influence of shade was 

more effective than wind in improving human thermal sensation. People 
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perceived shaded spaces cooler nonetheless its effectiveness was higher on 

reducing the Tmrt. Tmrt was the most influential parameter, followed by humidity 

in increasing pedestrian thermal stress (Sabbagh and Yannas, 2018).  

Urban greening alter the urban microclimate by modifying its heat exchange 

process with more shade and keep towns cool. These alterations adjust the 

amount of solar protection and wind penetration (Smith and Levermore, 2008). 

Research shows that greenery contains the supreme Cooling Effect (CE) and 

enhance the microclimate in summer in the streets and pocket parks providing 

both shading and evapotranspiration (Gaitani et al., 2007; Smith and 

Levermore, 2008). A study focused the impact of vegetation in urban 

microclimate at the humid subtropical city of Sao Paulo, Brazil. The method 

comprised field measurements of air temperature, humidity, globe and surface 

temperature, wind speed and direction, global solar radiation, sky view factor, 

and simulation on Envi-met V4. The result suggested that for different tree 

canopy characteristics, a maximum reduction of up to 1.6 K in air temperature 

and 13.6 K for surface temperature were found, while comparing the bare street 

to the street trees scenarios, signifying the consistent binge vegetation effect 

on microclimate (Shinzato et al., 2017). UGI such as parks, urban forests, street 

trees play lavish roles in adaptation of urban environments mitigating UHI effect 

and impacts of future climate change (Gill et al., 2007).  

Shashua-Bar and Hoffman (2000) investigated the CE at 11 small urban green 

sites with trees including gardens, avenues, green square, courtyards and 

streets in Tel Aviv, Israel. They analysed the air temperature or Dry Bulb 

Temperature (DBT) data at noon gathered during July–August 1996. The 

average CE in all sites was about 2.8 K, ranging from as low as 1 K in a street 

with heavy traffic to as high as 4 K in the smallest garden. They concluded 80% 

of cooling resulted from shading effect of the tree and 20% from 

evapotranspiration. For hot climates, the most effective use of the vegetation is 

its shading property that lessens the direct solar radiation incident on the high 

heat capacity materials of the street. CE of large vegetated areas such as parks 

can affect the surrounding areas (Shashua-Bar and Hoffman, 2000).  
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Potchter and Shashua-Bar (2017) studied the CE of certain vegetation types; 

Ficus retusa, Tipuana Tipu, Prosopis, Date palm trees and lawns, in three 

different climatic zones; mediterranean, hot-arid and hyperactive arid climates, 

in Israel. The maximum potential CE was found in the arid climates up to 6 K. 

The notable result was that the high and wide canopy trees had the most 

pronounced CE in comparison to other vegetation types and the potential CE 

was more pronounced as the ambient temperature raised. Planting lawn 

shaded by medium wide canopy trees increased the CE in hot climates 

(Potchter and Shashua-Bar, 2017). 

The use of urban greenery for sustainable passive cooling to mitigate heat 

island intensity is becoming an essential policy both for energy saving and 

improved human comfort in various climatic zones (Grimmond, 2007; Shashua-

Bar et al., 2011; Kong et al., 2017). In warm climates, the shading effect is vital 

for thermal comfort. Tree shades reduce exposure of people to both short-wave 

radiation from above and long-wave radiation from the underlying ground 

surface or reflected by other surfaces such as building walls. The shaded 

surfaces that are cooler than surfaces exposed to the sun reduce DBT and 

improve thermal comfort. UGI, mainly street trees, have premier prominence 

for pedestrian thermal comfort. The lessening of thermal stress by street trees 

during hot conditions has been extensively established (Shashua-Bar and 

Hoffman, 2004; Thorsson et al., 2004; Ali-Toudert and Mayer, 2005, 2007; 

Mayer et al., 2008; Shashua-Bar et al., 2011). 

The rate of DBT drop levied by a tree, a grove or an urban forest depends on 

the rate of shading and the resulting evapotranspiration. These phenomena 

hinge on the amount of tree coverage, tree structure, density and size. 

Availability of water and tree biomass are similarly essential factors 

(Pearlmutter et al., 2017). Mostly, large trees with large and dense crowns are 

the maximum effective (Shashua-Bar and Hoffman, 2004). Tree shade 

determines thermal comfort occurring 1-2 K decrease in DBT and 5-7  K cooler 

globe temperatures (Armson et al., 2012). 
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A study in London looked at building morphology effects and the role of 

vegetation in the UHI at 19 sites on a North-South transect. The result crowned 

that shadows cast by buildings and vegetation ensure thermal comfort in 

summer as low Sky View Factor (SVF) lessens Tmrt and surface temperature. 

Tmrt was lowermost in central, high-density environments for shading, primarily 

by buildings and enhanced by trees (Lindberg and Grimmond, 2011). 

A study tested the effects of tree shading and ground material properties on 

thermal comfort in an urban park in Florence Italy, using the Index of Thermal 

Stress (ITS) and Universal Thermal Climate Index (UTCI). ITS and UTCI were 

measured over exposed gravel, asphalt and grass as well as tree-shaded 

paving. Results indicated distinct differences in thermal stress brought by each 

landscape treatment. A pedestrian in the unshaded gravel area encountered 

the utmost stressful conditions, while an individual standing on the unshaded 

asphalt paving was exposed to slightly lower thermal stress. This phenomenon 

emphasized the effect of reflected solar radiation on the body from the higher-

albedo gravel surface, compensates more than the higher surface temperature 

and long-wave radiation emitted from the asphalt. The low surface temperature 

of the transpiring grass lawn avails hot conditions for only a petite time in the 

afternoon, with most daytime hours considered as warm. The most intense 

reduction in thermal stress happens in the area shaded by trees where a 

pedestrian revealed to comfortable conditions for nearly all hours of a typical 

summer day (David et al., 2017).  

Silva, Santos and Tenedorio (2017) examined the thermal gain of the increased 

afforestation along the Republic Avenue in Lisbon. Through the Envi-met 

microclimatic modelling software, they compared the current situation of the 

road with the urban afforestation increment by doubling the number of trees in 

the avenue. The results showed that the intervention in the avenue delivered 

an increase in the level of thermal comfort by reducing the DBT up to 3 K in the 

afternoon hours and increasing the RH rate of the air from 50% to 70% in the 

morning and from 40 to 50% in the afternoon. The study concluded that other 

places around Republic Avenue were similarly ameliorated by the reduction of 
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DBT and increase of RH. The study concluded that the planting of trees 

reduced the maximum DBT along the day and increased the RH parameter 

along the night and reduced the UHI. The East side of the avenue had better 

thermal performance than the west side, influenced by the shading of the 

buildings on the sidewalk. Regarding the thermal stress level, the avenue with 

more trees made the environment more comfortable all day (Silva et al., 2017).  

UGI particularly urban trees and forests are recognized for reducing the 

temperature through shadowing and evapotranspiration mechanisms. UGI has 

been stared as the most suitable tool for mitigating the UHI effect and taming 

the thermal comfort of urbanites (Gill et al., 2007; Bowler et al., 2010; Norton et 

al., 2015; Pearlmutter et al., 2017). Urban parks contain various green spaces 

resembling trees, grass, shrubs and so forth. Trees, mainly urban forests 

specifically large scale areas covered by trees create cooler areas most 

effectively (Brown et al., 2015; Yoshida et al., 2015). 

Increasing the urban vegetation has been cited in numerous publications as 

one of the most effective strategies to accomplish UHI mitigation. Landscaping 

has a significant effect on tempering the outdoor temperature. Large scale 

landscaping has a measurable effect in moderating the UHI effect (McPherson 

et al., 1994; Taha, 1997). Vegetation contributes to the modification of urban 

climate primarily providing shading, evapotranspiration and directing wind 

direction, either as a windbreak or as a wind funnel (McPherson et al., 1994). 

In an urban setting, the cooling caused by evapotranspiration is insignificant 

except in case of significant irrigation for instance in agricultural fields 

(McPherson and Simpson, 1995). However, individual trees spaced with large 

intervals, as a typical urban street, do not have any substantial effect. It is 

recommended that several smaller grouped tree areas have more CE than one 

large green space (McPherson, 1992; McPherson et al., 1994). One study on 

strategies for mitigating the UHI in Los Angeles (L.A.) shows that the L.A. UHI 

can be bargained up to 3 K using high albedo roofs, pavements and urban 

forestation (Rosenfeld et al., 1996, 1998).   
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Studies show that the high building mass and density of the urban core plays a 

major role in the patterns of shade and surface temperatures affecting the 

microclimate of the pedestrian space (Toudert, 2005; Nakamura and Oke, 

1988; Santamouris et al., 1999; Rosheidat, 2014). Rosheidat (2014) studied the 

role of vegetation in hot and arid urban setting of Phoenix, Arizona for improving 

the outdoor human thermal comfort and mitigating the UHI effect in summer. 

He used the Envi-met V3.1 model for simulation and site measured data. The 

study revealed that places with dense vegetation had an average 1 K lower 

DBT than scenarios with bare soil or pavement with very still wind conditions 

(0.5 m/s). This is mainly due to shading properties, tree crown 

evapotranspiration and the presence of additional moisture in the soil.  The 

study showed that higher LAD (Leaf Area Density) denser and more water 

intensive species perform well in terms of providing shade and cooling the 

urban surfaces. Even low vegetation in planters can reduce the radiant effect 

of the surrounding environment. Vegetation play vital role in shading and 

reducing the surface temperature of both the ground as well as the vertical 

urban surfaces (Rosheidat, 2014).  

Cook (2003) showed that besides shading, the vegetation in the urban space 

block the view of high temperature surfaces from pedestrians passing through 

the space. A row of trees or even a planter with low vegetation hedge, acts as 

a shield from hotter concrete pavement or an irradiated building façade. 

Therefore, instead of exchanging radiative heat with a 330.35 K concrete 

surface, the pedestrian is then exposed to a 304.25 K tree canopy or 305.35 K 

patch of grass (Cook, 2003).  

Rosheidat (2014) suggests that for mitigating the UHI and for outdoor human 

thermal comfort, it is essential to provide tree shade and decrease the 

temperature of the surfaces emitting long-wave radiation. The primary target for 

UHI mitigation should be the material properties of the horizontal urban 

surfaces as they form the preponderance of the surface area of the urban fabric. 

The material and thickness of the urban surfaces has a primary role in the 

increased temperature of cities. The surface temperature of urban surfaces is 
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the primary factor in the decreased human thermal comfort as it is the main 

contributor to the Tmrt. In addition, Irrigation (moisture) enhances the CE by 

adding latent heat exchange.  

Studies recommend that introduction of additional shade and CE by increasing 

the tree canopy cover and replacing high-density, high heat capacity surfaces 

such as impervious concrete paving with planted soil spaces containing lower 

surface temperatures aid comfort with more latent exchange processes. As 

well, this can be achieved with lower density porous pavement materials that 

allow air and water into the soil. Trees planted in and around pervious concrete 

tend to grow wider (larger canopies as a result more shade), and live longer 

than similar trees surrounded by impervious pavements (Anon, 2007).  

Concisely, the porous pavement around vegetation consequences larger 

shading. Low density, low conductivity porous pavement materials allowing 

latent heat exchange, play a major role in cooling urban surfaces. The factors 

involved in assessing the Tmrt potential of various materials are surface 

temperatures and emissivity. The emissivity varies little as most materials’ 

values are around 0.9. However, the surface temperatures vary significantly 

among different materials. While high mass materials, such as concrete or brick 

are viewed as undesirable due to their high thermal capacity. In contrast, cooler 

surfaces emit less radiation onto the pedestrians in the outdoor space 

(Rosheidat, 2014). 

From the above discussion, it is vivid that the tree shade, specially, high LAD 

and high LAI (Leaf Area Index) trees of bigger crown plays an essential role in 

reducing Dry Bulb Temperature (DBT), Mean Radiant Temperature (Tmrt), 

increasing Relative Humidity (RH) and providing outdoor thermal comfort to the 

pedestrians of urban street canyons. In the next section, this study discusses 

the screening of tree species for improving outdoor pedestrian thermal comfort 

and reducing DBT and Tmrt. 
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Figure 2. 1: Thermal comfort range of outdoor landscape plants (after: Lin and 
Tsai, 2017). 

2.5 Screening tree species  
The thermal environments of outdoor urban spaces of tropical cities resembling 

Dhaka, Bangladesh are hot, especially at noon and during the afternoon. Urban 

greening featuring trees that provide shade and cooling in hot outdoor 

environments enhances the outdoor thermal comfort in tropical cities. The CE 

involve complicated tree characteristics such as canopy size, tree height and 

the optical properties of leaves. Planting the appropriate tree species dominates 

the CE and the pedestrian thermal environment.  

Table 2. 1: Plant species in different groups (after: Lin and Tsai, 2017). 

* Group screened by a series of HCA procedures. 

 

 

 

 

 

 

 

 

 

Lin and Tsai (2017) investigated environmental and plant data, including the 

tree species, crown diameter, meteorological and human-bio meteorological 

variables, corresponding Physiologically Equivalent Temperature (PET) and 

Sky View Factor (SVF) in an outdoor space in Taiwan. A series of Hierarchical 

Cluster Analysis (HCA) techniques were used to identify the appropriate tree 

Group * Plant Species 
A Ficus microcarpa. 
B Delonix regia, and Terminalia catappa 
C Juniperus chinensis, Bischofia javanica Blume, and Chamaecyparis 

taiwanensis 
D Michelia figo, Acer, Spathodea campanulata, Cinnamomum camphora, 

Liquidambar formosana, Araucaria cunninghamii, and Pistacia chinensis 
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species for enhancing the outdoor thermal comfort. The outcomes indicated a 

crucial correlation between SVF, the average crown diameter and PET. The 

findings revealed that the SVF value decreased with the increasing average 

crown diameter of trees in the study area. When the average crown diameter 

was less than 1.5 m, the SVF value increased drastically and the shaded area 

substantially decreased. The trees with average crown diameters narrower 

than 1.5 m had high SVF and a low canopy, consequently the low irradiance 

reduction of the plant canopy resulted a high land surface temperature and hot 

environment. When the average crown diameter of the trees was wider than 

1.5 m, the CE was specifically dominated by the tree species. The tree with the 

widest crown diameter was Delonix regia and the tree with the narrowest crown 

diameter was Lantana camara. This result directed that planting appropriate 

tree species could efficiently enhance outdoor thermal comfort in tropical 

climate areas. Lin and Tsai (2017) identified fifteen species by the HCA 

procedures with different CE, and divided them into four categories (Table 2. 

1). The plants Ficus microcarpa, Delonix regia and Terminalia catappa had the 

most effective CE. By contrast, Juniperus chinensis, Bischofia javanica Blume, 

and Chamaecyparis taiwanensis had the least effective CE (Figure 2. 1). Other 

tree species had relatively large crown diameters and appropriate 

characteristics for CE (Lin and Tsai, 2017).  

This study has used these results as a reference for identifying the right tree 

species in improving the thermal comfort of urban street canyons during making 

the integrated greenway model for simulation study in the upcoming chapters. 

2.6 Greenway background 
Greenways are crucial constituents of green infrastructure. Greenways are the 

links in green infrastructure networks, without which the network would not 

exist. While planned and implemented righteously, urban greenways bond the 

environmental, economic and social equity goals of sustainable development 

together and usher to upgrade urban resilience. The succeeding section 

delivers a definition, typology, historical evolution and preceding research of 

greenways. 
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 Greenway definition 

Whyte (1959) coined the term greenway in his monograph published in 1959 

entitled ‘Securing open space for urban America’. Greenways come in 

voluminous forms and serve various functions. Therefore, many definitions 

exist. Little (1995) pronounces the following fluctuating functions of greenways 

in his popular book, ‘Greenways for America’. 

 A linear exposed space rooted along a natural corridor for instance 

riverfront, stream valley, ridgeline, scenic road, or other route.  

 A natural or landscaped path for pedestrian or bicycle.  

 An open-space connecting or linking parks, natural resources, cultural 

features, or historic spots amidst one another and along inhabited zones.  

 Locally, certain strip or linear parks labeled as parkway or greenbelt.  

Little’s definition portrays the central inklings similar to the President’s 

Commission. In addition, it identifies specific sorts of greenway resting on their 

whereabouts, geographical gestalt and aspiration. Countless authors regarding 

greenway books and publications recount the definitions of Little and the 

President’s Commission (Flink and Searns, 1993; Smith and Hellmund, 1993; 

Erickson and Louisse, 1997).   Another book, ‘Greenways: the beginning of an 

international movement’, delineates that greenways are webs of terrains that 

are planned, designed and managed for multiple purposes including ecological, 

recreational, cultural, aesthetic, or other purposes compatible with the concept 

of sustainable land use (Ahearn et al., 1996).  

There are five notable key ideas within this definition (Ahern, 1995).  

Linear systems: Greenways are based on linear systems accelerating the 

conveyance of species and resources through an urban environment.  

Linkage: Greenways link geographic areas increasing ecological, economic, 

and social interaction.  

Multi functionality: Greenways have multiple functions across the three 

ecological, economic and social goals of sustainability.  
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Sustainability: Greenways emphasize on the three goals of sustainability. 

Besides fostering nature, greenways preserve economic and social activities 

within their implemented areas.  

Planning strategy: Greenways are a planning approach envisioned to 

complement comprehensive landscape planning instead of trading it.  

Fabos (1995) defined greenways as corridors of ecological, recreational, 

historic or cultural significance. Ndubisi et al. (1995) defined greenways lavishly 

as networks of linked landscape elements that provide ecological, recreational, 

and cultural benefits to the community. Shahani (2012) stated that greenways 

are multifunctional trails for non-motorized users that connect communities, 

local initiatives, and natural and cultural heritage sites and promote a healthy 

environment and lifestyles.  

 Greenway typology 

The sort of greenway hinges on several aspects such as size, location and 

requirements of the city or region. Ahern (1995) classified greenways into four 

different aspects based on scale, goals, landscape context and planning 

strategies. They are briefly described in the following section. 

(a) The spatial scale of greenway 

Greenways vary in geographic area. They can be created at the city, regional, 

state, multi-state, or national level. 

(b) Goals/Purpose 

Greenways also vary depending on the purpose of their creation. Ahern (1995) 

classified these goals into five categories: Biodiversity; Water resources 

related; Recreational; Historical and cultural resource protection; and 

Development control. Since greenways are multifunctional, a greenway plan 

may incorporate one or all of these goals. The greenway scale influences the 

goals of greenways as well (Ahern, 1995).  

(c) The landscape context 
The landscape context is the leading land use or land cover of the geographic 

area in which the greenway is implemented. Landscapes differ greatly across 
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the country and the globe. Among them, some typical types are urban; rural; 

suburban or agricultural. Creating a definite landscape typology is nearly 

impossible. It is essential for planners to define and understand the landscape 

context where the greenway is planned (Ahern, 1995).  

(d) Planning strategy 
Greenways are a planning strategy that address multiple environmental, 

economic and social functions. Ahern (1995) pronounces that a greenway may 

be based on following four principle strategy types.  

Protective greenway strategy: Typically protect a valuable landscape from 

encroaching development, despite changing the surrounding landscape. 

Defensive greenway strategy: Halt fragmentation when the existing 

landscape is already fragmented. 

Offensive greenway strategy: Works toward the agreed upon goals of an 

envisioned landscape configuration. It differs from protective and defensive 

strategies in a way that it essentially puts nature back in fragmented or depleted 

landscapes to build new elements of the landscape.  

Opportunistic strategy: Utilizes unique landscape features already in place 

that are optimal for greenway development.  

A greenway plan may entail one or all of these strategies. These strategies may 

be applied individually or in combinations, depending on the goals.  

Little (1990) delineated five specific styles of greenways in his eminent book 

Greenways for America. They are discoursed below. 

Urban riverside greenways: Usually created as part of or instead of a 

redevelopment program along neglected, often run-down city waterfronts.  

Recreational greenways: Featuring paths and trails of various kinds, often of 

relatively long distance, based on natural corridors as well as canals, 

abandoned rail beds and other public rights-of-way.  
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Ecologically significant natural corridors: Usually along rivers, streams or 

ridgelines providing for wildlife migration and species interchange, nature study, 

and hiking.  

Scenic and historic routes: Usually along a road or highway or a waterway, 

making an effort to provide pedestrian access along the route or at least places 

to alight from the car.  

Comprehensive greenway systems or networks: Usually based on natural 

landforms such as valleys and ridges. Nonetheless sometimes simply an 

opportunistic ensemble of greenways and open spaces of various kinds 

creating an alternative municipal or regional green infrastructure.  

Based on function, Fabos (1995) classified greenways into following three 

categories. 

 Ecological greenways 

 Recreational greenways  

 Historical heritage corridor 

Greenway corridors can be natural and pre-existent or completely man-made 
(Fabos, 1995).  

 Evolution of greenways 

The epitome of greenways belongs to ancient Rome when it was not branded 

as greenways. These were the landscape axes and boulevards of Europe, and 

later the parkways of USA in the late 19th century (Searns, 1995). Tracing the 

evolution of greenways, three distinct stages or generations are identified. 

(a) The first generation greenways  

The first generation of greenways or the ancestral greenways are the 

boulevards, axes, and parkways generated during the 1700s-1960s. These 

courses were created linking key destinations and providing a pleasurable 

experience to the traveler. Instances of these sorts of corridors are found as far 

back as ancient Rome, where axes linked important buildings. The pedestrian 

oriented walkways, parks and promenades built along the Seine River in Paris 
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Figure 2. 2: The first greenway in the USA                                                                                                            
(after: Frederick Law Olmsted’s ‘Emerald Necklace’ plan for the Boston Park 

System, the first greenway in the USA, 1880s). 

have been budding since Roman times while the notion of linking key elements 

in the city was patented. Besides using formal axes to unify cityscapes, they 

developed along natural features. In the Renaissance era, walkways and 

spaces were built along rivers to allow sun and air into urban settlements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the United States, Fredrick Law Olmstead and others utilized the idea of a 

green axis reintroducing nature into the industrial-era cities. Olmstead 

notoriously used the greenway or axis as a way to provide a bucolic park 

character in the urban environment. The resolution of these corridors included 

movement, use, experience and linkage. Boston, Denver, Chicago, and 

Portland all devour specimens of Olmstead’s greenway design. Boston’s 

Emerald Necklace is one of the hoariest systems of linked public parks and 

parkways (Figure 2. 2). It supports various wildlife and delivers storm water 

management for the contiguous urban areas (Searns, 1995).  
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Figure 2. 3: Platte River in Denver Colorado (source: project for public 
spaces, 2008). 

(b) The second generation greenways  

The second generation of greenways were developed between the 1960’s and 

the mid 1980’s, as car became the leading travel system, beating public 

transportation. With the emergence of automobiles, bicyclists and pedestrians 

seek out non-motorized travel routes to escape the noise and fumes. This 

generation was trail-oriented and its major function was to arrange recreational 

and linear parks offering access to rivers, streams, ridgelines, rail beds and 

other corridors. The two foremost emphases of most of these greenways were 

non-motorized travel and sustainable land use (Yungua et al., 2005).  

 

 

 

 

 

 

 

 

 

 

 

 

The second generation greenways included the rails to trails movement, 

converting abandoned rail lines into bike and walking paths (Searns, 1995). On 

this era, the American Greenways Program was founded by the Conservation 

Association to indorse greenways and greenway systems through the United 

States (Benedict and McMahon, 2006). Whyte (2012) coined the term 

“greenway” during the 1960’s unfolding likelihoods for forming alternative, non-

motorized travel routes. He inscribes in his book, ‘The Last Landscape’, that 
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metropolitan areas are crisscrossed with connective strips. Many are no longer 

in use nonetheless they are there waiting for a glance (Whyte, 2012). Many 

majestic scale, amenity based, urban trail projects including walking and bike 

paths along rivers became popular throughout this period. (Searns, 1995) 

applied the Platt River Greenway in Denver as a user preferable pattern of 

urban greenway (Figure 2. 3). This greenway engages off-street hike and bike 

paths popular in Europe at that time. At present, the greenway links over 160 

miles and weaves through almost the entire city of Denver  (Searns, 1995).  

(c) The third generation greenways  

During this period, the landscape ecologists and environmentalists recognized 

that urbanization, agriculture and other human activities had induced 

fragmented landscape, chopped up wild places and isolated islands of habitat. 

Down to the negative impacts of urbanization counting a solemn menace to 

health and diversity of species, landscape geologists and planners established 

that besides urban beautification and recreation, greenways had some 

environmental or ecological functions, including linkages of spaces. The third 

generation greenways have evolved into multi-purpose greenways addressing 

the necessities of urban life, flood damage reduction, water quality, education, 

and other infrastructure requirements along with urban prettification and 

refreshment (Whitley et al., 2004).  

The Maryland Greenways Commission provide a more contemporary definition 

befitting the third generation of greenways: Greenways are dedicated natural 

corridors that connect larger areas of open space; arrange for the conservation 

of natural resources and habitat, migration of plants and animals; and offer 

opportunities for linear recreation, alternative transportation and nature study 

(Bryant, 2006).  

The evolution of greenways into intricate and extensive development has 

wedged on both urbanites and the natural surroundings. Greenway evolution 

increases sophistication, empathizes the prerequisite of protecting 

environmental values, and mounts political and economic validation for 

financing multi-objective greenway projects  (Searns, 1995).  
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Figure 2. 4: Modern greenway along the Yangtze River, Wu Han city China 
(source: Marwa, 2011). 

 Worldwide greenway development  

Greenway development in Europe: European greenways deliver a sequence 

of shared selves portraying (a) ease of passage, (b) continuity, (c) safety and 

(d) respect for the environment.  They are planned and built in an ecofriendly 

way. They arrange for common activities for instance sitting under a shade, 

resting and relaxing. In European greenway context, the significance of 

networks is swelling both socially and ecologically. The European Greenway 

Observatory (EGWO), a consultancy and inventory platform for greenways 

records all possible greenways in Europe providing beneficial database for 

public and associations affiliating creation or promotion of these infrastructures.  

Greenway development in Asia (A case of China): Chinese cities are famous 

for street trees. The tradition of planting trees along streets and roads dates 

back more than 2000 years. Chinese street trees provide shade and shelter 

against wind, protects roads from flooding or other damages and satisfy visual 

and perceptual functions as well.  
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In the long history of road greenways in China, there has been the evolution 

from capital streets and imperial highway trees to railroad greenways to recent 

green corridor systems along highways as all linear landscape elements  (Yu 

et al., 2006). For thousands of years, natural disasters such as floods, drought, 

sandstorms, desertification and soil erosion became triggers for the greenway 

development in China in history as well as today  (Kong and Jian, 2004). The 

tradition of riparian greenways evolved, from individual trees and shrubs 

planting along river and water channels in a piecemeal fashion to a progressive 

systematic approach in establishing greenway systems along drainage ways. 

This greenway system has served as a multifunctional ecological and disaster-

prevention system controlling flood and safeguarding property and human lives. 

(She and Wang, 1999). The edifice of green corridors in China is a key strategy 

for greening the nation. In 2000, the Chinese State Council conveyed a call for 

constructing green corridors on national scale. They set several goals that 

embraced greening of 60% of the national and provincial highways, railways, 

riverbanks and dams as well as greening all areas suitable for vegetation to 

form a greenway composed of green lines, green knots and green areas. This 

greenway network would embellish the landscape offering ecological retreat in 

the cities and countryside (Yu et al., 2006). Until now, the notion of greenway 

in Chinese cities is sustained and going on (Figure 2. 4).  

 Integration of greenways into urban planning 

Urban theorists have not emphasized the amenity street, assuming that its 

primary traffic function was paramount. Lynch (1885) saw open-space systems 

as the essential counter form to the built environment in discussion of city form 

models at the macro-scale. Besides contributing form to the city, greenbelts, 

wedges and networks should be intense and incessant to elude incoherent and 

trimmed definition. People relate strongly to places of striking character and 

identity, as well as they suffer from lack of orientation and sense of 

placelessness in undifferentiated and anonymous surroundings. Sense and 

access belong to the five criteria of a good city. Multi-functional streets, 

boulevards and parkways are a circulation type that permit shared access by 

vehicles and people (Lynch, 1885). 
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Gosling and Maitland (1984) surveyed 31 years of international urban design 

case studies concentrating on the intermediate planning scale of central 

business districts, neighborhoods and housing. Transportation or circulation 

and open space systems were the elementary organizing structure regardless 

of scale. At the neighborhood level, the mainstream resolutions designated 

conflicting views about green spaces in development. However, one first-hand 

housing pattern was found, planned around existing roads and country lanes, 

converted into park resembling pedestrian streets in the early phases and a 

combined walkway or public transit system in the later phases; a community 

route concept. Another housing was detected, planned around a substantial 

multi-use park of around 50 acres maintaining major existing landscape 

features with a cordon of buildings and perimeter streets; a superblock. 

Hough (1984) argued that a better understanding and application of natural 

processes (climate, water, plants, soils, wildlife and food growing) could shape 

a more productive and sustainable design form for the modern city. His urban 

design strategy for more productive and diversified city landscapes emphasized 

on altered deserted lands, multi-use streets and institutional grounds, besides 

parks. Streets were the central social place for people, as well space-intensive 

occupying upwards of 40% of the total available land (Hough, 1984).  

For any greenway models to make or shape urban form, planners need to get 

ahead of urban growth instead of reacting to it. Conventional growth shaping 

tools can only partly steer and guide development (President's Commission on 

Americans Outdoors, 1987). Little (1990) presented mainstream greenways 

lingering leftovers after development, natural corridors, abandoned railroads, 

canals and other rights of way. Greenway is a formative device for stitching 

fragmented cities together. Consequently, their urban neighborhoods attract 

widespread attention from environmental groups, planners, urbanists, 

landscape architects, community, city and municipal officials (Little, 1990). 

Greenways are a powerful and persuasive idea around which planners should 

build the communities. The historic initiatives of greenway planning and design, 

that guided and influenced the growth of North American cities in a 
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predominantly pre-automobile age, can be rediscovered and reinvented once 

again for contemporary decentralizing urban cities, multiple movement 

systems, mobile life-styles, multi-cultural societies and so forth. The greenway 

concept must be applied at all scales for an all-inclusive system serving the 

entire populace and joining downtowns with inner-city neighborhoods, through 

the suburbs to the countryside. Some plausible green and greenway 

applications revealed from several studies are depicted in the following section. 

(a) Micro-scale 

At the micro-scale, walkable tree shaded streets and avenues, vest-pocket 

parks, playgrounds, waterfront promenades and urban plazas can relieve the 

congested city centers responding to solar orientation, notable buildings, public 

congregation needs and significant views. Around these green features, new 

neighborhoods can coalesce.  

(b) Macro-scale 

At macro-scale, boulevards and parkways for all types of intra-neighborhood, 

non-commercial travel (for instance walkers, joggers, bikers, horse-riders, 

carriage drivers, skate-boarders, roller-bladders, short trip, slow-speed transit 

and vehicle operators) can offer the formless edge cities a form. It is essential 

to link up the linear parks and campgrounds into continuous trail systems 

incorporating stream valleys, hillsides, ridgelines, historic and all kinds of public 

properties with high scenic or cultural interest. As well, it is vital to maintain the 

working landscapes, aquifer recharge areas, regional reservations, rails to 

trails networks, recreational rivers and canals, historic towns and landscapes, 

and scenic byways for larger public welfare (Walmsley, 1995). 

Olmsted consummated that no part of the town should be ended with multiple 

minutes’ walk away from someone to facilitate them some notable relaxation 

during the locomotion. This vision is even more relevant for present-day 

urbanites. The invention of new town forms is necessary to achieve this vision 

of accessibility to open-space close to neighborhood. However, they are not 

required to be hard-edged similar to the Garden city protagonists campaign. 
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Urban vicinities need greenway corridors to attain an inclusive regional green 

network connecting inner cities to the countryside and to intertwine with 

development in more organized and enunciated patterns than until now. 

Lynch’s open-space counter forms should gradually shape current mega-city 

urban environments. Amid them, greenways of all scales and categories 

embrace a vigorous formative and integrative starring role to play. 

 Functions and benefits of urban greenways 

Urban greenways can convey vigorous advantages to the communities. They 

are discoursed below. 

(a) Environmental and ecological benefits 
Environmentally greenway defend ecological procedure and natural resources 

through shielding diverse land uses, sieving pollutants, and storm water 

management, erosion control, linking sporadic habitats and dawdling the flow 

of floodwater. They shelter essential habitat and arrange corridors for wildlife 

and human (Benedict and McMahon, 2002; Marwa, 2012; Linehan et al., 1995; 

Benedict & McMahon, 2006). In the U.S. many colossal urban greenways found 

along natural features (such as rivers, manmade corridors or railroads) are 

mostly related with recreation. However, they often serve as wildlife habitat, 

linkage, storm water management ingredient and water quality defender 

(Benedict & McMahon, 2006). 

Greenways mend air and water quality. Effluence from street unfit automobiles 

rises the levels of smoke and dust in cities. Greenway plants ploy this dust and 

purify the air. Aromatic plants strain stench from industrial and commercial 

urban areas. Plants also inhale carbon dioxide and exhale oxygen that sustains 

living creatures.  

Brayant (2006) pronounces that there are four key effects of urbanization on 

the environment: increased temperature; increased runoff due to impervious 

surfaces; lower levels of native species diversity; and increased production of 

carbon dioxide. Urban areas ground only 2% of the world’s land surface, 

nonetheless generate 78% of the greenhouse gases (Bryant, 2006). There is a 

fortuity for greenways to alleviate the fallouts of these environmental evils. 
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Figure 2. 5: South East Clay Green Street Project, Portland (source: 
portlandonline.com, 2009). 

Urban greenway provide a natural setting where wildlife can coexist in a city 

with humans. Dedicated areas to native plant species and habitats support 

native animal species especially birds to boom. Ecological greenway sites fetch 

the relaxed and vibrant nature to an urban community. Sites alter from season 

to season and year to year. The formation of greenway in an urban scenery can 

ameliorate the UHI effect that causes cities having a mean temperature 

approximately 0.5-1.5 K warmer than surrounding rural areas. The immersion 

of radiant heat by impervious surfaces resembling roads, parking lots and 

buildings cause increase in temperature. Ecological sites and smaller areas of 

vegetation, soils and damp surfaces aid to drop the temperature by consuming 

the heat for evaporation and transpiration (Gilbert, 1989).  

 

 

 

 

 

 

 

 

 

 

Greenway streets offer communities a pleasant and benign haulage lessening 

air pollution. The plants ruse sediments in surface runoff water and cleanse 

water that drives to creeks and underground revive. By harboring land along 

watercourses and roads, greenways avert soil attrition and filter contamination 

initiated by road runoff. Tree canopies, planted in the greenways, intercept 

rainfall that allows water to evaporate into the atmosphere and slowly drip into 

the soil, decreasing storm water runoff (Girling et al., 2005). Besides pollution 

abatement, greenway mask pedestrians from deafening vehicular movement. 
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Greenways serve secure, suitable and satisfying routes for pedestrian. The 

application of greenways for non-motorized transportation can chaperon to the 

superfluous environmental avails of dipping fossil fuel use and taming air 

quality. The City of Portland Environmental Services showed an example how 

an urban greenway provide inner city residents green space, safe connections 

to central destinations through pedestrian and bicycle access, and sustainable 

storm water management by creating the South East Clay Green Street project 

(Figure 2. 5) in the city of Portland (portlandonline.com, 2009). 

(b) Health benefits  
Greenways cater the urbanites a cherished, economical avenue for daily 

aerobic. They proffer fortuity for frivolous activities such as walking, jogging, 

and bicycling at a bargain in most modern cities of sedentary lifestyle. Physical 

activities have salient health blessings counting reduced peril of heart disease, 

hypertension and diabetes. Bonding with nature offers various health benefits 

comprising lower blood pressure and cholesterol levels, higher survival after a 

heart attack, faster recovery from surgery, reduced minor-medical disorders, 

and lower self-reported stress levels (Frumkin and Eysenbach, 2003). 

With the population boom, open space and parkland decreased in urban 

environments especially in low-income neighborhoods (Sherer, 2003). Lack of 

nearby recreational areas causes urbanites participating less in physical activity 

and leads to health problems counting obesity, diabetes, heart disease, 

respiratory disease, hypertension, mental illness and feelings of isolation 

(Srinivasan et al., 2003; Sherer, 2003). The lack of open space united with 

rising reliance on automobile has shifted the focus from pedestrian and mass 

transit oriented neighborhoods to neighborhoods and cities designed for 

automobiles. Poor planning and insufficient sidewalks have resulted in an 

increasingly sedentary lifestyle for citizens (Srinivasan et al., 2003).  

There is a positive association between levels of health, happiness, physical 

activity and closeness to green spaces in the neighborhood (Tzoulas et al., 

2007). Research shows that exposure to nature improves physical and 

psychological health. Pulitzer Prize winner Harvard biologist Wilson (1984) 
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hypothesizes this phenomenon as biophilia, the inherent tendency to emphasis 

on life and lifelike processes. Biophilia is the natural fondness for life and the 

very essence of humanity that binds human to all other living species (Wilson, 

1986). Greenways perk as escape rendezvous for city nine to fivers lessening 

stress and offering social integration and recreation for all, consequently a 

source of good health in urban areas (Penalosa, 2002).  

(c) Social benefits 
Greenways arrange for hangout where local residents can build intense social 

bonds and a brawny neighborhood. Twirling unused and vacant land into 

greenways can avert crime. Studies have shown that urbanites dwelling near 

green spaces experience less crime, more quality life and feel secured 

(University of Illinois at Urbana-Champaign, 2003). Intensified use of 

greenways enhance the safety of amblers and all recreation admirers on urban 

streets. Designated walking trails upturn safety for these alternative 

conveyance modes and lifts the number of commuters picking these transport 

choices (Flink and Searns, 1993).  

Marcus (1998) pronounces that people no longer go to public places for daily 

indispensables. They socialize in the solitude of their homes where all 

commodities are tweeted in. Nowadays people lead anonymous life isolated 

and confined to automobiles. Hence, human being yean for civic life. Morgan 

(1996) enunciates that there is a starvation for pedestrian life. People are 

seeking ways to get out of their sedans and hop on human level in urban center.  

Greenways offer an opportunity for social interaction and build a sense of 

community. Kim and Kaplan (2004) demonstrated that physical amenities such 

as natural features and open green spaces play a significant role in the sense 

of community through a comparison between a traditional suburban 

development (Orchard village) and a new urbanist development (Kentlands) 

designed focusing walkability and social interaction. Greenways preserve 

historic and cultural sites and ameliorate the aesthetic quality of neighborhoods. 

Urban greenways nurture an environmental ethos and uphold community pride. 
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Figure 2. 6: Green streets (after: Wolf, 2005). 

