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Graphical abstract Abstract

The effects and consequences of climate change have been extensively
considered in the urban design qualities. The climatic factors directly affect
human activities in urban spaces, particularly in the pedestrian environment.
The global issues on climate change could be well understood by
understanding the contributions of climatic conditions towards thermal
environmental discomforts. So, the roles and processes in urban design can
be enhanced to reduce the impacts of extreme urban climate on pedestrian
experiences. This current artficle focused on the systematic review of thermal
comfort through urban designing, detailing the objectives, methods used,
and the body of knowledge to deal with this issue. This paper also summarizes
the current understanding and challenges in addressing the microclimatic
analysis roles in human life by discussing the thermal comfort studies and
literature regarding human, building, and city levels. Finally, this systemic study
demonstrated the needs and potential assessments based on the quality and
standardization of human-centric data collection and interpretation. [t
specifically addressed an urban planner's structure that could be used as an
empirical method during the urban planning processes. In conclusion, the
applications of the recommended methods identified in this study aid in the
design decisions to shift towards climate comfort in urban spaces.

Keywords: Climate change, Urban climate, Climatic comfort, Urban space,
Pedestrian environment

Abstrak

Kesan dan akibat perubahan iklim telah banyak dipertimbangkan dalam
kualiti reka bentuk bandar. Faktor iklim secara langsung mempengaruhi
aktiviti manusia di ruang bandar, terutama di persekitaran pejalan kaki. Isu-isu
global mengenai perubahan iklim dapat dipahami dengan baik dengan
memahami  sumbangan keadaan ikim terhadap ketidakselesaan
persekitaran terma. Oleh itu, peranan dan proses dalam reka bentuk bandar
dapat ditingkatkan untuk mengurangkan kesan iklim bandar yang
melampau  ferhadap pengalaoman pejalan  kaki.  Arfikel  terkini ini
memfokuskan pada tinjauan sistematik mengenai keselesaan termal melalui
perancangan bandar, dikuti dengan perincian objektif, kaedah yang
digunakan, dan badan pengetahuan untuk menangani masalah ini.
Makalah ini juga merangkum pemahaman dan tantangan terkini dalam
menangani  peranan analisis mikroklimatik dalam kehidupan manusia
dengan membincangkan kajian dan literatur keselesaan termal mengenai
tahap manusia, bangunan, dan kota. Akhirnya, kajian sistemik ini
menunjukkan keperluan dan penilaian berpotensi berdasarkan kualiti dan
standardisasi pengumpulan dan inferpretasi data yang berpusatkan
manusia. Secara khusus membahas struktur perancang bandar yang dapat
digunakan sebagai kaedah empirikal semasa proses perancangan bandar.
Kesimpulannya, penerapan kaedah yang disarankan yang dikenal pasti
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dalam kajian ini membantu dalam keputusan reka bentuk untuk beralih ke
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arah kenyamanan iklim di ruang bandar.

Kata kunci: Perubahan iklim, Iklim bandar, Keselesaan iklim, Ruang bandar,

Persekitaran pejalan kaki
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1.0 INTRODUCTION

According to the UNDP report (2019), ten cities had 10
milion people in 1990. The number of mega-cities
increased to 28 by 2014 and was projected to exceed
33 by 2018. Moreover, 9 out of 10 future mega-cities will
be found in developed countries. Keeping that in mind,
the current greenhouse gaseous emissions are more
than 50% higher than the emissions in 1990. Global
warming brings long-lasting changes to our climate
environment, and the threats are irreversibly
consequential [1]. Climate change has become a
significant reality worldwide and in recent decades.
During the last century, the global temperature has
increased by at least 0.8°C, while the atmospheric CO2
concenfration has risen from 280 ppm to 370 ppm.
These values are expected to double by the year 2100,
with a concomitant temperature increase of between
1.1 10 5.4°C above the 1900 level [2].

The IPCC's most recent scientific assessment
concludes that the Earth's climate changes in every
area and across the whole climate system. Many of the
alterations are unparalleled in thousands, if not millions,
of years. Some, lke ongoing sea-level rise, are
unstoppable over hundreds to thousands of years. The
impact of human effect on the climate system is
indisputable, according to the paper. It also
demonstrates that human activities can still influence
the future path of climate, pointing fo significant and
long-term reductions in carbon dioxide and other
greenhouse gas emissions as a means of limiting
climate change [148].

Consequently, one of the most critical issues faced
by society today is climate change. Nafture and human
consegquences in tfowns are the first fo be felt [3].
Accordingly, the cities are the drivers of fransformative
actions, especially in addressing the sectoral,
demographical, spatial, and ecological challenges of
climate change and exireme disaster risks [4]. In turn,
the global decision-makers promote the idea of
‘resilience to climate changes" as a mix of co-benefits
between mitigation, adaptation, and sustainable
growth [5]. The cities are gaining political salience
within the current global agreements, such as the Paris
Agreement (2015) published by the United Nations
Framework Convention on Climate Change (UNFCCC),
followed by the Sustainable Development Goals (SDGs)
and the New Urban Agenda (2016) of Habitat Il [6,7].
All these global mechanisms noticed the cenfrality of
local populations and policymakers in adapting fo
climate change. However, these mechanisms remain

uncertain on implementing the cities' improvements
inequitable, effective, and inclusive manners [8].

Urban development has also led to the Urban Heat
Island phenomena (UHI) [?] that contributes to the
metropolitan environments as the significant rise in air
femperature and thus exacerbates the climate
change impacts by rising heat waves [10, 11]. So, a
willingness to "control" climate change effects, either
from the emissions or from the adaptations
perspectives, particularly when looking at the urban
areas, is urgently needed [12]. In this context, as an
interdisciplinary science, urban design should play an
active role in balancing human needs and addressing
the most critical climatic concerns, including climate
change. Hence, the urban planners and designers
must develop environmentally sustainable and climate-
sensitive urban designs, each with practical guidelines
for policy-making and urban processes. This review
aims to gather and synthesize current knowledge on
the impacts of personal thermal exposure (with
emphasis on thermal comfort) on the human body
through a comprehensive and systematic literature
review.