(d) Economic benefits 

Tantalizing new development and tourism, raising property prices, and 

plummeting public expenses for natural menace control, greenways bestow 

economic doles to the city dweller. Greenways act as economic stimulants for 

neighborhoods and cities. The National Association of Realtors (NAR) found 

that 57 percent constituents would prefer a home nearer to parks and open 

space over a home that was not (Lewis, 2003).  A longing to live and work near 

greenways has led to an increase in property values surrounding these 

amenities. Greenways ameliorate quality of life rendering recreational 

opportunities, social interactions along with connecting local and neighboring 

niceties such as shopping districts, cultural areas and restaurants. These 

natural niceties and lifestyles sustain a civic sense and wellbeing for residents; 

thus entice and retain businesses, headquarters, jobs and taxpayer money to 

the local economy (Sherer, 2003; Hellmund and Smith, 2006). Streetscape 

enhancement projects, such as applying street trees in small town central 

business districts follow superior sales. Studies surmised that streetscape and 

greenways boast a laudatory atmosphere, image and comfort level, stirring a 

favorable place to visit and dine out (Figure 2. 6). People pay more for parking, 

goods and services in the tree canopied retail districts (Wolf, 2005).  
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Greenways offer relaxing fresh air, picturesque plants and birds chirping 

sustaining natural environment. They are hands-on environmental classrooms 

providing comprehension of nature. Folks of all ages can grasp the enchanting 

cherished natural realm from which they frequently feel detached in recent 

urban built environment (Bischoff). Concisely, greenways tailor close-to-home 

amusement areas, rendezvous points, historic salvation, edifying experiences, 

natural landscapes and embellishment. Greenways form community conceit 

ensuring secure and pleasant neighborhoods to live in or walk through. They 

make neighborhoods more attractive and friendly. Nevertheless, the urban 

environment has compromised civic health; the same environment enhanced 

with greenways can create a healthier vibrant community. Adaptation of 

greenways as infrastructure can fairly untangle the glitches that urban 

communities face for instance obesity, depression, heart attacks and other 

health issues; traffic congestion; global warming; and economic downturn. 

 Challenges to greenway development 

The blessings of greenways in environmental, social, health, cultural and 

economic premises are eclectic. Nevertheless, there are substantial 

confrontation to greenway development.  

(a) Lack of synchronization 
Greenway development embroils public and many stakeholders. Ryder (1995) 

states that greenways application feat raises with the level of public association 

and vice versa. Bryant (2006) enunciates that communal aspect is vital in 

growth and fruition of greenways. Manifold authority and lack of their 

synchronization are crucial challenges to greenway materialization.  In his 

greenway doctrine Greenways for America, Little (1995) righteously quotes 

shoemaker that the best plan is to have none and to have no power is all power. 

Ryan et al. (2006) recommend that establishing greenways through multifarious 

magistracy can be formidable. Different opinions of numerous stakeholders 

involved in greenway development arouse challenges. Erickson and Louisse 

(1997) figure that biggest demur in greenway exertion is harmonization 

between government agencies and organizations.  
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(b) Funding 
Sufficient finance is a critical contest for greenway projects accomplishment. 

Despite greenways entail comparably meager mass of land paralleled to other 

enormous non-linear spaces; their application derives a tariff (Searns, 1995). 

Funds are essential for planning, design and construction elements of 

greenways. This can be attained from government agencies, non-profit 

organizations, businesses, individuals and public coffers.   

(c) Political and private issues 
In an urban scenery, physical confines for instance roads, railroads, residential 

and commercial infrastructure, public acquirement of land and private chattel 

rights posture a defiance to greenway development (Cooper and Hull, 1979). 

Greenway development hinges on political benevolence as well. Politically 

deplorable situations resembling private property rights issues hinder greenway 

execution and augmentation (Bryant, 2006).  

 Greenway planning and research  

The prevailing research on greenways and their prominence as a planning 

strategy bred during the third generation greenways. Twofold credentials, the 

1987 U.S. President‘s Commission on American Outdoors Report and the 

publication of Charles Little‘s Greenways for America in 1990 sprawl the 

greenway movement. The Commission‘s 1987 report advocated a national 

system of greenways as a prophecy for the future; A breathing network of 

greenways bestowing people access to open spaces close to home and 

intertwining the urban and rural spaces in American landscape stringing 

through cities and country sides resembling a colossal circulation system. 

Greenways for America, the majestic doctrine of Little (1990) was the pristine 

book that conscientiously scrutinize the historical background, research and 

planning of greenways postulating sixteen epitomes of greenways in the U.S. 

The supreme significant brunt of ‘Greenways for America’ was that it universally 

skywrote the greenway movement distinct from other scholastic (Fabos, 2004). 

After publication of ‘Greenways for America’, scholarly articles and books 

commenced to ascend. Eminent books for instance Ecology of Greenways by 
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Smith and Hellmund (1993), Greenways: A guide to planning, design, and 

development by Flink and Searns (1993), Ecological networks and greenways: 

concept, design, and implementation edited by Jongman and Pungetti (2004) 

and myriad other relevant books launched. With the amplified role of greenways 

the latitude and amount of studies imparted on greenways outspreaded. During 

the past two decades, research on greenways has dedicated on a variety of 

notions from environmental, social and economic impacts to quality-of-life 

dimensions. In this research, merely a few of current ample scholarly articles 

issued on this topic are discoursed. 

Many studies have assessed greenways numerous environmental impacts on 

their applied areas. Lindsey (2003) aroused the sustainability of the 

Indianapolis, Indiana greenway system adapting case study method. He 

examined the city‘s fulfilment of sustainability goals utilizing the structure of six 

sustainability pointers. These six pointers contain coherence with nature, 

livable built environments, place-centered economy, equity, polluters pay, and 

responsible regionalism. The study delivers a skeleton upon which planners 

can chaperon identical studies on greenways of other neighbourhood to 

estimate attainment of sustainability goals. James Thorne (1993) spelled out 

the technique of ameliorating ecological integrity using greenways. He 

recognized that greenways satisfied six rudimentary roles, namely habitat; 

conduit; barrier; filter; source and sink. Greenways connect split ecosystems for 

greater flow of resources and species. Bryant (2006) studied the impact of 

greenways on urban biodiversity by scrutinizing the role of ecological 

greenways in urban species conservation. He recommended integrating 

ecological objectives into greenway plans at the local level using the outcomes 

of the greenway study, the Cameron Run Watershed, in Washington, D.C. 

Apart from environmental impacts, greenways fetch social impacts as well. 

Equal access is an essential consideration for planners during cultivating 

greenway. Lindsey et al. (2001) conducted a research in Indianapolis 

computing the equity of access to greenways for different demographic and 

socio-economic classes through GIS. They pinpointed that minority populaces 
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had excessively greater access to the greenways inside Indianapolis. They 

concluded that the linear structure of greenways consents for grander access 

for all socio-economic and demographic troops. Gobster and Westphal (2004) 

performed a study on the Chicago River corridor using both qualitative and 

quantitative methods. They investigated six human dimensions of greenways, 

namely cleanliness; naturalness; aesthetics; safety; access; and appropriate 

development. Their focus groups were people ranging from greenway 

consumers to adjacent neighbours. They invented an intrinsic interdependence 

among the six anthropological dimensions that points to the significance of the 

integration and concentration of all these features in greenway development. 

Shafer et al. (2000) analyzed three greenway trails in Texas to measure the 

user perception and the contribution policy of greenway towards quality of life. 

Their research grounded on the theory that integration of greenways can 

ameliorate quality of life, often through arranging frivolous areas for individuals 

and boosting their health. They surveyed three trails for three successive days 

and queried the greenway users a sequence of questions concerning quality of 

life. They discovered the greenway users’ perception that the trails enriched 

their quality of life in the areas of relaxation and health. The natural open space 

of greenway offered enhanced land use and denizen vanity.  

T. Luymes and Tamminga (1995) hailed the emphasis of the perception of 

safety among greenway users. They prepared five considerable community 

safety principles for greenway planning, namely visibility to others; visibility by 

others; choice and control; environmental awareness and solitude without 

isolation. Lindsey et al. (2004) conducted a study of greenways in Indiana 

identifying the influence of greenways on property values. They accomplished 

their research using residential real estate sales data from 1999, GIS, and 

hedonic price modeling. They discovered that mostly 30 of the greenways had 

statistically striking affirmative impacts on residential property values. 

Nonetheless, the existing greenway researches point to the environmental, 

economic and social advantages of greenway development, the 

implementation of greenway is hard (Erickson, 2003). Erickson (2004) 
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investigated seven metropolitan greenway networks (Chattanooga; Chicago; 

Indianapolis; Toronto; Portland/Oregon; Minneapolis and the state of Maryland) 

scrutinizing their planning, implementation and funding schemes. She surmised 

that the major hindrance to greenway execution is dearth of harmonization 

among the diverse agencies and groups tangled in greenway project. She 

operated a relative case study of greenway networks in dual cities (Milwaukee, 

Wisconsin and Ottawa, Ontario) with well-connected nexus of greenways. She 

had two research questions. Firstly, the effect of local planning in these cities 

greenway net. Secondly, by what means the pasts of these two cities’ greenway 

webs have coxed to the present structure to apply the greenway nexus. In 

retort, Erickson examined these cities antiquity of open space planning and the 

tangible transformation of greenway heightening. Erickson delved her case 

studies through qualitative research using historic documents, interviews and 

site visits. She revealed that both cities contain historic corridors grounding the 

greenway nexus. However, both dearth persuasive leaders to apply concurrent 

greenways aiding manifold aims. She consummated that amalgamation of 

visionary thinking, robust leadership and a cooperative structure is essential for 

fruitful application of contemporary greenway nexus.  

Currently greenway plans belong to the local, regional, state, multi-state, and 

national level. One eminent regional greenway plan is the New England 

Regional Plan (Figure 2. 7) built upon the work of Olmsted that coordinates 

greenway planning for all six New England states, comprising an area of over 

42 million acres (Ahern, 2003). Ten Master degree candidates at the University 

of Massachusetts collaborating with local advisory boards delivered a 

framework for a national greenway plan, called Greenways and green escapes 

for the United States. Mapping existing and proposed greenways, the team 

selected suitable areas for the national greenways. They produced 136 miles 

of interconnected trails across the country (Fabos, 2004). State-wide greenway 

plans prevail in Florida and Maryland. In 1991, the conservation fund of 

Washington, D.C. and 1000 friends of Florida started the Florida Greenways 

Program to marmalade parlous parts of Florida‘s ecosystems; restore and 

maintain connectivity among varied ecosystems; enable these assorted 
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Figure 2. 7: New England Regional Greenway Plan (source: New 
England Greenway Vision Plan). 

ecosystems to chore as an integrated system; and sustain the evolutionary 

budding of these ecosystems to acclimatize to impending environmental 

transformation. The Florida Greenways Program established a vision statement 

and greenway maps using GIS to pinpoint the utmost suitable areas for 

greenways for the state of Florida (Benedict et al., 2003; Hoctor, 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 2006, the Michigan Department of Transportation, the city of Detroit, 

contributed a non-motorized transportation master plan escorting the design 

and construction of walkways throughout the city (Figure 2. 8). The plan 

discoursed the city’s dearth of continuous, connected and maintained 

walkways, and served to mend taking functional trips to destinations similar to 

shops, work and school. With the rise in popularity of greenways throughout the 

country, Detroit procedures this plan addressing current transportation snags 

and the budding health doles to cope with cities resembling Chicago, Boston 

and Portland where non-motorized amenities were in place (Brown et al., 2006). 
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Figure 2. 8: Non-motorized urban transportation masterplan, city of Detroit 
(after: Brown et al., 2006). 

The Michigan Trails and Greenways Alliance (MTGA) as well stimulated 

interest in non-motorized transportation opportunities and greenways.  
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Figure 2. 9: The Corktown-Mexicantown Green Link (after: Healthy 
Environments Partnership, 2007). 

The Corktown-Mexicantown Green Link in South-West Detroit started as a 

community-based hands-on research project to study factors in the built 

environment that contribute to socioeconomic gaps in peril of cardiovascular 

syndrome. The invention is a greenway that connects the area’s open space 

and amenities. This Green Link applies an altered approach to classic 

greenways. The location of the green link within an urban core turns it 

unfeasible to emphasis the path on a natural feature, such as the greenways 

along the Detroit river walk. Alternatively, the concentration is on the streets 

and the social institutions they connect (Healthy Environments Partnership, 

2007). The Corktown-Mexicantown Green Link laid out the greenway 

connecting the central features of the neighborhood, namely vicinities, 

churches, schools, amenities and open spaces within the neighborhood. The 

Corktown-Mexicantown Green Link trails a scheme of planning a green 

infrastructure network using hubs, links and sites illustrated in Figure 2. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 

 

Figure 2. 10: Grand River Avenue, Woodbridge existing [top] and 
Proposed Woodbridge Greenway [bottom] (after: Woodbridge 

Community Greenway and Bike Plan Design Guide). 

Kappler and Miller (2009) re-imagined the urban greenway for Woodbridge 

neighborhood of Detroit (Figure 2. 10). They proposed an advanced design of 

the designated greenway master plan produced by the Detroit Collaborative 

Design Center (DCDC). Their design contains streetscape improvements, 

programming vacant lots along greenway, streetscape modifications to include 

bike lanes, vegetation and pedestrian crosswalks. Their objective was to create 

a greenway enhancing the pedestrian and non-motorized transportation 

experience throughout the Woodbridge neighbourhood of Detroit. Planning and 

design for the Woodbridge Greenway emphasized the designation of road uses 

in terms of alternative transportation connectivity, ecological function, park and 

open space design encouraging social interaction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Kappler and Miller (2009) concluded that greenways benefit people and the 

environment in various ways. In the Woodbridge Greenway design, they 

addressed five specific goals, namely improve environmental quality, promote 

human health, encourage social interaction, stimulate economic growth and 
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implement community input. Environmental quality was addressed with low 

impact storm water management practices and native plantings.  

Brasier (2011) researched the case for Selmon greenway in downtown Tampa, 

studying three urban greenways the High Line in Manhattan, the Minneapolis 

Midtown greenway and the M-Path in Miami. She used qualitative research 

method, case study method, interviews, planning documents and direct 

observations to perform this research. She demonstrated the significance, 

efficacy and implementation strategies of urban greenways for the Selmon 

greenway. She concluded that green infrastructures should be regarded as 

equally important as grey infrastructure. Roads serve one purpose providing an 

area for the movement of vehicles. Conversely, greenways serve multiple 

functions, beyond just transportation. Despite that, the culture of conformity 

makes greenway projects much more difficult to implement than roads, while 

they are typically a fraction of the cost. She further suggested that besides 

being a new recreational space, the Selmon greenway could bring countless 

benefits to downtown Tampa, its residents and employees. Environmental 

sustainability, safety, economic development, aesthetic improvements and 

community development were some of the fringe benefits that the Selmon 

greenway might bring (Brasier, 2011). 

Marwa (2012) explored urban celebrations through greenway networks for 

liveable and sustainable cities in Nairobi Central Business District (NCBD). He 

used mixed methodology (qualitative and quantitative) engaging five sets of 

research instruments, namely questionnaire, interview with key informants, 

document analysis, observation and photography. The findings indicated that 

the socio economic benefits of greenways were immense and varied. These 

benefits lead to urban sustainability and livability enhancing urban celebrations. 

He found that greenways enhance the quality of life by improving the social 

health, creating an avenue of recreation and socialization. Greenways augment 

mobility in urban settings, provide connectivity and contact with nature leading 

to a vibrant society. He emphasized that recent greenways are a necessity, not 

an amenity.  
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Figure 2. 11: Integration of greenway into urban design 
(after: Marwa, 2012). 
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Figure 2. 12: Arbutus greenway, city of Vancouver (source: Vancouver city 
council, 2018). 

Marwa (2012) concluded that greenways should be regarded as green 

infrastructure; equally signified as grey infrastructure. He suggested conserving 

greenways as a connected system, instead of fragmented or isolated. He found 

a general prevalence (88%) of using greenways among the residents of Nairobi. 

Greenways prettified the city promoting nature and tranquillity. Greenways 

made the environment cool and offer shade during hot days. They were an 

essential trait of urban linkages. They enhanced transportation choices and 

delivered an affluence movement around the city. He found that 94.3% of the 

greenway users admitted that greenways enriched the quality of their life by 

offering natural areas, reducing pollution and transport cost, and increasing 

interaction with friends, improving health and fitness. He proposed 

incorporating greenways into urban planning of NCBD. Greenway enticed 

many visitors and business. He found that the residence of the Eastland’s part 

of Nairobi coveted a greenway along the railway to make their travel enjoyable 

and lively. He ponders greenway as a likely interloping measure to this standing 

state. He illustrates the ways of integrating greenways into urban design 

enhancing sustainability and livability through some sketches (Figure 2. 11).  
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Table 2. 2: Greenway benefits and interventions in various researches and 
projects (after: Marwa, 2012) 

Benefits Findings Possible interventions 
Socio-Economic 
Benefits of 
Greenways 

 Attract tourism  
 Enable commercial 

opportunities  
 Stimulate expenditure  
 Cost effective for outdoor 

recreation  
 Improve leisure time and 

sports facilities 
 Increase awareness of 

the natural environment  
 Eases public mobility  
 Induces healthier 

lifestyles 

 Integrate greenways in 
urban planning  

 Enhance greenways  
 Increase other facilities 

along greenways e.g. 
sits, open cafeteria 

 Provide lighting along 
greenways  

 Create an urban 
greenway authority to 
manage and develop 
greenways 

Environmental 
benefits of 
greenways 

 Restores/Protects the 
Environment  

 Enhances Environmental 
Quality  

 Supports Biodiversity  
 Induces better utilization 

of land  
 Limits urban Growth  
 Shapes the urban form  
 Helps Reduce Pollution  
 Provides safe and 

Convenient Routes  
 Interconnects networks of 

open spaces 

 Integrate greenways in 
urban planning  

 Enhance greenways  
 Creation of greenways 

along roads to absorb 
carbon emissions 

 Formation of greenways 
along river beds to 
increase biodiversity 

 Create an urban 
greenway authority to 
manage and develop 
greenways 

Challenges that 
hinder sustainable 
greenway 
development 

 Poor Planning  
 Absence of a modern 

physical plan for city  
 High costs  
 Lack of Space  
 Bureaucracy  
 Lack of public support  
 Corruption 

 Integrate greenways in 
urban planning  

 Create an urban 
greenway authority to 
manage and develop 
greenways 

 Earmarking space for 
greenways  

 Use local materials and 
plants to minimize costs 

 Raise capital through 
advertisements along 
greenways 

Vasconcelos and Pritchard (2006) recommended that greenways carry all the 

benefits of an urban open space. In addition, they connect areas that is an 

accretion to multi facilitated land uses on a daily active life. The Arbutus 

Greenway design vision for the city of Vancouver is a decent specimen of urban 

greenway (Figure 2. 12). It proposes a broad range of public realm and active 

transportation enhancements along the entire corridor including segregated 
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walking and biking pathways, rendezvous points, site furnishings (such as 

bench, drinking fountain), public washrooms, lighting, green infrastructure and 

extensive areas of native vegetation (Vancouver city council, 2018).  

The Literature review of greenway in this section has revealed that greenway 

serve manifold purposes in urban environment. They hold environmental and 

socio economic advantages. The greenway benefits and their possible 

interventions found from the Literature review are offered briefly in Table 2. 2. 

However, there was no significant research on the contribution of urban 

greenway in providing outdoor thermal comfort and mitigating UHI effect 

explicitly creating CE and reducing DBT precisely. This study endeavours to 

connect the missing link between urban greenway and their CE and outdoor 

thermal comfort in urban microclimate. In the following sections, the thermal 

comfort indices and urban microclimate are discoursed for better 

understanding. The upcoming chapters have scrutinised the microclimatic 

impact of greenway on urban street canyon through filed study and simulations. 

2.7 Thermal comfort indices  
Human thermal comfort is measured by several standards. Houghten (1923) 

defines that based on thermal neutrality a comfortable environment is where a 

person is neither warm nor cold nonetheless neutral in terms of temperature 

perception. In 1966 the American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) defined comfort as a state of satisfaction 

with the thermal environment. Later ASHRAE (2004) defined comfort as 

specifying the combinations of indoor thermal environmental and personal 

factors that would produce thermal environmental conditions acceptable to a 

majority of the occupants within the space.  

Main factors swaying the thermal comfort are heat gain and loss, namely 

metabolic rate, clothing insulation, air temperature, mean radiant temperature, 

wind speed, relative humidity and psychological parameters (Dear et al., 1998).    

In hot climates, the dominant parameters that influence thermal comfort are the 

ambient air temperature or Dry Bulb Temperature, Relative Humidity, Mean 

Radiant Temperature and air movement or Wind Speed. 
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Figure 2. 13: Estimating the pedestrian’s body view factor of 
surrounding surfaces using fish eye lens photography 

(source: Chalfoun, 2001). 

 Air temperature 

Air temperature refers to the Dry Bulb Temperature (DBT) indicating the level 

of heat in the air unaffected by radiations and humidity.  

 Air movement 

Air movement or Wind Speed (WS) is one of the most influential parameters of 

thermal comfort that affects the thermoregulation (by convection and 

evaporation) of the human body in its surroundings. Wind promotes convective 

heat loss if its temperature is lower than that of the skin. In addition, it promotes 

the evaporative cooling of the skin at low humidity levels.  

 Mean Radiant Temperature 

There are three types of radiation in outdoors, namely direct and indirect diffuse 

(short wave), reflected (long wave) and Mean Radiant Temperature (Tmrt). The 

Tmrt of the surrounding surfaces is a matter of the materiality and tightness of 

the space (Gaitani et al., 2007). Radiations significantly increase the heat 

stress, the Tmrt in particular, which exceeds the DBT in hot climates (Gaitani et 

al., 2007; Yannas, 2007). The degree to which long wave radiation affects 

pedestrians is largely dependent on Tmrt. Tmrt is relative to the specific location 

in the urban space. With every step, the sum of the radiation fluxes the 

pedestrian is exposed to, changes significantly as their exposure  changes to 

the various surfaces in the environment (Chalfoun, 2001). 
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 Humidity 

Humidity regulates the amount of moisture in the air, denoted to as Relative 

Humidity (RH), Absolute Humidity (AH), or Vapour Pressure (P). High humidity 

levels block nocturnal losses of heat that increases the DBT. Additionally it 

effects the thermoregulation of the human body. At low humidity levels, heat 

loss through evaporation can be excessive triggering discomfort. In hot 

conditions if humidity levels are high, heat loss through evaporation drops, 

which similarly causes discomfort. Therefore, heat exchange through 

evapotranspiration and respiration should be maintained between RH at 30% 

indoors and 80% outdoors (Lin et al., 2010).   

 Thermal comfort level 

(a) Dry Bulb Temperature  
During summer, optimal comfort sensation is attained when the DBT is between 

295.65 K to 299.15 K (22.5 °C–26 °C) (ASHRAE and ANSI, 1995). Neutral 

outdoor DBT under shade is 301.15 K (28 °C) for high levels of RH (80%) for 

subtropical as Hong Kong (Cheng et al., 2012). In tropical countries as 

Bangladesh, where RH is usually higher than 70%, the thermal comfort range 

includes high DBT of 301.65 K (28.5 °C) and 305.15 K (32 °C)  (Ahmed, 2003). 

(b) Relative Humidity  
Studies pronounces that human feel comfortable within a wide-ranging RH 

conditional with the temperature from 30% to 70% (Gilmore, 1972) nonetheless 

preferably between 50% (Anon., 2013) as well as 60%. (Anon., 2018). 

Extremely low humidity generate discomposure, respirational complications, 

and exacerbate allergies in some people (Office of Environmental Health and 

Safety Indoor Air Quality Program, 2003). Awfully low (below 20%) RH cause 

eye irritation (Arundel et al., 1986; Anon, 2017). 

(c) Wind Speed  
Studies found that a mean WS of 1.5 m/s at 50% of the time provide a 

comfortable environment during summer months in Hong Kong for pedestrians 

walking under shade (Cheng and Ng, 2006; Ng et al., 2004). A study estimating 

the WS required for outdoor thermal comfort in Hong Kong,  revealed that on a 
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typical summer day with a DBT of about 301.15 K (28 °C), RH of about 80%, a 

person with light summer clothing sitting under shade would require a WS of 

about 1.6 m/s to attain neutral thermal sensation (Cheng et al., 2012). This 

finding is an approximation and matches with research conducted in similar 

tropical environments elsewhere. Research show that changing WS have 

significant influences on thermal sensation, especially in summer. An initial 

analysis of the effects of wind on thermal sensation in summer shows that an 

increase in WS from 0.3 m/s to 1 m/s is equivalent to a drop of about 2 K in 

DBT (Cheng et al., 2012).  

(d) Mean Radiant Temperature  
There is a strong relationship between Tmrt and thermal comfort indexes during 

weak wind summer days (Höppe, 1999; Gulyás et al., 2006; Dai and Schnabel, 

2011). Especially in outdoor conditions, Tmrt is as equally essential factor as 

DBT for thermal comfort. Tmrt and DBT are interconnected to a certain extent; 

for instance, a  0.56 K increase in DBT can be counterbalanced by a decrease 

of 0.77 K in Tmrt (Emmanuel and Fernando, 2007).   

 Pedestrian thermal comfort 

Pedestrians revitalise cities. Lure and loveliness characterise the towns where 

denizens walk. Pedestrian friendly city create favourable environment. The 

microclimatic conditions of the outdoor environment, formed by the urban fabric, 

substantially weaken civilian use of urban spaces (Zhang and Zhao, 2008). 

 Outdoor thermal comfort  

Human thermal comfort is not easily quantifiable in a controlled indoor 

environment. The outdoor environment is much harder to quantify as it 

embraces manifold factors that affect the pedestrian. Cook (2001) pitched that 

outdoor comfort criteria should be benchmarked by different parameters as the 

benchmark of the individual comfort level in outdoor is elevated than that of 

indoor environment. Therefore, previous outdoor comfort research frequently 

mentions a definite thermal index that pools a number of factors affecting 

comfort as a benchmark for the study. The critical factors for outdoor comfort 

contain DBT, RH, WS and Tmrt. Conversely, thermal comfort relies on the 



62 

 

Figure 2. 14: Human energy balance (source: Bryan, 2001). 

person’s clothing (CLO), activity level (MET), psychological and other factors. 

The person is not actually experiencing the ambient temperature; instead, the 

heat lost or gained from the body affects the pedestrian’s comfort. Especially in 

outdoor conditions, Tmrt is equally or more important factor similar to DBT for 

thermal comfort. Tmrt and DBT are interconnected to a certain extent; for 

example, a  0.56 K increase in DBT can be counterbalanced by a decrease of 

0.77 K in Tmrt (Emmanuel and Fernando, 2007).   

 Human energy balance  

The human energy balance (Figure 2. 14) shows that several factors affect 

human outdoor comfort. The human body grasps the blend of all climatic 

parameters that act together and affect each other in various extents depending 

upon the weather circumstances.  
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For instance, during a sunny winter day with low wind velocity, the Tmrt affects 

the human heat balance approximately evenly as the DBT. The DBT grow more 

crucial when the WS rises because of the amplified skin convective heat 

exchange. Nevertheless, on a hot sunny summer day the Tmrt becomes the 

leading factor affecting the pedestrian thermal comfort (Höppe, 1999).  

Therefore, lessening the exposure to and reducing the temperature of the 

surrounding surfaces (Tmrt) is the most effective means to attain outdoor thermal 

comfort for pedestrians in urban spaces (Bryan, 2001).  

 Balancing human thermal comfort  

The greatest heat gain of the pedestrian walking or standing in the urban 

environment is from radiation. This occurs mainly from direct radiation for a 

person standing in direct sunlight. Conversely, if the person stands under a 

shade or a tree removing the direct radiation effect, the second core heat gain 

factor is the long wave radiation emitted from the surrounding materials (Tmrt). 

Relatively, the heat gain of the pedestrian for the air ambient temperature via 

convection is trivial. Hence, the prime goal for human comfort in urban outdoor 

places should be regulating the radiant temperatures of the building material 

surfaces (both vertical and horizontal) that affect pedestrians and provide tree 

shading (Bryan, 2001).  

2.8 Microclimate 
A microclimate is a local atmospheric zone where the climate differs from the 

surrounding area. Urban areas have a local and distinct set of climatic 

characteristics for inadvertent climate modification on a relatively small scale. 

The urban area modifies the climate in several ways, namely temperature; 

precipitation; fogs; thunderstorms; wind and pollution. The microclimate can be 

defined as a sequence of atmospheric changes that occur within a small region 

in the dimension of time (Oke, 2002). Geiger (1762) delineates that 

microclimate is the climate in the tiniest space. The horizontal extent of 

microclimates are often not strictly defined, albeit several millimeters to one 

kilometer is frequently engaged (Oke, 2002). 
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2.9 Thermal comfort and urban neighbourhood microclimate 
Harlan et al. (2006) examined heat-related health inequalities in the city of 

Phoenix to understand the relationships between the microclimates of various 

urban neighbourhoods, population characteristics and the resources available 

to deal with high heat climatic conditions. They found that minority and lower 

income neighbourhoods were typically more densely populated and sparsely 

vegetated. As a result, the run-down neighbourhoods were exposed to higher 

temperatures and most affected by the high heat related health risks. 

Resources for coping with extreme heat were severely limited in lower income 

neighbourhoods with higher heat stress index. They concluded that there were 

significant variations in temperatures between the neighbourhoods. The lower 

income neighbourhoods were warmer for prolonged periods and therefore 

exposed the residents to heat stress and other heat related health risks. 

2.10 Urban street canyon 
Many urban climatologists define urban street canyon as the space above the 

street and between the buildings. It is the basic urban unit. Oke (1988) 

describes street canyon as a place that encompasses streets and buildings. 

The channel of a street canyon is a dramatic place. The way the wind goes 

down and the sun comes in is sensational. This is a place where the pollution 

releases beneath from vehicles. The depiction of roofs performance, the 

variance between East-West and North-South canyons, and the universal 

intersections portray cities. The Building blocks create the pattern that 

characterizes Marrakech, New York, or Los Angeles (Oke, 1988). A street 

canyon is formed by two typically parallel rows of buildings separated by a 

street creating the basic unit of modern cities (Syrios and Hunt, 2008). Two 

important metrics for measuring street canyon climate include the aspect ratio 

(height width ratio) and sky view factor.  

2.11 Street canyon aspect ratio 
The geometry of a street canyon is expressed by its aspect ratio. The aspect 

ratio is the ratio of the mean height of the buildings (H) to the width of the street 

(W) (Figure 2. 15). A street canyon with an aspect ratio of around equal to 1 
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Figure 2. 15: Street canyon, Aspect ratio = H/W (source: Oke, 1988). 

without any crucial openings on the walls is called a uniform street canyon. A 

canyon with an aspect ratio below 0.5 is a shallow street canyon. In addition, 

the aspect ratio of 2, denotes a deep street canyon. 

 

 

 

 

 

 

 

 

Street canyon geometry parameters, namely height-to-width ratio (H/W) and 

the street orientation are the most significant urban parameters. They are 

accountable for the microclimatic changes in a street canyon (Todhunter, 1990; 

Arnfield and Mills, 1994). These parameters straightly affect the prospective of 

airflow at street level, solar access and consequently urban microclimate 

(Nakamura and Oke, 1988; Arnfield and Mills, 1994).  

2.12 Sky view factor 
The Sky View Factor (SVF) is best visualized as a “fish-eye” photograph of the 

sky from the street (Figure 2. 16). The value of the SVF ranges from zero to 

one. When obstacles block the sky, the factor goes to zero. When the sky is 

completely visible, the factor is one. The SVF is helpful in determining the 

amount of heat a canyon retain at night. As the sky is cooler than buildings 

warmed over the day, the sky can be thought of as a giant heat sink. The more 

the sky is exposed, the more quickly the street canyon become cool (Bourbia 

and Boucheriba, 2010). Conversely, at daytime, the more the sky is exposed, 

the more the street canyon gain heat due to solar radiance. Bourbia and 

Boucheriba (2010) examined seven canyons in the densest part of Constantine 
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Figure 2. 16: Sky view factor* (source: Bourbia, 2009 and Erell et al., 2011). 
*H is the building footprint-area-weighted height; L is the length of the urban street canyon 
and W is the length-averaged width. 

city in the summer. They measured air and ground temperatures in buildings 

with aspect ratios ranging from 1 to 6.7 and SVF ranging from .076 to .58. 

 

 

 

 

 

 

 

 

 

 

 

Bourbia and Boucheriba (2010) concluded that an increase in SVF during the 

day led to higher canyon temperatures, and an increase in aspect ratio led to 

lower canyon temperatures. A higher ratio factor and lower SVF do not allow 

as much sunlight into the canyon, hindering its ability to heat. In a city where 

the average maximum summer temperature is 309 K (36.11 0C), these findings 

are important. 

2.13 Microclimate of the urban street canyon 
Nunez and Oke (1977) studied the heat fluxes in a North-South oriented street 

in Vancouver Canada, with an aspect ratio of almost 1:1(height: width) (Figure 

2. 17). The street environment make up was white painted concrete walls, no 

windows, and light vegetation. They concluded that the street orientation and 

aspect ratio played a major part in the radiation exchanges. During a typical 

day, the east-facing façade was initially irradiated at sunrise. In the afternoon, 

the radiation was hitting mainly the west-facing wall. However, the east wall 

experienced a second peak by receiving the reflected radiation from the west 

facing façade.  
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Figure 2. 17: Schematic depiction of (a) the urban/ atmosphere interface, including an 
urban canyon and its canyon air volume (dashed) (b) sensible heat exchanges into and 
out of the canyon air volume and Schematic airflow in the canyon with wind direction (c) 
parallel to (d) at an angle to the longitudinal axis (left) and Diurnal energy balances for 

each of the canyon surfaces based on mean hourly values for three-days 9-11 
September 1973 (right) (after: Nunez and Oke, 1977). 
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In the North South oriented street, the street surface absorbed the majority of 

the radiation at noon. The West and East facades were mainly exposed 1.5 

hours before and after solar noon. During the day, approximately 30% of the 

heat energy (sensible heat fluxes) was stored in the street and façade 

materials, approximately 60% of the heat energy surplus was dispersed as a 

sensible heat flux to the air and 10% transferred to air as latent heat by 

evaporation. At night, with lower speed winds, and therefore lower turbulence, 

the street loses energy stored in the materials via long-wave night sky radiation. 

The findings as well emphasized the significance of Wind Speed and direction 

in the nature of the advective transports of heat and energy. Whether the wind 

direction is parallel to the street axis or coming at an angle, may have an 

important part in the heat transport by mean flow (Nunez and Oke, 1977).  

Another study experimented an East West street referencing Nunez and Oke's 

(1977) North South street experiment. The results validated many of their 

findings and detailed the differences between the North South and the East-

West oriented streets. The case study was set in Kyoto, Japan in an almost 

symmetrical street with a 17 m (±52.1 feet) wide and 16 m (±49.6 feet) high 

proportions. The measurements included surface and air temperatures, wind 

flow and heat fluxes. The study made comparison between the roof surface 

temperatures, wall (North and South) temperatures, road temperatures and air 

temperature. The study concluded that the energy stored in the canyon was 

about 1.5 times higher than in the roof surfaces. Approximately 40% of the heat 

energy surplus (against 60% for the Nunez Oke canyon) was dispersed as a 

sensible heat flux to the air (due to the East-West orientation). The study result 

noted the negligible heat transfer of the shaded walls (to surrounding air via 

turbulence) as opposed to the sunlit walls  (Toudert, 2007; Yoshida et al., 1990).  

2.14 Surface temperature and albedo 
Surface temperature and albedo can be measured to determine the urban 

quality in terms of thermal comfort. The albedo is the ratio of reflected radiation 

to incident radiation from a surface. The use of heat absorbing materials, the 

reduction in vegetated or green spaces, the characteristics of urban canyons 
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and the production of anthropogenic heat have caused the UHI increase in 

metropolitan areas  (Santamouris, 2014; Razzaghmanesh et al., 2016).  

A study investigated the heat potential of three common urban environmental 

materials. The results show that low albedo materials are one of the main 

causes of increased temperature in cities. As well, urban development and the 

reduction of vegetated green spaces contribute to increasing temperatures 

(Razzaghmanesh et al., 2016).  

Reflective pavements can be used to mitigate heat in urban spaces. These 

pavements absorb less sun and keep the indoor environment of buildings cool. 

Traditionally, white plaster and marbles have been used in North African and 

Mediterranean cities to avoid extreme heat. For instance, Almeria in Spain is 

fully covered with white pavements (on ways and rooftops). This city has 0.3 K 

lower DBT compared to its surrounding (Campra et al., 2008). 

2.15 Urban surface energy balance  
As the sun strikes surfaces on earth and heats them up, these surfaces start 

interacting with the air layer above them and exchange heat and energy (Figure 

2. 18). The extent of this exchange is dependent on the physical properties of 

the irradiated surface. These properties include thickness, color, roughness, 

thermal conductivity, specific heat capacity, density, moisture content, and 

emissivity. As the surface is irradiated and heats up, it stores the heat, and 

when the surface of the material becomes hotter than the ambient temperature 

it starts interacting with and raising the adjacent ambient temperature through 

sensible, latent and radiative heat flow exchanges (Asaeda et al., 1996; Olgyay, 

2015). At noon for instance, when the difference between air and ground 

surface temperature is large, the rate of infrared absorption by the lower 

atmosphere over asphalt pavement is greater by 60 Wm-2 than that over the 

soil surface or concrete pavement (Asaeda et al., 1996). Several studies show 

that impervious concrete and asphalt surfaces can reach surface temperatures 

of 322.05-338.75 K (48.9 – 65.6 °C) in the summer (Pomerantz et al., 2000).  
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Figure 2. 18: Air – surface heat exchange (after: Olgyay, 2015). 
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The asphalt pavement in cities is the main contributor to the UHI. Asaeda et al. 

(1996) showed that asphalt pavement emit an additional 150 Wm-2 infrared 

radiation and 200 Wm-2 sensible heat as opposed to a bare soil surface. Here, 

the main differential factor is the permeability and soil characteristics allowing 

evaporation of the moisture present in it. This phenomenon consequence much 

lower surface temperatures and lower heat storage, against the impermeable 

thick surfaces of asphalt and concrete urban pavements that increase the 

surface temperature and heat stored under the surfaces (Asaeda et al., 1993). 

The color and roughness of the urban materials similarly have an impact on 

how much energy they absorb and re-radiate. Surfaces that have a high albedo, 

typically light colors and smooth surfaces reduce the heat storage in the 

materials  (Doll et al., 1985; Taha, 1997; Akbari et al., 2001). However, the heat 

storage capacity and section thickness are more essential factors than the 

albedo of these surfaces, in controlling the surface temperature aspects 

(Golden and Kaloush, 2006; Emmanuel and Fernando, 2007). 

Asaeda and Ca (1993) studied that latent heat exchange plays a major role in 

cooling pavement materials. The asphalt and concrete used in urban 

environments are typically too dense to allow water permeability and therefore 

drastically limit the latent heat exchange. The key difference between natural 

permeable surfaces resembling soil and urban impermeable surfaces 

resembling concrete asphalt is that the presence of moisture in the bare soil, 

combined with its poor conductivity allow the surface to cool faster and do not 

contribute to heating the air above it during the night. Due to the surface 

characteristics of soil, its surface heats up slower than concrete and even 

slower than asphalt during the day. As opposed to thick impermeable urban 

pavement surfaces that behave in the opposite fashion (Doll et al., 1985; Taha 

et al., 1992; Taha, 1997). Therefore, use of smart materials resembling cool 

pavements made of pervious materials in urban street canyons are requisite. 
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2.16 Smart materials  
Numerous recent studies recommend using smart materials on urban street 

canyon to reduce DBT, Tmrt, and provide thermal comfort to the pedestrians. 

Some of them are cool pavements made of pervious materials.  

 Pervious pavements 

Recent research at the ASU smart materials laboratory indicates a great 

potential for pervious pavements. As opposed to typical asphalt and concrete 

pavements, pervious pavement is permeable to water and air and therefore 

allows for a latent heat exchange. These pavements can be made of asphalt or 

concrete, however contain less fines. This works in a multitude of dimensions, 

for instance, it decreases the street storm water runoff by absorbing the storm 

water and recharging underground aquifers. The water and air passage allows 

latent heat exchange, and therefore decreases the temperature of the 

pavement. This phenomena assist trees and other landscape root systems to 

better access air and nutrients providing cooler root zones which results in 

larger better shading landscape materials  (Golden and Kaloush, 2006). The 

National Center of Excellence on Smart Innovations at Arizona State University 

is researching on pervious pavements that allow air and water into the soil. 

Their research indicates that the trees planted in and around parking lots 

constructed using pervious concrete tend to grow wider and live longer than 

similar trees surrounded by impervious pavements (Pervious and Porous 

Pavements, 2007).  

 Cool pavements 

The classic definition of cool pavement is that it is a road surface that uses 

additional ingredients to reflect solar radiation distinct from conventional dark 

pavement and stay cool in the sun (Anon., 2018). Li (2012) examined the 

effects of different cool pavements (including high reflectance, high thermal 

resistance pavement and permeable pavement with evaporative cooling) on 

improving thermal environment and mitigating near-surface heat island effects 

ensuring outdoor human thermal comfort in different climate regions 

(Sacramento and Los Angeles in California and Phoenix in Arizona) through 
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field measurements, modelling and simulation. He measured relevant 

properties of pavement materials for instance albedo, permeability, thermal 

conductivity, heat capacity and evaporation rate. The result revealed that high 

reflectance pavement would decrease pavement surface temperature and 

mend the air quality. However, increasing the pavement reflectance would 

distress human thermal comfort during hot periods due to an increase in Tmrt 

contributed by the increased reflected radiation striking human bodies. 

Enhancing the evaporation from the pavement through using permeable 

pavement and tree shade on pavement would reduce pavement surface 

temperature and improve human thermal comfort in hot periods. He 

recommended that permeable pavements (integrated with irrigation systems 

during hot dry seasons), including pervious concrete pavement, porous asphalt 

pavement, permeable interlocking concrete pavers and reinforced grass pavers 

would be decent replacements for paving, to manage storm water runoff, 

mitigate near-surface heat island effect and improve thermal environments. 

Harmonising these findings, several other studies revealed that some of the 

cool pavements contains high reflectivity (high albedo) and reduce DBT, 

however increase Tmrt, which is thermally uncomfortable for pedestrian.  Some 

of them contain high permeability with dark surface (low albedo) and increase 

DBT. Research found that cool pavements of balancing high reflectivity and 

high permeability is thermally comfortable for pedestrian as they reduce both  

DBT and Tmrt (Cook, 2003; Campra et al., 2008; Qin, 2015; Li, 2016). 

 Interlocking concrete pavement 

Interlocking concrete pavement is one of the cool pavements that holds high 

reflectivity (high albedo) and high permeability. Several study found that 

interlocking concrete pavement is supreme for creating Cooling Effect (CE) in 

terms of lessening both DBT and Tmrt up to 12 K, and provide pedestrian 

thermal comfort amid many cool pavements of high reflectivity (high albedo) or 

high permeability (Cook, 2003; Campra et al., 2008; Qin, 2015; Li, 2016). In the 

upcoming chapters, this study has examined the thermal impact of interlocking 

concrete pavements as cool pavements on urban street canyon through 

simulation study. 
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Figure 2. 19: Microscale (after: Oke, 2004). 

2.17 Urban station scale 
(Oke, 1984) suggests that the success of an urban station depends on a 

comprehension of the concept of scale. There are three scales of interest in 

urban areas. They are (a) Microscale (b) Local scale and (c) Meso scale. This 

study concerns about microscale (Figure 2. 19). 

 

 

 

 

 

 

 

 

 

 Microscale 

The measurements of sole elements for instance buildings, trees, roads, 

gardens and so on ranging from under one to hundreds of metres establish 

standard scales of urban microclimates (Oke, 2004; Stewart et al., 2014).  

 Roughness sublayer  

Roughness sublayer is the lowest atmospheric layer immediately adjacent to a 

surface covered with relatively large roughness elements such as stones, 

vegetation, trees, or buildings. The roughness sublayer extends from the 

surface up to about two to five times the height of the roughness elements and 

includes the canopy layer. Urban areas lean towards neutral stability caused by 

greater thermal and mechanical turbulence related with the heat island and their 

enormous roughness, consequently, a height: fetch ratio of about 1:100 is 

contemplated typical (Oke, 2004). 
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2.18 Climatic features of Bangladesh: An overview 
Bangladesh lies between latitude 20°34’N and 26°33‘N and longitude 88°1‘E 

and 92°41‘E. It is confined by lands on three sides and by the Bay of Bengal on 

the South. It is in the Indo-Malayan realm. The climate of Bangladesh is 

identified as warm humid resting on Atkinson’s classification (Koenigsberger, 

1973). Roughly, the climate has long and wet summer providing short and dry 

winter. An enormous part of the country’s terrestrial form lies above the Tropic 

of Cancer. Nevertheless, the regional geographical aspects feature the tropical 

nature of the climate. The Himalayan sierra and Tibet mesa sitting in the North 

cause a significant amount of rainfall (Hossain and Nooruddin, 1993; Rashid, 

1991). The humidity is moderately high throughout the year, mainly during the 

months of June to September it remains frequently over 80%. In summer, 

annual maximum temperature is 307.65 K (34.5 °C) and during winter minimum 

temperature is (285.85 K) 12.7 °C (Rashid and Ahmed, 2008). Meteorologically 

the climate of Bangladesh is classified into four diverse seasons namely pre-

monsoon, monsoon, post monsoon and winter (Hossain and Nooruddin, 1993).  

The pre-monsoon is hot and dry, monsoon and the post monsoon courses are 

hot and wet, the winter is cool and dry. The pre-monsoon season encompasses 

the months of March, April and May. Occasional thunderstorms and an average 

maximum temperature of 307.15 K (34 0C) portray this period. The monsoon is 

the longest season comprising the months from June to September. This cycle 

is defined by heavy rainfall (781 mm to 1499 mm recorded in Dhaka), an 

average relative humidity above 80% and an average temperature of 304.15 K 

(31 0C). The post monsoon season embraces the months of October and 

November outlined as an intermediate period (to winter) with occasional rains 

and the temperature below 303.15 K (30 0C). The winter consists of December 

to February. Infrequent rains, cold northerly winds, a mean temperature of 

294.15 K (21 0C) and a mean maximum temperature of below 299.15 K (26 0C) 

identify this period (Ahmed, K.S., 1996). 
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Figure 2. 20: Mean minimum and maximum temperature of Dhaka city 
(after: World Weather and Climate Information, 2016). 

Figure 2. 21: Annual mean temperature of Dhaka, Tangail and Mymensingh 
city from 1985-2015 (after: Meteorological Department of Bangladesh). 

2.19 Climatic milieu of Dhaka 
Dhaka city lies between the latitude 23° 46' 37.8336'' N and the longitude 90° 

23' 58.0272'' E. Dhaka has an altitude of 9 m, 30’ above the sea level. The 

Köppen-Geiger climate classification for Dhaka is Aw, the Tropical Savanna 

Climate with a pronounced dry season in the low-sun months, a cold season, 

and wet season in the high-sun months. 

 Air temperature 

 

 

 

 

 

 

The mean annual temperature of Dhaka is 299.25 K (26.1 0C). The mean 

temperature of June is the highest with an average temperature of 302.25 K 

(29.1 0C), however, the mean maximum temperature of April is the highest with 

an average maximum temperature of 306.95 K (33.8 0C). The coolest month is 

January, with a mean temperature of 291.95 K (18.8 0C) and a minimum mean 

temperature of 285.25 K (12.1 0C). 
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Figure 2. 22: Mean Temperature of April at Dhaka, Tangail and Mymensingh 
city from 1985-2015 (after: Meteorological Department of Bangladesh). 

Figure 2. 23: Average Relative Humidity of Dhaka city (after: World Weather 
and Climate Information, 2016). 

 

 

 

 

 

 

 

 

 

The climate of Dhaka is different from the other parts of the country due to the 

geographical location, dense urban development and less green space (Tuli, 

2015). Compared to the immediate urban zones, Dhaka has the highest 

temperature. The graphs (Figure 2. 21 and Figure 2. 22) show higher 

temperatures in Dhaka than in Maymensingh and Tangail. This difference is 

increasing with time. Therefore, it is vivid that Dhaka is getting warmer day by 

day and its thermal environment needs to improve for the future. 

 Relative Humidity 

The average annual Relative Humidity (RH) is 65.8%. The average monthly RH 

ranges from 45% in March to 79% in June (Figure 2. 23).  
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Figure 2. 25: Wind Speed of Dhaka city (m/s) (after: World Weather and 
Climate Information, 2016). 

Figure 2. 24: Average precipitation of Dhaka city (after: World Weather and 
Climate Information, 2016). 

 Precipitation 

Dhaka obtains on equilibrium 1875 mm/ 73.8 in of rainfall (precipitation) per 

year, or 156.3 mm/ 6.2 in per month (Figure 2. 24).  

 

 

 

 

 

 

 

Usually there are 136 days per year with more than 0.1 mm/ 0.004 in of 

precipitation or 11.3 days with a quantity of rain, sleet, snow and so forth per 

month. The driest weather is December while an average of 5 mm/ 0.2 in of 

rainfall precipitation appears. The wettest weather is August while an average 

337 mm/ 13.3 in of rainfall (precipitation) happens. 

 Air movement 

Airflow is a commanding concern for comfort in Dhaka city (Figure 2. 25 and 

Table 2. 3). In the hot period, the wind direction is from the South and mostly 

from the South East. In the cool period, wind flows largely from the North West. 

Wind speeds are higher in the hot dry period than the hot humid period. 
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Figure 2. 26: Average monthly sun hours of Dhaka (after: World Weather and 
Climate Information, 2016). 

Table 2. 3: Wind Speed (WS) and Wind Direction (WD) table, Dhaka (after: 
Mallick, 1994) 

Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
WS 1.5 1.6 2.9 2.6 3.9 3.3 4.1 3.8 3 1.7 1.5 1.8 
WD NW N SW SW S SE SE S S N NW NW 

 

 Solar radiation and sunshine 

At midday, the sun is typically 66.7° above the horizon in the month of 

September, and in June, it sits overhead at Dhaka. The longest day of the year 

is 13:27 long and the shortest day is 10:32 long. Sunshine hours per day of 

Dhaka is more than eight in the cool season. It is low all along the monsoon 

months due to the cloud cover.  

 

 

 

 

 

 

 

During the months of June and July, sunshine hours are around 4 hours per 

day. Afterwards it increases constantly. Solar radiation data of Dhaka (Figure 

2. 26) indicates maximum intensity during the hot dry period that grasps the 

ultimate vertex in April (5 kWh/m2/day). This can contribute radiating more heat 

in the urban areas. Solar radiation is accountable for the immense Mean 

Radiant Temperature (Tmrt) in microclimate. In humid monsoons, the radiation 

is mostly diffused considering cloud cover and is consistent around 

4kW/m2/day. During December and January, it declines to marginally above 

3kWh/m2/day (Mallick, 1994). 
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2.20 Planned residential areas of Dhaka  
Planned residential area is a residential area that is designed or carried out 

according to a plan. Lately, a high density of diverse buildings and built spaces 

are established in Dhaka (Hossain, 2010). Dhaka embodies a composite urban 

form developed through ages without any rigid planning. The city has some 

deliberately planned residential areas providing the citizen civic facilities. In 

these designs, lands are divided into plots and infrastructures are developed 

following the national building code. Planned parts of Dhaka mainly follow a 

gridiron pattern. In Dhaka, the grid pattern roads were first hosted in Wari and 

Gandaria in 1885. Later in 1905, Ramna was planned as a government 

residential district. In 1948, the East Bengal government created a planning 

division, under which a physical plan for Dhaka‘s future growth was envisioned. 

Some residential areas were developed according to this master plan, including 

Azimpur and Motijheel residential colony for government officers, and 

Dhanmondi residential area for the neo-rich elites. Planned residential areas of 

Gulshan, Banani, and so on are the descendants of the latter type of residential 

areas developed by the city authority, DIT currently RAJUK. Some of the 

residential areas were developed according to the plans of the National 

Housing Authority, including Mohammadpur and Mirpur for lower and lower-

middle income groups. Another major planned residential project was the Uttara 

Model town (1360 hectare) planned by RAJUK and located about 20 km from 

the centre of the city. Later, Baridhara was developed in 1972 as high-class 

residential area, acquiring 150 hectare land (Khan and Nilufar, 2009). 

Purbachal has been designed as a planned residential area with many civic 

facilities recently. From 1996 to 2007, multi-storeyed buildings were built 

following a now obsolete building code. A new building code has been 

published since 2008, modelling the morphology of Dhaka in a diverse style. At 

present, many established planned residential areas are found where 

maximum settlements have already been built following the previous building 

code. Usually the building height is from five to six stories. The new building 

code is nurturing many new areas under development, varying the building 

height with altered footprint.  
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 Evolution of Dhaka city 

Over the last forty years, the urbanization of Dhaka city was not achieved in a 

systematic way due to the lack of proper planning (Nilufar, 2010). Ahmed (2013) 

studied the land cover changes of this city applying Remote Sensing (RS) 

technology. He found that from 1989 to 2009, built-up area had increased from 

8.4% to 46% of total area. Conversely, fallow land had decreased from 38% to 

17% of total area. According to World Bank, Dhaka is growing at a rate of 4.5% 

per year making it one of the fastest growing megacities in the world. Dhaka is 

now rising at the cost of agricultural lands and forests. Consequently, Dhaka 

has very inadequate green open spaces. The residential land covers 27% of 

the built area that is the highest except agricultural land. About 85% of the 

national energy demand of Dhaka is for the domestic usage. The hard surfaces 

of roofs and roads gain more heat and ensue UHI effect. Therefore, heat 

generation within the residential areas need to be bargained (Hossain, 2010).  

 Population growth of Dhaka 

In 2007, approximately 12.3 million people lived in the metropolitan area, 

resulting in a high density of about 43,797 persons per square kilometer 

(Bangladesh Bureau of Statistics, 2007). Now Dhaka has a population of 

19,580,000 (Anon., 2018). It is the largest city in Bangladesh and the 10th 

largest city in the world. It is as well one of the most densely populated cities in 

the world (Neema et al., 2013).  

 Ratio of built space to open space of Dhaka 

Developing cities have recently restructured the idea of healthy city. Dhaka is 

still lagging behind in adopting the concept of a healthy city. Creation of green 

oriented Dhaka city may overcome the problems that the city is currently facing 

and transform it into a healthy liveable city. In terms of the vital need, World 

Health Organization (WHO) recommends 4.23 acres of greeneries per 1000 

people (WHO, 2006). In contrast, the Detailed Area Plan (DAP) in Dhaka has 

proposed an insufficient quantity of greeneries (0.12 acres park and 0.08 acres 

play field for 1000 people), and has yet failed to earmark that land for greeneries 

(DMDP, 1997). UNEP (2010) vouch for a minimum 25% open space, including 
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Figure 2. 27: The trend of green space declination in Dhaka city (after: 
Tabassum and Sharmin, 2011). 

plantation and water body, of the whole area of a city. In Dhaka, open space 

area was only about 14.5% in 2011 (Byomkesh et al., 2012). Built-up area of 

Dhaka has hovered from 5,500 hectares in 1975 to 20,549 hectares in 2005, 

whereas wetland and vegetation cover has condensed from 6,027 hectares to 

2,812 hectares in turn (Dewan et al., 2012). Bangladesh University of 

Engineering and Technology (BUET) found that vegetation cover (dense and 

sparse) reduced 7743 hectares, 2871 hectares and 198 hectares in 1989, 2002 

and 2010 respectively in Dhaka metropolitan area. Green coverage has 

reduced ominously from 40,765 hectares to 24,208 hectares within the year 

1989 to 2005 in the city core area. The highest proportion of land cover (all land 

uses except agriculture, open space, water body and vacant land) that is about 

88% (78.56 square Kilometre) is in the built-up areas of the dynamic city core. 

These areas were constructed by trading vegetated areas or wetlands without 

leaving much lifelike chance to revert to the original form (Rahman et al., 2011).  

 

 

 

 

 

 

 

 

 

 

The standard requirement is 2.0 acres park per 1,000 population, and any park 

should not be less than ¼ - ½ mile radius (Mirsch, 1995). Study found that up 

to 75% open space is required to form a naturally balanced and sustainable 

urban environment. Preferably, this should be around 40-50% of the entire 

urban area (Tabassum and Sharmin, 2011). Nevertheless, the Dhaka structure 
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plan advocates that, open space should be at least 20%. According to the 

Dhaka Metropolitan Development Plan (DMDP) 1995, old unplanned Dhaka 

has only 5% open space and new Dhaka containing some planned 

development has about 12% open space (Tabassum and Sharmin, 2013).  

2.21 Greenway research at Dhaka, Bangladesh 
There is no significant research on greenway at Dhaka’s perspective so far. 

However, the pilot survey of this study was published in the 19th Arcasia Forum 

Journal which is the first significant research concerning implicit integration of 

greenway on urban street canyons of planned residential Dhaka so far. For this 

tentative study, field exploration was shepherded in six places on the residential 

area Pallabi, Mirpur, Dhaka. Climatic data was recorded with a smart censor 

digital temperature-humidity meter. The study revealed that the integration of 

greenway on urban street canyon reduced DBT to the extent of 0.2 K to 0.3 K 

and the DBT was inversely proportionate with street canyon aspect ratio 

(Tasnim, 2017). Nonetheless, there is plenty of research on green infrastructure 

at the stand point of Dhaka featuring outdoor thermal comfort, vegetation, 

planned residential areas and so on. Some of them are mentioned here. 

A study investigated the impact of urban green open space or playfield in the 

street level thermal comfort of residential Dhaka. They selected two residential 

areas one with a large playfield, covered with grass and surrounded by trees. 

The other does not contain any such open space however scattered vegetation 

all over. The thermal comfort was assessed through field survey and simulation. 

DBT and RH were measured with a temperature-humidity meter named Lutron 

HT-306. The simulation was done using Envi-met 4.0 during the extreme 

summer day of Dhaka in terms of DBT, RH, Tmrt and WS to determine thermal 

comfort. The result indicated that urban green open space or playfield had a 

positive impact in achieving pedestrian thermal comfort at the street level. 

Smaller ground vegetation areas played an essential role in the street level of 

residential areas for attaining thermal comfort in absence of a field in the 

neighbourhood. Larger green coverage areas including a field improved wind 

flow at the street level (Khan et al., 2017). 
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Figure 2. 28: Impact of herbs 

Figure 2. 29: Impact of shrubs 

Figure 2. 31: Impact of low dense tree 

Figure 2. 32: Impact of high dense tree 

Figure 2. 30: Impact of trees 

Table 2. 4: Influence of vegetation and climate components (after: Tuli and 
Islam, 2014). 

Plants 
Type 

Solar Radiation, Air Temperature, 
Air Flow and Relative Humidity 

Comments 
  

General 
Herb  

 
Direct solar radiation and air temperature 
or Dry Bulb Temperature (DBT) is higher 
than other cases in open spaces.  
Uninterrupted wind flow  
Relative Humidity (RH) depends on 
density of green.  
Reduces dust and no visual barrier. 
 

Shrub  Small shaded area and direct solar 
radiation in open spaces.  
Shrubs hinder the natural wind flow in 
human level, but a large or smaller shrub 
allows airflow in human level. 
RH is high in human level.  
Sometimes filters air and create barrier. 
Flowering shrubs are good in terms of 
aesthetics. 

Tree  Create shaded spaces.  

Allows gentle wind movement or Wind 
Speed (WS) in human level and filters or 
guides the movements in.  
Ground cover do not grow in the soil 
because of large shading tree and lack of 
solar radiation.  
DBT is less in the shaded area.  

RH is high under the tree. 
 

Density 
Low 
(SDI< 
280) 

 
 
 
 
 
 
 

Allows direct solar radiation.  
Allows gentle wind flow. 
DBT is less than a paved area.  

RH is moderate.   
Allows ground cover in the soil.  
 
 

High 
(SDI  
>280) 

 Do not allow direct solar radiation.  
Hinder WS sometimes allows tunnel 
effect.  
DBT is less than other situation  
RH is high.  
Sometimes do not allow good grass on 
ground and create dark shade. 
 
 

*SDI means Stand density index (Reineke's Stand Density Index) is a measure of the stocking of a stand of trees based on the 

number of trees per unit area and diameter at breast height (DBH) of the tree of average basal area (quadratic mean diameter). 
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Another study discoursed the impact of vegetation on urban air temperature or 

Dry Bulb Temperature (DBT) and explored the likelihood of vegetation 

configuration maximizing the CE in urban open space of Dhaka city. A field 

survey was done in two significant urban squares. Simulation was conducted 

using the evidence based microclimatic simulation software Envi-met. The 

result revealed that vegetation reduced direct solar radiation and DBT of urban 

microclimate up to 3 K to 4 K. Vegetation located in South helped reducing the 

DBT on the pave located in the North. Vegetation especially dense trees and 

large areas of vegetation created shaded cool area with a lower DBT of up to 1 

K to 2 K than exposed area of hard material by screening solar radiation. Types 

and configuration of herbs, shrubs and trees played a significant role for local 

DBT (Table 2. 4) (Tuli and Islam, 2014). 

2.22 Summary 
From the Literature review, it is prominent that there are several researches on 

Urban Heat Island Effect and its mitigation. Maximum studies pronounce that 

green infrastructure are the best solution to modify urban thermal comfort 

indices for instance Dry Bulb Temperature, Relative humidity, Mean radiant 

Temperature, Wind speed, Surface Temperature and so forth. Most of the 

researches used quantitative methods. They conducted field survey measuring 

thermal comfort parameters with several instruments. Some of them directed 

simulation-using software such as, Envi-met and others. Through these 

experiments, they were able to find a precise probable solution of ensuring 

thermal comfort for the urbanites.  

On the other hand, there are similarly several researches on greenway. They 

depicted the usefulness of greenway from a broader perspective. Most of them 

were qualitative researches using questionnaire, observation and photography. 

Some of them were about the implementation of the greenway on a particular 

space. They were proposals of the implementation of those greenway projects. 

They similarly explored the necessities of the greenways in that particular 

space. Most of the studies discoursed about the water drainage, storm water 

management, urban refreshment, and a little environmental benefits. None of 
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them was precise probable solutions using quantitative methods. None of them 

enunciates the benefits of urban greenways in establishing thermal comfort by 

bargaining thermal comfort indices.  

In perspective of Dhaka, there are several researches on green infrastructures. 

Nonetheless, there are no significant researches on urban greenways except 

the pilot study of this very research. Dhaka city is lacking of pedestrian friendly 

environments. Current morphology of Dhaka is leading this city towards 

increasing its temperature and providing uncomfortable outdoor spaces. 

Based on the Literature review, it is lucid that there is a desperate need to 

conduct researches on urban greenways in perspective of Dhaka. As 

residential uses are the most in Dhaka apart from agricultural land which is 

previously discussed in this chapter. It can be silver-tongued that precise 

probable strategies are required to drag out by studying the potential integration 

of greenways on planned residential areas of Dhaka to lessen the increasing 

outdoor temperature of this city and provide the urbanites a thermally 

comfortable pedestrian space.  

This research endeavour to connect the missing link between urban greenways 

and its probable impact on improving the thermal comfort indices and providing 

pedestrian thermal comfort on urban street canyon microclimate. As through 

Literature review, it is vivid that this vital issue is not addressed until now in any 

former research. This research concerns on the impact of potential integration 

of greenways on street canyons of planned residential areas of Dhaka city. This 

study attempt to find whether the integration of greenways can enhance the 

thermal comfort indices of street canyon microclimates of planned residential 

areas of Dhaka city and provide a thermally comfortable pedestrian space 

through quantitative methods including field survey and simulation study.  

 



87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3: METHODOLOGY 

 

 

Preamble  

Methodology 

Meteorological observation method at urban sites 

Simulation method 

Validity 

Summary 
 

 

 

 

 

 

 



88 

 

CHAPTER-3: METHODOLOGY 

3.1 Preamble 
The previous chapter mulled over the former researches related to potential 

impact of integrated greenway on urban street canyons at planned residential 

areas of Dhaka city. From the Literature review, it was vivid that there is a 

research gap on the thermal impact of integrated greenways on urban street 

canyons. This study concerns to connect the missing link between the 

integrated greenways and their thermal impact on urban street canyons. To 

satisfy the scope of this study, a mix method approach is selected including 

field study and simulation study and analytical method. This research testes the 

optimization and quantification of the application of greenways on urban street 

canyons at planned residential areas of Dhaka. This research methodology is 

designed to contribute towards a better understanding and quantification of the 

impact of urban greenway on creating Cooling Effect (CE), and improving the 

pedestrian thermal comfort level. The work addresses the optimization of the 

application of greenway in terms of size, density, configuration, location, and 

the relationship between those variables with other urban factors affecting 

human thermal comfort for instance, Dry Bulb Temperature (DBT), Relative 

Humidity (RH), Wind Speed (WS), Mean radiant Temperature (Tmrt), surface 

materials, vegetation, urban street canyon, and anthropogenic sources in the 

warm humid context of Dhaka, Bangladesh. This chapter discourses the 

methodology of this research approach. 

3.2 Methodology 
This study is mix method in approach. The inclusive scheme is categorized as 

quantitative research blending experimental, simulation and analytical method. 

This research is prepared in four steps. Field surveys are shepherded to find 

out the existing condition of microclimatic parameters on urban street canyons 

for selected sites. Simulation studies are followed by to find the microclimatic 

impact of integrated greenways on urban street canyons of planned residential 

areas of Dhaka city. This investigation is completed in the succeeding phases. 
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Firstly, all embracing explorations were made at different planned residential 

areas of Dhaka city to select study areas for this research. The context was 

investigated and the measurement points were located through photographic 

inspections and observational fieldworks in the study areas. The meteorological 

observation guidance at urban sites recommended by Oke (2004), Stewart et 

al. (2014), Nakamura and Oke (1988), Peterson (2003) and so on was followed 

during this investigation. For each site, DBT, RH and WS was measured at one-

hour interval from 10.00 hour to 18.00 hour from March 2017 to March 2018 on 

several hot days.  

Secondly, the same surveyed weather data was collected from Custom 

Weather, weather stations at airports, stations run by the World Meteorological 

Organization (WMO), and MADIS weather stations by community effort for 

Dhaka. Thirdly, the deviation between field data, data collected from weather 

stations were studied through comparative line charts. 

Fourthly, the microclimates of existing study areas were explored through 

simulation. A computer-generated model of the selected areas were simulated 

by Envi-met V4.3.2 Summer 18 software. Fifthly, greenway was applied on the 

same model and simulation of the sample areas were prepared with Envi-met 

V4.3.2 Summer 18 software. Sixthly, the reliability of the simulated data were 

testified through a percentage deviation calculation in reference to the field 

study data of existing sites. 

Finally yet importantly, the field study data and the simulation study data were 

compared and analysed through detail discussion with line charts, summary 

charts and simulation maps. Thus, the outcome of this research was achieved. 

3.3 Meteorological observation method at urban sites 
There are some initial guidance to obtain representative meteorological 

observations at urban sites. The certain methods that are trailed during the field 

survey of this study are specified here. 
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Figure 3. 1: Different sampling techniques (after: Kumar, 2011). 

 Study area selection method  

Sampling is detecting a part in order to garner information about the whole that 

is a more or less intuitive human act (Corbetta, 2003). Kumar (2011) 

demonstrated the different sampling techniques (Figure 3. 1). In this study, in 

order to glean the information about the whole, all sampling techniques were 

checked and the systematic sampling design was chosen. Systematic sampling 

was classified as a mixed sampling design as it had the characteristics of both 

random and non-random sampling designs. Besides sampling, guidance of 

obtaining representative meteorological observations at urban sites were 

followed during study area selection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Selecting a location and a site for an urban station 

Several meteorological observation guidance at urban sites recommend that 

the first phase of picking urban station sites is to assess the physical character 

of the urban terrain, applying a climate zone classification. This exposes 

homogeneous areas (Oke, 2004). For this research, the similar urban stations 

were selected following the Urban Climate Zone (UCZ) types that is a simplified 

classification of distinct urban forms recommended by Oke (2004) and 
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simplified table of surface property values for Local Climate Zone (LCZ) types 

by Stewart and Oke (2012) and Stewart et al. (2014). The essential metadata 

intended for detecting representative sites for LCZ classification, were attained 

through topographic maps, aerial photographs and reconnaissance surveys to 

the potential sites. Then LCZ classes that best harmonized the estimated 

surface properties of the source areas were selected. The selected sites are 

compact midrise according to the LCZ classification with a roughness of 7 

according to the Davenport classification (Davenport et al., 2000).  

Meteorological observation guidance at urban sites recommend that numerous 

urban terrains encompass an urban area. Multiple stations are essential to form 

an image of the climate of a settlement. Such sites should be selected that 

sample comparatively homogenous urban terrain and represent a single 

climate zone (Oke, 2004). The sites were selected in such a way that they 

sample comparatively homogenous urban terrain and represent a single 

climate zone. Rationally homogeneous urban development areas were hunted 

without huge patches of anomalous structure, cover or materials. However, the 

exact definition of the word ‘rationally’ was impossible to find. As almost every 

urban district has its own eccentricities that lessen its homogeneity at some 

scale. Reminiscent of Oke's (2004) prescription, the selected urban areas had 

its own bizarreness that reduced its homogeneity at some scale. Following 

guidance to obtain representative meteorological observations at urban sites, 

sites were preferably selected along the traverse route to reduce elevation 

differences and to avoid other local relief features sourcing thermal anomalies. 

The selection procedure confirmed that source areas around the sites (within a 

radius of 200 m) were rationally even in surface structure, land cover, and 

humanoid bustle (Stewart et al., 2014).  

 Urban station scale 

Oke (1984) suggests that the success of an urban station depends on a 

comprehension of the concept of scale. There are three scales of interest in 

urban areas. They are (a) Microscale (b) Local scale and (c) Meso scale.  
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This study concerns about microscale (Section 2.17) as it best serves the scope 

of this study. WMO guidelines were trailed in this study to attain irrelevant 

microclimatic signals free climate observations, portray local climate and 

escape microclimatic effects. Nonetheless, evading anomalous microclimatic 

effects is hard to accomplish. Metadata for the selected eight study stations 

were collected consistent with redolent meteorological observation guidelines 

(Aguilar et al., 2003; Oke, 2004; Stewart and Oke, 2012; Stewart et al., 2014).  

 Urban station fabric 

The urban station fabric selection follows Oke's (2007) recommendation that 

the percentage built category is a rudimentary chaperon to the recommended 

underlay surface. 

 Urban station morphology  

The study areas are very densely built-up UCZ. Hence, the mean may be 

located only 5 to 10 m from buildings that are 20 to 30 m high (Oke, 2007).   

 Time of measurement 

Studies recommend that the surveys should not led on the brink of sunrise or 

sunset as weather variables change so rapidly at that time that significant 

spatial assessments are hard (Oke, 2004). This was tailed during field survey. 

Research shows that the most thermally formidable periods are March, April 

and May. These periods represent overheated condition characteristic of the 

tropics resembling Dhaka city (Rahman, 2015). Among them, March was 

selected for this study. Research shows that the critical period of the day is from 

11:00 to 14:00 hours (Ahmed, 1995). The field study time was preferred 

covering this time of the day. 

 Measurement approaches 

Many profound researchers for instance, Oke, Nakamura, and Stewart have 

specified certain standard guidelines on microclimatic data measurement 

approaches using instruments for urban sites. Among them some significant 

guidance that were followed during the field survey of this study are mentioned 

in the following section. 
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Experimental evidences recommend that at urban stations the distance 

influencing screen level (~1.5 m) sensors in neutrally stable atmospheres range 

at most a few hundred metres away (Tanner et al., 1963; Mizuno et al., 1990; 

Oke, 2004; Runnalls and Oke, 2006; Stewart et al., 2014). Following this 

recommendation, during field study, source areas were set to cover a 100 m 

radius from the site. 

When the site is a street canyon, zH/W is particularly relevant to the cross 

section normal to the axis of the street. Here zH is the mean height of the main 

roughness elements (building and trees). W is the width of the street canyon.  

The orientation of the street axis as well can be significant due to orderly 

sunshade configurations. In case of continuous observation, North-South 

oriented streets are preferable over East-West ones as there is fewer facet 

alterations, despite the fact that daytime sequence of temperature can be quite 

emaciated (Oke, 2004). Following these recommendations, both North-South 

and East-West oriented street canyons were selected for the field study of this 

research. Similarly, it is suggested that the urban station should be focused in 

an open space where the encompassing ratio (zH/W) is roughly illustrative of 

the territory (Oke, 2004). Tailing this recommendation, the urban structure of 

the field study was selected. 

It is acclaimed that at urban stations, the standard screen height for 

temperature observations is to be 1-2 m above ground level (Stewart and Oke, 

2012). This is correct in nearly all cases, mainly in densely built-up areas. As 

observations in street canyons show minor air temperature gradients through 

most of the Urban Canopy Layer (UCL), considering point is more than 1 m 

from a surface (Nakamura and Oke, 1988). Therefore, all the field 

measurements for this study were conducted at 1.5 m from ground level. 

Researches recommend that the site ought to be nicely away from trees, 

buildings, partitions or other obstacles (Oke, 2004). The selected study areas 

were kept pleasantly away from obstacles. It is recommended that sensible 

attentiveness is required to radiation cushioning and ventilation during DBT and 

RH measurements, in particular (Oke, 2004). This was taken care of during field 
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Figure 3. 2: Extech mini Thermo-Anemometer and Zeal Clock and Hygro-
Thermometer. 

study measurements. According to Peterson (2003), urban stations placed over 

short grass in open locations for instance, parks, fields represent modified rural 

type conditions, instead of representing urban ones. This leads to the intrusive 

finding that some rural-urban pairs of stations show no urban effect on 

temperature. This testimonial was considered during placing urban stations. 

WS is recommended to measure above the RSL (Roughness Sub Layer) and 

obtain blended values that can be extrapolated down into the UCL (Oke, 2004). 

However, in this study, the WS was measured at pedestrian level (1.5 m) to 

assess the pedestrian thermal comfort level and microclimatic condition. The 

specimen of pedestrian level wind measurement is not much; still several 

studies measured WS at pedestrian level (Ikeda et al., 2015; Kuo et al., 2015; 

Blocken et al., 2016). 

 Instrumentation 

Hand-held instruments were used to measure microclimatic parameters 

corresponding DBT, RH and WS during field data collection. The instruments 

used for field survey are enumerated below (Figure 3. 2, and for detail 

specification, see Appendix B).  

 Extech Mini Thermo-Anemometer 

 Clock and Hygro-Thermometer 

 

 

 

 

 

 

 

 



95 

 

3.4 Simulation method 
Concerning the impact of integrated greenway on urban street canyon 

microclimate (effects on DBT, RH, Tmrt and WS) for the planned residential 

areas of Dhaka city, this study adopted the model Envi-met V4.3.2 Summer 18 

software for simulation. 

 Envi-met 

Envi-met is an advanced simulation system that recreates the microclimatic 

dynamics of the outdoor environment by addressing the interaction amid 

climatic parameters, vegetation, surfaces, soil and the built environment. The 

programme has been extensively used in urban design and thermal comfort 

studies for its ability to reproduce microclimatic conditions within the UCL (Yang 

and Lin, 2016; Roth and Lim, 2016; Acero and Herranz-Pascual, 2015). Envi-

met has a horizontal resolution from 0.5 to 10 m and a typical time frame of 12 

to 48 hours with a time step of 10 sec at maximum (Bruse, 2013). Envi-met is 

particularly popular for its high temporal and spatial resolution, advanced 3D 

interface and modelling techniques, and ability to adjust DBT and RH. The 

latest version considers the heat capacity of the building materials (Huttner, 

2012; Yang et al., 2012), a unique feature that other microclimatic simulation 

tools are yet to accomplish. Envi-met considers the density of leaves to simulate 

the micro scale interactions of surface-vegetation-atmosphere. With the new 

advancements on Envi-met, trees are represented by clusters of LAD cells, 

forming a bigger entity with a three dimensional geometry (3D plants) and are 

managed by a special editor program called Albero (Simon et al., 2018). 

Therefore, it is a rare example of a model that can be used to explore the 

relationships between urban form and the urban microclimate. Envi-met 

simulation results were validated against measured data at real urban context 

in previous studies (Sharmin et al., 2015; Sharmin and Steemers, 2016, 2017). 

For this study, the Envi-met V4.3.2 Summer 18 software was used. The 

systematic simulation process is delineated in the following section. 



96 

 

Figure 3. 3: Meteorological basic settings instance in Envi-Met V4.3.2 
Summer 18. 