The success of urban space depends directly on the
number of people who use that space. Promoting
climate comfort can lead to the presence and
prosperity of urban spaces and improve these spaces
as urban places. Thermal comfort is a basic need in
public space; without it, it is difficult fo determine how
other space needs can be met. The lack of codified
and comprehensive principles in methods to improve
thermal comfort in urban open spaces is exacerbated
by the novelty of the issue and the significant delay in
discussing thermal comfort quality concerning open
urban spaces. Furthermore, the complexity of issues
related to thermal comfort, which is related to climate
as an unstable phenomenon on the one hand and
humans on the other, has made it difficult for designers
fo use the methods available to them; as a result, it has
stabilized the need to develop principles, methods,
and tools that provide a place to meet the climatic
needs of urban spaces through design. Thus, This review
aims to compile and synthesize the current information
on human-scale microclimate indicators  (with
emphasis on thermal comfort) through a thorough and
systematic literature review. The systemic analysis
follows the following steps: (1) the literature sample or
universe was compiled by ufilizing a set of stringent
eligibility requirements, (2) the critical information
regarding the state-of-the-art areas from each
qualified source were obtained, derived and identified,
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and (3) the emerging issues in the literature sample
were studied and analyzed to further distinguishing the
opportunities and obstacles for the future studies.

2.0 METHODOLOGY

The universe of research was described as "the whole
body of documentation to be generalized in this
report,”" following a comprehensive analysis of literature
relating fo thermal comfort. This study narrowed the
methodological measurements of thermal emissions in
the built environments to personal exposure. The
concept of thermal comfort was expanded to a state
of mind that signifies satisfaction with the thermal
environments [85].

The literature base analysis in this field contributed
to the experiments beyond the reach and viability of
this review. A set of eligibility requirements was then
defined to resolve the research applications to this
study. This is a vital step in the systemic evaluations to
ensure that the debates are accurate and
representative. Then, by dividing the article's content
info two parts, decomposition and composition, an
aftempt has been made to explain each of these sub-
sections to develop a decision-making framework used
as a conclusion.

2.1 Qualification Criteria

A representative selection for analysis and assessment
was performed based on the following multi-stage
parameters (Figure 1). First of all, the evaluations were
restricted to peer-viewed trials fo reach a suitable
sample size, where the thermal comfort indices were
measured by sensing, simulating, or data processing.
Secondly, the 'Microclimate Index' criterion was
evaluated, and the micro-climate studies were
described as local environments, sometimes with a
slight variance but often with a significant differential
within the vicinity. Finally, the priority was given to the
urban and built environments, excluding the studies
based on the data collected from repatriated weather
stations situated farther from the urban areas or the
studies with minimal significance to the urban and
developed environments. In this sense, all the indoor
dimensions, outdoor and intermediate spaces offered
a holistic view of custom heat exposure.

2.2 Classification Of Literature Sample

There are various facets to the thermal comfort effects
on human life, including physical and mental health
and human comfort, reliability, and performance. As
this thermal comfort has broad impacts, the new
strategies and efforts to track personal heat exposures
focused and span on various fields and the spinning
sectors of environmental research and architecture,
urban climates, construction infrastructure, public
health, occupational health, and sports science.
Consequently, to include an in-depth review of the

state-of-the-art, the literature surveyed and included in
this study were differenfiated based on the targeted
outcomes. Besides, the goals to frack customized
thermal exposure in any field differed significantly, such
as reacting with tfraditional thermal exposure studies,
determining the spatfial and temporal error, and
excluding psychological reactions.
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Figure 1 Flowchart demonstrating the selection of literature for
evaluation and review

3.0 DECOMPOSITION:
LITERATURE CONTENT

3.1 Urban Sustainability

DESCRIBING THE

Sustainability is generally referring to the ability to
preserve. Subsequently, the required change is an
advancement that tackles the existing problems
without addressing the potential demands. Hence,
supportable improvements require three primary
compromises:  natfural, social, and  monetary
maintainability. It gives a principle area to different
maintainability guidelines [13]. The most significant
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parts involved in all daily actions, like innovations,
decisions, policy measures, and business strategies, aim
to improve the existing urban fabrics, economies, and
(infra)structures. However, urban life's collective
impacts are persistently unsustainable, and in contrast,
are creating negative ecological impacts, social
tensions, and economic crises [14]. Therefore, there is a
need for more significant and more profound changes
to the new societies, systems, and sustainable
behaviors, rather than the less unsustainable
approaches [15].

Sustainable developments must be equitable,
livable, and viable. It is considered a drawback for
sustainability fo have a poorly established philosophical
foundation [16], unrivaled development in the various
dimensions of sustainability, particularly in  the
environmental aspects. Many of the authors claimed
that the definitions of sustainability vary according to
the target areas of researchers [17]. Turcu (2013) stated
that there are no generally and widely agreed
concepts of sustainability. Sustainable development
means achieving enduring developments that address
human needs and life quality improvement.
Simultaneously, the urban areas should utilize natural
resources at a level maintained by the ecosystem's
regenerafive potential [18]. According to Mori and
Christodoulou (2012), the nested approach supported
the hierarchical approach to biophysical, social, and
economic sustainability. The study argued that the
social, economic, and environmental aspects could
not cooperate in the triple boftom line framework. The
functioning life-support systems, social structures,
institutions, and economies depend on each other.
Even though this approach was explained as having
limited scope, it is essentfial to mention that the nested
hierarchy approach considers the Earth's biophysical
limits as the final boundary containing social and
economic parameters [19].

According fo Pupphachai and Zuidema (2017),
sustainable development provides a more general
direction for evaluating and streamlining urban
function and structure policies than a precise definition
[20]. Consequently, the Sustainable Development
Goals' development was created with 17 broad goals
and 169 interconnected targets, based on the national
priorities [21]. The Sustainable Development Goals
(SDGs) and targets were clarified in 2015 [22] and
provided the explicit goals of achieving a holistic
solution fo sustainable growth for both developing and
developed countries for the next 15 years [23]. These
goals are more infegrated into the policy than the
Millennium Development Goals (MDGs) because the
nations can prioritize their targefts and goals over
national scales and local conditions while working with
the internationally accepted norms. The SDGs are
accompanied by accurate indicators and goals with a
"means of implementation," including financial, trade,
technological fransfers [24].