 Systematic simulation process 

Envi-met has two basic steps before running the simulation. The first step is 

editing the input of the urban area to be tested. For this task, the horizontal and 

vertical dimensions of the architectural environment along with specific design 

features for instance horizontal surface materials, ground cover, vegetation size 

and coverage were used. The input was designed in a 3D setting where the 

buildings, trees, vegetation, and the various surfaces were placed. These 

elements were represented by various size grid cells. The smaller cell provide 

finer resolution (as small as 0.5 meter). The cell area can be designated at any 

dimension from 0.5 meters to 10 meters (Bruse, 2013). For this study, a 180 X 

180 meter area was represented in a 36 X 36 grid cells of 5 X 5 meters each.  

The second step is editing the configuration file, where the information about 

the site location, temperature, wind speed, humidity, databases for soil types 

and vegetation were entered. Afterward, the simulation was processed using 

both the input and configuration files (Figure 3. 3). Subsequently, the output 

data was imported and visualized in Leonardo 4.3.0. 
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 Visualization of Envi-met results using Leonardo 4.3.0  

Envi-met outputs binary files that were imported into a visualization program 

named Leonardo 4.3.0. Once the Envi-met output file was imported into 

Leonardo, each file had a multitude of information that was translated into 

different layers in Leonardo. The main layers that were used to visualize the 

output data are; Data layer that displays continuous data (DBT, RH, Tmrt, WS), 

Special that displays singular data (buildings, plants), and Vector that displays 

vectors such as wind. 

 Simulation limitations 

The manual of Envi-met states that it has certain limitations. The tools to create 

the urban environment are limited to buildings, soils, pavement materials, trees 

and vegetation. There are no tools to create any other objects for instance, 

shade structures independent of the building blocks. Another significant 

limitation is that the building blocks have no thermal mass and only a single 

constant indoor temperature. Envi-met cannot simulate water turbulent mixing; 

consequently, the use of water strategies is limited to still water bodies. 

Therefore, Envi-met is unable to simulate fountains or water spray type 

systems. Water bodies are input as a type of soil, and the processes are limited 

to the transmission and absorption of shortwave radiation (Bruse, 2007). On 

top of that, the albedo and thermal resistance of the building surfaces is 

constant and cannot be varied (Emmanuel et al., 2007). As a result, a deviation 

between the actual microclimate and the simulated microclimate parameters 

are anticipated. 

3.5 Validity 
Following this methodology, the field study, simulation study and the analytical 

method applied in this research can be repeated in diverse studies in different 

places of tropical climates on hot summer days; the similar result can be 

expected. This methodology can be used as a reference for similar studies. 
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3.6 Summary 
This chapter discourses the methodology of this research during field survey, 

simulation study and analytical study. This chapter depicts the detail method of 

field survey and simulation study prepared for this research. Assortment of the 

study areas, measurement strategies, and instrumentations for field 

investigation are pronounced in detail. This chapter correspondingly talks over 

the software used for model making and simulation study, their advantage, 

limitations and validity. Eventually, this chapter enlightens the method of 

analytical study and deviation study. The rationalization of choosing this 

particular methodology is elucidated as well. Finally, this chapter has conferred 

the validity of this method. The methodology of this research design approach 

can be used as a reference for future studies in tropical places. In the next 

chapter, the findings of field investigation are discoursed in detail.  
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CHAPTER 4: FIELD INVESTIGATION 

4.1 Preamble 
The previous chapter discoursed about the methodology of this research. This 

chapter depicts the field surveys conducted on the existing bare and greenway 

alike street canyons of panned residential areas of Dhaka city in detail. This 

chapter refers to the field survey findings through line charts in terms of Dry 

Bulb Temperature (DBT), Relative Humidity (RH) and Wind Speed (WS). The 

upcoming chapters refer to the detail procedure of simulation studies and 

deviation studies accomplished for this research. They correspondingly denote 

the simulation studies and parameters, before and after applying greenway on 

the same study areas. In the forthcoming chapters, the findings are discussed 

in form of design guidelines in reference to previous studies. The discussion 

further defines the Cooling Effect (CE) of greenway on urban street canyon 

microclimate and enhancing pedestrian thermal comfort level in terms of DBT, 

RH, WS and Mean Radiant Temperature (Tmrt). 

4.2 Field investigation 
Dhaka city has some deliberately planned residential areas with civic facilities. 

Planned parts of Dhaka mostly follow a gridiron pattern. Under these schemes, 

lands are divided into plots and infrastructures are established under the 

national building code. The developed residential areas are following (Khan and 

Nilufar, 2009). 

 Azimpur and Motijheel residential colony for public employee  

 Dhanmondi residential area for upper class people 

 Gulshan, Banani  

 Mohammadpur and Mirpur for lower and lower-middle income groups  

 Uttara Model town  

 Baridhara.     
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4.3 Study area selection 
Besides sampling, guidance of obtaining representative meteorological 

observations at urban sites were followed during study area selection. 

 Sampling 

In this study, in order to glean the information about the whole, the systematic 

sampling design classified as mixed sampling design was followed (Section 

3.3.1).  

 Selecting a location and site for an urban station  

To represent homogeneous areas, for this research, the similar urban stations 

were selected following the Urban Climate Zone (UCZ) classification. 

Topographic maps, aerial photographs, and reconnaissance surveys were 

conducted at the potential sites gathering the essential metadata to detect 

representative sites for Local Climate Zone (LCZ) classification. LCZ classes 

that best harmonized with the estimated surface properties of the source areas 

were nominated. The selected sites are compact midrise according to the LCZ 

classification with a roughness of 7 according to the Davenport classification 

(Section 3.3.2). 

In case of Dry Bulb Temperature and Relative Humidity measurement, spatial 

surveys were conducted carrying the sensor on foot or mounted on a rickshaw 

and navigated through concerned areas. After numerous repetitions, maps 

were drawn figuring the areas of thermal or moisture anomaly or interest. The 

surveys were not led on the brink of sunrise or sunset as weather variables 

changes so rapidly at that time that significant spatial assessments are hard 

(Section 3.3.6). 

The sites were selected in such a way that they sample comparatively 

homogenous urban terrain and represent a single climate zone. After picking 

the general location inside the urban area, the maps, images and photographic 

evidences were scrutinized to fix on the nominated locations within an Urban 

Climate Zone. Rationally homogeneous urban development areas were hunted 

down without huge patches of anomalous structure, cover or material (Section 

3.3.2).  
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Figure 4. 1: Location of planned residential areas in Dhaka and position of 
selected study area Mirpur, Pallabi, Section-12. 

Sites were preferably selected along the traverse route to reduce elevation 

differences and to avoid other local relief features sourcing thermal anomalies. 

The selection procedure confirmed that source areas around the sites (within a 

radius of 200 m) were rationally even in surface structure, land cover, and 

humanoid bustle (Section 3.3.2).  

Extensive reconnaissance surveys were done at different planned residential 

areas of Dhaka city with a target of finding different areas having street canyons 

with different aspect ratios (mostly six stories building height and from 18 m to 

36 m road width). Section-12, Pallabi residential area at Mirpur, Dhaka was  

 

 

 

 

 

 

 

 

 

 

 

 

 

selected for this study. Section-12 is located at Pallabi, Mirpur, 23.495°N 

90.215°E (Figure 4. 1). Its total area is 17 km². This Section-12, Pallabi has a 

population of 364000 (1991), density 21,412/km2. Section-12, Pallabi, Mirpur 

residential area is planned for lower middle-income group. Once there was 

plenty of green here. However, gradually the green fields are encroached for 
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housing and roads, consequently this area has converted congested and in lack 

of accessible green. It is an urban low-income residential site, characterized by 

a more dense population and sparsely vegetated environment and 

consequently, exposed to higher temperatures. Even though the areas 

between the apartment buildings have some planted grass, there is a 

prevalence of hardscape surfaces represented by the large percentage of open 

asphalt roads and concrete footpath.  

At this area, near Kalshi road, the accessible green fields were encroached by 

plots and buildings for the journalists named Journalist Plot. For the rest of the 

areas of Section-12, now the roads are widening and the left over little amount 

of trees are being chopped down. The future of this area would be roads and 

building without any green space. Still some accessible green spaces can be 

found in residential areas designed for upper class people like Dhanmondi or 

Gulshan Area. However, in these lower middle class areas, which are newly 

developing for the last few years, the importance and existence of green 

infrastructures are not being considered. Therefore, it is necessary to find some 

way of restoring those greens in this new urbanization approach where roads, 

buildings, and physical infrastructures are the only valuable part and green 

infrastructures are neglected.  

It is established from the Literature review that there are significant variations 

in temperatures amid different neighbourhoods. The lower income 

neighbourhoods become warmer for elongated periods, as a result, expose the 

residents to heat stress and other heat related health risks (Section 2.9). 

Similarly, the large amount of asphalt and concrete at the location of this study 

sites produce significantly higher thermal storage capacity and expose the 

residents to higher surface temperatures. Besides, the sites lack amenities as 

community parks limiting the residents’ options during extreme weather. 

This low-income residential area of Dhaka has lower structures, less foliage, 

extra exposed concrete and asphalt surfaces, and higher sky view factors. 

Therefore, it is enough vulnerable to higher ambient, radiant and surface 

temperatures. This would inevitably translate into higher negative thermal 
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comfort for the residents. For that reason, these sites were chosen as a sample 

to study the impact of integrating greenway on this particular residential area.  

Two primary roads, two secondary roads and two tertiary roads were selected 

for field survey. These areas represent the characteristics of the whole area. 

Building height is mostly up to 18 meters and building materials are brick wall, 

concrete slab, glaze window and metal. 

Finally, the sample areas were selected considering where streets were divided 

into Primary, Secondary and Tertiary roads.  In sample areas, both North South 

and East West, oriented (or slightly tilted) roads were selected for comparison. 

Roads are gridiron patterned, plot division and represent the whole area. Both 

green and bare street canyons were selected in the sample area for evaluation. 

Good number of pedestrians use these streets.  

 Urban station scale  

To satisfy the scope of this research microscale consisting sole elements like 

buildings, trees, roads, gardens and so on ranging from under one to hundreds 

of metres was selected (Section 3.3.3). Source areas were set to cover a 100 

m radius from the site. The sensors were set at 1.5 m level (Section 3.3.7).  

 Urban station metabolism  

Half of the one primary road (one way) is light traffic area. Having parallel road 

to serve the heavy traffic. Therefore, this is a potential road for integrating green 

way. The secondary roads have also parallel roads for serving the traffic that is 

not very heavy. The tertiary roads are mostly pedestrian, as most of the 

households do not own private car and travel through public transports. 

Therefore, most of them enter here by foot. Good number of pedestrians use 

all these streets. Therefore, these roads are suitable for integrating greenways 

and studying their impact on urban street canyon microclimate. 

 Urban station fabric 

The selected study area is classifiable as an extremely settled high-density 

urbanized area where buildings are generally six stories, closely compacted 

buildings mostly made of brick, plaster, concrete and metal (Section 3.3.4 ).  
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 Urban station structure  

The study areas for this research are selected in view of representative street 

canyon aspect ratio (H/W) that is nearly 1:2 (0.5), 3:4 (0.75), 3:4 (0.75), 3:4 

(0.75), 1 and 1 for study location A, B, C, D, E and F respectively (Section 

3.3.7).  

4.4 Morphology of the selected area 
The study areas are very densely built-up UCZ. Hence, the mean may be 

located only 5 to 10 m from buildings that are 20 to 30 m high (Oke, 2007).  

Both North-South and East-West oriented streets are available in the study 

area. As the street orientation and street canyon aspect ratio play a major part 

in the radiation exchanges and store heat energy (Section 3.3.7 and Section 

2.13). The adequate designated properties of urban areas that affect the 

atmosphere are described below. 

 Study area structure: Section-12, Pallabi, Mirpur, Dhaka  

The size of the total study area is 1300 m X 1000 m that is 1.27 sqkm or 315 

Acres (Figure 4. 2). From this, three pairs of different street canyons were 

chosen for investigation. To capture the whole picture, following the hierarchy 

of the street structure of this area, Primary, Secondary and Tertiary roads were 

selected for inspection. For this particular study, they are named study location 

A, B, C, D, E and F respectively.  

(a) Primary roads 
Among them two are Primary roads named Kalshi road (study location A) and 

Mirpur Ceramic road (study location B). Both are East-West Oriented. Mirpur 

Ceramic road consists of more green than Kalshi road. The selected points of 

Mirpur Ceramic road were surrounded with more green trees spread in vast 

areas and less buildings than other study points. This was a perfect 

resemblance of greenway definition (Section 2.6.1). The areas of this points 

were not invaded by buildings yet. However, they are next in line to be 

encroached by urban structures. Therefore, the microclimatic impacts of these 

points were studied as an existing urban greenway before they are perished by 

new urban structures.  
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Figure 4. 2: Section-12, Pallabi, Mirpur planned residential area. 

(b) Secondary roads 
These two study areas are Secondary roads named location C and location D. 

These are North-South oriented roads. Location D contains more green than 

location C.  

(c) Tertiary roads 
The Last two study areas are Tertiary roads named location E and location F. 

These roads are East-West Oriented. Location F embraces more green than 

location E.  

 

 

 

 

 

 

 

 

 

 

 

 

Each pair of these sets were chosen in a way that they consist one greener 

street canyon and one bare street canyon. The green street canyons were 

selected in such a manner that they contain some features of greenway, 

therefore, can represent greenway in this study. These three different pairs of 

street canyons were selected for investigation because of their canyon aspect 

ratio differences. In order that the relation amid the integration of greenway and 

street canyon aspect ratio with CE and thermal comfort indices can be 

investigated.  
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During field study, it was revealed that the selected street canyons were mostly 

adorned with buildings, sidewalks and some side greenery. There were few 

vacant plots with soil, grass or small trees as well. The general description is 

presented in Table 4. 1. 

Table 4. 1: General description 

Building 
Height 

(m) 

Storey 
(No) 

Road 
Width 

+ 
Sidewalks 
/Side green 

(m) 

Sidewalks 
(m) 

Street 
Canyon 
Aspect 
Ratio 

Setbacks (building to 
building distance) 

Front 
To 

Front 

Side 
To 

side 

Back 
To 

Back 
   18     6 18 to 36 3 to 12 0.5-1 18-36 2 2.5 

 
 

4.5 Data collection and point selection strategy  
The experimental part of the study comprised measurements of microclimate 

variables at different points of the urban street canyons. The field study was 

conducted on eight potential sites of Section-12, Pallabi, Mirpur, Dhaka (Figure 

4. 3). Field data was collected by following the standard guidelines 

recommended by Oke, Nakamura, Stewart and other profound researchers 

(Section 3.3.7).  

As the selected sites are street canyons, the urban stations were focused in 

open spaces where the encompassing ratios (zH/W) were roughly illustrative 

of the territory. Again, since the study sites are street canyons, all data were 

measured following the recommendations of Oke (2004) (Section 3.3.7).  

This study offer top-notch observations that meet the criteria of right scientific 

practice in temperature measurement advised by Stewart, Oke and Nakamura 

as described in the Methodology chapter (Section 3.3.7). Hourly Temperature 

data were obtained from 10.00 to 18.00 hours, with thermo-anemometers 

mounted in the street canyons at standard meteorological height 1.5 m above 

ground level held by hand.  

The measurement points were carefully chosen with a secure distance from 

obstructions like trees, buildings, partitions and so on following the 



108 

 

Figure 4. 3: Field measurement images. 

recommendation of Oke (2004) (Section 3.3.7). Following the recommendation 

of Oke (2004), all data were collected from the shaded sides of the street 

canyons or from a hooded rickshaw to avoid direct solar radiations (Section 

3.3.7). Following the recommendation of Peterson (2003), the measurement 

points on the study areas were preferred following such a method where no 

small parks were available in the study area (Section 3.3.7).  

For this particular study, the Wind Speed was measured at 1.5 m above from 

ground level (street level) to understand the Wind Speed condition and comfort 

at pedestrian level (Section 3.3.7).  
 

 

 

 

 

 

 

 

 

 

 

 

4.6 Data collection time 
The field study was conducted on hot summer days from March 2017 to March 

2018. In this chapter, as the most significant findings, measurements found 

from the field survey conducted on the 6th day of March 2018 is logged. The 

experiment was led throughout the most thermally formidable period, March to 

represent overheated condition characteristic of the tropics (Section 3.3.6).  
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At each site, DBT, RH and WS were measured from 10:00 hours to 18:00 hours 

at one-hour intervals. This time of the day covered the critical period from 11:00 

to 14:00 hours (Section 3.3.6). Sunrise time was 6.16 AM and sunset time was 

6:03 PM (GMT+6) during the study period.  

4.7 Instrumentation 
Hand-held instruments were used to measure microclimatic parameters 

corresponding DBT, RH and WS during field data collection. The instruments 

are mentioned below (Section 3.3.8). 

 Extech Mini Thermo-Anemometer 

 Clock and Hygro-Thermometer 

4.8 Field survey findings  
The findings from field survey at eight study points of Dhaka city, microclimatic 

measurements of DBT, RH and WS are presented and analysed through line 

charts and following discussion. All measurements were taken at 1.5 m above 

ground level at pedestrian level from 10.00 hours to 18.00 hours (Section 4.5 

and Section 4.6). For the measured data, see Appendix A.   

(a) Study location A 

Study location A is Kalshi road (Figure 4. 4 and Figure 4. 5). Table 4. 2 

describes the morphometric features of the road that is urban structure and 

urban cover. This is an East-West oriented Primary road of width 36 m. 

Buildings are mostly six stories of 18 m average height. Average street canyon 

aspect ratio is 1:2 (0.5). The microclimatic measurements were taken at two 

study points named study point-1 and study point-2 (Figure 4. 5) of the street 

canyon. Study point-1 was at a bare road without any green areas nearby. 

Study point-2 was beside a green symmetry containing many trees. Kalshi road 

is divided into two lanes. One lane is used for heavy vehicular movements in 

one direction and the other lane is used for rickshaws and private cars to 

opposite direction. The entry of heavy vehicles and other heavy public 

transports for instance, bus and so on are restricted from this lane. Beside the 

sidewalks, pedestrians use both lanes frequently. 
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Figure 4. 5: Study point-1, green (right) and point-2, bare (left). 

Figure 4. 4: Study location A, Kalshi road (green point-1 and bare point-2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. 2: Urban structure and cover of study location A 

Study 
location 

Variables Study 
area 

Road 
width 

Side 
walks 

Green 
area 

Building 
height 

Orientation Average 
street 

canyon 
aspect 
ratio 

Kalshi 
road 

location- 
A 

point-1 

Green 
cemetery 

 

86,703 
sqm 

36 m 
(28+ 

8) 

(4m + 
4m) 
 = 

Total 
8m 

9900 
sqm 

18 m  
(mostly 

six 
storeys 
 except 

one 
high-

rise 54 
m) 

East-West 1:2 
(0.5) 

Kalshi 
road 

location- 
A 

point-2 

Bare /No 
green 

 

Use: Pedestrian and vehicular 
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Figure 4. 6: Field data analysis of Dry Bulb Temperature for study point-1 (green) 
and study point-2 (bare). 
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T2 = Dry Bulb Temperature at study point-2 (bare)

T1 = Dry Bulb Temperature at study point-1 (green)

 Dry Bulb Temperature measured at location A 

The Dry Bulb Temperature (DBT) was measured at study location A, Kalshi 

road street canyon at point 1 (green) and point-2 (bare) at 1.5 m above ground 

level that is pedestrian level. Almost at all hours, the DBT was lower at point-1 

(green) than that of point-2 (bare). For this study, DBT measured at study point-

1 (green) is termed T1. The DBT measured at study point-2 (bare) is termed 

T2. In this section, Dry Bulb Temperature Difference between study point-1 

(green) and study point-2 (bare) is termed ΔT and ΔT = T2-T1. Here, T1 max 

and T2 max denote the maximum T1 and T2 respectively. T1 min and T2 min 

denote the minimum T1 and T2 respectively. ΔT max and ΔT min denote the 

maximum and the minimum ΔT respectively. T1̅̅̅̅ , T2̅̅̅̅ , and ΔT̅̅̅̅  denote the average 

T1, T2 and ΔT respectively measured from 10.00 to 18.00 hours. The detail 

findings are described in the following section (for analytical line chart, see 

Figure 4. 6).  

 

 

 

 

 

 

 

 

 

 

 

From the field study, from 10.00 to 20.00 hours, T2̅̅̅̅  was recorded 304.57 K 

(31.4 oC). T1̅̅̅̅  was measured 303.63 K (30.48 oC). ΔT̅̅̅̅  was found 0.94 K. T1̅̅̅̅  was 

0.94 K lower than T2̅̅̅̅ . That is, ΔT̅̅̅̅  = T2-T1 = 0.94 K and T1̅̅̅̅ <T2̅̅̅̅ . 
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T2 max was recorded 311.65 K (38.5 oC) at 13.00 hours. T1 max was found 311.45 

K (38.3 oC) at 13.00 hours. The T1 min and T2 min was found 298 K (24.85 oC) 

at 18.00 hours. That is, T1 min = T2 min = 298 K. 

From 10.00 hours to 18.00 hours, T1 was recorded similar or lower than T2. 

That is T1≤T2. At 10.00, 11.00, 17.00 and 18.00 hours, T1 and T2 was found 

similar. That is, T1 = T2. At 12.00, 13.00, 14.00, 15.00 and 16.00 hours, T1 was 

logged lower than T2. That is, T1<T2. 

The ΔT max was logged at 14.00 hours when T1 was logged 3.5 K lower than 

T2. That is, ΔT max = T2-T1 = 3.5 K and T1<T2. The ΔT min was measured at 

13.00 hours. At that hour, T1 was 0.2 K lower than T2. That is, ΔT min = T2-T1 

= 0.2 K and T1<T2. 

 Relative Humidity measured at location A 

At the street canyon of Kalshi road location-A, Relative Humidity (RH) was 

measured at study point-1 (green) and study point-2 (bare) at 1.5 m above 

ground level that is pedestrian level. Nearly at all hours, the RH was higher at 

point-1 (green) than that of point-2 (bare). For this study, RH measured at study 

point-1 (green) is termed RH1. The RH measured at study point-2 (bare) is 

termed RH2. In this section, Relative Humidity Difference between study point-

1 (green) and study point-2 (bare) is termed ΔRH and ΔRH = RH1-RH2. Here, 

RH1 max and RH2 max denote the maximum RH1 and RH2 respectively. RH1 min 

and RH2 min denote the minimum RH1 and RH2 respectively. ΔRH max and ΔRH 

min denote the maximum and the minimum ΔRH respectively. RH1̅̅ ̅̅ ̅̅ , RH2̅̅ ̅̅ ̅̅  and 

ΔRH̅̅ ̅̅ ̅̅  denote the average RH1, RH2 and ΔRH respectively measured from 10.00 

to 18.00 hours. The detail findings are described in the following section (for 

analytical line chart, see Figure 4. 7). 

From the field study from 10.00 to 18.00 hours, RH2̅̅ ̅̅ ̅̅  was measured 47.22% 

and RH1̅̅ ̅̅ ̅̅  was measured 48.78%. ΔRH̅̅ ̅̅ ̅̅  was logged 1.56%. RH1̅̅ ̅̅ ̅̅  was logged 

1.56% greater than RH2̅̅ ̅̅ ̅̅ . That is, ΔRH̅̅ ̅̅ ̅̅  = RH1-RH2 = 1.56% and RH1̅̅ ̅̅ ̅̅ >RH2̅̅ ̅̅ ̅̅ . 
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Figure 4. 7: Field data analysis of Relative Humidity for study point-1 
(green) and study point-2 (bare). 

The RH1 max and RH2 max was recorded 64% at 16.00 and 17.00 hours. That 

is, RH1 max = RH2 max = 64%. The RH1 min and RH2 min was logged 22% at 13.00 

hours. That is, RH1 min = RH2 min = 22%. 

 

 

 

 

 

 

 

 

 

 

 

At 10.00, 11.00, 15.00, 16.00 and 17.00 hours, the RH1 and RH2 were similar. 

That is, RH1 = RH2. At 12.00, 14.00 and 18.00 hours, the RH1 was greater 

than RH2. That is, RH1>RH2. The ΔRH max was found at 12.00 hours when 

RH1 was 7% greater than RH2. That is, ΔRH max = RH1-RH2 = 7% and 

RH1>RH2. 

 Wind Speed measured at location A 

The Wind Speed (WS) was measured at the street canyon of Kalshi road 

(location A) at study point-1 (green) and study point-2 (bare) at 1.5 m above 

ground level that is pedestrian level. Almost at all hours, the WS was slower at 

point-1 (green) than that of point-2 (bare). For this study, WS measured at study 

point-1 (green) is termed WS1. The WS measured at study point-2 (bare) is 

termed WS2. In this section, Wind Speed Difference between study point-1 

(green) and study point-2 (bare) is termed ΔWS and ΔWS = WS2-WS1. Here, 

WS1 max and WS2 max denote the maximum WS1 and WS2 respectively. The 
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Figure 4. 8: Field data analysis of Wind Speed for study point-1 (green) 
and study point-2 (bare). 

WS1 min and WS2 min denote the minimum WS1 and WS2 respectively. The 

ΔWS max and ΔWS min denote the maximum and the minimum ΔWS 

respectively. WS1̅̅ ̅̅ ̅̅ , WS2̅̅ ̅̅ ̅̅  and ΔWS̅̅ ̅̅ ̅̅  denote the average WS1, WS2 and ΔWS 

respectively measured from 10.00 to 18.00 hours. The detail findings are 

described in the following section (for analytical line chart, see Figure 4. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

From the field study, from 10.00 to 18.00 hours, WS2̅̅ ̅̅ ̅̅  was measured 0.9 m/s. 

WS1̅̅ ̅̅ ̅̅  was measured 0.46 m/s. ΔWS̅̅ ̅̅ ̅̅  was logged 0.44 m/s when WS1̅̅ ̅̅ ̅̅  was lower 

than WS2̅̅ ̅̅ ̅̅ . That is, ΔWS̅̅ ̅̅ ̅̅  = WS2-WS1 = 0.44 m/s and WS1̅̅ ̅̅ ̅̅ <WS2̅̅ ̅̅ ̅̅ . 

The WS2 max was logged 2.6 m/s at 11.00 hours. The WS1 max was measured 

0.8 m/s at 12.00 and 15.00 hours. The WS2 min was measured 0.3 m/s at 13.00 

hours. The WS1 min was measured 0.1 m/s at 10.00 and 13.00 hours.  

At 10.00, 11.00, 12.00, 13.00, 17.00 and 18.00 hours, the WS1 was recorded 

lower than WS2. That is, WS1<WS2. At 14.00 and 16.00 hours, the WS1 and 

WS2 was found similar. That is, WS1 = WS2. At 15.00 hours, the WS1 was 

recorded 0.2 m/s greater than WS2. That is, WS1>WS2. 
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Figure 4. 10: Study location B (Ceramic road). 

Figure 4. 9: Study location B (Ceramic road), green point-3 (left) and linear green 
point-4 (right). 

(b) Study location B 

Study location B is Ceramic road (Figure 4. 9 and Figure 4. 10). The 

morphometric features of this road that is urban structure and urban cover is 

described in Table 4. 3. This is an East-West oriented Primary road of 24 m 

width. Buildings are mostly six stories of 18 m average height. Average street 

canyon aspect ratio is 3:4 (0.75). The microclimatic measurements were taken 

at two points named point-3 and point-4 (Figure 4. 9) of the street canyon. Point-

3 is placed on a road that contains buildings at one side and green trees of 

small area at opposite side. Point-4 is placed on a road that consists buildings 

at one side and linear green trees of vast area on the other side. 
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Table 4. 3: Urban structure and cover of study location B  

Study 
location 

Study 
area 

Variables/ 
Constant 

Road 
width 

Side 
walk 

Green 
area 

Building 
height 

Orient-
ation 

Average  
street 

canyon  
aspect 
ratio 

Mirpur 
Ceramic 

road 
location- 

B,  
point-3 

42,000 
sqm 

 
 

Green 
 
 
 

24 m 
 

(3m 
+ 

3m) 
  = 
6 m 

 

14,768 
sqm 

18 m  
(mostly 

six 
storeys) 

  
 

East-
West 

 

3:4 
(0.75) 

 

Mirpur 
Ceramic 

road 
location- 

B,  
point-4 

22,622 
sqm 

Green 
 

6,878 
sqm 

Use: Pedestrian and vehicular* 

*During field survey, it was found that this ceramic road is used as the alternative way of the 

Kalshi road’s one lane (half lane) that is made no entrance for heavy mass vehicles and public 

transports for instance bus and the rest.  

 Dry Bulb Temperature measured at location B 

The Dry Bulb Temperature (DBT) was measured at Ceramic road street canyon 

(study location B) at study point-3 (green) and study point-4 (linear green) at 

1.5 m above ground level that is pedestrian level. Almost at all hours, the DBT 

was found lower at study point-4 (linear green) than that of study point-3 

(green). For this study, DBT measured at study point-3 (green) is termed T3. 

The DBT measured at study point-4 (linear green) is termed T4. In this section, 

Dry Bulb Temperature Difference between study point-3 (green) and study 

point-4 (linear green) is termed ΔT and ΔT = T3-T4. The T3 max and T4 max 

denote the maximum T3 and T4 respectively. T3 min and T4 min denote the 

minimum T3 and T4 respectively. ΔT max and ΔT min denote the maximum and 

the minimum ΔT respectively. T3̅̅̅̅ , T4̅̅̅̅  and ΔT̅̅̅̅  denote the average T3, T4 and 

ΔT respectively measured from 10.00 to 18.00 hours. The detail findings are 

defined below (for analytical line chart, see Figure 4. 11).  

From the field study, from 10.00 to 18.00 hours, T3̅̅̅̅  was recorded 307.62 K 

(34.47 oC).  T4̅̅̅̅  was measured 306.59 K (33.44 oC). ΔT̅̅̅̅  was measured 1.02 K 

when T4̅̅̅̅  was 1.02 K lower than T3̅̅̅̅ . That is, ΔT̅̅̅̅  = T3-T4 = 1.02 K and T4̅̅̅̅ <T3̅̅̅̅ . 
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Figure 4. 11: Field data analysis of Dry Bulb Temperature at study point-3 
(green) and study point-4 (linear green). 
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The T3 max and T4 max was logged 310.25 K (37.1 oC) at 12.00 hours. That is, 

T3 max = T4 max = 310.25 K. The T3 min and T4 min was measured 300.5 K (27.4 
oC) at 18.00 hours. That is, T3 min = T4 min = 300.5 K. 

From 10.00 to 18.00 hours, T4 was recorded lower (T4<T3) than T3 except at 

12.00 hours when T3 and T4 was logged similar (T3 = T4).  

The ΔT max was found at 11.00, 14.00 and 15.00 hours, when T4 was 1.7 K 

lower than T3. That is, ΔT max = T3-T4 = 1.7 K and T4<T3. The ΔT min was found 

at 13.00 hours when T4 was 0.5 K lower than T3. That is, ΔT min = T3-T4 = 0.5 

K and T4<T3. 

 Relative Humidity measured at location B 

At the street canyon of Ceramic road (location-B), Relative Humidity (RH) was 

measured at study point-3 (green) and study point-4 (linear green) at 1.5 m 

above ground level that is pedestrian level. The RH measurements were found 

nearly similar at the two points with maximum deviation at 14.00 hours. For this 

study, RH measured at study point-3 (green) is termed RH3. RH measured at 

study point-4 (linear green) is termed RH4. In this section, Relative Humidity 

Difference between study point-3 (green) and stud point-4 (linear green) is 
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Figure 4. 12: Field data analysis of Relative Humidity at study point-3 
(green) and study point-4 (linear green). 

termed ΔRH and ΔRH = RH4-RH3. Here, RH3 max and RH4 max denote the 

maximum RH3 and RH4 respectively. RH3 min and RH4 min denote the minimum 

RH3 and RH4 respectively. ΔRH max and ΔRH min denote the maximum and the 

minimum ΔRH respectively. RH3̅̅ ̅̅ ̅̅ , RH4̅̅ ̅̅ ̅̅  and ΔRH̅̅ ̅̅ ̅̅  denote the average RH3, RH4 

and ΔRH respectively measured from 10.00 to 18.00 hours. The detail findings 

are pronounced below (for analytical line chart, see Figure 4. 12). 

 

 

 

 

 

 

 

 

 

 

 

From the field study from 10.00 to 18.00 hours, RH3̅̅ ̅̅ ̅̅  was measured 41.78%. 

RH4̅̅ ̅̅ ̅̅  was measured 42.77%. ΔRH̅̅ ̅̅ ̅̅  was logged 1% when RH4̅̅ ̅̅ ̅̅  was 1% greater 

than RH3̅̅ ̅̅ ̅̅ . That is, ΔRH̅̅ ̅̅ ̅̅  = RH4-RH3 = 1% and RH4̅̅ ̅̅ ̅̅ <RH3̅̅ ̅̅ ̅̅ . 

The RH3 max and RH4 max was logged 64% at 18.00 hours. That is, RH3 max = 

RH4 max = 64%. The RH3 min and RH4 min was logged 25% at 12.00 hours. That 

is, RH3 min = RH4 min = 25%. 

From 10.00 to 12.00 hours and at 18.00 hours, RH3 and RH4 was recorded 

similar. That is, RH3 = RH4. From 13.00 to 17.00 hours, RH4 was recorded 

greater than RH3. That is, RH4>RH3. 
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Figure 4. 13: Field data analysis of Wind Speed at study point-3 (green) and 
study point-4 (linear green). 
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The ΔRH max was logged 4% at 14.00 hours when RH4 was 4% greater than 

RH3. That is, ΔRH max = RH4-RH3 = 4% and RH4<RH3. The ΔRH min was 

logged 1% greater at 13.00, 15.00 and 17.00 hours when RH4 was 1% greater 

than RH3. That is, ΔRH min = RH4-RH3 = 1% and RH4<RH3. 

 Wind Speed measured at location B 

The Wind Speed (WS) was measured at the street canyon of Ceramic road 

(location B) at study point-3 (green) and study point-4 (linear green) at 1.5 m 

above ground level that is pedestrian level. The WS measurements were found 

quite different at the two points at all hours. For this study, WS measured at 

study point-3 (green) is termed WS3. The WS measured at study point-4 (linear 

green) is termed WS4. In this section, Wind Speed Difference between study 

point-3 (green) and study point-4 (linear green) is termed ΔWS and ΔWS = 

WS3-WS4. Here, WS3 max and WS4 max denote the maximum WS3 and WS4 

respectively. WS3 min and WS4 min denote the minimum WS3 and WS4 

receptively. ΔWS max and ΔWS min denote the maximum and the minimum ΔWS 

respectively. WS3̅̅ ̅̅ ̅̅ , WS4̅̅ ̅̅ ̅̅  and ΔWS̅̅ ̅̅ ̅̅  denote the average WS3, WS4 and ΔWS 

respectively measured from 10.00 to 18.00 hours. The detail findings are 

described in the following section (for analytical line chart, see Figure 4. 13). 
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Figure 4. 14: Location D, green point-6 (left) and location C, bare point-5 (right) 

Figure 4. 15: Study point-6, green (left) and study point-5, bare (right). 

From field study from 10.00 to 18.00 hours, WS3̅̅ ̅̅ ̅̅  was measured 0.14 m/s. WS4̅̅ ̅̅ ̅̅  

was measured 0.89 m/s. ΔWS̅̅ ̅̅ ̅̅  was measured 0.74 m/s when WS4̅̅ ̅̅ ̅̅  was 0.74 m/s 

greater than WS3̅̅ ̅̅ ̅̅ . That is, ΔWS̅̅ ̅̅ ̅̅  = WS4-WS3 = 0.74 m/s and WS4̅̅ ̅̅ ̅̅ >WS3̅̅ ̅̅ ̅̅ . The 

WS3 max was recorded 0.2 m/s from 15.00 to 18.00 hours. The WS4 max was 

recorded 1.1 m/s at 18.00 hour. The WS3 min was recorded 0.1 m/s from 10.00 

to 14.00 hours. The WS4 min was recorded 0.7 m/s at 10.00 hours.  

From 10.00 to 18.00 hours, WS4 was logged higher than WS3. That is, 

WS4>WS3. The ΔWS max was logged 0.9 m/s at 18.00 hours when WS4 was 

0.9 m/s greater than WS3. That is, ΔWS max = WS4-WS3 = 0.9 m/s and 

WS4>WS3. The ΔWS min was logged 0.6 m/s at 10.00 hours when WS4 was 

0.6 m/s higher than WS3. That is, ΔWS min = WS4-WS3 = 0.6 m/s and 

WS4>WS3. 

(c) Study location C and D 
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Study location C is road-12 and study location D is road-5 (Figure 4. 14). They 

are two Secondary roads. The Morphometric features of these roads that is 

urban structure and urban cover are described in Table 4. 4. These North-South 

oriented Secondary roads are of 24 m width. Buildings are mostly six stories of 

18 m average height. Average street canyon aspect ratio is 3:4 (0.75). The 

microclimatic measurements were taken at two study points named point-5 and 

point-6 (Figure 4. 14 and Figure 4. 15) of the street canyons. Study point-5 is 

on a bare road without any green areas nearby. Point-6 was placed on a road 

that contains many large green trees at both sides arranged in a linear way.  

Table 4. 4: Urban structure and cover of study location C and D 

Study 
location 

Variables/ 
Constant 

 
 

Study 
area 

Road 
width 

Side 
walks 

Side 
green 

Building 
height 

Orient
ation 

Average 
street 

canyon 
aspect 
ratio 

Location-
C  

road-12 
point-5 

Bare 
 

12,000 
sqm 

24 m 
(18m+

6m) 
 

(3m + 
3m) 

= 6 m 

No green 18 m  
(mostly 

six 
storeys) 

  

North-
South 

3:4 
(0.75) 

Location-
D 

road-5 
point-6 

Green 14,000 
sqm 

24 m 
(18m+

6m) 
 

(3m + 
3m) =     
6 m 

Merged 
with side 
walk and 

road 

18 m  
(mostly 

six 
storeys) 

North-
South 

 

3:4 
(0.75) 

Use: Vehicular and mostly pedestrian 

 Dry Bulb Temperature measured at location C and D 

The Dry Bulb Temperature (DBT) was measured at the street canyons of 

Secondary roads, named study location C; point 5 (bare) and location D; point-

6 (green) at 1.5 m above ground level that is pedestrian level. Almost at all 

hours, DBT was lower at study point-6 (green) than that of study point-5 (bare). 

For this study, DBT measured at study point-5 (bare) is termed T5. The DBT 

measured at study point-6 (green) is termed T6. In this section, Dry Bulb 

Temperature Difference between study point-5 (bare) and study point-6 (green) 

is termed ΔT and ΔT = T5-T6. Here, T5 max and T6 max denote the maximum T5 

and T6 respectively. T5 min and T6 min denote the minimum T5 and T6 

respectively. ΔT max and ΔT min denote the maximum and the minimum ΔT 

respectively. T5̅̅̅̅ , T6̅̅̅̅  and ΔT̅̅̅̅  denote the average T5, T6 and ΔT respectively 
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Figure 4. 16: Field data analysis of Dry Bulb Temperature at study point-5 
(bare) and study point-6 (green). 

measured from 10.00 to 18.00 hours. The detail findings are defined below (for 

analytical line chart, see Figure 4. 16).  