At this point, the urban boundary concept is still
lacking. As the urban areas extend beyond their
political or administrative boundaries, the sustainability
measurement in politically defined urban areas is

irelevant, arbitrary, and reduces the ground's reality.
[25]. However, the importance of political and
administrative  boundaries persists and is  not
challenging since they have a clear route to provide
sustainable societal policies [26]. Looking at the
sustainability approaches from a policy perspective is
an essential link in the sustainable development
processes. This enables the examinatfion of practical
steps in realizing sustainability strategies as a handy
fool. According to Tang and Lee (2016), the concept
of sustainability at the management and decision-
making levels consisted of three main parts, i.e., the
policy-making, the decision-making, and the problem-
solving processes (Figure 2) [27].

Policy Making || Decision Making || Problem Solving ’ In the Context of
Process Process Process Sustainable Development

Fundamental helcenc Goa Identifications of
First Step refigence Clarification

> Building a Synthesis
Framework

Issues and Goals

Figure 2 Building a synthesis framework as a fundamental first
step [26]

Newman and Jennings (2012) defined sustainable
urban ecosystems as the "ecosystems which are
ethical, effective (healthy and equitable), zero-waste
generating, self-regulating, resilient, self-renewing,
flexible, psychologically-fulfiling and cooperative.".
Hence, sustainable urban developments include:
1. improving the quality of life through social
interaction and easier access to a wide range of
services;
minimizing energy consumption
buildings designing technologies;
sustainable transport;
environmental protection and restoration [28];
renewable energy and waste management;
green economies, including clean technologies,
green tax policies, and green infrastructure [29];
7. environmental justice and equity through public
health and welfare by natural resource
management, including affordable housing,
efficient fransport, and community participation
in policy decisions. [30].

8. Preserving the public spaces, as well as the
cultural and natural heritages [31].

Urban sustainability includes the balance of
biodiversity, energy, materials, and environmental
issues like air pollution, heat island, and noise pollution.
Peter et al. (1998) defined sustainable urban indicators
as "physical, chemical, ecological or socio-economic
measures' that calculate the environmental or
complex ecosystem variables [28]. Although the
indicators are measuring the sustainability progresses,
their applications are not accessible across different
cities or regions. The cities have different sustainability
definitions, but the definitions are the indicators
designed to measure sustainability for a particular city;
thus, the definitions in one city may not apply fo
another city [32]. Apart from a spatially focused

N

via green

oUW



133 Mohammadhassan Salmanian & Norsidah Ujang / Jurnal Teknologi (Sciences & Engineering) 84:1 (2022) 129-148

approach, no particular criteria for urban sustainability

indicators  distinguish ~ them  from  sustainable
development indicators [33].

Based on the revisions in earlier sections,
sustainability consists of three general economy,

society, and environment subsets. Each dynamic
interaction of these three components can pave the
way for sustainable urban developments. Meanwhile,
the issues stated in the "Environmental Sustainability”
are among the most critical challenges in recent
decades and have always attracted designers' and
urban managers' attention. Due to its productive
forces, the field has a wide range of research within the
sustainability concept. Hence, the "Environmental
Sustainability" approach for further research was
studied briefly in the rest of this research.

3.1.1 Sustainability and Environment

The World Commission for Environment and
Development (WCED), established in 1987, produced a
document entitled "Our Common Future (Brundtland
Report)" coordinated by the Commission, Gro Harlem
Brundtland. Briefly, the report stated that "Sustainable
development addresses present-day needs without
undermining future generations' capacity to fulfill their
own needs" [34]. This report is historically significant for
two reasons. First, it infroduced the infernafional
discourse of authoritative imposition according to the
principle of obligation for the future. Second, the
possibility of challenging development ideas is a
concept that has long been indisputable. Combining
the word "growth" with the adjective "sustainable" has
resulfed in an exceedingly critical implication as it
established the difficulty in maintaining the current and
accurate definitions of exceptional development
without any adjectives. [35]. Sustainable development
has been an integral aspect of urban policy and
planning. Environmental sustainability studies guide
cities' planning or governing due to problems like
population pressure and proximity fo resource
limitations, the current or anficipated exogenous
environmental impacts, and a greater sense of global
responsibility [36]. The ecological environment is critical
for everyone because it can provide for human
survival, materials  basis development, and the
necessary conditions. Moreover, human beings cannot
survive and develop in an inappropriate ecological
environment. In conclusion, human existence and
developments are dependent on a suitable
environment [37].

Ecological Urbanism

Ecological urbanism is a viable approach among the
conventional approaches to achieve environmental
sustainability and to establish a close interrelation
between the city and nature. [38]. Ecological urban
design is critical for the city's sustainability and offers a
sfructure to address the ethical problems (including
climate change and environmental equality), followed
by human health, security, welfare, importance, and

enjoyment needs. The principles are described but not
exhaustive: 1) The cities are a part of the natural world,
2) The cities are habitats, 3) The cities are ecosystems,
4) The urban ecosystems are interconnected and
dynamic, and 5) Each city has a profound and
enduring structure [38].

Natfure-based Urbanism
The potential for urban planning and political

approaches introduction based on the ecosystems is
becoming increasingly popular with both the scientists

and policymakers, as these approaches offer
sustainable and cost-efficient  solutions for water
management [39], air quality [40], and urban

biodiversity  [41], additionally  for  cross-cutting
challenges like biodiversity conservation, public health,
and wellbeing [42].

The scientists are being encouraged to switch from
ecosystem-based to nafural-based solutions (NBS) to
collaborate with  the communities on climate
adaptation, mitigate climate change effects, conserve
biodiversity, and improve the wellbeing of human

health [43]. Natural resource conservation and
environment support programs are crifical fo
accomplishing  the  objectfives of  sustainable

developments. NBS is directly relevant to several policy
areas and interacts with several others through their
systemic nature, such as land use and tfown planning
[44].

Many researchers have drawn on the ecosystem
services guidelines to evaluate the biophysical or
financial impacts of ecosystem-based approaches in
the cities [45] and examine the synergies potential and
frade-offs between the ecosystem services bundles
[46]. Although the Intergovernmental Platform on
Biodiversity and Ecosystem Services (IPBES) draws on a
more holistic definition of natural responsibility to the
society, it also acknowledges that environmental
decision-making needs to uphold various principles
forms, particularly the ideals correlated with many
world views regarding human interactions and
knowledge-based structures [47]. The European
Commission supports and incorporates these principles
info the EU, a national accounting and monitoring
structure that measures and assesses ecosystem
resources and their economic impacts [48].
Furthermore, a realistic and detailed road map
severely lacks the mechanisms that make the
evaluation feasible and the appraisal of mutual gains
in and through the implementation and decision-
making phases [49].