 

 

 

 

 

 

 

 

 

 

 

From the field study from 10.00 to 18.00 hours, T5̅̅̅̅  was measured 305.66 K 

(32.51 oC). T6̅̅̅̅  was measured 304.93 K (31.78 oC). ΔT̅̅̅̅  was measured 0.73 K 

when T6̅̅̅̅  was lower than T5̅̅̅̅ . That is, ΔT̅̅̅̅  = T5-T6 = 0.73 K and T6̅̅̅̅ <T5̅̅̅̅ . 

The T5 max and T6 max was recorded 310.25 K (37.10 oC) at 12.00 hours. That 

is, T5 max = T6 max = 310.25 K. The T5 min and T6 min was recorded 300.55 K 

(27.40 oC) at 18.00 hours. That is, T5 min = T6 min = 300.55 K. 

From 10.00 to 18.00 hours, T6 (T6<T5) was logged lower than T5, except 12.00 

and 18.00 hours, when the T5 and T6 was logged similar (T5 = T6).  

The ΔT max was logged 2.65 K at 17.00 hours when T6 was 2.65 K lower than 

T5. That is, ΔT max = T5-T6 = 2.65 K and T6<T5. The ΔT min was logged 0.20 K 

at 16.00 hours when T6 was 0.20 K lower than T5. That is, ΔT min = T5-T6 = 

0.20 K and T6<T5. 
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Figure 4. 17: Field data analysis of Relative Humidity at study point-5 (bare) 
and study point-6 (green). 

 Relative Humidity measured at location C and D 

The Relative Humidity (RH) was measured at the street canyons of Secondary 

roads, named study location C; point 5 (bare) and location D; point-6 (green) at 

1.5 m above ground level that is pedestrian level from 10.00 to 18.00 hours. 

The RH measurements were found nearly similar at the two points throughout 

the day apart from a deviation at 13.00 hours. For this study, RH measured at 

study point-5 (bare) is termed RH5. The RH measured at study point-6 (green) 

is termed RH6. In this section, Relative Humidity Difference between study 

point-5 (bare) and study point-6 (green) is termed ΔRH and ΔRH = RH6-RH5. 

Here, RH5 max and RH6 max denote the maximum RH5 and RH6 respectively. 

RH5 min and RH6 min denote the minimum RH5 and RH6 respectively. ΔRH max 

and ΔRH min denote the maximum and the minimum ΔRH respectively. RH5̅̅ ̅̅ ̅̅ , 

RH6̅̅ ̅̅ ̅̅  and ΔRH̅̅ ̅̅ ̅̅  denote the average RH5, RH6 and ΔRH respectively measured 

from 10.00 to 20.00 hours. The detail findings are described below (for 

analytical line chart, see Figure 4. 17).  
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Figure 4. 18: Field data analysis of Wind Speed at study point-5 (bare) and 
study point-6 (green). 

From the field study, from 10.00 to 18.00 hours, RH5̅̅ ̅̅ ̅̅  was measured 38.56%. 

RH6̅̅ ̅̅ ̅̅  was measured 39%. ΔRH̅̅ ̅̅ ̅̅  was measured 0.44% when RH6̅̅ ̅̅ ̅̅  was greater 

than RH5̅̅ ̅̅ ̅̅ . That is, ΔRH̅̅ ̅̅ ̅̅  = RH6-RH5 = 0.44% and RH6̅̅ ̅̅ ̅̅ >RH5̅̅ ̅̅ ̅̅ . 

The RH5 max and RH6 max was recorded 64% at 18.00 hours. That is, RH5 max 

= RH6 max = 64%. The RH5 min and RH6 min was recorded 25% at 12.00 hours. 

That is, RH5 min = RH6 min = 25%. 

From 10.00 to 18.00 hours, the RH5 and RH6 was logged similar (RH5 = RH6), 

except at 13.00 hours when RH6 was logged 4% greater than RH5 (RH6>RH5). 

 Wind Speed measured at location C and D 

 

 

 

 

 

 

 

 

 

 

 

 

The Wind Speed (WS) was measured at the street canyons of Secondary 

roads, named location C; study point 5 (bare) and location D; study point-6 

(green) at 1.5 m above ground level that is pedestrian level from 10.00 to 18.00 

hours. The WS measurements were found significantly different at the two 

study points throughout the day. For this study, WS measured at study point-5 

(bare) is termed WS5. WS measured at study point-6 (green) is termed WS6. 

In this section, Wind Speed Difference between study point-5 (bare) and study 
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point-6 (green) is termed ΔWS and ΔWS = WS5-WS6. WS5 max and WS6 max 

denote the maximum WS5 and WS6 respectively. WS5 min and WS6 min denote 

the minimum WS5 and WS6 respectively. ΔWS max and ΔWS min denote the 

maximum and the minimum ΔWS respectively. WS5̅̅ ̅̅ ̅̅ , WS6̅̅ ̅̅ ̅̅  and ΔWS̅̅ ̅̅ ̅̅  denote the 

average WS5, WS6 and ΔWS respectively measured from 10.00 to 20.00 

hours. The detail findings are described below (for analytical line chart see 

Figure 4. 18).  

From the field study from 10.00 to 18.00 hours, WS5̅̅ ̅̅ ̅̅  was measured 0.73 m/s. 

WS6̅̅ ̅̅ ̅̅  was measured 0.26 m/s. ΔWS̅̅ ̅̅ ̅̅  was measured 0.47 m/s when WS6̅̅ ̅̅ ̅̅  was 

lower than WS5̅̅ ̅̅ ̅̅ . That is, ΔWS̅̅ ̅̅ ̅̅  = WS5-WS6 = 0.47 m/s and WS6̅̅ ̅̅ ̅̅ <WS5̅̅ ̅̅ ̅̅ . 

The WS5 max was recorded 0.9 m/s at 16.00 and 17.00 hours. The WS5 min was 

recorded 0.4 m/s at 10.00 hours. The WS6 max was recorded 0.4 m/s at 15.00, 

16.00 and 17.00 hours. The WS6 min was recorded 0.0 m/s at 10.00 hours. 

From 10.00 to 18.00 hours, WS6 was logged lower than WS5. That is, 

WS6<WS5. The ΔWS max was logged 0.5 m/s at 11.00, 13.00, 14.00, 16.00, 

17.00 and 18.00 hours when WS6 was lower than WS5. That is, ΔWS max = 

WS5-WS6 = 0.5 m/s and WS6<WS5. The ΔWS min was logged 0.4 m/s at 10.00, 

12.00 and 15.00 hours when WS6 was lower than WS5. That is, ΔWS min = 

WS5-WS6 = 0.4 m/s and WS6<WS5. 

(d) Study location E and F 
Study location E is road-4 and study location F is road-6. They are two Tertiary 

roads (Figure 4. 19). The morphometric features of the roads that is urban 

structure and urban cover is described in Table 4. 5. These are East-West 

oriented tertiary roads of 18 m width. Buildings are mostly six stories of 18 m 

average height. Average street canyon aspect ratios are one. The microclimatic 

measurements were taken at two study points named study point-7 and study 

point-8 (Figure 4. 19 and Figure 4. 20) of the street canyons. Study point-7 is 

on a bare road without any green areas nearby. Study point-8 is placed on a 

road that contains many large green trees at both sides of the road arranged in 

a linear way.  
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Figure 4. 19: Study location E; bare study point-7 (top) and study location F, 
green study point-8 (bottom).  

Figure 4. 20: Study location E; bare point-7 (left) and study location F; green 
study point-8 (right). 
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Table 4. 5: Urban cover of study location E and F  

Study 
location 

Variables/ 
Constant 

Study  
area 

Road 
width 
(road 
+side 
walk+ 
side 

green) 

Side 
walks 

Side 
green 

Building 
height 

Orie
ntati
on 

Average 
street 

canyon 
aspect 
ratio 

location- 
E 

road-4 
point-7 

Bare 
 
 
 

8646 
sqm 

18 m= 
(15+3) 

m 

(1.5m + 
1.5m) = 

3 m 

No 
green 

18 m  
(mostly 

six 
storeys) 

East-
West 

1 

location-
F 

road-6 
point-8 

Green 
 

8646 
sqm 

18 m= 
(15+3) 

m 

(1.5m + 
1.5m) = 

3 m 

Merged 
with 

footpath 
and 
road 

18 m  
(mostly 

six 
storeys) 

East-
West 

1 

Use: Mostly pedestrian  

 

 Dry Bulb Temperature measured at location E and F  

The Dry Bulb Temperature (DBT) was measured at the street canyons of 

tertiary roads, named road-4, location-E, point-7 (bare) and road-6, location-F, 

point-8 (green) at 1.5 m above ground level that is pedestrian level from 10.00 

to 18.00 hours at one-hour interval. The DBT measurements were found quite 

different at the two study points throughout the day except at noon. For this 

study, DBT measured at study point-7 (bare) is termed T7. DBT measured at 

study point-8 (green) is termed T8. In this section, Dry Bulb Temperature 

Difference between study point-7 (bare) and study point-8 (green) is termed ΔT 

and ΔT = T7-T8. Here, T7 max and T8 max denote the maximum T7 and T8 

respectively. The T7 min and T8 min denote the minimum T7 and T8 respectively. 

ΔT max and ΔT min denote the maximum and the minimum ΔT respectively. T7̅̅̅̅ , 

T8̅̅̅̅  and ΔT̅̅̅̅  denote the average T7, T8 and ΔT respectively measured from 10.00 

to 18.00 hours. The detail findings are described below (for analytical line chart, 

see Figure 4. 21).  

From the field study from 10.00 to 18.00 hours, T7̅̅̅̅  was measured 307.25 K 

(34.1 oC). T8̅̅̅̅  was measured 305.91 K (32.76 oC). ΔT̅̅̅̅  was measured 1.34 K 

when T8̅̅̅̅  was 1.34 K lower than T7̅̅̅̅ . That is, ΔT̅̅̅̅  = T7-T8 = 1.34 K and T8̅̅̅̅ <T7̅̅̅̅ . 
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Figure 4. 21: Field data analysis of Dry Bulb Temperature at study point-7 
(bare) and study point-8 (green). 
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T7 = Dry Bulb Temeperature at study point-7 (bare)

T8 = Dry Bulb Temeprature at study point-8 (green)

The T7 max and T8 max were recorded 310.25 K (37.1 oC) at 12.00 hours. That 

is, T7 max = T8 max = 310.25 K. The T7 min and T8 min were recorded 300.55 K 

(27.4 oC) at 18.00 hours. That is, T7 min = T8 min = 300.55 K. 

 

 

 

 

 

 

 

 

 

 

 

From 10.00 to 18.00 hours, T8 was logged lower than T7. That is, T8<T7. The 

ΔT max was logged 2.6 K at 14.00 hours when T8 was lower than T7. That is, 

ΔT max = T7-T8 = 2.6 K and T8<T7. The ΔT min was logged 1.4 K at 10.00 hours 

when T8 was lower than T7. That is, ΔT min = T7-T8 = 1.4 K and T8<T7. 

 Relative Humidity measured at location E and F 

The Relative Humidity (RH) was measured at the street canyons of Tertiary 

roads; named road-4, location-E, point-7 (bare) and road-6, location-F, point-8 

(green) at 1.5 m above ground level that is pedestrian level from 10.00 to 18.00 

hours. The RH was found slightly different at the two study points throughout 

the day and it was higher at study point-8 (green) than that of study point-7 

(bare). For this study, RH measured at study point-7 (bare) is termed RH7. The 

RH measured at study point-8 (green) is termed RH8. In this section, Relative 

Humidity Difference between study point-7 (bare) and study point-8 (green) is 

termed ΔRH and ΔRH = RH8-RH7. Here, RH7 max and RH8 max denote the 
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Figure 4. 22: Field data analysis of Relative Humidity at study point-7 (bare) and 
study point-8 (green). 
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RH7 = Relative Humidity at study point-7 (bare)

RH8 = Relative Humidity at study point-8 (green)

maximum RH7 and RH8 respectively. RH7 min and RH8 min denote the minimum 

RH7 and RH8 respectively. ΔRH max and ΔRH min denote the maximum and the 

minimum ΔRH respectively. RH7̅̅ ̅̅ ̅̅ , RH8̅̅ ̅̅ ̅̅  and ΔRH̅̅ ̅̅ ̅̅  denote the average RH7, RH8 

and ΔRH respectively measured from 10.00 to 18.00 hours. The detail findings 

are described below (for analytical line chart, see Figure 4. 22).  

 

 

 

 

 

 

 

 

 

 

 

From the field study, from 10.00 to 18.00 hours, RH7̅̅ ̅̅ ̅̅  was measured 48.67%. 

RH8̅̅ ̅̅ ̅̅  was measured 50%. ΔRH̅̅ ̅̅ ̅̅  was measured 1.33% when RH8̅̅ ̅̅ ̅̅  was 1.33% 

greater than RH7̅̅ ̅̅ ̅̅ . That is, ΔRH̅̅ ̅̅ ̅̅  = RH8-RH7 = 1.33% and RH8̅̅ ̅̅ ̅̅ >RH7̅̅ ̅̅ ̅̅ . 

The RH7 max and RH8 max were recorded 64% at 18.00 hours. That is, RH7 max 

= RH8 max = 64%. The RH7 min and RH8 min were recorded 25% at 12.00 hours. 

That is, RH7 min = RH8 min = 25%. 

From 10.00 to 18.00 hours, RH8 was logged higher than RH7 (RH8>RH7), 

except at 12.00, 14.00 and 18.00 hours, when the RH7 and RH8 were logged 

similar (RH7 = RH8). The ΔRH max was logged 5% at 10.00 hours when RH8 

was 5% higher than RH7. That is ΔRH max = RH8-RH7 = 5% and RH8>RH7. 

The ΔRH min was logged 1% at 13.00, 16.00 and 17.00 hours when RH8 was 

1% higher than RH7. That is, ΔRH min = RH8-RH7 = 1% and RH8>RH7. 
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Figure 4. 23: Field data analysis of Wind Speed at study point-7 (bare) and 
study point-8 (green). 
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WS7 = Wind Speed at study point-7 (bare)

WS8 = Wind Speed at study point-8 (green)

 Wind Speed measured at location E and F 

The Wind Speed (WS) was measured at the street canyons of Tertiary roads; 

named road-4, location-E, point-7 (bare) and road-6, location-F, point-8 (green) 

at 1.5 m above ground level that is pedestrian level from 10.00 to 18.00 hours 

at one-hour intervals. WS measurements were found significantly different 

throughout the day at the two study points. For this study, WS measured at 

study point-7 (bare) is termed WS7. WS measured at point-8 (green) is termed 

WS8. In this section, Wind Speed Difference between point-7 (bare) and point-

8 (green) is termed ΔWS and ΔWS = WS7-WS8. Here, WS7 max and WS8 max 

denote the maximum WS7 and WS8 respectively. WS7 min and WS8 min denote 

the minimum WS7 and WS8 respectively. ΔWS max and ΔWS min denote the 

maximum and minimum ΔWS respectively. WS7̅̅ ̅̅ ̅̅ , WS8̅̅ ̅̅ ̅̅  and ΔWS̅̅ ̅̅ ̅̅  denote average 

WS7, WS8 and ΔWS respectively measured from 10.00 to 18.00 hours. Detail 

findings are described below (for analytical line chart, see Figure 4. 23).  

 

 

 

 

 

 

 

 

 

 

 

From the field study, from 10.00 to 18.00 hours, WS7̅̅ ̅̅ ̅̅  was measured 1.14 m/s. 

WS8̅̅ ̅̅ ̅̅  was measured 0.33 m/s. ΔWS̅̅ ̅̅ ̅̅  was measured 0.81 m/s when WS8̅̅ ̅̅ ̅̅  was 

0.81 m/s lower than WS7̅̅ ̅̅ ̅̅ . That is, ΔWS̅̅ ̅̅ ̅̅  = WS7-WS8 = 0.81 m/s and WS8̅̅ ̅̅ ̅̅ <WS7̅̅ ̅̅ ̅̅ . 



131 

 

The WS7 max and WS8 max were recorded at 18.00 hours when WS7 max was 

1.7 m/s and WS8 max was 0.8 m/s. The WS7 min was measured 0.4 m/s at 10.00 

hours. The WS8 min was recorded 0.0 m/s at 10.00 and 11.00 hours.  

From 10.00 to 18.00 hours, WS8 was logged lower than WS7. That is, 

WS8<WS7. The ΔWS max was logged 0.9 m/s from 14.00 to 18.00 hours when 

WS8 was lower than WS7. That is, ΔWS max = WS7-WS8 = 0.9 m/s and 

WS8<WS7. The ΔWS min was logged 0.4 m/s at 10.00 hours when WS8 was 

lower than WS7. That is, ΔWS min = WS7-WS8 = 0.4 m/s and WS8<WS7. 

4.9 Summary 
In this chapter, from the field survey, the available existing bare sites and the 

sites that best matched the quality of greenway are investigated and the 

subsequent findings are presented. The Dry Bulb Temperature, Relative 

Humidity and Wind Speed were measured at eight study points of selected 

street canyons of Dhaka city. Almost at all hours, the DBT was found lower at 

green or greenway identical study points than that of bare study points. The 

linear greenway or more resembling greenway study points showed lower DBT 

than that of green or less resembling greenway study points. Almost at all 

hours, the RH was found nearly similar or higher at green or greenway identical 

study points than that of bare study points. Almost at all hours, the WS was 

found lower at green or greenway identical study points than that of bare study 

points. Nonetheless, the linear green or greenway identical study points 

showed higher WS than that of green or less greenway identical study points. 

For finding an enhanced interpretation of the impact of greenway in terms of 

DBT, RH, WS and Tmrt on urban street canyon microclimate, in the following 

chapters, the seamless greenway model is applied on the existing bare street 

canyon through simulation software Envi-met V4.3.2 Summer 18. Afterwards, 

the cooling effect of greenway on urban street canyon microclimate of Dhaka 

city is analysed and compared with that of the existing bare street canyon. The 

greenways contribution on enhancing pedestrian thermal comfort is studied as 

well. Through this procedure, result that is more precise is obtained. 
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CHAPTER-5: SIMULATION STUDY 

5.1 Preamble 
In previous chapter, the procedure and findings of field survey conducted at 

three bare and three greenway resembling study points were portrayed. In this 

chapter, the process and findings of the simulation study are depicted. One of 

the most significant existing bare study point at Kalshi road is taken for 

simulation study using Envi-met software. At first, the existing bare study point-

2 at Kalshi road is modelled and simulated. Afterwards, the greenway is 

integrated on the same study point and simulated again. Subsequently, the 

findings of simulation from the bare and greenway study point are depicted.  

5.2 Envi-met 
Envi-met is an advanced simulation system that recreates the microclimatic 

dynamics of the outdoor environment by addressing the interaction between 

climatic parameters, vegetation, surfaces, soil and the built environment. The 

programme has been extensively used in urban design and thermal comfort 

studies for its ability to reproduce microclimatic conditions within the urban 

canopy layer. Envi-met simulation results were validated against measured 

data at real urban context in previous studies (Section 3.4.1). For this study, the 

Envi-met V4.3.2 Summer 18 software was used. 

5.3 Simulation limitations 
The manual of Envi-met state that it has certain limitations. The tools to create 

the urban environment are limited to buildings, soils or pavement materials and 

trees or vegetation (Section 3.4.4). Therefore, a deviation between the actual 

microclimate and the simulated microclimate parameters are anticipated. 

5.4 Study point selection and preparation for simulation 
As there is no existing greenway on urban street canyon of Dhaka city. For this 

study, the existing bare study points were considered for simulation. Among 

them, the existing bare study point-2 at Kalshi road was picked for simulation. 

As this is the most significant instance amid all street canyons picked for this 
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Figure 5. 2: Sectional simulation model of greenway study point-1 at Kalshi 
road. 

Figure 5. 1: Simulation model of bare study point-2 (left) and greenway study 
point-1 (right) at Kalshi road. 

research. The greenway identical points were excluded from the simulation 

study. Since during simulation, greenway was integrated following the ideal 

definition of greenway on the selected existing bare street canyon model using 

Envi-met V4.3.2 Summer 18 software to study their precise microclimatic 

impact on urban street canyons.  At first, the model of the existing bare study 

point-2 at Kalshi road was created using Envi-met V4.3.2 Summer 18 software 

and the simulation was run (Figure 5. 1). Afterwards, the greenway was 

integrated on the same existing model and again the simulation was run (Figure 

5. 1 and Figure 5. 2). For easy interpretation, this simulated model of integrated 

greenway is termed study point-1 (greenway) at Kalshi road in the following 

discussions. Not to confuse with study point-1 existing greenway resembling 

point at Kalshi road that was measured during the field study at previous 

chapters (Section 4.4.1). 
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For this study, all the models, both existing bare study point-2 and greenway 

study point-1 at Kalshi road for simulation were created using Envi-met Spaces 

4.3.2. software. The input for climatic parameters for simulation are entered 

from field survey data (Table 5. 1 and Table 5. 2). All the simulations for both 

bare study point-2 and greenway study point-1 were run for 12 hours from 08.00 

to 20.00 hours using Envi-met (64 bit). After completion of the simulation, the 

simulated results were extracted using visualization software Leonardo 4.3.0. 

Subsequently, the simulation findings from the bare and integrated greenway 

study points were compared. The simulated results were as well compared and 

simulation maps and graphs were extracted using Leonardo 4.3.0 software.  

Table 5. 1: Basic meteorological framework for simulation at bare study point-
2 at Kalshi road 

Basic meteorological framework for simulation at bare study point-2 at Kalshi road 
 
 

Start and duration of model run 
 

Input parameters Input from field study Re-input from output of 
first simulation 

Start Date (DD. MM. YYYY) 06.03.2018 06.03.2018 
Start Time (HH:MM:SS)  08.00.00 08.00.00 
Total simulation Time (h) 12 12 
Output settings   
Output interval for files    
Receptors and buildings 
(min) 

30.00 30.00 

All other files (min) 60.00 60.00 
Initial meteorological conditions 

 
Input parameters Input from field study Re-input from output of 

first simulation 
Wind uvw   
Wind speed measured in 10, 
height (m/s) 

0.3 0.9 

Wind Direction (deg) 90 (0= from North, 180= 
from South 

90 (0= from North, 180= 
from South 

Roughness Length at 
measurement sight 

0.01 0.01 

Temperature T   
Initial temperature of 
atmosphere (0C) 

38.5 (311.65 K) 36 (309.15 K) 

Humidity q   
Specific humidity at model 
top (2500m, g/kg) 

7.0 7.0 

Relative Humidity in 2 m (%) 22 47.22 
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For street canyon simulation, it is unlikely to invent any straight base condition 

or microclimatic condition practically. This study strived to eliminate thermal 

inertia effect of the street canyon simulation on present condition. Therefore, 

model of existing bare street canyon condition was simulated using the 

configuration file derived from the field study condition in terms of Dry Bulb 

Temperature (DBT), Relative Humidity (RH), Wind Speed (WS) and so on. 

Afterwards, the initial DBT, RH, WS and so forth from the simulation results 

were used to re-simulate the model again. This scheme was run until attaining 

the equilibrium condition where the base condition did not change any longer. 

On the other hand, the model of the integrated greenway street canyon 

condition was also simulated using the configuration file derived from the field 

study condition in terms of DBT, RH, WS and so on. The initial DBT, RH, WS 

and so forth derived from the simulation results were satisfactory and adjacent 

to the equilibrium condition. Consequently, further simulation was not 

necessary. Table 5. 1 and Table 5. 2 indicate the input parameters of the 

configuration files for simulations.  

Table 5. 2: Basic meteorological framework for simulation on greenway study 
point-1 at Kalshi road 

Basic meteorological framework for simulation of greenway study point-1 at Kalshi 
road 

 
Start and duration of model run 

Input parameters Input 
Start Date (DD. MM. YYYY) 06.03.2018 
Start Time (HH:MM:SS)  08.00.00 
Total simulation Time (h) 12 
Output settings  
Output interval for files   
Receptors and buildings (min) 30.00 
All other files (min) 60.00 

Initial meteorological conditions 
Input parameters Input 
Wind uvw  
Wind speed measured in 10, height (m/s) 0.8 
Wind Direction (deg) 90 (0= from North, 180= from South 
Roughness Length at measurement sight 0.01 
Temperature T  
Initial temperature of atmosphere (0C) 27.4 (300.55 K) 
Humidity q  
Specific humidity at model top (2500m, g/kg) 7.0 
Relative humidity in 2m (%) 65 
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5.5 Making the greenway model  
From the Literature review, it was revealed that the definition and benefits of 

greenway is vast and versatile (Section 2.6). As well, it was discovered that 

dense high LAD (Leaf Area Density) trees containing wider crown are most 

efficient in creating cooling effect (reducing DBT) and increasing RH in urban 

microclimate and providing outdoor thermal comfort (Section 2.3 and Section 

2.5). Correspondingly, it was established from the Literature review that the tree 

species, Delonix regia contains the widest crown and most cooling effect 

enhancing outdoor thermal comfort among many tree species (Section 2.5). 

Furthermore, it was established form the Literature review that the cool 

pavements especially permeable interlocking concrete pavements perform well 

in reducing DBT and Mean Radiant Temperature (Tmrt) and providing thermal 

comfort to the pedestrians on urban street canyon (Section 2.16.2 and Section 

2.16.3). Based on these findings from the Literature review, for this particular 

study, a specific type of greenway has been designed that contains a 

pedestrian walking trail paved with permeable interlocking concrete pavement 

surrounded by many large dense high LAD and high LAI (Leaf Area Index) trees 

named Delonix regia.  

 Delonix regia 

Delonix regia (Figure 5. 3) was selected for this study since it is a popular street 

tree both in Dhaka and worldwide. As well, it is known as ‘Krisna chura’ in 

Dhaka city. From several research, it is found that this tree species contributes 

a lot in reducing the DBT in summer days and increasing RH (IUCN 2011, 

Watson 2016) enhancing the outdoor thermal comfort (Section 2.5) . Delonix 

regia is a large deciduous tree. It grows 5 to 12 m in height and 12 to 18 m in 

breadth. Its LAI is 2.5. For this particular study, 12 m breadth was selected. The 

trees were densely planted for reducing the solar radiation, DBT and Tmrt during 

making the simulation model (Section 2.21). In addition, following the 

recommendation of Watson (2016) the trees were planted not closer than 3 m 

from pavement. Delonix regia is not available in Envi-met. It was custom made 

by using the software Albero 4.3.0. 
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Figure 5. 3: Delonix regia (source: Kabir Uddin). 

 

 

 

 

 

 

 

 

 

 

 

 

 Permeable interlocking concrete pavement  

Permeable interlocking concrete pavement (Figure 5. 4) is preferred for this 

simulation study. Since from the Literature review, it was established that this 

particular pavement performs very well in creating cooling effect for lessening 

both DBT and Tmrt up to 12 K, and enhance pedestrian thermal comfort amid 

many cool pavements of high reflectivity (high albedo) or high permeability. It 

was also established in the Literature review that cool pavements of balancing 

high reflectivity and high permeability is thermally comfortable for pedestrian as 

they reduce both DBT and Tmrt. Interlocking concrete pavement is one of the 

cool pavements that holds high reflectivity (high albedo) and high permeability 

(Section 2.16.2 and Section 2.16.3). The Literature review unraveled that the 

main cooling factor of this material is the permeability and thermal properties 

that allow evaporation of the moisture present in it resulting much lower surface 

temperatures and lower heat storage. This is opposite to the impermeable thick 

surfaces of asphalt and concrete urban pavements that increase the surface 

temperature and store heat under the surfaces (Section 2.15). Therefore, based 
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Figure 5. 4: Permeable interlocking concrete pavement (after: ICPI, 2006). 

on the Literature review, it is distinct that permeable interlocking concrete 

pavements help generating all the features of greenway including storm water 

drainage. It as well benefits the tree growth (Little, 1995; Qin, 2015; Li, 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. 3: Thermal properties of permeable interlocking concrete pavement 
(source: ICPI, 2006; Li, 2016). 

Thermal property of permeable interlocking concrete pavement 
 

Albedo 0.28 
Conductivity 0.50 
Thickness 30 cm 

Irrigation available True 

This particular pavement is not available in Envi-met. Therefore, it is custom 

made by using Envi-met database and inputting the thermal properties in the 

database (Table 5. 3). For this particular study, a specific type of greenway was 

designed that was the most suitable for applying on the selected urban street 

canyon of planned residential area of Dhaka. After studying the bare street 

canyon, the spaces that were occupied by the street vendors and pedestrians 
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were calculated and used for applying greenway on it. The greenway model 

was applied on the urban street canyon in such a manner that they did not 

conflict with the residential uses, entries, boundary wall or any service lines.  

5.6 Simulation study findings  
From the simulation study at study point-2 (bare) and after integrating greenway 

on it called study point-1 (greenway) at Kalshi road, it was found that the 

average Dry Bulb Temperature (DBT) was lower at study point-1 (greenway) 

than that of study point-2 (bare) throughout the day. The average Relative 

Humidity (RH) was higher at greenway study point-1 than that of bare study 

point-2. The average Wind Speed (WS) was lower at study point-1 (greenway) 

than that of bare study point-2. The average Mean Radiant Temperature (Tmrt) 

was found lower at greenway study point-1 than that of bare study point-2. The 

detail findings from the simulation study are depicted in the following sections.  

5.7 Simulation at study point-2 (bare) 
The findings from simulation study at bare study point-2 at Kalshi road are 

depicted below in terms of DBT, RH, Tmrt and WS. For easy interpretation, this 

bare study point is called study point-2 (bare) throughout this research. 

 Dry Bulb Temperature simulation  

The findings from DBT simulation at study point-2 (bare), Kalshi road are 

depicted below (Figure 5. 5). For this study, DBT simulated at study point-2 

(bare) is termed T2s. Here, T2s max and T2s min denote the maximum and the 

minimum T2s respectively. T2s̅̅ ̅̅ ̅ denotes the average T2s simulated from 08.00 

to 20.00 hours. 

It is found from the simulation study from 08.00 to 20.00 hours, that T2s̅̅ ̅̅ ̅  was 

310.14 K (36.99 0 C). T2s max was found 312.61 K (39.46 0C) at 15.00 hours. 

T2s min was found 305.84 K (32.69 0C) at 09.00 hours. 

It was observed from the simulation study that from 11.00 hours, T2s started 

increasing and reached the highest peak at 15.00 hours. After 15.00 hours, T2s 

started decreasing. 
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Figure 5. 6: Dry Bulb Temperature simulation map at study point-2 
(bare), Kalshi road on 09.00.01, 06.03.2018. 
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Figure 5. 5: Dry Bulb Temperature simulation curve at study point-2 
(bare), Kalshi road from 08.00 to 20.00 hours. 

 
 

  

 

 

 

 

 

 

 

 

 Dry Bulb Temperature simulation maps  

Some significant maps of T2s that is DBT simulated at study point-2 (bare), 

Kalshi road from 08.00 to 20.00 hours are presented below (Figure 5. 6, Figure 

5. 7, Figure 5. 8, Figure 5. 9). To find rest of the T2s maps, see Appendix-B. 
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Figure 5. 7: Dry Bulb Temperature simulation map at study point-2 (bare), 
Kalshi road on 12.00.01, 06.03.2018. 

Figure 5. 8: Dry Bulb Temperature simulation map at study point-2 (bare), 
Kalshi road on 15.00.01, 06.03.2018. 
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Figure 5. 10: Relative Humidity simulation curve from 08.00 to 20.00 hours at 
study point-2 (bare). 

Figure 5. 9: Dry Bulb Temperature simulation map at study point-2 (bare), Kalshi 
road on 18.00.01, 06.03.2018. 
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 Relative Humidity simulation  
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Figure 5. 11: Relative Humidity simulation map at study point-2 (bare), 
Kalshi road on 11.00.01, 06.03.2018. 

The findings from RH simulation at study point-2 (bare) at Kalshi road are 

illustrated below (Figure 5. 10). For this study, RH simulated at study point-2 

(bare) is termed RH2s. Here, RH2s max and RH2s min denote the maximum and 

the minimum RH2s respectively. RH2s̅̅ ̅̅ ̅̅ ̅ denotes the average RH2s simulated 

from 08.00 to 20.00 hours. 

It was found from the simulation study that RH2s̅̅ ̅̅ ̅̅ ̅ was 51.29%. The RH2s max 

was found 61.36% at 11.00 hours. The RH2s min was found 44.10% at 16.00 

hours. 

It was observed from the simulation study that RH2s started decreasing from 

14.00 hours. The RH2s reached the lowest bottom at 16.00 hours. After 17.00 

hours, RH2s started increasing again. 

 Relative Humidity simulation maps  

Some significant maps of RH2s that is RH simulated at study point-2 (bare) on 

Kalshi road from 08.00 to 20.00 hours are offered below (Figure 5. 11, Figure 

5. 12, Figure 5. 13, Figure 5. 14). Find rest of the RH2s maps at Appendix-B. 
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Figure 5. 12: Relative Humidity simulation map at study point-2 (bare), 
Kalshi road on 13.00.01, 06.03.2018. 

Figure 5. 13: Relative Humidity simulation map at study point-2 (bare), 
Kalshi road on 16.00.01, 06.03.2018. 
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Figure 5. 14: Relative Humidity simulation map at study point-2 (bare), 
Kashi road on 18.00.01, 06.03.2018. 

Figure 5. 15: Mean Radiant Temperature simulation curve at study point-2 
(bare), Kalshi road from 08.00 to 20.00 hours. 
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Figure 5. 16: Mean Radiant Temperature simulation map at study point-
2 (bare), Kalshi road on 09.00.01, 06.03.2018. 

Findings from Tmrt simulation at study point-2 (bare) at Kalshi road are depicted 

below (Figure 5. 15). For this study, Tmrt simulated at study point-2 (bare) is 

termed Tmrt2. Here, Tmrt2 max and Tmrt2 min denote the maximum and the 

minimum Tmrt2 respectively. Tmrt2̅̅ ̅̅ ̅̅ ̅ denotes the average Tmrt2 simulated from 

08.00 to 20.00 hours. 

It was found from the simulation study that Tmrt2̅̅ ̅̅ ̅̅ ̅ was 328.41 K (55.26 0C). The 

Tmrt2 max was found 344.77 K (71.62 0C) at 15.00 hours. The Tmrt2 min was found 

299.58 K (26.43 0C) at 19.59.59 hours. 

Tmrt2 started increasing from 09.00 hours. Tmrt2 reached the highest peak at 

15.00 hours. After 15.00 hours, Tmrt2 started decreasing. The highest Tmrt2 was 

recorded from 12.00 to 16.00 hours. 

 Mean Radiant Temperature simulation maps  

Some significant simulation maps of Tmrt2 that is Tmrt simulated at study point-

2 (bare) at Kalshi road from 08.00 to 20.00 hours are presented below (Figure 

5. 16, Figure 5. 17, Figure 5. 18 and Figure 5. 19). To find rest of the Tmrt2 

simulation maps, see Appendix-B. 
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Figure 5. 18: Mean Radiant Temperature simulation map at study point-2 
(bare), Kalshi road on 15.00.01, 06.03.2018. 

Figure 5. 17: Mean Radiant Temperature simulation map at study point-2 
(bare), Kalshi road on 12.00.01, 06.03.2018. 
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Figure 5. 20: Wind Speed simulation curve at study point-2 (bare), Kalshi road 
from 08.00 to 20.00 hours. 

Figure 5. 19: Mean Radiant Temperature simulation map at study point-2 
(bare), Kalshi road on 18.00.01, 06.03.2018. 
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Figure 5. 21: Wind Speed simulation map at study point-2 (bare), Kalshi 
road on 09.00.01, 06.03.2018. 

Findings from WS simulation study at study point-2 (bare) at Kalshi road are 

depicted below (Figure 5. 20). For this study, WS simulated at study point-2 

(bare) is termed WS2s. Here, WS2s max and WS2s min denote the maximum and 

the minimum WS2s respectively. WS2s̅̅ ̅̅ ̅̅ ̅ denotes the average WS2s from 08.00 

to 20.00 hours. 

From the simulation study, WS2s̅̅ ̅̅ ̅̅ ̅  was found 0.86 m/s. The WS2s max was found 

0.92 m/s at 09.00 hours. The WS2s min was found 0.84 m/s at 11.00 hours. 

It was detected from the simulation study held from 08.00 to 20.00 hours that 

WS2s kept fluctuating throughout the day. No certain relation between time and 

WS2s was found from the simulation study. 

 Wind Speed simulation maps  

Some significant maps of WS2s that is WS simulated at study point-2 (bare) at 

Kalshi road from 08.00 to 20.00 hours are presented below (Figure 5. 21, Figure 

5. 22, Figure 5. 23, Figure 5. 24). Find rest of the WS2s maps at Appendix-B. 
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Figure 5. 22: Wind Speed simulation map at study point-2 (bare), Kalshi road 
on 11.00.01, 06.03.2018. 

Figure 5. 23: Wind Speed simulation map at study point-2 (bare), Kalshi road 
on 15.00.01, 06.03.2018. 
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Figure 5. 24: Wind Speed simulation map at study point-2 (bare), Kalshi road 
on 18.00.01, 06.03.2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.8 Simulation at study point-1 (greenway) 
The findings from simulation study of integrated greenway at Kalshi road are 

defined below in terms of DBT, RH, Tmrt and WS. For easy interpretation, after 

integrating greenway, study point-2 (bare) is called study point-1 (greenway). 

 Dry Bulb Temperature simulation  

Findings from DBT simulation at study point-1 (greenway) at Kalshi road are 

depicted below (Figure 5. 25). Here, DBT simulated at study point-1 (greenway) 

is termed T1s. T1s max and T1s min denote the maximum and minimum T1s 

respectively. T1s̅̅ ̅̅ ̅ denotes the average T1s simulated from 08.00 to 20.00 hours. 

From the simulation study, from 08.00 to 20.00 hours, T1s̅̅ ̅̅ ̅ was found 301.07 K 

(27.92 0C). The T1s max was found 302.31 K (29.16 0C) at 15.00 hours. T1s min 

was found 298.81 K (25.66 0C) at 09.00 hours. 

It was determined from the simulation study at study point-1 (greenway) that 

from 10.00 hours, the T1s started increasing. T1s reached the highest peak at 

15.00 hours. After 16.00 hours, T1s started decreasing. 
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Figure 5. 26: Dry Bulb Temperature simulation map at study point-
1 (greenway), Kalshi road on 09.00.01, 06.03.2018. 

Figure 5. 25: Dry Bulb Temperature simulation curve hours at study point-1 
(greenway), Kalshi road from 08.00 to 20.00 hours. 
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 Dry Bulb Temperature simulation maps  

Some significant maps of T1s that is DBT simulated at study point-1 (greenway) 

at Kalshi road from 08.00 to 20.00 hours are presented below (Figure 5. 26, 

Figure 5. 27, Figure 5. 28 and Figure 5. 29). To find rest of the T1s maps, see 

Appendix-B. 
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Figure 5. 28: Dry Bulb Temperature simulation map at study point-1 
(greenway), Kalshi road on 15.00.01, 06.03.2018. 

Figure 5. 27: Dry Bulb Temperature simulation map at study point-1 
(greenway), Kalshi road on 12.00.01, 06.03.2018. 
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Figure 5. 29: Dry Bulb Temperature simulation map at study point-1 
(greenway), Kalshi road, on 18.00.01, 06.03.208. 

Figure 5. 30: Relative Humidity simulation curve at study point-1 (greenway), 
Kalshi road from 08.00 to 20.00 hours. 
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Figure 5. 31: Relative Humidity simulation map at study point-1 
(greenway), Kalshi road on 10.00.01, 06.03.2018. 

Findings from RH simulation at study point-1 (greenway) at Kalshi road are 

defined below (Figure 5. 30). For this study, RH simulated at study point-1 

(greenway) is termed RH1s. Here, RH1s max and RH1s min denote the maximum 

and the minimum RH1s respectively. RH1s̅̅ ̅̅ ̅̅ ̅ denotes the average RH1s 

simulated from 08.00 to 20.00 hours. 

From the simulation study, RH1s̅̅ ̅̅ ̅̅ ̅ was found 64.35%. The RH1s max was found 

72.96% at 10.00 hours. The RH1s min was found 59.44% at 18.00 hours. 

RH1s was logged apparently high from 09.00 to 11.00 hours. From 12.00 hours, 

RH1s started decreasing. From 14.00 to 18.00 hours RH1s was logged 

apparently low. After 18.00 hours, RH1s started increasing again. 

 Relative Humidity simulation maps  

Some significant maps of RH1s that is RH simulated at study point-1 

(greenway) at Kalshi road from 08.00 to 20.00 hours are presented below 

(Figure 5. 31, Figure 5. 32, Figure 5. 33 and Figure 5. 34). To find rest of the 

RH1s maps, see Appendix-B. 

 

 

 

 

 

 

 

 

 

 

 

 



157 

 

Figure 5. 32: Relative Humidity simulation map at study point-1 
(greenway), Kalshi road on 12.00.01, 06.03.2018. 

Figure 5. 33: Relative Humidity simulation map at study point-1 
(greenway), Kalshi road on 15.00.01, 06.03.2018. 
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Figure 5. 35: Mean Radiant Temperature simulation curve from 08.00 to 20.00 
hours at study point-1 (greenway), Kalshi road. 

Figure 5. 34: Relative Humidity simulation map at study point-1 (greenway), 
Kalshi road on 18.00.01, 06.03.2018. 
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Figure 5. 36: Mean Radiant Temperature simulation map at study 
point-1 (greenway), Kalshi road on 09.00.01, 06.03.2018. 

Findings of Tmrt simulation at study point-1 (greenway), Kalshi road are depicted 

below (Figure 5. 35). Here, Tmrt simulated at study point-1 (greenway) is termed 

Tmrt1. The Tmrt1 max and Tmrt1 min denote the maximum and the minimum Tmrt1 

respectively. Tmrt1̅̅ ̅̅ ̅̅ ̅ denotes average Tmrt1 simulated from 08.00 to 20.00 hours. 

From the simulation study, Tmrt1̅̅ ̅̅ ̅̅ ̅ was found 306.59 K (33.44 0C). The Tmrt1 max 

was found 316.24 K (43.09 0C) at 13.00 hours. The Tmrt1 min was found 293.62 

K (20.47 0C) at 07.59.59 hours. 

Tmrt1 was logged apparently low from 09.00 to 10.00 hours. After 10.00 hours, 

Tmrt1 started increasing and reached the highest peak at 13.00 hours. From 

12.00 to 15.00 hours, Tmrt1 remained apparently high. After 15.00 hours, Tmrt1 

started decreasing and reached the lowest bottom at 07.59.59 hours. 

 Mean Radiant Temperature simulation maps  

Some significant simulation maps of Tmrt1 that is Tmrt simulated at study point-1 

(greenway) at Kalshi road from 08.00 to 20.00 hours are presented below 

(Figure 5. 36, Figure 5. 37, Figure 5. 38 and Figure 5. 39). To find rest of the 

Tmrt1 simulation maps, see Appendix B.  
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Figure 5. 38: Mean Radiant Temperature simulation map at study point-1 
(greenway), Kalshi road on 16.00.01, 06.03.2018. 

Figure 5. 37: Mean Radiant Temperature simulation map at study point-1 
(greenway), Kalshi road on 13.00.01, 06.03.2018. 
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Figure 5. 39: Mean Radiant Temperature simulation map at study point-1 
(greenway), Kalshi road on 18.00.01, 06.03.2018. 
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Figure 5. 40: Wind Speed simulation curve from 08.00 to 20.00 hours at study 
point-1 (greenway), Kalshi road. 
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Figure 5. 41: Wind Speed simulation map at study point-1 (greenway), 
Kalshi road, on 09.00.01, 06.03.2018. 

Findings from WS simulation at study point-1 (greenway) at Kalshi road are 

illustrated below (Figure 5. 40). For this study, WS simulated at study point-1 

(greenway) is termed WS1s. The WS1s max and WS1s min denote the maximum 

and the minimum WS1s respectively. WS1s̅̅ ̅̅ ̅̅ ̅ denotes the average WS1s 

simulated from 08.00 to 20.00 hours. 

From the simulation study, WS1s̅̅ ̅̅ ̅̅ ̅ was found 0.39 m/s. The WS1s max was logged 

0.47 m/s at 09.00.01 hours. The WS1s min was logged 0.36 m/s at 17.00 hours. 

The simulation study revealed that from 09.00 to 12.00 hours, WS1s remained 

apparently high. After 12.00 hours, WS1s started decreasing and WS1s 

reached the lowest bottom at 17.00 hours. After 17.00 hours, WS1s started 

increasing again. 

 Wind Speed simulation maps  

Maps of WS1s that is WS simulated at study point-1 (greenway) at Kalshi road 

from 08.00 to 20.00 hours are offered below (Figure 5. 41, Figure 5. 42, Figure 

5. 43 and Figure 5. 44). To find rest of the WS1s maps see Appendix B. 
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Figure 5. 43: Wind Speed simulation map at study point-1 (greenway), Kalshi 
road on 14.00.01, 06.03.2018. 

Figure 5. 42: Wind Speed simulation map at study point-1 (greenway), Kalshi 
road on 12.00.01, 06.03.2018. 
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Figure 5. 44: Wind Speed simulation map at study point-1 (greenway), Kalshi road on 
18.00.01, 06.03.2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.9 Summary 
In this chapter, a clear picture of integration of greenway model on the existing 

bare street canyon of a selected site through simulation software Envi-met 

V4.3.2 Summer 18 is portrayed. The model making process of the bare study 

point and their simulation procedure is depicted as well. The integrated 

greenway model making process including their simulation procedure are 

illustrated sequentially. Subsequently, the findings of the simulation study from 

the bare study point and the greenway study point are pronounced. For clear 

visualization, simulation curves and simulation maps are presented. In the 

following chapter, a detail discussion of the findings from the field study and the 

simulation study are offered. 
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CHAPTER 6: DISCUSSION 

6.1 Preamble 
In previous chapters, the findings from the field study and simulation study were 

delineated. In this chapter, the detail discussion of findings from the field study 

and simulation study are rendered. The findings from the field study and 

simulation study are compared and analysed as well. For enhanced perception 

and clear visualization, summary charts, comparative line charts, comparative 

simulation maps and differential simulation curves are offered. 

6.2 Observation on field study  
From the findings of the field survey measurements, it can be professed that in 

all cases, the Dry Bulb Temperature (DBT) was lower at places where there 

was green trees than bare places without any trees.  As well, it was found that 

Relative Humidity (RH) was nearly similar at bare places and places with 

nearby trees. Nevertheless, where little deviations were found, the RH was 

greater at all places with nearby trees. The Wind Speed (WS) was lower at 

places with greenway trees than bare places without trees. There was also a 

relationship between street canyon aspect ratios and microclimatic features. 

The DBT decreased with the increment of street canyon aspect ratio. However, 

the cooling effect of greenway trees increased with the decrement of street 

canyon aspect ratio. The RH increased with the increment of street canyon 

aspect ratio. The WS was decreased with the increment of street canyon aspect 

ratio. These relationships are discussed in detail in the upcoming sections.  

The weather report of Dhaka on the 6th day of March 2018 was collected from 

Custom Weather, weather stations at airports, stations run by World 

Meteorological Association (WMO), and MADIS weather stations by community 

effort (Table 6. 1). This climatic data obtained from weather report of Dhaka 

(Table 6. 1) was plotted against the measured climatic data from field survey 

on eight study points (Table 6. 2, Table 6. 3 and Table 6. 4) for comparison. 

From this analysis, it is clearly visible (Figure 6. 1, Figure 6. 2 and Figure 6. 3) 

that the microclimatic data obtained from the meteorological stations are 
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moderately aligned with the field study measurements. Therefore, it can be 

assumed that the field study measurements were authentic. Conversely, a few 

deviations between the climatic data obtained from the meteorological stations 

and the measured data from field survey were recognized from the line charts, 

which is expected, as each locality has their own microclimate. Consequently it 

is anticipated that the measured local microclimatic data would be deviated 

from that of the city centre (Oke, 2004; Stewart and Oke, 2012; Stewart et al., 

2014). The overall discussion is conducted in the following sections. 

Table 6. 1: Dhaka weather history 6 March 2018 (after: Weather by custom 
weather, 2018). 

Time 
(hours) 

Dry Bulb Temperature  
(K) 

Relative Humidity 
 (%) 

Wind Speed 
 (m/s) 

Wind  
Direction 

00.00 300 K 39% No Wind   
 

06.00 295 K  61%   No Wind          
 

09.00 302 K 38% No Wind 
 

12.00 305 K 32% 2 m/s  
 

15.00 306 K 23% 1 m/s  
 

 

 Observation on Dry Bulb Temperature 

The detail discussion of the Dry Bulb Temperature (DBT) findings from field 

study measurements are presented in this section (for summary chart and line 

chart analysis, see Table 6. 2 and Figure 6. 1). Here, T1; T2; T3; T4; T5; T6; 

T7 and T8 denote the DBT measured at study point-1, 2, 3, 4, 5, 6, 7 and 8 

respectively. T1̅̅̅̅ ; T2̅̅̅̅ ; T3̅̅̅̅ ; T4̅̅̅̅ ; T5̅̅̅̅ ; T6̅̅̅̅ ; T7̅̅̅̅  and T8̅̅̅̅  denote the average T1; T2; T3; 

T4; T5; T6; T7 and T8 respectively measured from 10.00 to 18.00 hours. T1 

max; T2 max; T3 max; T4 max; T5 max; T6 max; T7 max and T8 max denote the maximum 

T1; T2; T3; T4; T5; T6; T7 and T8 respectively. T1 min; T2 min; T3 min; T4 min; T5 

min; T6 min; T7 min and T8 min denote the minimum T1; T2; T3; T4; T5; T6; T7 and 

T8 respectively. ΔT denotes the Dry Bulb Temperature Difference measured 

between two study points. ΔT̅̅̅̅  denotes the average ΔT measured from 10.00 to 

18.00 hours. ΔT max and ΔT min denote the maximum and the minimum ΔT 
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respectively. T3max
̅̅ ̅̅ ̅̅ ̅̅  denote the average T3 max measured from 10.00 to 18.00 

hours.  ΔT max
̅̅ ̅̅ ̅̅ ̅̅ ̅ and ΔT min

̅̅ ̅̅ ̅̅ ̅̅  denote the maximum and the minimum average ΔT 

max and ΔT min respectively measured from 10.00 to 18.00 hours.  

The findings of the eight study points revealed that the average DBT (T1̅̅̅̅ ; T4̅̅̅̅ ; 

T6̅̅̅̅ ; T8̅̅̅̅  < T2̅̅̅̅ ; T3̅̅̅̅ ; T5̅̅̅̅ ; T7̅̅̅̅ ) was lower at point-1 (green), point-4 (linear green), 

point-6 (green) and point-8 (green) than that of point-2 (bare), point-3 (green), 

point-5 (bare) and point-7 (bare) respectively from 10.00 to 18.00 hours. Hence, 

the average DBT was lower at points of the street canyons, which were 

surrounded by green trees arranged in a linear way. 

The average maximum Cooling Effect (CE) that is the maximum average DBT 

Difference was measured at Tertiary roads, between point-7 (bare) and point-8 

(green) from 10.00 to 18.00 hours. Where the average DBT was 1.34 K lower 

at point-8 (green) than that of point-7 (bare). That is, ΔT max
̅̅ ̅̅ ̅̅ ̅̅ ̅ = T7-T8 = 1.34 K 

and T8̅̅̅̅ <T7̅̅̅̅ . Both point-7 and point-8 was in a deeper street canyon (H/W=1). 

Many dense high LAD (Leaf Area Density) and high LAI (Leaf Area Index) trees 

were arranged in linear ways at both sides of the street canyon of point-8 

reminiscing greenway definition (Section 2.6.1 and Section 2.21). Hence, it is 

vivid that the linear greenway quality of point-8 had an enhanced CE than other 

study areas. As well, CE of greenway is directly proportionate with street 

canyon aspect ratio (H/W). That is, (CE) DBT α (H/W) greenway. 

The maximum average DBT (T3 max
̅̅ ̅̅ ̅̅ ̅̅ ̅) was measured 307.62 K (34.47 oC) at 

point-3 (green) from 10.00 to 18.00 hours. This study point of the street canyon 

was a contrast among other study points. This specific point was surrounded 

with more green trees spread in vast areas and less buildings than other points. 

As buildings so far did not invade most of the areas of this point, the shading 

effect of the buildings was invisible here. Therefore, it was hotter at daytime. 

With same site conditions, from 10.00 to 18.00 hours, point-4 was 1.02 K cooler 

(T4̅̅̅̅  = 306.59 K /33.44 oC) than point-3. That is, ΔT̅̅̅̅  = T3-T4 = 1.02 K and T4̅̅̅̅ <T3̅̅̅̅ . 

Many densely planted high LAD and high LAI trees arranged in a linear way 

covering a vast area surrounded point-4. This was a perfect resemblance of 
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greenway definition (Section 2.6.1). Consequently, the shades of those green 

trees and the linear greenway quality of this point concluded a better CE.  

Table 6. 2: Summary chart of Dry Bulb Temperature at eight-study points 
(point-1, 2, 3, 4, 5, 6, 7 and 8). 

Study 
Time 
(Hours) 

T2 
K  
(oC) 
(bare) 
 

T1 
K 
(oC) 
(green) 

 

ΔT 
=  
T2-T1 
(K) 
(oC) 

T3 
K 
(oC) 
(green) 

 

T4 
K 
(oC) 
(L. 
green) 

ΔT 
=  
T3-T4 
(K)  
(oC) 

T5 
K 
(oC) 
(bare) 

T6 
K 
(oC) 
(green) 

ΔT 
= 
T5-T6 
(K) 

T7 
K 
(oC) 
(bare) 
 

T8 
K 
(oC) 
(green) 
 

ΔT 
= 
T7-T8 
(K) 

10.00 301.35 

28.2 

301.35 

28.2 
0.0  307.75 

34.6 
 

306.55 

33.4 
 

1.2 303.00 

29.85 

302.00 

28.85 
1.00 306.95

33.8 

305.55

32.4 
1.4 

11.00 302.15 

29 

302.15 

29  
 0.0  308.45 

35.3 

 

306.75 

33.6 
1.7 305.75 

32.60 

304.00 

30.85 
1.75 307.45

34.3 

305.65

32.5 
1.8 

12.00 306.00 

32.85 

305 

31.85 
1.0  310.25 

37.1 

 

310.25 

37.1 
0.00 310.25 

37.10 

310.25 

37.10 
0.00 310.25

37.1 

310.25

37.1 
0.0 

13.00 311.65 
38.5 

311.45 
38.3 

0.2  308.75 
35.6 

 

308.25 
35.1 

0.5 307.85 
34.70 

307.45 
34.30 

0.40 308.95

35.8 

307.95

34.8 
1.0 

14.00 310.05 

36.9 

306.55 

33.4 
3.5  308.65 

35.5 
 

306.95 

33.8 
1.7 306.05 

32.90 

305.75 

32.60 
0.30 308.65

35.5 

306.05

32.9 
2.6 

15.00 309.55 

36.4 

306.25 

33.1 
3.3  308.55 

35.4 

 

306.85 

33.7 
1.7 306.00 

32.85 

305.75 

32.60 
0.25 308.15

35.0 

305.95

32.8 
2.2 

16.00 301.85 
28.7 

301.35 
28.2 

0.5  307.85 
34.7 

 

306.65 
33.5 

1.2 305.85 
32.70 

305.65 
32.50 

0.20 307.25

34.1 

305.65

32.5 
1.6 

17.00 300.55 

27.4 

300.55 

27.4 
0.0  307.75 

34.6 
 

306.55 

33.4 
1.2 305.65 

32.50 

303.00 

29.85 
2.65 307.05

33.9 

305.55

32.4 
1.5 

18.00 298 

24.85 

298 

24.85 
0.0  300.55 

27.4 

 

300.55 

27.4 
0.00 300.55 

27.40 

300.55 

27.40 
0.00 300.55

27.4 

300.55

27.4 
0.0 

Avera-
ge 

304.57 
31.4 

303.63 
30.48 

0.94 307.62 
34.47 

 

306.59 
33.44 

1.02 305.66 
32.51 

304.93 
31.78 

0.73 307.25 
34.1 

305.91 
32.76 

1.34 

 
Legend: 
T2 = Dry Bulb Temperature at study point-2 (bare); T1 = Dry Bulb Temperature at study 
point-1 (green); T3 = Dry Bulb Temperature at study point-3 (green); T4 = Dry Bulb 
Temperature at study point-4 (linear green); T5 = Dry Bulb Temperature at study point-5 
(bare); T6 = Dry Bulb Temperature at study point-6 (green); T7 = Dry Bulb Temperature at 
study point-7 (bare); T8 = Dry Bulb Temperature at study point-8 (green); ΔT = Dry Bulb 
Temperature Difference between two study points; K = Kelvin.                      
 Colour Code: 

 Maximum Value  Average Maximum 
 Minimum Value  Average Minimum 
 Maximum Deviation  Deviation 
 Minimum Deviation  Average Value 
 No Deviation   
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The minimum average DBT Difference explicitly CE was measured 0.73 K 

when the average DBT was 0.73 K lower at study point-6 (green) than that of 

study point-5 (bare) from 10.00 to 18.00 hours. That is, ΔT min
̅̅ ̅̅ ̅̅ ̅̅  = T5-T6 = 0.73 

K and T6̅̅̅̅ <T5̅̅̅̅ . Both study point-5 and study point-6 were at secondary roads 

named road 12 and road 5 respectively of same street canyon aspect ratio 

(H/W=0.75). Where many densely planted high LAD and high LAI trees 

surrounded study point-6 arranged in a linear way reminiscent of the greenway 

definition (Section 2.6.1 and Section 2.21). The average DBT (T6̅̅̅̅  and T5̅̅̅̅ ) was 

measured 304.93 K (31.78 oC) at study point-6 (green) and 305.66 K (32.51 oC) 

at study point-5 (bare) from 10.00 to 18.00 hours. As it was comparatively 

deeper street canyon (H/W=0.75) than other study points but comparatively 

shallow street canyon than study point-7 and study point-8. Hence, it can be 

assumed that CE of greenway is less at medium deep street canyon. 

The maximum DBT was found at almost all study points at 12.00 hours and it 

was around 310.25 K (31.7 oC). That is, T3 max = T4 max = T5 max = T6 max = T7 

max = T8 max = 310.25 K. At this instant, there was no cooling effect recorded at 

study points with green trees. Only at study location A, Kalshi road on study 

point-1 (green) and study point-2 (bare) the maximum DBT (T1 max = 311.65 K 

and T2 max = 311.45 K) was recorded at 13.00 hours and it was 311.65 K (38.5 
oC) at study point-2 (bare) while 311.45 K (38.3 oC) at study point-1 (green).  

That is, at this point, at 13.00 hours a CE specifically the DBT Difference (ΔT = 

T2 max - T1 max = 0.2 K) of 0.2 K was recorded at study point-1(green) than study 

point-2. The highest value of maximum DBT (T2 max = 311.65 K / 38.5 oC) was 

found at study point-2 (bare). It can be assumed that this particular two study 

points were the shallow street canyon (aspect ratio H/W=0.5) among other 

study points. As a result, the shading effect by the buildings were reduced. That 

led to the highest value of maximum DBT at the bare study point-1. This finding 

matches with the findings of Bourbia and Boucheriba, from the Literature review 

(Section 2.12). As well, it can be assumed that the tree shades provided a 

cooling effect here at the green study point-2. Therefore, it is implicit that the 

cooling effect of greenway is inversely proportionate with the street canyon 
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Figure 6. 1: Hourly Dry Bulb Temperature analysis at eight study points and 
central Dhaka. 

aspect ratio and the shallow street canyon catches greater CE of greenway at 

daytime when the solar radiation is high. On the other hand, at deeper street 

canyon, the buildings already shade the roads, so there are a reduced amount 

of CE of greenway at daytimes of high solar radiation. Under this condition, at 

daytime of high radiation, (H/W) greenway α 1/CE and (H/W) bare α 1/DBT. 

 

 

 

 

 

 

 

 

 

 

 

 

The minimum DBT (T1 min; T2 min; T3 min; T4 min; T5 min; T6 min; T7 min and T8 min) 

was measured at 18.00 hours for all study points. It was 300.55 K (27.4 oC) at 

study point-3; 4; 5; 6; 7 and 8. That is, T3 min = T4 min = T5 min = T6 min = T7 min 

= T8 min = 300.55 K. Then again, at study location A, Kalshi road named study 

point-1 and point- 2, it was found 298 K (24.85 oC). That is, T1 min = T2 min = 

298 K. It is supposed that at this hour, there was almost no solar radiation; 

consequently, no CE explicitly no DBT Difference was recorded at any study 

points with the greenway trees. The lowest value of minimum DBT (T1 min and 

T2 min) was recorded at Kalshi road at study point-1 and point-2 with 

comparatively shallow street canyon (aspect ratio H/W=0.5). As at this hour, 

there is less or no solar radiation, precisely these two study points were cooler 
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as they could release more heat than other study points of comparatively 

deeper street canyons. This finding resembles with the findings of Bourbia and 

Boucheriba, from the Literature review (Section 2.12). 

At all study points, from 10.00 to 18.00 hours, at maximum cases points with 

greenway trees had a CE except few discords. At study location A, the primary 

road Kalshi road, from 10.00 to 18.00 hours, the DBT (T2<T1) was found lower 

at study point-2 (green) than that of study point-1 (bare) except at 10.00, 11.00, 

17.00 and 18.00 hours when the DBT (T1 = T2) was identical at both points. At 

Ceramic road, the primary Road, location B from 10.00 to 18.00 hours. The 

DBT (T4<T3) was lower at study point-4 (linear green) than study point-3 

(green) except at 12.00 hours, when DBT (T3 = T4) was equal at both point-3 

(green) and point-4 (linear green).  

At Secondary roads named road 12 and road 5, location C and location D from 

10.00 to 18.00 hours, the DBT (T6<T5) was lower at study point-6 (green) than 

that of study point-5 (bare); except at 12.00 and 18.00 hours, when the DBT 

(T5 = T6) was same at both point-5 (bare) and point-6 (green). 

At Tertiary roads named road 4 and 6, study location E and F, the DBT (T8<T7) 

was found lower at study point-8 (green) than point-7 (bare) from 10.00 to 18.00 

hours. Both study point-7 and 8 are comparatively deep street canyon (aspect 

ratio H/W=1). It can be noted that at study point-8, plenty of colossal dense high 

LAD trees were arranged in a linear way on both sides of the street canyon 

resembling greenway demarcation (Section 2.6.1 and Section 2.21). This 

densely planted high LAD and high LAI greenway trees had a consistent CE 

from 10.00 to 18.00 hours without any dissonance. Therefore, it is implicit that 

deep street canyon mixed with greenway is the best arrangement for greater 

consistent CE. Under this conditions, CE α (H/W) greenway. Therefore, from the 

above discussions, overall it can be stated that at all study points, greenway 

had a decent CE.  

Among all study points, the maximum DBT Difference was recorded at study 

location A, Kalshi road at 14.00 hours when DBT was 3.5 K lower at study point-

1 (green) than study point-2 (bare). That is, ΔT max = T1-T2 = 3.5 K and T1<T2. 
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However, it can be noted that consisting comparatively a shallow street canyon 

(aspect ratio H/W=0.5) than other study points and shaded by a big chunk of 

green trees, the CE was greater. As during this hour of the day, the shallow 

street canyon was heated by solar radiation at study point-2. Conversely, at 

study point-1 with same site conditions, the shade of big trees worked like a 

magical contrast and provided greater CE. This result ties with the findings of 

Shashua-Bar and Hoffman (2000) from the Literature review (Section 2.4). 

Therefore, at daytime of high solar radiation, (H/W) greenway α 1/CE. 

At study location B, the primary road Ceramic road, the maximum DBT 

Difference  (ΔT max = T3-T4 = 1.7 K and T4<T3) was found 1.7 K at 11.00, 14.00 

and 15.00 hours and it was lower at study point-4 (linear green) than study 

point-3 (green). This was the least value among all other study points’ maximum 

CE explicitly, maximum DBT Differences. It was quite comprehensible as both 

study point-3 and study point-4 were at the street canyons adjacent numerous 

enormous green trees. Nonetheless, study point-4 was cooler than study point-

3. As study point-4 was hemmed in vast linear enormous green trees, which 

was seamlessly reminiscent of the delineation of greenway (Section 2.6.1 and 

Section 2.21). Therefore, it can be assumed that greenway has a better CE 

than green trees at the same site condition. 

At study location C and D, the secondary roads named road 12 and road 5, the 

maximum DBT Difference was found 2.65 K at 17.00 hours and it was lower at 

study point-6 (green) than study point-5 (bare). That is, ΔT max = T5-T6 = 2.65 

K and T6<T5. It can be assumed that being deeper street canyon (aspect ratio 

H/W= 0.75) than study location A (aspect ratio H/W=0.5), here the CE of 

greenway trees is less. As these two study points are getting shade from the 

buildings. At 17.00 hours, the shading effect of buildings are less, hence at this 

hour, the CE of green trees are greater. Nevertheless, 2.65 K is a pretty amount 

of CE. It was achieved through many linear high LAD and high LAI trees 

arranged on either sides of the street canyon, resembling the greenway 

definition and the findings of Tasnim (2017) from the Literature review (Section 

2.6.1 and Section 2.21).  
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At study location E and F, the Tertiary roads named road 4 and road 6, the 

maximum DBT Difference was measured 2.6 K at 14.00 hours when DBT was 

lower at study point-8 (green) than that of study point-7 (bare). That is, ΔT max 

= T7-T8 = 2.6 K and T8<T6. This was not a small amount nonetheless a lesser 

amount of CE in comparison to other study points. It is implicit that study point-

7 (bare) was shaded by the buildings at 14.00 hours of the day for being 

comparatively a deeper street canyon (aspect ratio H/W=1). On the other hand, 

study point-8 (green) with same street canyon aspect ratio (H/W=1), received 

shading from the buildings at this hours and also a lot of shading from many 

high LAD trees arranged in a linear way at both sides of the street canyon which 

was marvellous match with the greenway definition (Section 2.6.1 and Section 

2.21). Therefore, study point-8 (green) gained a CE of 2.6 K than study point-7 

(bare). Accordingly, it can be surmised that the shallow street canyon devours 

a remarkable CE with greenway at daytime. That is, (H/W) greenway α 1/(CE) DBT 

and (H/W) greenway α 1/DBT. Conversely, in bare street canyons the deeper 

street canyon remains cooler than shallow street canyon at daytime. This 

finding supports the previous studies of Bourbia and Boucheriba (2010) from 

the Literature review (Section 2.12). Therefore, (H/W) bare α 1/DBT. 

Among minimum DBT Differences of all study points, the lowest value was 

measured at study location A, Kalshi road at 13.00 hours between study point-

1 and study point-2. When DBT was 0.2 K lower at study point-2 (green) than 

study point-1 (bare). That is, ΔT min = T1-T2 = 0.2 K and T2<T1. The street 

canyon aspect ratio (H/W) was 0.5 at these two study points. Conversely, 

among the minimum DBT Differences of all study points, the highest value was 

measured 2.0 K at 16.00 hours between study point-5 (bare) and study point-6 

(green). While the DBT was 2.0 K lower at study point-6 (green) than study 

point-5 (bare). That is, ΔT min = T5-T6 = 2.0 K and T6<T5. The street canyon 

aspect ratio (H/W) of these two study points were 0.75. 

At study location-B, Ceramic road, the minimum DBT Difference was found 0.5 

K at 13.00 hours between study point-3 and point-4. Where DBT was 0.5 K 

lower at study point-4 (linear green) than study point-3 (green). That is, ΔT min 
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= T3-T4 = 0.5 K and T4<T3. At study location E and location F, the Tertiary 

roads, the minimum DBT Difference was found 1.4 K at 10.00 hours between 

study point-7 and study point-8. When the DBT was 1.4 K lower at study point-

8 (green) than study point-7 (bare). That is, ΔT min = T7-T8 = 1.4 K and T8<T7. 

From the field survey findings, it was revealed that at maximum study points, 

DBT was above thermal comfort range (above 303.15 K / above 32 oC). It was 

also detected that at maximum study points, greenway contributed in dropping 

DBT. Even, at some study points, greenway aided DBT to drop within the 

thermal comfort range (from 295.65 K to 303.15 K / from 22.5 oC to 32 oC) or 

close to thermal comfort level (for detail discussion on thermal comfort level, 

see Section 2.7.5). Overall, it was revealed from the field survey findings that 

the study points located on the North South oriented street canyons were cooler 

(DBT was lower) than those located on the East West oriented street canyons. 

This finding support several previous studies on microclimate of urban street 

canyon from the Literature review (Section 2.13). 

 Observation on Relative Humidity  

The detail discussion of the findings from field study of Relative Humidity (RH) 

are presented below (for summary chart and line chart analysis, see Table 6. 3 

and Figure 6. 2). Here, RH1; RH2; RH3; RH4; RH5; RH6; RH7 and RH8 denote 

the RH measured at study point-1; 2; 3; 4; 5; 6; 7 and 8 respectively. ΔRH 

denote the Relative Humidity Difference between two study points. RH1 max; 

RH2 max; RH3 max; RH4 max; RH5 max; RH6 max; RH7 max and RH8 max denote the 

maximum RH1; RH2; RH3; RH4; RH5; RH6; RH7 and RH8 respectively. RH1 

min; RH2 min; RH3 min; RH4 min; RH5 min; RH6 min; RH7 min and RH8 min denote the 

minimum RH1; RH2; RH3; RH4; RH5; RH6; RH7 and RH8 respectively. ΔRH 

max and ΔRH min denote the maximum and the minimum ΔRH respectively. RH1̅̅ ̅̅ ̅̅ , 

RH2̅̅ ̅̅ ̅̅ , RH5̅̅ ̅̅ ̅̅  and RH6̅̅ ̅̅ ̅̅  denote the average RH1, RH2, RH5 and RH6 respectively 

measured from 10.00 to 18.00 hours. RH8 max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ and RH5 min

̅̅ ̅̅ ̅̅ ̅̅ ̅̅  denote the average 

RH8 max and RH5 min respectively measured from 10.00 to 18.00 hours.  

ΔRH max 
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ and ΔRH min

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  denote the average ΔRH max and ΔRH min respectively 

measured from 10.00 to 18.00 hours. 
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From 10.00 to 18.00 hours, the average maximum RH was found 50% at study 

point-8 (green). That is, RH8 max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 50%. It is implicit that study point-8 was at 

the street canyon where many densely planted high LAD and high LAI trees 

were planted at both sides of the street arranged in a linear way. This was a 

perfect resemblance of greenway definition from the Literature review (Section 

2.6.1). Moreover this street canyon had a street canyon aspect ratio of one 

(H/W=1) that is comparatively deep street canyon. Therefore, it can be 

assumed that greenway aid enhancing the RH. In addition, street canyon 

aspect ratio is directly proportionate with RH. That is (H/W) greenway α RH. 

From 10.00 to 18.00 hours, the average minimum RH was found 38.56% at 

study point-5. That is, RH5 min ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 38.56%. It was at the street canyon of a 

secondary road with an aspect ratio (H/W) of 0.75, comparatively a mid-deep 

street canyon. Additionally this study point was on a bare street canyon where 

no green was available nearby. Hence, it can be stated that bare street canyon 

contains lower RH. Moreover, street canyon aspect ratio is directly 

proportionate with RH. That is (H/W) bare α RH. 

From 10.00 to 18.00 hours, the average maximum RH Difference was found 

1.58% between study point-1 (green) and study point-2 (bare) when the RH 

was 1.58% higher at point-1 (green) than point-2 (bare). That is, ΔRH max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 

RH1-RH2 = 1.58% and RH1̅̅ ̅̅ ̅̅ >RH2̅̅ ̅̅ ̅̅ . Study point-1 was at the street canyon with 

an aspect ratio (H/W) of 0.5. Study point-1 as well as contained many dense 

high LAD green trees nearby. Which matches with the definition of greenway 

(Section 2.6.1). Therefore, it can be projected that greenway has a great 

contribution on increasing RH on urban street canyon and street canyon aspect 

ratio is inversely proportionate with the Increment Effect (IE) on RH of 

greenways at urban street canyon. Therefore, (H/W) greenway α 1/IE. 

From 10.00 to 18.00 hours, among all study points, the average minimum RH 

Difference was found 0.44% between study point-5 and study point-6. When 

RH was 0.44% higher at study point-6 (green) than study point-5 (bare). That 

is, ΔRH min
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = RH6-RH5 = 0.44% and RH6̅̅ ̅̅ ̅̅ >RH5̅̅ ̅̅ ̅̅ . Study point-5 and point-6 was 

at the street canyon of secondary roads containing aspect ratio (H/W) of 0.75, 
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comparatively mid deep street canyons. As well, study point-6 was surrounded 

by many large green trees on both sides of the street arranged in a linear way, 

resembling the greenway definition from the Literature review (Section 2.6.1). 

In contrast, study point-5 was a bare point without any available green nearby. 

Therefore, it is supposed that greenway devours an IE on RH at urban street 

canyon and IE is inversely proportionate with street canyon aspect ratio (H/W). 

That is (H/W) greenway α 1/IE. 

Table 6. 3: Summary chart of Relative Humidity at eight study points (point-1, 
2, 3, 4, 5, 6, 7 and 8) 

Study 
Time 
(Hours) 

RH2 
 % 
(bare) 
 

RH1 
 % 
(green) 
 

ΔRH 
= RH1- 
RH2 
 (%) 

RH3 
  % 
(green) 
 

RH4 
 % 
(L. 
green) 
 

ΔRH 
= RH4- 
RH3 
(%) 

RH5 
  % 
(bare) 
 

RH6 
 % 
(green) 

 

ΔRH 
=RH6 
-RH5 
(%) 

RH7 
% 
(bare) 
 

RH8 
% 
(green) 
 

ΔRH 
=RH8 
-RH7 
(%) 

10.00 49 49 0 39 39 0 38 38 0 59 64 5 
11.00 56 56 0 38 38 0 32 32 0 57 59 2 
12.00 28 35 7 25 25 0 25 25 0 25 25 0 
13.00 22 22 0 26 27 1 27 31 4 26 27 1 
14.00 31 35 4 28 32 4 25 25 0 28 28 0 
15.00 49 49 0 38 39 1 32 32 0 58 60 2 
16.00 64 64 0 57 59 3 47 47 0 60 61 1 
17.00 64 64 0 61 62 1 57 57 0 61 62 1 
18.00 62 65 3 64 64 0 64 64 0 64 64 0 
Avera-
ge 

47.22 48.78 1.58 41.78 42.77 1 38.56 39 0.44 48.67 50 1.33 
 

 
Legend 
 
RH1 = Relative Humidity at study point-1 (green); RH2 = Relative Humidity at study 
point-2 (bare); RH3 = Relative Humidity at study point-3 (green); RH4 = Relative 
Humidity at study point-4 (linear green); RH5 = Relative Humidity at study point-5 
(bare); RH6 = Relative Humidity at study point-6 (green);  RH7= Relative Humidity at 
study point-7 (bare); RH8 = Relative Humidity at study point-8 (green); ΔRH = Relative 
Humidity Difference;  L. = Linear.         
 
Colour Code: 

 Maximum Value  Average Maximum 
 Minimum Value  Average Minimum 
 Maximum Deviation  Deviation 
 Minimum Deviation  Average Value 
 No Deviation   
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Figure 6. 2: Hourly Relative Humidity analysis at eight study points and 
central Dhaka. 
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Hourly RH curves at 8 study points and central Dhaka 

RH2 = Relative Humidity at study point-2 (bare)
RH1 = Relative Humidity at study point-1 (green)
RH3 = Relative Humidity at study point-3 (green)
RH4 = Relative Humidity at study point-4 (linear Green)
RH5 = Relative Humidity at study point-5 (bare)
RH6 = Relative Humidity at study point-6 (green)
RH7 = Relative Humidity at study point-7 (bare)
RH8 = Relative Humidity at study point-8 (green)
RHD= Relative Humidity at central Dhaka

The maximum RH (RH1 max; RH3 max; RH4 max; RH5 max; RH6 max; RH7 max and 

RH8 max) was measured at 18.00 hours at all study points except at study point-

2 (bare) where the maximum RH (RH2 max) was found from 16.00 to 17.00 

hours. Among all study points, the maximum RH was measured 65% at study 

point-1 (green) at 18.00 hours. That is, RH1 max = 65%. For the rest of the study 

points, the maximum RH (RH3 max = RH4 max = RH5 max = RH6 max = RH7 max = 

RH8 max = 64%) was found 64% at 18.00 hours, except at study point-2 where 

the maximum RH (RH2 max = 64%) was found 64% from 16.00 to 17.00 hours. 