A recent review of EU policies showed that the
policy and planning begin on the concept of
ecosystem services [50]. In some instances, an
environmental assessment is limited to the specific
problem areas (i.e., biodiversity and ecosystems), while
the inter-sectoral effects (i.e., biodiversity-economical
links) are rarely discussed. Moving forward, the solutions
implementations include the toolkits for decision taking
to simplify, systematize and evaluate the co-benefits in
supporting decisions [48], the processes for reflecting,
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connecting, investigating, modeling, exploring, doing,
and suggesting the solutions [51], and the supports of
multidimensional communication networks for
delivering co-benefits in the real-world contexts [52].

Climate-sensitive Urbanism

Urban areas are among the most susceptible regions to
climate change impacts. Hence, the studies on city-
climate interactions are rising in numbers. The Climate
Sensitive Urban Design (CSUD) principle acknowledged
that urban architecture could be used to infroduce
changes to the urban landscape, enhance cultural,
geographical, practical, and aesthetic advantages,
and resolve climate change concerns in order to
enhance urban resilience [53].

With a few exceptions, the urban planning systems
worldwide have their origin in the Western town
planning ideas that emerged during the end of the
19th and the beginning of the 20th century [54]. These
planning ideas in Europe and North America are based
on urban modernism and include rigid zoning
regulations, wide streets aimed for motor vehicles, low
plot coverage, and significant seftbacks. These
concepts were either "copied" from the West or were
imposed by the foreign powers during the colonial
period. Although the adjustments to local conditions
have taken place after the colonial period, the
principles have remained mainly the same [54]. Apart
from that, the urban areas play significant roles in the
climate change we are facing today. The
UNEP/UNHABITAT (2005) reported that urban activities
constitute over 80 percent of anthropogenic carbon
dioxide emissions produced each year globally. Urban
forms and design variables included the orientation,
surface materials, urban texture, density land cover,
ground surface evapotranspiration, building materials,
building fechnologies, and shading effects provided by
frees, directly influencing the microclimate cities. This
medium proves that most urban areas' activities
significantly confributed to the overall climate change
[55].

A primary reason to study the urban climate effects
is to apply the knowledge acquired to plan new
climatically sensitive seftlements or address climatic
problems in the existing settlements [56]. Besides, the
design awareness that follows the environment and
climate needs is increasing. In addition, different
climatic aspects such as the climate circumstances,
seasonal variations, and climate change bring
additional urban development planning and design
needs. So, the urban' climate-sensitive design includes
the processes that consider the significant indices of
microclimates (e.g., sun, wind, femperature) for design
purposes. This concept is applied to benefit from the
existing urban microclimates, mitigate the stressed
conditions, and decrease the adverse effects through
design and planning options [57].

The planning and design practices incorporated
info the overarching governance systems can be
categorized info the global, region-nafional, city,
neighborhood, and plot/building practices scales (as

shown in Figure 3). The actors in these systems include
the governments, private and public land developers,
public representatives, professional planners, designers,
and citizens, as shown in Figure 3 as examples. In
essence, on a global scale, the climate context is
established by various international agreements, such
as the United Nations Framework Convention on
Climate Change (UNFCCC). These agreements
required the rafifying parfies to limit emissions of
greenhouse gases (GHG) at regional and national
scales. Furthermore, equivalent policies stipulate legally
binding air quality standards at city-scale policies or
manage extreme events like heatwaves and floods
enacted at the neighborhood scale. Therefore, the
amount and character of green space and its
distribution that can affect local climate are made on
different scales. Finally, the choices on landscaping,
building insulation, and so on tfo manage the
microscale climate and building energy usage are
made at the plot/building owners and occupiers [56].
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Figure 3 The hierarchies of scales at which actors (whether
individuals or organizations) make decisions affecting
changes in urbanized landscapes [56]

While the cities play crucial roles as the generators
of economic wealth, their role in enabling their
populations' wellbeing is of equal or greater
importance. In the context of climate change, various
direct and indirect impacts threaten both of these
roles. The direct effect of climate change takes the
binary form of shocks and sudden impacts, such as
storms, typhoons, heatwaves, and stresses, that build
gradually over time with sea-level and overall
temperature shifts in precipitation frends (Figure 4). In
furn, such events generate an outfpouring of indirect
impacts that will erode the city's capacity to adapt
due to the significant socio-technical system
disturbances [58].
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Figure 4 Climate change impacts could affect several
essential urban functions via direct and indirect effects [58]
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These effects are especially felt by the vulnerable
communities suffering from widespread deprivations
because of their heightened sensitivity to the threats or
their limited ability fo adapt due to low assets levels
[59]. Figure 8 shows the compound effects of climate
change, in addition to the direct impacts, indirect
impacts, and pre-existing vulnerabilities. The definition
of climate change adaptation applies fto the
inferventions aimed atf minimizing the natural and
human systems' vulnerability to the actual or
antficipated climate change effects [60]. Figure 5
explains that the actions to improve the vulnerable
urban populations' adaptive capacity must focus on
disaster risk reduction (DRR) and decreases urban
poverty, but these activities are currently insufficient. It
also needs concrete measures to improve the city's
capacity to preserve the vital positions that foster its
people's wellbeing and sustains its economy. Such
initiatives must understand the consequences of
climate change in the sense of how the city (the
metropolitan system) operates and which are less able
to address shocks and stresses [61].
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Figure 5 Climate impacts: a compound effect combines
direct, indirect, and pre-existing vulnerabilities [58]

3.2 Urban Climatology

Although human beings have adapted to their
environments throughout history, climate change still
poses new and unique challenges threatening their
lives and livelihoods. In the past two decades, attention
to climate change adaptation has increased due to
the increasing risks and the growing uncertainty of
climate change. The climate change ferm came into
action in the 1990s and had gained momentum partly
due to the Intergovernmental Panel on Climate
Change (IPCC) definition. This definition was most
recently in its fourth assessment, was stated as
"adjustment in natural or human systems in response
towards actual or expected climatic stimuli or their
consequences, which moderates damage or takes
advantage of benefits [2]. Besides, several of the
United Nations Framework Convention on Climate
Change's (UNFCCC) Conferences of the Parties (COP)

discussed this growing body of practices. The
presentations culminated to form the COP 21 and
highlighted the emerging need to establish a global
aim fo adapt to "enhancing adapfive capacity,
strengthening resilience and reducing vulnerability to
climate change" [¢].

In addition to global challenges, urban areas have
unigue climate risks. For example, urban heat islands,
impervious surfaces exacerbate flooding, and sea-level
rise threatens coastal development [61, 62, 63]. Also,
the urban areas housed most of the world's populations
and acted as the global economic hubs, thus exposing
many assets to climate change hazards [59]. The urban
areas also present unique adaptation opportunities.
First, the adaptation decisions often require locality-
specific actions and are best tailored by the local-level
decision-makings [5]. Second, the urban areas are also
the contexts to innovations; hence, they may efficiently
garner and use resources. Many charitable foundations
are eager fo fund local adaptations and spanning
avenues, such as the Kresge Foundation's Urban
Adaptation Assessment to analyze the urban areas
regarding their vulnerability to the changing climate
and the readiness to adapt. The project will help
elevate the critical climate action needs, informing
infrastructure, land use, water resources management,
and fransportation. This is followed by other policies
and funding issues to motivate the communities to act
and be informed about the methods to make them
stronger and more resilient to climate change. Fourth,
the cities' importance in adapting to climate change
has led to a recent surge of interest and "one-
upmanship" between the cities, as demonstrated
through the growing interest of populations as
recorded in C40, 100 Resilient Cities [64]. As a result,
many cities are developing their adaptation efforts and
increasing urban adaptation studies [65]. Besides, the
Georgetown Climate Center's Adaptation
Clearinghouse tracks some state-level adaptation
plans, and the studies have examined the contents
therein [66]. The emerging academic literature
discovers the need for progress in urban adaptation
[67]. Policymakers have gone through significant
adaptation evaluation work on the counfry level,
including fracking their vulnerability, adapting to
climate hazards, and natfional progress in their
adaptation planning [68].

3.2.1 Urban Ecology

Urban ecology is the study of the structures and
functions of human-made environments, followed by
how the Iliving and nonliving parts of those
environments relate to each other and the energy
flow, materials, and nutrient quantification required to
sustain the urban systems. Urban ecological studies can
be conducted in many ways and at multiple scales.
There is generally a distinction between the cities'
ecology and the ecology in cities [69]. Urban ecology
contains two closely related perspectives [70, 71]. The
first addresses the ecology in urban areas and is closely
dlied fo fraditional ecology by investigating the
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ecological patterns and processes in urban areas and
other environments. The second one indicates much
more significant socio-economical components by
acknowledging the human activities' dominance in
shaping the urban ecosystems [72].

3.2.2 Urban Ecosystems

The urban ecosystem refers to the relationships
between the living organisms, communities, and
abiotic environment in cities [74]. The inextricable
relations between the human and abiotic components
in an environment are a fundamental concept for
ecology. The biological community of species (for
example, vegetation, plants, and people) and the
abiotic environmental habitats are combined to form
the urban ecosystems (Figure 6) [56].

Urban
Ecosystem

Uban

Urban
Hydrosphere

Urban
Pedo- and Lithosphere

Urban System

Figure é The biophysical components that comprise an urban
ecosystem [56]

From another perspective, Alan R. Berkowitz et al.
(2002) defined an urban ecosystem as the model
based on the relationships between the social,
biological, and physical components (Figure 7). It is
possible to recognize this relationship by understanding
that urban environments are complex and are
affected by increasing driving forces [74].

 System Dynamies
+ Spatial Analysis

* Historical Context
» Sustainability

Figure 7 A simplified model for understanding urban
ecosystems as the inferaction of a city's social, biological, and
physical components. [74]

3.2.3 Urban Metabolism

The critical functions of an ecosystem cooperate with
metabolism. Metabolism is explained as "the chemical

and physical processes which a living thing uses food
for energy and growth"
(https://dictionary.cambridge.org/us/dictionary/english
/ metabolism), or as "the sum of the physical and
chemical processes in an organism by which its
material substance is produced, maintained, and
destroyed, and by which energy is made available,"
and as "any basic process of organic functioning or

operafing; changes in the country's economic
metabolism," (HTTPS://
www.dictionary.com/browse/metabolism). Therefore,

metabolism refers to both biological/physiological
processes and social processes [73].

The city is an integrated open system consisting of
living things interacting with their physical environment.
This system is 'open' to the import and export of both
energy and mass. In detail, it means that the city's built-
up area cannoft exist without support from the outside
boundaries of the system. In analog to a living
organism metabolism of 'transforms substances info
fissue with an attendant release of energy and waste,'
the urban metabolism is described as the flow and
fransformation of materials and energy in a city (Figure
8) [56]

Water

TN, ceerons

L

Fuels and Raw - L.

Materials JQ{\—# T E
‘\"

Power ﬁL W ;%2
e —i—~f”" s

;’mf;ﬁ Solld

Clean Al f Waste

®.9 chvoded

City Water

Manufactured
Goods

y Medified Atmosphere

Hinterland

Figure 8 Represents inputs tfo, and oufputs from, an urban
ecosystem (Modified after Christen 2014; © Elsevier, used with
permission) [56]

Applied urban climatology involves planning to
achieve local climate conditions ideal for humans in
the urban canopy layer. The German Meteorological
Society's biometeorology experts have defined the
expression of 'ideal urban climate' as follows [75]: "ldeal
urban climate' is a spatially and temporally variable
state of the atmosphere within urban structures
containing as litfle air pollutants  produced
anthropogenesis as possible. Besides, urban planners
and designers should offer a fremendous spatial variety
of urban microclimates to the urban population
(characteristic length of urban spaces with different
climates related to cities in mid-latitudes: about 150 m)
by avoidance of extreme conditions " [75].