Study point-1 was at the street canyon with an aspect ratio of H/W=0.5 

comparatively shallow street canyon. In addition, study point-1 was hemmed in 

many large green trees at one side resembling the greenways. Therefore, it can 

be assumed that greenway hold a great effect on the increment of RH when 

mixed with shallow street canyon. Precisely, street canyon aspect ratio is 

inversely proportionate with the IE of greenways on RH. That is, (H/W) greenway 

α 1/IE. In addition, it can be stated that at 18.00 hours, when there is no solar 

radiation, RH remains high at all study points both bare and green 

discriminately. As well, from 16.00 to 18.00 hours, when solar radiation is less, 

the RH remains comparatively high at all study points.                                          
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The minimum RH (RH3 min = RH4 min = RH7 min = RH8 min = 25%) was found 

25% at 12.00 hours at all study points except at study point-1 and point-2 where 

the minimum RH (RH1 min = RH2 min = 22%) was found 22% at 13.00 hours and 

at study point-5 and point-6 where the minimum RH (RH5 min = RH6 min = 25%) 

was found 25% at 12.00 and 14.00 hours. Therefore, it can be voiced that 

roughly from 12.00 to 14.00 hours when the solar radiation is high, the RH 

remains lower. At this hour, the greenway has no effect on increment of RH. 

Among all study points, the lowest value of minimum RH (RH1 min = RH2 min = 

22%) was found at study point-1 and study point-2 at 13.00 hours. Again, study 

point-1 and study point-2 were at the street canyon with an aspect ratio (H/W) 

of 0.5, comparatively shallow street canyon. Consequently, it catches more 

soar radiation and causes lower RH. Therefore, it is implicit that in condition 

with consistent high solar radiation, street canyon aspect ratio is directly 

proportionate with RH. That is, H/W α RH. 

From 10.00 to 18.00 hours among all study points, the points with greenway 

trees had mostly greater RH than the bare points. However, at some cases both 

bare and green study points had the same RH. Therefore, it is clarified that 

greenway trees devour a great IE on RH on the urban street canyon. From 

10.00 to 18.00 hours, at maximum study points, the RH was within comfortable 

range (30% to 70%). Except from 12.00 to 14.00 hours, when at many study 

points, the RH was below comfortable range that is below 30% to 70%, 

nonetheless not extremely below explicitly not below 20%. From 16.00 to 18.00 

hours, the RH was within excellent comfort level at maximum study points 

explicitly 50% to 60% (for detail discussion on thermal comfort level, see 

Section 2.7.5). Therefore, it can be assumed that the low or no solar radiation 

occurs a great increment in RH. Conversely, high solar radiation causes 

decrement in RH. In addition, greenway has a great IE on RH. Then again, the 

IE turns into null when the solar radiation is very high, especially in case of 

shallow street canyon. While deeper street canyon contains a great advantage 

in increment of RH.  
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 Observation on Wind Speed 

It was found from the field study of the selected eight study points (point-1; 

point-2; point-3; point-4; point-5; point-6; point-7 and point-8) that the Wind 

Speed (WS) was greater at bare study points than that of study points with 

green or greenway nearby. Here, WS1; WS2; WS3; WS4; WS5; WS6; WS7 

and WS8 denote the WS measured at study point-1; 2; 3; 4; 5; 6; 7 and 8 

respectively. ΔWS denote the Wind Speed Difference between two study 

points. WS1 max, WS2 max, WS3 max, WS4 max, WS5 max, WS6 max, WS7 max and 

WS8 max denote the maximum WS1; WS2; WS3; WS4; WS5; WS6; WS7 and 

WS8 respectively. WS1 min; WS2 min; WS3 min; WS4 min; WS5 min; WS6 min; WS7 

min and WS8 min denote the minimum WS1; WS2; WS3; WS4; WS5; WS6; WS7 

and WS8 respectively. ΔWS max and ΔWS min denote the maximum and the 

minimum ΔWS respectively. WS1̅̅ ̅̅ ̅̅ , WS2̅̅ ̅̅ ̅̅ , WS7̅̅ ̅̅ ̅̅  and WS8̅̅ ̅̅ ̅̅  denote the average 

WS1, WS2, WS7 and WS8 respectively measured from 10.00 to 18.00 hours. 

WS7 max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ and WS3 min

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ denote average WS7 max and WS3 min respectively 

measured from 10.00 to 18.00 hours. ΔWS max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ and ΔWS min

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  denote average 

ΔWS max and ΔWS min respectively measured from 10.00 to 18.00 hours. The 

detail discussions on findings of WS from field study are presented below (for 

summary chart and line chart analysis, see Table 6. 4 and Figure 6. 3). 

From the field study, from 10.00 to 18.00 hours, among all study points, the 

average maximum WS (WS7 max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 1.14 m/s) was measured at study point-7. 

This study point was at the street canyon of a Tertiary road with an aspect ratio 

(H/W) of 1, comparatively deeper street canyon. There was no available green 

on this study point nearby. Therefore, it can be surmised that the bare and deep 

street canyon has a better WS. That is, (H/W) bare α WS. 

From 10.00 to 18.00 hours, among all study points, the average minimum WS 

was detected (WS3 min
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 0.14 m/s) at study point-3. This point was at the street 

canyon of a Primary road with an aspect ratio (H/W) of 0.75, comparatively mid 

deep street canyon. At this point, there was a big chunk of many large green 

trees at one side of the street resembling greenway definition (Section 2.6.1). 

It is implicit that greenway causes decrement of WS at urban street canyon. In 
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addition, greenway mixed with deep street canyon has a greater Decrement 

Effect (DE) on WS at urban street canyon. That is, (H/W) greenway α 1/WS. 

Table 6. 4: Summary chart of Wind Speed at eight study points (point-1, 2, 3, 
4, 5, 6, 7 and 8). 

Study 
Time 
(Hours) 

WS2 
 m/s 
(bare) 
 

WS1 
m/s 
(green) 
 

ΔWS 
= 
WS2- 
WS1 
(m/s) 

WS3 
 m/s 
(green) 
 

WS4 
 m/s 
(L. 
green) 
 

ΔWS 
= 
WS4- 
WS3 
(m/s) 

WS5 
 m/s 
(bare) 
 

WS6 
 m/s 
(green) 
 

ΔWS 
=WS5 
-WS6 
(m/s) 

WS7 
m/s 
(bare) 
 

WS8 
m/s 
(green) 
 

ΔWS 
=WS7 
-WS8 
(m/s) 

10.00 0.9 0.1 0.8 0.1 0.7 0.6 0.4 0.0 0.4 0.4 0.0 0.4 
11.00 2.6  0.4 2.2 0.1 0.8 0.7 0.6 0.1 0.5 0.8 0.0 0.8 
12.00 0.9 0.8 0.1 0.1 0.8 0.7 0.6 0.2 0.4 0.9 0.1 0.8 
13.00 0.3 0.1 0.2 0.1 0.8 0.7 0.8 0.3 0.5 1.0 0.2 0.8 
14.00 0.4 0.4 0.0 0.1 0.9 0.8 0.8 0.3 0.5 1.1 0.2 0.9 
15.00 0.6 0.8 -0.2 0.2 0.9 0.7 0.8 0.4 0.4 1.3 0.4 0.9 
16.00 0.7 0.7 0.0 0.2 1 0.8 0.9 0.4 0.5 1.5 0.6 0.9 
17.00 0.8 0.5 0.3 0.2 1 0.8 0.9 0.4 0.5 1.6 0.7 0.9 
18.00 0.9 0.3 0.6 0.2 1.1 0.9 0.8 0.3 0.5 1.7 0.8 0.9 
Avera

-ge 
0.9 0.46 0.44 0.14 0.89 0.74 0.73 0.26 0.47 1.14 0.33 0.81 

 
Legend: 
WS1 = Wind Speed at study point-1 (green); WS2 = Wind Speed at study point-2 (bare);                       
WS3 = Wind Speed at study point-3 (green); WS4 = Wind Speed at study point-4 (l. green);                        
WS5 = Wind Speed at study point-5 (bare); WS6 = Wind Speed at study point-6 (green);                         
WS7 = Wind Speed at study point-7 (bare); WS8 = Wind Speed at study point-8 (green);     
ΔWS = Wind Speed Difference between two study points; L = Linear. 

Colour Code: 

 Maximum Value  Average Maximum 
 Minimum Value  Average Minimum 
 Maximum Deviation  Deviation 
 Minimum Deviation  Average Value 
 No Deviation   

From 10.00 to 18.00 hours, among all study points, the average maximum WS 

Difference was measured between study point-7 and study point-8. Where the 

WS was 0.81 m/s lower at study point-8 (green) than study point-7 (bare). That 

is, ΔWS max
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = WS7-WS8 = 0.81 m/s and WS8̅̅ ̅̅ ̅̅ <WS7̅̅ ̅̅ ̅̅ . Study point-8 was at the 

street canyon of a Tertiary road with an aspect ratio of H/W=1, comparatively 

deep street canyon. At this study point, there was many densely planted high 

LAD and high LAI trees on both sides of the streets perfectly resembling the 
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greenway definition (Section 2.6.1). In contrast, study point-7 was at the street 

canyon of a Tertiary road with same aspect ratio of H/W=1, comparatively a 

deep street canyon. There was no available green nearby this study point. 

Therefore, it is surmised that greenway has a DE on WS. Under these 

conditions, deep street canyon mixed with greenway has greater DE on WS at 

urban street canyon. That is, (DE) WS α (H/W) greenway. 

From 10.00 to 18.00 hours, among all study points, the average minimum WS 

Difference was measured between study point-1 and study point-2. The WS 

was 0.44 m/s lower at study point-1 (green) than study point-2 (bare). That is, 

ΔWSmin
̅̅ ̅̅ ̅̅ ̅̅ ̅̅  = WS2-WS1 = 0.44 m/s and WS1̅̅ ̅̅ ̅̅ <WS2̅̅ ̅̅ ̅̅ . Study point-1 was at the street 

canyon of a Primary road with an aspect ratio (H/W) of 0.5. Moreover, study 

point-1 was at such a point of the street canyon where there was a big chunk 

of many large green trees at one side of the street resembling the definition of 

greenway (Section 2.6.1). Conversely, study point-2 was at the street canyon 

of that Primary road with same aspect ratio (H/W) of 0.5, comparatively shallow 

street canyon. In addition, there was no green available nearby. Therefore, it 

can be surmised that greenway has a DE on WS at urban street canyon. In 

case of shallow street canyon, the DE is less. That is, (DE) WS α (H/W) greenway. 

Among all study points, the maximum WS (WS2 max = 2.6 m/s) was measured 

at study point-2 at 11.00 hours. Study point-2 was at the street canyon of a 

Primary road with an aspect ratio (H/W) of 0.5, comparatively a shallow street 

canyon. As well, study point-2 was at such a point of the street canyon, where 

there was no green or greenway available nearby. Therefore, it is surmised that 

bare and shallow street canyon has a great WS. That is, (H/W) bare α 1/WS. 

Among all study points, the maximum WS Difference was found between study 

point-1 and point-2 at 11.00 hours. Where WS was 2.2 m/s lower at study point-

1 than that of study point-2. That is, ΔWS max = WS2-WS1 = 2.2 m/s and 

WS1<WS2. Study point-1 was at the street canyon of a Primary road with an 

aspect ratio (H/W) of 0.5. Study point-1 was at such a point where there was a 

big chunk of large green trees at one side of the street canyon resembling 

greenway (Section 2.6.1). Study point-2 was at the same street canyon with 
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same aspect ratio (H/W) of 0.5. Study point-2 was at such a point, where there 

was no available green or greenway nearby. Therefore, it can be surmised that 

greenway has a DE on WS at urban street canyon and greenway with a shallow 

street canyon has a greater DE on WS at urban street canyon. That is, (H/W) 

greenway α 1/DE and (H/W) greenway α WS. 

Among all study points, the minimum WS was measured explicitly no wind at 

study point-6 at 10.00 hours and at study point-8 from 10.00 to 11.00 hours. 

That is, WS6 min = WS8 min = 0.0 m/s. Study point-6 was at the street canyon of 

a Secondary road with an aspect ratio (H/W) of 0.75, comparatively mid deep 

street canyon. Study point-8 was at the street canyon of a Tertiary road with an 

aspect ratio (H/W) of 1, comparatively deep street canyon. Both study points 

are at such a point of the street canyon where there are many dense high LAD 

green trees were arranged in a linear way in both sides of the street canyon 

perfectly resembling greenway (Section 2.6.1). Therefore, it can be settled that 

greenway has a great DE on WS of urban street canyon and the DE is directly 

proportionate with street canyon aspect ratio. Under this conditions, (H/W) 

greenway α (DE) WS and (H/W) greenway α 1/WS. Again, at study point-8, the WS was 

0.0 m/s for longer time from 10.00 to 11.00 hours. Hence, it is clarified that deep 

street canyon mixed with greenway has greater DE on WS.  

Apart from this, the next minimum WS was found at study point-1 at 10.00 and 

13.00 hours; at study point-3 from 10.00 to 14.00 hours; at study point-6 at 

10.00 hours and at study point-8 at 12.00 hours. That is, WS1 min = WS3 min = 

WS6 min = WS8 min = 0.1 m/s. All of these study points resemble greenway 

(Section 2.6.1). Among them at study point-3, the minimum WS was found for 

longer time from 10.00 to 14.00 hours. That is, WS3 min = 0.1 m/s. This particular 

study point was a contrast, consuming big chunk of many large green trees at 

one side and less buildings on the other side with an aspect ratio (H/W) of 0.75, 

comparatively mid deep street canyon and a Primary road. Therefore, it is 

explicit that greenway with a deeper street canyon has a great DE on WS on 

urban street canyon. Under this condition, (H/W) greenway α 1/WS and (H/W) 

greenway α (DE) WS. 
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Figure 6. 3: Hourly Wind Speed analysis at 8 study points and central Dhaka. 
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Among all study points, the minimum WS Difference explicitly no difference was 

determined between study point-1 and study point 2 at 14.00 hours and 16.00 

hours. That is, ΔWS min = WS2-WS1 = 0.0 m/s. The next minimum WS 

Difference was found between these two study points at 12.00 hours. While WS 

was 0.1 m/s greater at study point-2 than that of study point-1. That is, ΔWS min 

= WS2-WS1 = 0.1 m/s. However, at 15.00 hours, the WS was 0.2 m/s higher 

at study point-1 than that of study point-2, which was an exception. That is, 

ΔWS = WS2-WS1 = -0.2 m/s. Study point-1 and point 2 were at the street 

canyon of a Primary road with an aspect ratio (H/W) of 0.5, comparatively a 

shallow street canyon. Study point-1 was at such a point, where there was a 

big chunk of many large green trees nearby resembling greenway (Section 

2.6.1). Conversely, study point-2 was at a bare point without any available 

green or greenway nearby. Therefore, it is explicit that in case of shallow street 

canyon, greenway has less or no DE on WS of urban street canyon. Under this 

conditions, (DE) greenway = zero and (H/W) greenway α (DE) WS. 

From 10.00 to 18.00 hours, among all study points, WS was lower at study 

points resembling greenway than bare study points. However, at 15.00 hours, 

at study point-1 resembling greenway, WS (WS1<WS2) was 0.2 m/s greater 

than that of study point-2, the bare point. This was an exception among all study 
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points survey results. No certain relation between time and WS could be 

established from the analysis of the field survey. Nonetheless, it can be 

pronounced that generally from 15.00 to 18.00 hours, the WS was apparently 

high, conversely, from 12.00 to 14.00 hours, the WS was apparently low.  

The WS was measured at 1.5 m level from the ground level (street level) that 

is pedestrian level. For this reason, the measured WS were apparently lower 

than it could be found in high urban canopy level. Nevertheless, the field survey 

result has served a good view of the WS condition at pedestrian level at urban 

street canyon that also matches with many previous researches on WS (Ikeda 

et al., 2011; Kuo et al., 2015; Blocken et al., 2016).  

From the field survey, it is found that at maximum study points, discriminately 

bare or green, the WS was below the comfort level (WS<1.5 m/s). Except at 

study point-2 at 11.00 hours, the WS was 2.6 m/s and at study point-7 at 16.00, 

17.00 and 18.00 hours, the WS was 1.5 m/s, 1.6 m/s and 1.7 m/s respectively. 

That satisfies the comfort level (WS ≥ 1.5 m/s) (for detail discussion on comfort 

level of WS, see Section 2.7.5). Both study points are bare without any available 

green or greenway nearby. While study point-2 was at the street canyon of a 

Primary road with an aspect ratio (H/W) of 0.5, comparatively a shallow street 

canyon and study point-7 was at a street canyon of a Tertiary road with an 

aspect ratio (H/W) of 1, comparatively a deep street canyon. Therefore, it is 

surmised that discriminately street canyon aspect ratio, comparatively bare 

study points achieved greater comfort level in terms of WS.  

The study points were on such street canyons where most of the buildings were 

midrise building (mostly six stories) and the street canyon aspect ratios were 

varying based on the variation of the road width. Therefore, the street canyon 

aspect ratio could not accomplish the accurate definition of sallow or deep 

street canyon (for detail discussion on street canyon aspect ratio, see Section 

2.11). Moreover, the WS of the study points was fluctuating frequently. 

Consequently, any strong relation between WS and street canyon aspect ratio 

could not be established from the analysis of the field survey findings. However, 

it is established from the field survey analysis that in most cases, the DE of 
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greenway on WS is directly proportionate with street canyon aspect ratio. In 

addition, discriminately bare or green, street canyon aspect ratio is inversely 

proportionate with WS. That is (H/W) greenway α (DE) WS. H/W α 1/WS. Explicitly, 

it is established from the analysis of the field survey results that greenway holds 

a DE on WS at urban street canyon that reduces thermal comfort. Then again, 

it has a CE on DBT and IE on RH of urban street canyon that enhances thermal 

comfort (Section 2.7.5). It is clarified from the Literature review that changing 

WS has significant influences on thermal sensation, especially in summer. An 

analysis of the effects of wind on thermal sensation in summer revealed that an 

increase in WS from 0.3 m/s to 1 m/s is equivalent to a drop of about 2 K in 

DBT (Section 2.7.5). Therefore, it is essential to find a balance between WS, 

RH, and DBT during integrating greenway on urban street canyon. 

6.3 Observation on simulation study  
From the analysing of simulation study findings at Kalshi road, study point-2 

(bare) and study point-1 (greenway) the subsequent interpretation were 

revealed. From the simulation study, from 08.00 to 20.00 hours, the average 

Dry Bulb Temperature (DBT) was lower at study point-1 (greenway) than that 

of study point-2 (bare). From 08.00 to 20.00 hours the average Relative 

Humidity (RH) was higher at study point-1 (greenway) than that of study point-

2 (bare). From 08.00 to 20.00 hours, the average Mean Radiant Temperature 

(Tmrt) was lower at study point-1 (greenway) than that of study point-2 (bare). 

From 08.00 to 20.00 hours the Wind Speed (WS) was lower in maximum hours 

at study point-1 (greenway) than that of study point-2 (bare). The detail 

discussion of the simulation study at Kalshi road, study point-2 (bare) and after 

integrating greenway on it, study point-1 (greenway) are offered below in terms 

of Dry Bulb Temperature, Relative Humidity, Mean Radiant Temperature and 

Wind Speed. For summary chart of simulation study on study point-1 

(greenway) and study point-2 (bare) at Kalshi road, see Table 6. 5.  
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Table 6. 5: Summary chart of simulation study on study point-1 (greenway) 
and study point-2 (bare) at Kalshi road 

 

 

 

 

 

 
 

  Legend 
 

DBT Dry Bulb Temperature 
RH Relative Humidity 
Tmrt Mean Radiant Temperature 
WS Wind Speed 
T1s DBT simulated at study point-1(greenway) 
T2s DBT simulated at study point-2 (bare) 
RH1s RH simulated at study point-1 (greenway) 
RH2s RH simulated at study point-2 (bare) 
WS1s WS simulated at study point-1 (greenway) 
WS2s WS simulated at study point-2 (bare) 
Tmrt1 Tmrt simulated at study point-1 (greenway) 
Tmrt2 Tmrt simulated at study point-2 (bare) 
ΔTs Simulated DBT Difference between study point-2 (bare) and study point-1 (greenway) 
ΔRHs Simulated RH Difference between study point-2 (bare) and study point-1 (greenway) 
ΔTmrt Simulated Tmrt Difference between study point-2 (bare) and study point-1 (greenway) 
ΔWSs Simulated WS Difference between study point-2 (bare) and study point-1 (greenway) 

   
 
Time 
                 
Hour 

Study point-2 (bare) Study point-1 
(greenway) 

Comparison 

WS2s 
 
(m/s) 

T2s 
 
(0 C) 

RH2s 
 
(%) 

Tmrt2 

 

(0 C) 

WS1s 
 
(m/s) 

T1s 
 
(0 C) 

RH1s 
 
(%) 

Tmrt1 

 
(0 C) 

ΔWSs
= 
WS2s-
WS1s 
(m/s) 

ΔTs 
= 
T2s-
T1s 
(K) 

ΔRHs
= 
RH1s-
RH2s 
(%) 

Δ 
Tmrt 
= Tmrt2-
Tmrt1 

(K) 
9:00  0.92 32.69 58.60 60.33 0.47 25.66 70.69 30.46 0.44 7.03 12.09 29.87 

10:00  0.89 35.01 54.49 63.76 0.45 27.42 72.96 35.58 0.44 7.59 18.47 28.19 

11:00  0.84 37.36 61.36 65.16 0.44 27.77 69.26 39.02 0.40 9.58 7.90 26.14 

12:00  0.85 38.36 57.38 66.34 0.43 28.33 66.67 41.92 0.43 10.04 9.29 24.43 

1:00  0.86 38.89 51.97 68.63 0.41 28.77 64.71 43.09 0.45 10.12 12.75 25.54 

2:00  0.86 39.31 48.28 71.23 0.39 29.02 63.00 42.42 0.47 10.29 14.72 28.82 

3:00  0.85 39.46 45.56 71.62 0.37 29.16 61.22 40.26 0.48 10.30 15.66 31.36 

4:00  0.85 39.17 44.10 66.44 0.36 29.08 60.01 35.89 0.49 10.09 15.91 30.55 

5:00  0.85 37.96 45.20 48.00 0.36 28.58 59.66 28.64 0.49 9.39 14.46 19.36 

6:00  0.86 35.98 48.49 28.15 0.36 27.89 59.44 22.39 0.50 8.10 10.94 5.76 

7:00  0.87 35.11 49.78 27.04 0.37 27.02 61.54 21.16 0.50 8.09 11.76 5.88 

7:59  0.87 34.61 50.35 26.43 0.37 26.37 63.10 20.46 0.50 8.24 12.75 5.97 

Avg 0.86 36.99 51.29 55.26 0.40 27.92 64.35 33.44 0.47 9.07 13.06 21.82 

Colour Code: 

 Maximum value 
 

Minimum value 
 Deviation 
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Figure 6. 4: Comparative Dry Bulb Temperature simulation curves of study 
point-2 (bare) and study point-1 (greenway) from 08.00 to 20.00 hours. 
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T2s = DBT simulated at study point-2 (bare)

T1s = DBT simulated at study point-1 (greenway)

 Comparative analysis of Dry Bulb Temperature  

The comparative analysis of DBT simulation study between bare study point-2 

and greenway study point-1 at Kalshi road are discussed below (for 

comparative DBT simulation curves and hourly DBT difference curve, see 

Figure 6. 4 and Figure 6. 5). Here, T1s denotes DBT simulated at study point-

1 (greenway). T2s denotes DBT simulated at study point-2 (bare). ΔTs denotes 

simulated Dry Bulb Temperature Difference between study point-2 (bare) and 

study point-1 (greenway). T1s̅̅ ̅̅ ̅ denotes the average T1s simulated from 08.00 

to 20.00 hours.  T2s̅̅ ̅̅ ̅ denotes the average T2s simulated from 08.00 to 20.00 

hours.  ΔTs̅̅ ̅̅ ̅ denotes average ΔTs simulated from 08.00 to 20.00 hours. T2s max 

denotes the maximum T2s. T1s max denotes the maximum T1s. T2s min denotes 

the minimum T2s. T1s min denotes the minimum T1s. ΔTs max denotes the 

maximum ΔTs. ΔTs min denotes the minimum ΔTs. 

 

 

 

 

 

 

 

 

 

 

 

From the simulation study at Kalshi road, the average DBT Difference between 

study point-2 (bare) and study point-1 (greenway) was found 9.07 K from 08.00 

to 20.00 hours (08.00 a.m. to 08.00 p.m.). When the average DBT was 9.07 K 

lower at study point-1 (greenway) than that of study point-2 (bare). That is, ΔTs̅̅ ̅̅ ̅ 

= T2s-T1s = 9.07 K and T1s̅̅ ̅̅ ̅<T2s̅̅ ̅̅ ̅. 
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Simulated DBT Difference, ΔTs = T2s-T1s 

Figure 6. 5: Dry Bulb Temperature Difference simulation curve between study 
point-2 (bare) and study point-1 (greenway) from 08.00 to 20.00 hours. 

The maximum DBT Difference between study point-2 (bare) and study point-1 

(greenway) was found 10.30 K at 15.00 hours (3.00 p.m.). When DBT was 

found 10.30 K lower at study point-1 (greenway) than study point-2 (bare). That 

is, ΔTs max = T2s-T1s = 10.30 K and T1s<T2s.  

The minimum DBT Difference between study point-2 (bare) and study point-1 

(greenway) was found 7.03 K at 09.00 hours (09.00 a.m.). When DBT was 

found 7.03 K lower at study point-1 (greenway) than that of study point-2 (bare). 

That is, ΔTs min = T2s-T1s = 7.03 K and T1s<T2s. 

 

 

 

 

 

 

 

 

 

 

 

 

From the field survey, the DBT Differences (ΔT = T2-T1) between existing bare 

study points and greenway analogous study points were found from 0.20 to 3.5 

K. While from the simulation study, the DBT Difference (ΔTs = T2s-T1s) 

between existing bare study point-2 and the greenway study point-1 was found 

from 7.03 to 10.30 K. This massive cooling effect was found in the integrated 

greenway since it holds all the characteristics of a true-life greenway. It contains 

a walking trail made of permeable interlocking concrete pavement with 

sequential high LAD and high LAI trees on both sides. It holds permeability, tree 
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Figure 6. 6: Comparative Dry Bulb Temperature simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 09.00.01, 06.03.2018. 

shade and all other features of a successful greenway from the Literature 

review (Section 2.6.1, Section 2.6.6 and Section 2.21). Where the greenway 

resembling study points held linear high LAD and high LAI trees with 

impermeable asphalt made street canyon and thus hold partial features of 

greenway. Therefore, it can be surmised that integrating greenway on urban 

street canyon has a massive cooling effect (reducing DBT). It holds much more 

cooling effect than mere vegetation or using cool pavements in a scattered way.  

Some significant comparative ΔTs maps that is, simulation maps of Dry Bulb 

Temperature Difference between study point-2 (bare) and study point-1 

(greenway) at Kalshi road from 08.00 to 20.00 hours are offered below (Figure 

6. 6, Figure 6. 7, Figure 6. 8 and Figure 6. 9). To find rest of the ΔTs maps that 

is Dry Bulb Temperature Difference maps, see Appendix-B.  
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Figure 6. 7: Comparative Dry Bulb Temperature simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 11.00.01, 06.03.2018. 

Figure 6. 8: Comparative Dry Bulb Temperature simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 15.00.01, 06.03.2018. 
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Figure 6. 9: Comparative Dry Bulb Temperature simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 18.00.01, 06.03.2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 Comparative analysis of Relative Humidity  

The comparative analysis of Relative Humidity (RH) simulation study between 

study point-1 (greenway) and study point-2 (bare) at Kalshi road are offered 

below (for comparative RH simulation curves and RH Difference simulation 

curve, see Figure 6. 10 and Figure 6. 11). Here, RH1s denotes RH simulated 

at study point-1 (greenway). RH2s denotes RH simulated at study point-2 

(bare). ΔRHs denotes simulated Relative Humidity Difference between study 

point-1 (greenway) and study point-2 (bare). RH1s̅̅ ̅̅ ̅̅ ̅ denotes average RH1s 

simulated from 08.00 to 20.00 hours. RH2s̅̅ ̅̅ ̅̅ ̅ denotes average RH2s simulated 

from 08.00 to 20.00 hours. ΔRHs̅̅ ̅̅ ̅̅ ̅ denotes average ΔRHs simulated from 08.00 

to 20.00 hours. RH1s max denotes the maximum RH1s. RH2s max denotes the 

maximum RH2s. RH1s min denotes the minimum RH1s. RH2s min denotes the 

minimum RH2s. ΔRHs max denotes the maximum ΔRHs. ΔRHs min denotes the 

minimum ΔRHs.  

From the simulation study at Kalshi road, from 08.00 to 20.00 hours, the 

average RH Difference between between study point-1 (greenway) and study 

point-2 (bare) was found 13.06% when average RH was 13.06% higher at study 
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Figure 6. 10: Comparative Relative Humidity simulation curves of study point-1 
(greenway) and study point-2 (bare) from 08.00 to 20.00 hours. 
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RH2s = Relative Humidity simulated at study point-2 (bare)

RH1s = Relative Humidity simulated at study point-1 (greenway)

point-1 (greenway) than that of study point-2 (bare). That is, ΔRHs̅̅ ̅̅ ̅̅ ̅ = RH1s-

RH2s = 13.06% and RH1s̅̅ ̅̅ ̅̅ ̅>RH2s̅̅ ̅̅ ̅̅ ̅. 

 

 

 

 

 

 

 

 

 

 

 

The maximum RH Difference between study point-1 (greenway) and study 

point-2 (bare) was found 18.47% at 10.00 hours when RH was 18.47% higher 

at study point-1 (greenway) than study point-2 (bare). That is, ΔRHs max = 

RH1s-RH2s = 18.47% and RH1s>RH2s. The minimum RH Difference between 

study point-1 (greenway) and study point-2 (bare) was found 7.90% at 11.00 

hours when RH was 7.90% higher at study point-1 (greenway) than that of study 

point-2 (bare). That is, ΔRHs min = RH1s-RH2s = 7.90% and RH1s>RH2s. 

The simulation study revealed that from 11.00 to 12.00 hours, the RH 

Difference between study point-1 (greenway) and study point-2 (bare) explicitly 

RH increment at study point-1 (greenway) remained lower (7.90 to 9.29%). At 

10.00 hours, and from 14.00 to 17.00 hours, RH increment remained higher 

(18.47% and from 14.46 to 15.91% respectively). At rest of the hours, RH 

increment remained average (from 10.94 to 12.75%). Nevertheless, all the RH 

increment values were high.  
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Figure 6. 11: Relative Humidity Difference simulation curve between study 
point-1 (greenway) and study point-2 (bare) from 08.00 to 20.00 hours. 
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From the field survey, it was found that the RH was 1% to 7% higher at the 

study points with existing greenway resembling features, than that of bare study 

points. Conversely, from the simulation study the RH was found 7.90% to 

18.47% higher at study point-1 (greenway) than that of study point-2 (bare). 

This enormous RH increment was achieved due to the integrated greenway 

that contains all the crucial features of greenway. These greenway features 

include high LAD tree shaded walking trail with cool pavement (permeable 

interlocking concrete pavement) that helps in irrigation and better tree growth, 

use latent heat, make the environment cool and increase RH (Section 2.4, 

Section 2.6.1, Section 2.16 and Section 2.21). In contrast, the existing 

greenway resembling points hold partial greenway features of high LAD trees 

on both sides of the street canyons made of asphalt (Section 2.6.1 and Section 

4.8). Therefore, it can be surmised that instead of mere vegetation or using cool 

pavement or partial greenway features in a scattered way, the integration of 

greenway on urban street canyon holds a great increment effect on Relative 

Humidity of street canyon of Dhaka city and makes the microclimate 

comfortable as well.  



195 

 

Figure 6. 12: Comparative Relative Humidity simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 10.00.01, 06.03.2018. 

Figure 6. 13: Comparative Relative Humidity simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 11.00.01, 06.03.2018. 

Some significant ΔRHs maps that is, comparative RH simulation maps at Kalshi 

road, study point-1 (greenway) with study point-2 (bare) from 08.00 to 20.00 

hours are presented below (Figure 6. 12; Figure 6. 13; Figure 6. 14 and Figure 

6. 15). To find rest of the ΔRHs maps, see Appendix-B. 
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Figure 6. 15: Comparative Relative Humidity simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare), on 18.00.01, 06.03.2018. 

Figure 6. 14: Comparative Relative Humidity simulation map at Kalshi road; 
study point-1(greenway) with study point-2 (bare), on 15.00.01, 06.03.2018. 
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Figure 6. 16: Comparative Mean Radiant Temperature simulation curves of 
study point-2 (bare) and study point-1 (greenway) from 08.00 to 20.00 hours. 
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Tmrt2 = Mean Radiant Temperature simulated at study point-2 (bare)

Tmrt1 = Mean Radiant Temperature simulated at study point-1 (greenway)

 Comparative analysis of Mean Radiant Temperature  

Comparative analysis of Mean Radiant Temperature (Tmrt) simulation study 

between study point-2 (bare) and study point-1 (greenway) at Kalshi road are 

discussed below (for comparative hourly Tmrt simulation curves and hourly  Tmrt 

Difference  simulation curve, see Figure 6. 16 and Figure 6. 17). Here, Tmrt1 

denotes Tmrt simulated at study point-1 (greenway). Tmrt2 denotes Tmrt simulated 

at study point-2 (bare). ΔTmrt denotes simulated Mean Radiant Temperature 

Difference between study point-2 (bare) and study point-1 (greenway). Tmrt1̅̅ ̅̅ ̅̅ ̅ 

denotes average Tmrt1 simulated from 08.00 to 20.00 hours. Tmrt2̅̅ ̅̅ ̅̅ ̅ denotes 

average Tmrt2 simulated from 08.00 to 20.00 hours. ΔTmrt
̅̅ ̅̅ ̅̅ ̅ denotes average 

ΔTmrt simulated from 08.00 to 20.00 hours. Tmrt2 max denotes the maximum Tmrt2. 

Tmrt1 max denotes the maximum Tmrt1. Tmrt2 min denotes the minimum Tmrt2. Tmrt1 

min denotes the minimum Tmrt1. ΔTmrt max denotes the maximum ΔTmrt. ΔTmrt min 

denotes the minimum ΔTmrt. 

 

 

 

 

 

 

 

 

 

 

 

From the simulation study, from 08.00 to 20.00 hours, the average Tmrt 

Difference  between study point-2 (bare) and study point-1 (greenway) was 

found 21.82 K and the average Tmrt was found 21.82 K lower at study point-1 
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Simulated Mean Radiant Temperature Difference, ΔTmrt = Tmrt2-Tmrt1

Figure 6. 17: Mean Radiant Temperature Difference simulation curve between 
study point-2 (bare) and study point-1 (greenway) from 08.00 to 20.00 hours. 

(greenway) than that of study point-2 (bare). That is, ΔTmrt
̅̅ ̅̅ ̅̅ ̅ = Tmrt2-Tmrt1 = 21.82 

K and Tmrt1̅̅ ̅̅ ̅̅ ̅<Tmrt2̅̅ ̅̅ ̅̅ ̅. 

The maximum Tmrt Difference between study point-2 (bare) and study point-1 

(greenway) was noted 31.36 K at 15.00.01 hours (3.00.01 p.m.) when Tmrt was 

31.36 K lower at study point-1 (greenway) than that of study point-2 (bare). That 

is, ΔTmrt max = Tmrt2-Tmrt1 = 31.36 K and Tmrt1<Tmrt2. 

The minimum Tmrt Difference between study point-2 (bare) and study point-1 

(greenway) was found 5.76 K at 18.00.01 hours (06.00.01 p.m.) when Tmrt was 

5.76 K lower at study point-1 (greenway) than that of study point-2 (bare). That 

is, ΔTmrt = Tmrt2-Tmrt1 = 5.76 K and Tmrt1<Tmrt2. 

 

 

 

 

 

 

 

 

 

 

 

The simulation study revealed that the Tmrt Difference between study point-2 

(bare) and study point-1 (greenway) remained high from 9.00 to 10.00 hours. 

From 11.00 hours, Tmrt Difference started decreasing. From 14.00 hours (2.00 

p.m.), Tmrt Difference started increasing again and reached the highest peak at 

15.00 hours (3.00 p.m.). From 17.00 hours (5.00 p.m.), Tmrt Difference started 

decreasing again and reached the lowest bottom at 18.00 hours (06.00 p.m.). 

From 18.00 to 20.00 hours (6.00 to 8.00 p.m.) Tmrt Difference remained low.   
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Figure 6. 18: Comparative Mean Radiant Temperature simulation map at Kalshi 
road; study point-1 (greenway) with study point-2 (bare) on 09.00.01, 06.03.2018. 

A massive Tmrt decrement was found in study point-1 (greenway) than study 

point-2 (bare). It can be presumed that the integrated greenway containing high 

LAD trees and cool pavement interlocking permeable concrete paved walking 

trail had a great influence on lessening the Tmrt and producing thermal comfort 

for the pedestrian. The Tmrt is one of the key meteorological parameters that 

influence the outdoor thermal comfort largely. Several researches showed that 

there is a strong relationship between Tmrt and thermal comfort indexes during 

weak wind summer days such as study point-1 (greenway) or in current bare 

Dhaka city (Section 2.7.5, Section 2.7.7, Section 2.7.8 and Section 2.7.9). For 

clear visualization, some significant comparative Tmrt simulation maps that is 

ΔTmrt maps at Kalshi road, study point-1 (greenway) with study point-2 (bare) 

from 08.00 to 20.00 hours are presented below (Figure 6. 18, Figure 6. 19, 

Figure 6. 20 and Figure 6. 21). To find rest of the ΔTmrt maps, see Appendix-B. 
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Figure 6. 20: Comparative Mean Radiant Temperature simulation map at Kalshi 
road; study point-1 (greenway) with study point-2 (bare) on 15.00.01, 06.03.2018. 