The awareness of urban climatology increased in
the past decade. Urban climatology is affected by a
town or city and is conducted to raise the conditions in
cities; hence the dramatic thermal shifts are discovered
and experienced. Urban climatology research mainly
involves experimentation, observation, and numerical
weather modeling and focuses on urban-related
weather phenomena. Such occurrences are the urban
heat island (UHI) environmental concerns, as
characterized by the warmer cities, compared to the
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surrounding  environment. The  mitigation and
understanding of UHIs have been targeted by urban
meteorologists and climatologists for many decades
[9].

3.3 Urban Climate Indices

The interactions between the urban climate and
energy demands, outdoor comfort, and energy
systems are infricate and inferconnected. However,
the urban microclimates' modeling is very complicated
because of the citiess geometric complexity,
heterogeneity, and atmospheric phenomena [12]. The
cities and the climates are two human-made and
natural systems that have a close relationship. The
different city spaces, such as buildings, green spaces,
urban networks, are designed by paying attention to
the functional, visual, and aesthetic qualities, besides
the need for attention to the city's climates and by
observing the climatic design criteria. The climatic
determinants in the design structures of urban spaces
include four main elements, e.g., "Solar Radiation,”
"Wind Flow," "Relative Humidity," and 'Temperature.”
Managing the two indicators of solar radiation and
wind flow makes it possible to confrol the relative
temperature and humidity fo the desired level.
Therefore, the first step in climatic design is to be
sufficiently aware of the impacts of the changes in
these climatic elements on the process of
environmental comfort.

3.3.1 Solar Radiation

The energy that causes what we call the climate
begins with the sun. The sun's energy comes to the
Earth in electromagnetic radiation form. All the objects
give off electromagnetic radiations as waves with
peak-to-peak lengths that depend on the objects'
surface temperature. The sun's surface temperature is
near fo 6000°K, and the elecfromagnetic energy from
the sun that can penetrate through the Earth's
atmosphere has a peak in the 400 to 700-nanometer
range, which is visible to humans (nm). The total range
of the solar spectrum on Earth is from approximately
280 nm fo 3000 nm (or 0.28 micrometers, abbreviated
pum, fo 3 um), and this whole short wave range is known
as solar radiation [73]. Hence, the cities are the first field
with  solutions closely connected to energy
consumption that can be tackled and ultimately
solved. Solar urban planning is a current topic that
stemmed from the inadequacy of traditional urban
planning processes regarding solar capacity. So this
issue is a determining factor to reach smart energy
cities formed by zero energy buildings. Le Corbusier's
vision for the modern city was not carried out. Still, his
vision constituted an innovative impulse to consider
urban planning the first field to apply solar designing
logic [76].

Urban planners and energy researchers have
always considered solar radiation and its related issues
as the active components in the urban development
processes. Among the many solar energy cases, this

paper covered the Urban Heat Islands (UHI) and
"Outdoor Thermal Comfort" as the two productive
urban design areas. The two areas are discussed in
depth in the following sections.

Urban Heat Island

Today, the most critical problem in urban areas is
increased surface temperature due to improper urban
design. With the importance of the urban thermal
island, many studies have been conducted to identify
the factors affecting its increase and decrease. The
micro-climate and air quality in urban spaces are of
great benefit to the wellbeing of citizens. Control of
urban heat islands is one of the most important
concerns for improving human comfort and health,
especially in hot climates. It is relatively easier to
achieve thermal comfort inside the building, while it is
much more challenging to achieve this comfort in
open spaces, and therefore much less work has been
done on it. The formation of urban thermal islands has
become one of the severe challenges of the present
age and has occupied the scientific community's
minds. Attentfion to this issue in scientific articles and
research has grown significantly, especially in the last
decade. According fo researchers, if rising
temperatures continue, it  will cause serious
environmental problems and impose high costs on
cities.

The term "heat island" describes a micro-climatic
phenomenon that occurs in urban environments. It
consists of a relevant air temperature increase within
the urban areas and is generally warmer than the
surrounding rural neighborhoods (Figure 9). The UHI
phenomenon occurs in the winter and summer
seasonal levels; thus, this issue is more severe for the
population living in urban environments [77].
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Figure 9 Urban Heat Island diagram (https://eco-
intelligent.com/2017/04/13/the-heat-island-effect/)
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The increasing urbanization rate exacerbates the
adverse consequences of climate change, as energy
consumption increased by 14% during the last decade,
primarily due to rapid urbanization. The researchers
estimate that until 2030, at least 61 percent of the
world's  population will be living in the cities.
Accordingly, the cities are projected to absorb ninety-
five percent of all the population growths in
developing countries, almost four billion people [78].

Urban climates are a prime example of accidental
climate modification that shows the unintended
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impacts of human activities on the atmosphere. The
cities confribute fo the changes in climate and
atmospheric compositions at local, regional, and even
global scales. In turn, the atmosphere impacts the
cities' infrastructure, health, and safety, as the
populations struggle to cope with extreme events such
as storms, floods, and droughts. Proper understanding,
descripfion, and modeling of these interactions is
needed to inteligently minimize unwanted and
maximize beneficial aspects [56].

Qutdoor Thermal Comfort

There are several reasons for creating comfortable
outdoor environments in the cities. The importance of
making urban space aftractive and accessible has
increased in recent years due to the social, cultural,
and economic benefits. The use of urban space is
more likely to increase if the outdoor environment is
thermally comfortable, as it is also essential for the
wellbeing of people. This concept is fundamental in
warm countries, as the risk of heat-related iliness
increases with the higher temperatures. Furthermore,
for most of the year, outdoor activities are possible in
warm countries with the appropriate outdoor spaces'
design that increases outdoor livability [79].

The collective effect of studying the environmental
variables (i.e., air temperature, relative humidity, wind
speed, and radiant temperature) and two personal
factors (i.e., clothing insulation and metabolic activity
level) is calculated and expressed in a thermal comfort
index. The researchers worldwide used over one
hundred thermal comfort indices to assess and predict
the thermal environment's comfort levels, but most of
these were designed to assess indoor conditions [80].

The other leading three thermal comfort indices,
namely Physiological Equivalent Temperature (PET) [81],
Universal Thermal Climate Index (UTCI) [79], and
Outdoor Standard Effective Temperature (OUT_SET)
[82]. are specifically designed for outdoor conditions
and outdoor thermal comfort studies. Besides the PET,
UTCI, and OUT_SET indexes, the other standard outdoor

thermal comfort indices include the apparent
temperature (AT), adjusted apparent temperature
(0AT), thermal discomfort index (TDI), Effective

Temperature (ET), Operative Temperature (TOP), and
Perceived Temperature (PT). Some of the studies also
used the predicted mean vote (PMV) or adaptive
predicted mean vote (aPMV), but the PMV steady-
state assumption may be unreliable for the fluctuating
outdoor conditions [83]. In an early study, de Freitas
[84], in their case study, used the Skin Temperature
Energy Balance Index (STEBIDEX) and Heat Budget
Index (HEBIDEX) to define the thermal sensation
threshold levels of beachgoers in Caloundra. Then,
Pickup and de Dear [85] extended the Effective
Standard Temperature (SET) thermal comfort index fo
apply it in outdoor seftings. This thermal index holds
two-node models [84] and has been used in various
comfort research [86]. The recent studies on similar
topics mostly used the PET or UTCI outdoor thermal
comfort indices. A comprehensive review of thermal

comfort indices had been thoroughly discussed by de
Freitas and Grigorieva [87] and Coccolo et al. [88]. The
ISO 10551 adopted the definitions of thermal
preference, thermal sensation, and thermal
acceptability from the ISO 10551 [89]. The American
Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) defined comfort as "the condition
of the mind in which satisfaction comes with the
thermal environment" [90]. Two main approaches,
energy-balance and adapftive approaches [91] have
ben established to measure thermal comfort. The
"Energy-Balance Approach" focuses on the heat loss
from the body being equivalent to the heat produced,
while the "Adaptive Approach” focuses on the
perceptions of comfort, including the elements like
psychological factors, cultural background, and
preferences [92].

. ENERGY BALANCE APPROACH

Climate conditions in urban regions differ from rural
areas, with greater temperatures, less diurnal
temperature fluctuation, changes in wind direction
and speed, altered heat transmission, and an
outstanding rainfall balance. This phenomenon, known
as the urban microclimate, has a variety of significant
consequences on city sustainability [142].

- Environmental Effects: In hot climates, especially in
the summer, the increase in temperature implies an
increase in the need for cooling energy. Numerous
studies have found a link between rising city center
temperatures and CO2 emissions and photo-oxidant
gas concenfrations [143], [144], [145].

- Economic Effects: Building air-conditioning loads
(residential and commercial) results in significant
energy consumption and a rise in process costs and
higher expenses for more powerful mechanical
equipment. Furthermore, the added cost of delivering
peack demand energy, as well as the hygienic
expenses of air pollution and temperature rise, must be
included [143], [144].

Social Effects: rising temperafures in densely
populated regions may be a significant danger factor
for health and mortality. Different studies have found
that urban populations are more sensitive to heat
impacts than rural, particularly vulnerable groups
(children and the elderly). Increased urban pollution
causes a variety of ailments, including cardiovascular
disease, asthma, and other respiratory issues, among
others. Furthermore, because outdoor areas are
essential for pleasure and socializihg, adverse
microclimate conditions may impact their use [146].

The integrafion of microclimate factors info urban
planning poses several challenges. The research into
thermal comfort is extensive, so it is challenging to
separate the physiological and psychological factors
affecting subjective comfort experiences [93, 94]. The
energy balance approach focuses on physiological
factors. However, many comfort indices play crifical
roles in correlating the surrounding environments with
thermal experiences. Ebrahimabadi ef al. (2015)
suggested that the quantitative thermal comfort
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estimation has "limited practicality" in cold climate
planning because the cold climates are causing
physiologically uncomfortable condifions most of the
year due to low sun angles and low temperatures.
Instead, the study suggested focusing on the climate
parameters modified by design and significantly
influencing thermal comfort [95].

. ADAPTIVE APPROACH

The adaptive approach is essential to be explored from
a physiological perspective. Thermal comfort is almost
impossible to achieve in outdoor places, especially in
the winter months. The adaptation in the context of
thermal comfort can be broadly defined as to " involve
all the procedures through which people improve the
fit between specifications of the environment'[94].
Nikolopoulou & Steemers (2003) explored the adapftive
approach based on the public spaces of Cambridge.
The findings observed that the microclimatic
parameters strongly influenced the thermal sensations
and accounted for 50% of the variation between
objective and subjective comfort evaluations.
Psychological adaptions seemed to become
increasingly important to explain the comfort level
variations observed [94].

Thermal Comfort and Micro-Climate Variables

When designing with the climate, micro, or
macroclimate of a particular geographical location,
the process should consider the relationship between
the climate, site, and occupants and the region itself to
have a context-based microclimate condition. This
follows the notion that human thermal comfort in urban
design is achieved by understating the basic principles
of bioclimatic design, which deals with maintaining
thermal comfort within the region. As a result, thermal
comfort is attained when a heat balance between
humans and their surroundings. Designing, a climate-
responsive building, require proficiency in the aspect of
the climatic analysis of the area under consideration as
a whole, thereby pro-viding design strategies which
favor the use of renewable energy, practical site
analysis, proper choice of building materials,
construction techniques, building forms, orientations, as
well as effective use of vegetation. However, these
design strategies depend on the microclimate of an
areq; that is to say, bioclimatic design happens to be a
design concept that helps conserve resources while
facilitating the use of the local climate surrounding an
urban area [174].

As discussed previously, one environmental comfort
subsets is thermal comfort based on the climatic
conditions, but this is considered an important and
complex discussion. The climate is accepted as playing
a central role in defining the activities and in allocating
outdoor use. So, most importantly, the environmental
factors affect the degree of comfort, one of the
leading climate change planning goals. The comfort
levels can be measured and require the indicators to
compare with the overall climatic conditions on the

pedestrian scale. A single climate feature does not
reflect the environment's thermal comfort conditions,
such as a body with respective receptors to
understand the ambient temperature. All the climatic
variables considered a person to be a sense of
environmental conditions. Therefore, to measure
thermal comfort, it is necessary to determine the
thermal characteristics. Table 1 represents the recent
researches on the valid microclimate conditions,
focusing on the thermal comfort of pedestrian scale
users in urban spaces.