Figure 6. 19: Comparative Mean Radiant Temperature simulation map at Kalshi 
road; study point-1 (greenway) with study point-2 (bare) on 12.00.01, 06.03.2018. 
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Figure 6. 21: Comparative Mean Radiant Temperature simulation map at Kalshi 
road; study point-1 (greenway) with study point-2 (bare) on 18.00.01, 06.03.2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Comparative analysis of Wind Speed  

Comparative analysis of Wind Speed (WS) simulation study between study 

point-2 (bare) and study point-1 (greenway) at Kalshi road are discoursed below 

(for comparative WS simulation curves and WS Difference simulation curve, 

see Figure 6. 22 and Figure 6. 23). For this study, WS2s denotes WS simulated 

at study point-2 (bare). WS1s denotes WS simulated at study point-1 

(greenway). ΔWSs denotes simulated Wind Speed Difference between study 

point-2 (bare) and study point-1 (greenway). WS1s̅̅ ̅̅ ̅̅ ̅ denotes average WS1s 

simulated from 08.00 to 20.00 hours. WS2s̅̅ ̅̅ ̅̅ ̅ denotes average WS2s simulated 

from 08.00 to 20.00 hours. ΔWSs̅̅ ̅̅ ̅̅ ̅̅  denotes average ΔWSs simulated from 08.00 

to 20.00 hours. WS2s max denotes the maximum WS2s. WS1s max denotes the 

maximum WS1s. WS2s min denotes the minimum WS2s. WS1s min denotes the 

minimum WS1s. ΔWSs max denotes the maximum ΔWSs. ΔWSs min denotes 

the minimum ΔWSs. 
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Figure 6. 22: Comparative Wind Speed simulation curves of study point-1 
(greenway) and study point-2 (bare) from 08.00 to 20.00 hours. 
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From the simulation study, from 08.00 to 20.00 hours, the average WS 

Difference was found 0.47 m/s between study point-2 (bare) and study point-1 

(greenway) when WS was 0.47 m/s lower at study point-1 (greenway) than that 

of study point-2 (bare). That is, ΔWSs̅̅ ̅̅ ̅̅ ̅̅  = WS2s-WS1s = 0.47 m/s and 

WS1s̅̅ ̅̅ ̅̅ ̅<WS2s̅̅ ̅̅ ̅̅ ̅. 

The maximum WS Difference was logged 0.50 m/s from 18.00 to 20.00 hours 

(6.00 to 8.00 p.m.) when WS was 0.50 m/s lower at study point-1 (greenway) 

than that of study point-2 (bare). That is, ΔWSs max = WS2s-WS1s = 0.50 m/s 

and WS1s<WS2s. 

The minimum WS Difference was found 0.40 m/s at 11.00 hours when WS was 

0.40 m/s lower at study point-1 (greenway) than that of study point-2 (bare). 

That is, ΔWSs min = WS2s-WS1s = 0.40 m/s and WS1s<WS2s. 

It was revealed from the simulation study that from 9.00 to 12.00 hours, the WS 

Difference (ΔWSs = WS2s-WS1s) remained lower and it reached the lowest 

bottom at 11.00 hours. From 13.00 hours (1.00 p.m.), it started increasing and 

it reached the highest peak from 18.00 to 20.00 hours (from 6.00 to 8.00 p.m.).  
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Figure 6. 23: Wind Speed Difference simulation curve between study point-2 
(bare) and study point-1 (greenway) from 08.00 to 20.00 hours. 
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The simulation study clarified that from 9.00 to 20.00 hours (9.00 a.m. to 8.00 

p.m.), Wind Speed was lower (WS1s<WS2s) at study point-1 (greenway) than 

that of study point-2 (bare), which matches with the field survey results. The 

dense tree leaves of the the greenway might make the Wind Speed slower. 

Less Wind Speed implicates less comfort. However, this phenomenon can be 

counterbalanced with the lower Dry Bulb Temperature and lower Mean radiant 

Temperature along with higher Relative Humidity that integrated greenway 

make available to the urban street canyon microclimate (Section 2.7.5, Section 

2.7.7, Section 2.7.8 and Section 2.7.9). For clear visualization and accurate 

interpretation, some significant comparative Wind Speed simulation maps that 

is, ΔWSs maps at Kalshi road; study point-1 (greenway) with study point-2 

(bare) from 08.00 hours to 20.00 hours are presented below (Figure 6. 24, 

Figure 6. 25, Figure 6. 26 and Figure 6. 27). To find rest of the comparative 

Wind Speed simulation maps that is ΔWSs maps at Kalshi road; study point-1 

(greenway) with study point-2 (bare) from 08.00 hourd to 20.00 hours please 

see Appendix-B. 
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Figure 6. 25: Comparative Wind Speed simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 11.00.01, 06.03.2018. 

Figure 6. 24: Comparative Wind Speed simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 09.00.01, 06.03.2018. 
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Figure 6. 27: Comparative Wind Speed simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 18.00.01, 06.03.2018. 

Figure 6. 26: Comparative Wind Speed simulation map at Kalshi road; 
study point-1 (greenway) with study point-2 (bare) on 14.00.01, 06.03.2108. 
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6.4 Percentage deviation calculation 
The percentage deviation of data obtained from the field survey and simulation 

study at study point-2 (bare) at Kalshi road are calculated in terms of Dry Bulb 

Temperature (DBT), Relative Humidity (RH) and Wind Speed (WS). They are 

discoursed below. 

 Dry Bulb Temperature 

From the field survey results at Kalshi road on study point-2 (bare), the average 

DBT (T2̅̅̅̅ ) was found 304.57 K (31.4 0C). On the contrary, from the simulation 

study at Kalshi road on study point-2 (bare) the average DBT (T2s̅̅ ̅̅ ̅) was found 

310.14 K (36.99 0C). The percentage deviation calculation is presented below. 

Average Deviation = T2s̅̅ ̅̅ ̅ - T2̅̅̅̅   = 310.14 - 304.57 = 5.57   

Percentage Deviation = 5.57 / 304.57 X 100 = 1.83% 

Therefore, it is clarified from above calculation that the percentage deviation of 

DBT simulation study is 1.83%. The positive sign signifies that the DBT results 

of the simulation study is higher than that of the field study results. 

 Relative Humidity  

From the field survey findings at Kalshi road on study point-2 (bare), the 

average RH (RH2̅̅ ̅̅ ̅̅ ) was found 47.22%. Conversely, from the simulation study at 

Kalshi road on study point-2 (bare), the average RH (RH2s̅̅ ̅̅ ̅̅ ̅) was found 51.29%.  

Average Deviation = RH2s̅̅ ̅̅ ̅̅ ̅ - RH2̅̅ ̅̅ ̅̅  = 51.29 - 47.22 = 4.07  

Percentage Deviation = 4.07 / 47.22 X 100 = 8.62% 

Therefore, it is revealed from above calculation that the percentage deviation 

of RH simulation study is 8.62%. The positive sign signifies that the RH results 

of simulation study is higher than that of the field study results. 

 Wind Speed 

From the field survey findings at Kalshi road on study point-2 (bare), the 

average WS (WS2̅̅ ̅̅ ̅̅ ) was found 0.9 m/s. From the simulation study at Kalshi road 

on study point-2 (bare), the average WS (WS2s̅̅ ̅̅ ̅̅ ̅) was found 0.86 m/s.  

Average Deviation = WS2s̅̅ ̅̅ ̅̅ ̅ – WS2̅̅ ̅̅ ̅̅  = 0.86 - 0.9 = -0.04 
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Percentage Deviation = -0.04 / 0.9 X 100 = -4.44% 

Therefore, it is revealed from above calculation that the percentage deviation 

of WS simulation study is -4.44%. The negative sign signifies that the simulation 

study results of WS is lower than that of the filed survey results. 

Therefore, the percentage deviation of data obtained from the field survey and 

simulation study at Kalshi road on study point-2 (bare) are revealed in terms of 

DBT, RH and WS are 1.83%, 8.62% and -4.44% respectively. That is 

anticipated, as not all the surroundings of a microclimate can be imitated 

precisely in Envi-met. From this perspective, the percentage deviation found 

between the field study and the simulation study is not much. Therefore, it can 

be assumed that the results of the simulation study are authentic.  

6.5 Overall observation 

In the preceding sections of this chapter, the field study findings and simulation 

study findings are discoursed in terms of DBT, RH, WS and Tmrt. Percentage 

deviation calculation between the field study data and simulation study data 

verified the validity of the simulation study.  

The field survey analysis clarified that street canyon containing greenway 

identical features as dense, large, high LAD and high LAI trees have a potential 

CE on urban street canyon of Dhaka city. Particularly these greenway identical 

street canyons has the aptitude of decreasing DBT to the extent of 0.73 K to 

1.34 K at daytime.  

It is exposed that the CE of greenway has a relationship with street canyon 

aspect ratio (H/W). During analysis, apart from few discords between the 

relationship of street canyon aspect ratio and DBT, most of the results were 

harmonized. It is revealed from the analysis of the findings that the shallow 

street canyon devours a significant CE with greenway at daytime. The CE of 

greenway is inversely proportional to the street canyon aspect ratio (H/W) at 

daytime. That is, (H/W) greenway α 1/(CE) DBT  and (H/W) greenway α 1/DBT. 

Conversely, in bare street canyon, the deep street canyon remains cooler than 

shallow street canyon at daytime. Explicitly, (H/W) bare α 1/DBT. Both in case of 
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bare and greenway mixed street canyons, DBT is inversely proportionate with 

street canyon aspect ratio at daytime. That is, (H/W) α 1/DBT. In addition, it is 

discovered that deep street canyon mixed with greenway provide consistent 

cool environment of low DBT at daytime.  

Moreover, it is found that greenway has a better CE than green trees at the 

same site condition. It is as well explicit that at maximum study points, DBT was 

above thermal comfort range (above 305.15 K /above 32 oC). To conclude it 

was detected that at maximum study points, greenways contributed in dropping 

the DBT (to the extent of 0.73 K to 1.34 K). Even, at some study points, 

greenway aided in dropping DBT within the thermal comfort range (to the extent 

of 295.65 K to 305.15 K / 22.5 oC to 32 oC) or close to thermal comfort level. It 

was exposed from the field survey findings that the study points located on the 

North South oriented street canyon were cooler (DBT was lower) than those 

located on the East West oriented street canyon.  

The result analysis revealed that greenway aid enhancing the RH. Conversely, 

bare street canyon contains lower RH. Street canyons with greenway identical 

features aided increasing RH to the extent of 0.44% to 1.58%. 

Discriminately bare or greenway, in condition with consistent high solar 

radiation, street canyon aspect ratio (H/W) is directly proportionate with RH. 

Explicitly, H/W α RH. It is as well unfolded that greenway holds a great IE on 

the RH when mixed with shallow street canyon. Precisely, street canyon aspect 

ratio (H/W) is inversely proportionate with the IE of greenway on RH. That is, 

(H/W) greenway α 1/IE. It is profound from the field survey analysis that despite 

greenway has a great IE on RH; the IE turns insignificant when the solar 

radiation is very high and the street canyon is shallow. However, deeper street 

canyon mixed with greenway contains a great advantage in increment of RH.                                                                                                                  

At the field survey findings, there were few discords in relationship between 

urban street canyon aspect ratio and WS measurement results at two study 

points. However, most of the study points showed harmonized results. The 

analysis of the field survey findings established that greenway causes 
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decrement of WS at urban street canyon. Greenway caused the WS decreasing 

to the extent of 0.44 m/s to 1.14 m/s. 

Greenway mixed with deeper street canyon has a greater DE on WS at urban 

street canyon. That is, (H/W) greenway α 1/WS and (DE) WS α (H/W) greenway. In 

addition, shallow street canyon mixed with greenway decelerate WS. Under 

these conditions, (H/W) greenway α 1/WS. Conversely, In case of shallow street 

canyon, greenway holds less or sometimes no DE on WS of urban street 

canyon. That is, (DE) WS α (H/W) greenway or (DE) greenway = zero. It was found as 

well that bare and shallow street canyon has a great WS. Under this condition, 

(H/W) bare α 1/WS. It was determined that greenway has a great DE on WS of 

Urban Street Canyon (USC) discriminately street canyon aspect ratio. Under 

this condition, (USC) greenway α DE and (USC) greenway α 1/WS.  

No certain relation between time and WS could be established from the analysis 

of the field survey. Nevertheless, it might be pronounced that generally from 

15.00 to 18.00 hours, the WS was apparently high. Conversely, from 12.00 to 

14.00 hours, the WS was apparently low. It was correspondingly detected that 

discriminately street canyon aspect ratio, comparatively bare study points 

achieved greater comfort level in terms of WS (higher WS).  

Concisely, the analysis of field survey results established that greenway holds 

a DE on WS at urban street canyon. Then again, it has a CE on DBT and IE on 

RH of urban street canyon. However, greenway sites showed less WS, 

subsequently less comfort. Therefore, it is essential to find a balance between 

WS, RH and DBT during integrating greenway on urban street canyon. 

However, from the field survey the available existing sites, which best matched 

the quality of greenway, were investigated and analysed. For finding an 

enhanced interpretation of the impact of greenway including CE (reducing DBT) 

and other thermal comfort indices such as RH, WS and Tmrt on urban street 

canyon, a seamless greenway model has been applied on the existing bare 

street canyon through simulation software Envi-met V4.3.2 Summer 18. Then 

CE of greenway on street canyon of Dhaka has been analysed and compared 

with the existing bare street canyon to gain more precise and clear picture. 
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The simulation study at Kalshi road study point-2 (bare) and study point-1 

(greenway), established that integrated greenway on urban street canyon holds 

much more CE than mere vegetation or using cool pavements in a scattered 

way. The CE (reducing DBT) of greenway was found from 7.03 K to 10.30 K. 

In addition, the integration of greenway on urban street canyon holds a great IE 

on RH of urban street canyon of Dhaka city and makes the microclimate 

comfortable as well. The RH increment was found to the extent of 7.90% to 

18.47%. Moreover, the integrated greenway containing high LAD and high LAI 

trees and cool pavement (explicitly permeable interlocking concrete) paved 

walking trail had a great influence on lessening the Tmrt and producing thermal 

comfort for the pedestrian during weak wind summer days. Integrated 

greenway decreased the Tmrt to the extent of 5.76 K to 31.36 K. However, the 

integrated greenway influenced at making the WS slower. Greenway made the 

WS from 0.40 to 0.50 m/s lower. Again, a lower DBT, Tmrt and higher RH that 

an integrated greenway offer to the urban street canyon microclimate can 

counterbalance this effect. In corollary, integrated greenway can ensure 

thermally comfortable urban street canyon microclimate. 

6.6 Summary 
In this chapter, the field study findings and simulation study findings are 

discussed in terms of Dry Bulb Temperature (DBT), Relative Humidity (RH), 

Wind Speed (WS) and Mean Radiant Temperature (Tmrt). Percentage deviation 

between the field study data and the simulation study data is calculated in terms 

of DBT, RH and WS to examine the validity of the simulation study. Summary 

charts, comparative line charts analysis and comparative simulation maps are 

offered for enhanced understanding and clear visualization. 

The field survey analysis elucidated that street canyon containing greenway 

identical features for instance densely planted; large, high LAD (Leaf Area 

Density) and high LAI (Leaf Area Index) trees have a potential Cooling Effect 

(CE) on urban street canyon of Dhaka city. They influences decreasing the DBT 

and increasing the RH of urban street canyon. Explicitly, these greenway 

identical street canyons decreased DBT to the extent of 0.73 K to 1.34 K at 
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daytime. Conversely, street canyons with greenway identical features aided 

increasing RH to the extent of 0.44% to 1.58%. Greenway caused the WS 

decreasing to the extent of 0.44 m/s to 1.14 m/s at urban street canyon. 

Concisely, the analysis of field survey results established that greenway holds 

a decrement effect on WS at urban street canyon. Then again, it has a CE on 

DBT and increment effect on RH of urban street canyon. However, greenway 

sites showed less WS, consequently less comfort. Therefore, it is essential to 

find a balance between WS, RH and DBT during integrating greenway on urban 

street canyon. 

The simulation study established that integrated greenway on urban street 

canyon holds much more CE than mere vegetation or using cool pavements in 

a scattered way. Greenway reduced DBT to the extent of 7.03 K to 10.30 K. 

Additionally, the integration of greenway on urban street canyon of Dhaka city 

increased RH to the extent of 7.90% to 18.47% making the microclimate 

comfortable. The integrated greenway containing densely planted high LAD 

and high LAI trees and cool pavement (explicitly permeable interlocking 

concrete) paved walking trail lessened Tmrt to the extent of 5.76 K to 31.36 K. 

This phenomenon produces thermal comfort for the pedestrian during weak 

wind summer days. However, the integrated greenway influenced at making 

the WS slower from 0.40 to 0.50 m/s. Again, a lower DBT, Tmrt and higher RH 

that an integrated greenway offer to the urban street canyon microclimate can 

counterbalance this effect. Consequently, integrated greenway can ensure 

thermally comfortable urban street canyon microclimate. 
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CHAPTER 7: CONCLUSION 

7.1 Preamble 
The first chapter of this study introduces this research. The second chapter 

delivers a theoretical foundation of this research and a clear elucidation of 

thermal comfort indices and greenway. The third chapter depicts the systematic 

methods and methodology applied in this research. Chapter-4 portrays the field 

investigation procedure and field study findings. Chapter-5 delineates the 

simulation process and simulation study findings. Chapter-6 presents a detail 

discussion of the findings from field investigation and simulation study. This 

chapter concludes this research with the achievement of objectives mentioned 

in the first chapter, recommendations, scope of further studies and limitations.   

7.2 Impact of greenway on urban street canyon 
This research clarifies that integrated greenway has a potential Cooling Effect 

(CE) on urban street canyons at planned residential areas of Dhaka city. The 

field survey at several street canyons of planned residential areas of Dhaka city 

reveals that at maximum street canyons, Dry Bulb Temperature (DBT) is above 

thermal comfort level (above 305.15 K). The field study unfolds that the street 

canyons containing some greenway identical features for instance densely 

planted high LAD (Leaf Area Density) and high LAI (Leaf Area Index) trees on 

both sides contributed reducing DBT to the extent of 0.73 K to 1.34 K at 

daytime. Even, at some study points, greenway aided in dropping DBT within 

the thermal comfort range (to the extent of 295.65 K to 305.15 K) or close to 

thermal comfort level. As well, the field study of this research spells out that 

greenway enhances the Relative Humidity (RH). Street canyons with greenway 

identical features increased RH to the extent of 0.44% to 1.58%. However, the 

field study of this research clarifies that greenway caused the Wind Speed (WS) 

decreasing to the extent of 0.44 m/s to 1.14 m/s at urban street canyon. 

Moreover, the field study concedes that greenway identical arrangement has a 

better CE than scattered trees at the same site condition. In addition, the field 



214 

 

survey exposes that the North South oriented street canyons are cooler (DBT 

is lower) than the East West oriented street canyons.  

Correspondingly, the field study of this research unfolds that the CE of 

greenway has a relationship with street canyon aspect ratio. The field study 

reveals that the shallow street canyon devours a significant CE with greenway 

at daytime. The CE of greenway is inversely proportional to the street canyon 

aspect ratio at daytime. Conversely, in bare street canyon the deep street 

canyon remains cooler than shallow street canyon at daytime. Both in case of 

bare and greenway mixed street canyons, DBT is inversely proportionate with 

street canyon aspect ratio at daytime. In addition, the field study discovers that 

deep street canyon mixed with greenway provides consistent cool environment 

of lower DBT at daytime. Discriminately bare or greenway, in condition with 

consistent high solar radiation, street canyon aspect ratio is directly 

proportionate with RH. It is as well unravelled that greenway holds a great effect 

on the increment of RH when mixed with shallow street canyon. Precisely, 

street canyon aspect ratio is inversely proportionate with the Increment Effect 

(IE) of RH on greenway. As well, the field study of this research emits that 

despite greenway has a great IE on RH; the IE turns insignificant when the solar 

radiation is very high and the street canyon is shallow. Nonetheless, deeper 

street canyon mixed with greenway contains a great advantage in increment of 

RH.  In addition, the field study unveils that greenway mixed with deeper street 

canyon has a greater Decrement Effect (DE) on WS at urban street canyon. 

Shallow street canyon mixed with greenway decelerates WS. Conversely, In 

case of shallow street canyon, greenway holds less or sometimes no DE on 

WS of urban street canyon. On top, it is found that bare and shallow street 

canyon has a great WS. Besides, it is determined that greenway has a DE on 

WS of urban street canyon discriminately street canyon aspect ratio. As well 

as, the field study detects that discriminately street canyon aspect ratio; 

comparatively bare study points achieved greater comfort level in terms of WS 

(higher WS).  
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The simulation study establishes that integrated greenway on urban street 

canyon holds much more CE than mere vegetation or using cool pavements in 

a scattered way. Integrated greenway helped reducing DBT to the extent of 

7.03 K to 10.30 K. In addition, the integration of greenway on urban street 

canyon holds a great IE on RH of urban street canyon of Dhaka city and makes 

the microclimate comfortable as well. Integrated greenway helped increasing 

the RH to the extent of 7.90% to 18.47%. Moreover, the integrated greenway 

containing densely planted high LAD and high LAI trees and cool pavement 

(explicitly permeable interlocking concrete pavement) made walking trail has a 

great influence on lessening the Mean Radiant Temperature (Tmrt). This 

phenomenon produce thermal comfort for the pedestrian during weak wind 

summer days. Integrated greenway decreased the Tmrt to the extent of 5.76 K 

to 31.36 K. Nevertheless, the integrated greenway influences at making the WS 

slower. Greenway inclined decreasing the WS to the extent of 0.40 to 0.50 m/s.  

Concisely, the field study and simulation study of this research reveals that 

greenway has a cooling effect (reducing Dry Bulb Temperature and Mean 

Radiant Temperature) on urban street canyon microclimate. As well, greenway 

holds an increment effect on RH (increasing Relative Humidity) of urban street 

canyon. Integrated greenways of urban street canyons ensure pedestrian 

thermal comfort. Nonetheless, greenway holds a decrement effect on WS 

(reducing Wind Speed) of urban street canyon. Greenway elicits less WS, 

subsequently less comfort. To negate this effect, it is essential to find a balance 

between DBT, Tmrt, RH and WS during integrating greenways on urban street 

canyons. In conclusion, integrating greenways on urban street canyons at 

planned residential areas of Dhaka city can provide thermally comfortable, 

benign and pleasant outdoor walking environment for the urbanites. 

7.3 Achievement of the objectives 
The following objectives are achieved through this research. 

 Urban street canyon of Dhaka  

The first objective of this research was to find out the characteristics of existing 

microclimate on urban street canyons at planned residential areas of Dhaka 
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city. It is achieved through field survey at eight sights of planned residential 

areas of Dhaka city. The field study reveals that the bare street canyons of 

Dhaka city is not thermally comfortable for the pedestrians. As at daytime, the 

DBT remains higher than the thermal comfort level (above 303.15 K). However, 

at maximum study points for most of the time of the day the RH was within 

comfort range (30% to 70%). Except from 12.00 to 14.00 hours, when at many 

study points, the RH was below comfort range (below 30% to 70%). The field 

survey unravels that at maximum study points, discriminately bare or green, the 

WS was below the comfort level (below 1.5 m/s) throughout the day. In addition, 

the field study reveals that at planned residential areas of Dhaka city, in 

comparison with the bare street canyons, the street canyons with greenway 

identical ingredients such as high LAD and high LAI trees densely planted on 

both sides of the street canyons enhance the microclimatic thermal condition 

and outdoor thermal comfort. As these greenway identical street canyons 

contain the following climatic conditions. 

 Lower DBT to the extent of 0.73 K to 1.34 to K  

 At some study points, DBT within the thermal comfort level (from 295.65 

K to 303.15 K) or close to thermal comfort level 

 Higher RH to the extent of 0.44% to 1.58%  

However, these greenway identical street canyons showed lower WS to the 

extent of 0.44 m/s to 1.14 m/s. Lower WS follows less thermal comfort, which 

can be negated through balance design of greenway identical urban street 

canyons in terms of DBT, RH and WS. 

 Potential impact of integrated greenway 

The second objective of this research was to study the potential impact of 

integrated greenway on urban street canyon microclimate at planned 

residential areas of Dhaka city. It is achieved through the simulation study of a 

bare street canyon of the planned residential area of Dhaka city and then 

integrating greenway on the same street canyon and finally analysing and 

comparing the findings. The findings reveal that integrating greenways on urban 
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street canyons at planned residential areas of Dhaka city can provide thermally 

comfortable microclimate for the pedestrians. As integrated greenway on urban 

street canyon contributes to the following climatic conditions. 

 Reducing DBT to the extent of 7.03 K to 10.30 K 

 Increasing RH to the extent of 7.90% to 18.47% 

 Reducing Tmrt to the extent of 5.76 K to 31.36 K 

However, integrated greenway reduces WS to the extent of 0.40 m/s to 0.50 

m/s. Again, this phenomenon ensues less thermal comfort, which can be 

annulled through balance design of integrated greenway on urban street 

canyon in terms of DBT, RH, Tmrt and WS. 

7.4 Recommendations  

In order to create cooling effect (both in terms of reducing DBT and Tmrt and 

increasing RH) and for creating a pedestrian thermally comfortable, safe and 

benign outdoor space; the following recommendations can be offered based on 

the outcomes of this research. 

Integrating greenway on urban street canyon: To offer the urbanites a 

thermally comfortable pedestrian friendly city, greenways can be integrated on 

urban street canyons of planned residential areas of Dhaka city. To ensure 

thermally comfortable outdoor space, the integrated greenway needs to contain 

some specific ingredients from the features of greenway. 

Dedicated green trail: A dedicated linear walking trail can be provided 

surrounded with trees on both sides. 

Densely planted high LAD and high LAI trees: In order to achieve outdoor 

thermal comfort, the walking trail need to be shaded with high LAD and high 

LAI trees of larger crown. Besides, these specific trees should be densely 

planted for screening solar radiation and reducing DBT and Tmrt and increasing 

RH. Delonix Regia may be a good choice for integrated greenway design.  
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More green less pave: In order to ensure pedestrian thermal comfort, more 

green and less pavements should be used on urban street canyons. Where the 

paving is essential, the pavement materials need to contain high reflectivity 

(high albedo) and high permeability for reducing Tmrt and enhancing the tree 

growth consequently ensuring more shade. 

Use of cool pavements: To ensure pedestrian thermal comfort and reducing 

Tmrt, the conventional dark pavements can be replaced with cool pavements of 

balanced high permeability and high reflectivity. Permeable interlocking 

concrete pavement may be a great option for integrated greenway design. 

7.5 Limitations and areas for further research 
 For this research, a specific greenway that is most suitable for this 

particular study is modelled and examined. Countless other types of 

greenways can be used for further study. 

 For this study, only daytime microclimatic parameters are scrutinized. 

The microclimatic impact of integrated greenway on night time can be 

studied for further research.  

 For this particular study, street canyons containing only midrise buildings 

(mostly six stories) are inspected. Advance study can be conducted on 

street canyons comprising high-rise buildings. 
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Appendix A: Field data measurements 

Dry Bulb Temperature measured at  
Kalshi (Primary) road: location A: study point-1(green) and point-2 (bare) 

Survey Time 
(Hours) 

 
 
 

Dry Bulb Temperature  
(DBT)  

DBT Difference 
∆𝐓= T2-T1 

 (K) Point-2 (bare): T2 Point-1 (green): T1 
 

K 0C K 0C 

10.00 301.35 28.2 301.35 28.2 0.0  

11.00 302.15 29.0 302.15   29  0.0  

12.00 306.00 32.85 305 31.85 1.0  

13.00 311.65 38.5 311.45 38.3 0.2  

14.00 310.05 36.9 306.55 33.4 3.5  

15.00 309.55 36.4 306.25 33.1 3.3  

16.00 301.85 28.7 301.35 28.2 0.5  

17.00 300.55 27.4 300.55 27.4 0.0  

18.00 298 24.85 298 24.85 0.0  

Average 304.57 31.4 303.63 30.48 0.94 

 
Relative Humidity measured at 

Kalshi (Primary) road: location A: point-1: green and point-2: bare 

Survey Time 
(Hours) 

Relative Humidity (RH) (%) RH Difference  
ΔRH = (RH1-RH2)  

(%) Point -2 (bare):  
RH2 

Point-1 (green): 
RH1 

10.00 49 49 0 

11.00 56 56 0 

12.00 28 35 7 

13.00 22 22 0 

14.00 31 35 4 

15.00 49 49 0 

16.00 64 64 0 

17.00 64 64 0 

18.00 62 65 3 

  Average  47.22  48.78  1.56 
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Wind Speed measured at  
Kalshi (Primary) road: location A: point-1 (green) and point-2 (bare) 

Survey Time 
(Hours) 

Wind Speed (WS)  
(m/s) 

WS Difference  
ΔWS= WS2-WS1 

(m/s) Point-2: (bare) WS2 Point-1: green 
(WS1) 

10.00 0.9 0.1 0.8 

11.00 2.6  0.4 2.2 

12.00 0.9 0.8 0.1 

13.00 0.3 0.1 0.2 

14.00 0.4 0.4 0.0 

15.00 0.6 0.8 -0.2 

16.00 0.7 0.7 0.0 

17.00 0.8 0.5 0.3 

18.00 0.9 0.3 0.6 

Average 0.9 0.46 0.44 

 
Dry Bulb Temperature measured at Ceramic road:  

Location B: point-3 (green) and point-4 (linear green) 

Survey Time 
(Hours) 

 
 
 

Dry Bulb Temperature  
(DBT)  

DBT Difference 
∆𝐓= T3-T4 

 (K) point-3 (green): T3 point-4  
(linear green): T4 

 
K 0C K 0C 

10.00 307.75 34.6 306.55 33.4 1.2 

11.00 308.45 35.3 306.75 33.6 1.7 

12.00 310.25 37.1 310.25 37.1 0 

13.00 308.75 35.6 308.25 35.1 0.5 

14.00 308.65 35.5 306.95 33.8 1.7 

15.00 308.55 35.4 306.85 33.7 1.7 

16.00 307.85 34.7 306.65 33.5 1.2 

17.00 307.75 34.6 306.55 33.4 1.2 

18.00 300.55 27.4 300.55 27.4 0 

Average 307.62 34.47 306.59 33.44 1.02 
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Relative Humidity measured at Ceramic road: 
Location B: point-3 (green) and point-4 (linear green) 

Survey Time 
(Hours) 

Relative Humidity (RH)  
(%) 

RH Difference  
ΔRH = (RH4-RH3)  

(%) Point-3: (green) 
RH3 

Point-4: (L. green) 
RH4 

10.00 39 39 0 

11.00 38 38 0 

12.00 25 25 0 

13.00 26 27 1 

14.00 28 32 4 

15.00 38 39 1 

16.00 57 59 3 

17.00 61 62 1 

18.00 64 64 0 

Average 41.78 42.77 1 

 

 

Wind Speed measured at Ceramic road:  
Location B: point-3 (green) and point-4 (linear green) 

Survey Time 
(Hours) 

Wind Speed (WS)  
(m/s) 

WS Difference  
ΔWS= WS4-WS3 

(m/s) Point-3: (green) 
WS3 

Point-4: (L green) 
WS4 

10.00 0.1 0.7 0.6 

11.00 0.1 0.8 0.7 

12.00 0.1 0.8 0.7 

13.00 0.1 0.8 0.7 

14.00 0.1 0.9 0.8 

15.00 0.2 0.9 0.7 

16.00 0.2 1 0.8 

17.00 0.2 1 0.8 

18.00 0.2 1.1 0.9 

Average 0.14 0.89 0.74 
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Dry Bulb Temperature measured at Secondary road:  
Location C: point-5 (bare) and location D: point-6 (green) 

Survey Time 
(Hours) 

 
 
 

Dry Bulb Temperature  
(DBT)  

DBT Difference 
∆𝐓= T5-T6 

 (K) point-5 (bare): T5 point-6 (green): T6 
 

K 0C K 0C 

10.00 303.00 29.85 302.00 28.85 
 

1.00 

11.00 305.75 32.60 304.00 30.85 1.75 

12.00 310.25 37.10 310.25 37.10 0.00 

13.00 307.85 34.70 307.45 34.30 0.40 

14.00 306.05 32.90 305.75 32.60 0.30 

15.00 306.00 32.85 305.75 32.60 0.25 

16.00 305.85 32.70 305.65 32.50 0.20 

17.00 305.65 32.50 303.00 29.85 2.65 

18.00 300.55 27.40 300.55 27.40 0.00 

Average 305.66 32.51 304.93 31.78 0.73 

 
Relative Humidity measured at Secondary road: 

Location C: point-5 (bare) and location D: point-6 (green) 

Survey Time 
(Hours) 

Relative Humidity (RH)  
(%) 

RH Difference  
ΔRH = (RH6-RH5)  

(%) Point-5: (bare) 
 RH5 

Point-6: green 
(RH6) 

10.00 38 38 0 

11.00 32 32 0 

12.00 25 25 0 

13.00 27 31 4 

14.00 25 25 0 

15.00 32 32 0 

16.00 47 47 0 

17.00 57 57 0 

18.00 64 64 0 

Average 38.56 39 0.44 
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Wind Speed measured at Secondary road:  
Location C: point-5 (bare) and location D: point-6 (green) 

Survey Time 
(Hours) 

Wind Speed (WS) (m/s) WS Difference  
ΔWS= WS5-WS6 

(m/s) Point-5: (bare) WS5 Point-6: green 
(WS6) 

10.00 0.4 0.0 0.4 

11.00 0.6 0.1 0.5 

12.00 0.6 0.2 0.4 

13.00 0.8 0.3 0.5 

14.00 0.8 0.3 0.5 

15.00 0.8 0.4 0.4 

16.00 0.9 0.4 0.5 

17.00 0.9 0.4 0.5 

18.00 0.8 0.3 0.5 

Average 0.73 0.26 0.47 

 
Dry Bulb Temperature measured at Tertiary road 7 and 8:  
Location E: point-7 (bare) and location F: point-8 (green) 

Survey Time 
(Hours) 

 

 

Dry Bulb Temperature  
(DBT)  

DBT Difference 
∆𝐓= T7-T8 

 (K) point-7 (bare): T7 point-8 (green): T8 

K 0C K 0C 

10.00 306.95 33.8 305.55 32.4 1.4 

11.00 307.45 34.3 305.65 32.5 1.8 

12.00 310.25 37.1 310.25 37.1 0.0 

13.00 308.95 35.8 307.95 34.8 1.0 

14.00 308.65 35.5 306.05 32.9 2.6 

15.00 308.15 35.0 305.95 32.8 2.2 

16.00 307.25 34.1 305.65 32.5 1.6 

17.00 307.05 33.9 305.55 32.4 1.5 

18.00 300.55 27.4 300.55 27.4 0.0 

Average 307.25 34.1 305.91 32.76 1.34 
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Relative Humidity measured at Tertiary road 7 & 8: 
Location E: point-7 (bare) and location F: point-8 (green) 

Survey Time 
(Hours) 

Relative Humidity (RH) (%) RH Difference  
ΔRH = (RH8-RH7)  

(%) Point-7 (bare) : 
RH7 

Point-8 (green) : 
RH8 

10.00 59 64 5 

11.00 57 59 2 

12.00 25 25 0 

13.00 26 27 1 

14.00 28 28 0 

15.00 58 60 2 

16.00 60 61 1 

17.00 61 62 1 

18.00 64 64 0 

Average 48.67 50 1.33 

 
 

Wind Speed measured at Tertiary road 7 & 8:  
Location E: point-7 (bare) and location F: point-8 (green) 

Survey Time 
(Hours) 

Wind Speed (WS) (m/s) WS Difference  
ΔWS = WS7-WS8 

(m/s) Point-7 (bare) : 
WS7 

Point-8 (green) : 
WS8 

10.00 0.4 0.0 0.4 

11.00 0.8 0.0 0.8 

12.00 0.9 0.1 0.8 

13.00 1.0 0.2 0.8 

14.00 1.1 0.2 0.9 

15.00 1.3 0.4 0.9 

16.00 1.5 0.6 0.9 

17.00 1.6 0.7 0.9 

18.00 1.7 0.8 0.9 

Average 1.14 0.33 0.81 
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Appendix B: Simulation maps  

Some significant simulation study maps including their comparative simulation 

study maps in terms of Dry Bulb Temperature (DBT), Relative Humidity (RH), 

Mean Radiant Temperature (Tmrt) and Wind Speed (WS) at Kalshi road on study 

point-2 (bare) and study point-1 (greenway), from 08.00 to 20.00 hours on 

06.03.2018 are presented below. 
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Appendix C: Instrumentation 

 
 

 

 

 

 

 

 

 

 

 

 
Figure: Extech 45118: Mini Thermo-Anemometer. 

 

Extech 45118: Mini Thermo-Anemometer:  

The 45118 is a waterproof pocket sized Thermo-Anemometer for air velocity, 

temperature and wind-chill measurements. Simultaneously display air velocity 

and temperature or wind-chill on the LCD screen. Selectable averaging function 

of 5, 10, or 13-second intervals. Fold up protective housing extends to 9 in. (229 

mm) for a better reach. Tripod mountable. Features data hold with auto power 

off functions. Complete with battery and 43 in. lanyard. 

Features: 

 Display air velocity and temperature or wind-chill 

 Selectable averaging function of 5, 10, or 13 second intervals 

 Fold up protective housing extends to 9" (229 mm) for better reach 

 Tripod mount 

 Data hold with auto power off 
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Specification and range of Mini Thermo-Anemometer 

 

Zeal-Clock-Hygro-Thermometer:  

Digital Thermo-Hygrometer. Used to measure temperature and humidity. 

The genuine GH Zeal product. All the quality and assurance of a Zeal product. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Zeal Clock & Hygro-Thermometer. 

Additional information: 

The Thermo-Hygrometer model PH 1000 displays humidity over the range of 

10 to 99% RH and temperature over -50 to + 70 °C or equivalent °F with a 0.1 

°C/°F resolution. It also incorporates a 12/24 hour clock. Instrument is housed 

in a white ABS case that has a foldaway stand and keyhole slot for wall hanging. 

Reads temperature and records maximum / minimum temperatures the unit has 

been exposed to since the last time the unit has been reset. 

Specifications Range 
ft/min (res.) 100 to 5500 (20) 
m/s (res.) 0.5 to 28 (0.1) 
km/h (res.) 1.8 to 100.6 (0.7) 
MPH (res.) 1.1 to 62.5 (0.2) 
knots (res.) 1.0 to 54.3 (0.3) 
Beaufort Force (res.) 1 to 17 (1) 
Temperature 0 to 122˚F/ -18 to 50˚C (0.1˚) 
Basic Accuracy  
Airflow ±3% of reading 
Temperature/Relative Humidity ±1.8˚F, ±1˚C 
Dimensions/Weight 5.25x2.75x0.75" (133x70x19mm)/ 3oz (95g) 
Vane 1" (26mm) D 
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Measuring range: 

 Temp: -50 ºC/+70 C (-58 ºF/+158 ºF)  

 Humidity: +10% RH to 99% RH 

 Accuracy: 

 Temp: +/- 1 ºC (2 ºF)  

 Humidity: +/- 5% RH 

 Display resolution: 

 Temp: 0.1 ºC (0.1 ºF)  

 Humidity: 1% RH 

 Battery: 

 One 1.5 volt AAA 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 