Table 1 Investigation of micro-climate variables affecting
thermal comfort

Parameters

Relative Humidity

Monthly Average
Temperature
Microclimatic Highest Recorded Air
Conditions of an Temperature
1 Urban Square: Role Wind Speed
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Air Temperature
Wind Speed and

A field study of

2 ur_bon . . Direction
microclimates in - —
London [97]. Air Humidity

Global Solar Radiation

Role of Sireet-Level
Outdoor Thermal
Comfort in
Minimizing Urban
Heat Island Effect by
Using Simulation
Program, Envi-Met:
Case of Amman,
Jordan [98].

Mean Air Temperature

Evaporation
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Cloudiness

Solar Radiation

Mean Wind Speed
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Urban growth and
pedestrian  thermal
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Distribution of PMV

Surface Temperature

comfort [99]. Mean Radiant
Temperature

Potential

Contribution of

Urban Mean Radiant

Developments fo
Outdoor Thermal
Comfort Conditions:
The Influence of

Urban Geometry
and Form in
Worcester,

Massachusetts, USA
[100].

Temperature

Physiological Equivalent
Temperature
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Environmental
Climate Adaptive
Design: The Role of
Data Design fo
Control Urban

Environmental Comfort
Indexes

Mean Radiant
Temperature

Predicted Mean Vote
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Humid Climate Temperature
[109].
Effects of Urban Outdoor Air
Morphology on Temperature
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Parameters in an
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15
Relative Humidity

3.3.2  Windflow

The comforts assessment of pedestrians in urban
spaces is crucial to confirm the local pedestrian usage
population [111], as there are increasing concerns
regarding the outdoor comforts of this population [94].
The local wind speeds and solar radiation are the
microclimatic parameters primarily dependent on
urban planning (such as the site position, building
shapes, geometry, and the alignment of open spaces).
Thus, the designers can work on the interactions
between these climatic parameters and the urban
morphologies to promote the pedestrians' comforts in
public spaces [112].

3.3.3  Relative Humidity

The relative humidity (RH) can be defined as the ratio
between the actual amount of water vapor in the air
and the maximum water vapor volume that the air can
retain at that air temperature. Accordingly, the relative
humidity of between 40% to 70% does not significantly
and negatively impact the thermal comfort of humans
[113]. The appropriate relative humidity results can be
assessed by referencing the comfort zone reported in
Givoni's Psychrometric chart [114].

3.3.4  Air Temperature

The air temperature refers to the temperature of the air
surrounding the body. It is the most crifical
environmental factor that can be measured by the
dry-bulb temperature (DBT), given in degrees Celsius
(°C) [113]. The appropriate air temperature can be
assessed by referring to the comfort zone reported in
Givoni's Psychrometric chart [114].

4.0 COMPOSITION: RESULTS AND

DISCUSSIONS

The United Nations Framework Convention located in
Paris hosted the Climate Change Conference of the
Parties (COP21) in December 2015 and recognized the
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cities as the key actors in mitigation and adaptation,
followed by the low emissions development and
resilience inclusion. The COP21 Paris Agreement that
had entered into force in November 2016 highlighted
the significant roles of cities in implementing national
commitments: "Agreeing to uphold and promote
regional and international cooperation to encourage
all Parties and non-Party stakeholders to pursue greater
and more ambitious climate action, including ... cities
6]

The cities can be the primary implementers of
climate resiliency, adaptation, and mitigation. The
Second Urban Climate Change Research Network
(UCCRN) Assessment Report on Climate Change and
Cities (ARC3.2) addressed the circumstances needed
to realize these advantages. However, the cities could
not address the challenges and fulfill their climate
change leadership potentials  without necessary
tfransformations [115]. From another perspective, the
buildings are responsible for around 40% or more of
most countries' GHG emissions that confribute fo
climate change. The strategies for reducing their
energy demands are an integral component of urban
design. However, the cities need to offer their residents
healthy and attractive indoor and outdoor spaces. A
pleasant microclimate is critical but is often
undermined by the current urban planning and seldom
attempted to tackle climate change.

Furthermore, the building's operations and outdoor
environments are thermodynamically looped [114].
When faced with climatic concerns, the cities are both
problems and solutions. Therefore, we need to reverse
our development trends, restructure frameworks,
reform policies, and readjust our stakeholders. While
the cities can remain the fat cats' sanctuary, they still
need to accommodate the majority. Any simple
change or tfransformation may take several years, if not
decades. In conclusion, the cities are generally
vulnerable, and yet the fransformations are essential
[m7.

According to the previous arguments, the
awareness of climatological inputs' importance in
urban planning has grown in recent years. This is
conceptual, knowledge-based, and related fo
technical matters, policy issues, organizational aspects,
and the markets [118]. In addition to the previous
discussions, the connections between good,
sustainable city planning, and urban climate concerns
are sharp and clear. Thus, good planning practices
are, by their nature, are also climate-smart planning
practices. The planners are directly involved in shaping
and controlling physical land use and development
patterns (urban form). The critical areas where the
planners can support and lead adaptation and
mitigation activities in  their fraditional planning
capacities include the following [119]:

4.1 Land Use Planning
Careful attention to the physical land usage and urban

form is how planners manage and adapt to climate
change. For example, the planners are involved in the

designation of land uses, can help in shaping the
seftlement patterns to reduce and to minimize the
exposures to lands that are climatically hazardous
(e.g., steep and unstable slopes, flood zones, coastal
areas subject to sea-level rise and storm surges) [119].
The developments of land-use planning across the
governance scales often have a good deal of local
control. The leverage to use land-use planning fo
mitigate carbon emissions and employ the best
practices to reduce fransport-related emissions
depends on the officials across different governance
scales. This medium includes creating integrated public
fransportation systems, accessing multimodal
fransportafion options, and co-locating housing and
job areas to reduce commutes [120]. In this context,
spatial planning, especially land use planning, is
emerging as a policy that can influence adaptation
and climate change mitigation [121]. The ways urban
planners design cities to avoid risks can be evaluated
through spatial planning, and the uncertainty and the
complexities of climate change can be tackled. It is
also a crucial governance component and a critical
ability determinant of government tfo respond
effectively to climate change and UHI, followed by the
overall challenges to sustainable development [122].
As property values are associated with land uses, and
climate change becomes an issue for the insurance
business, this becomes an exira critical component
that necessitates mitigation strategy [123]. Finally,
spatial  planning in  tackling climate change is
highlighted by the vulnerabilities to climate change
and adaptation/mifigation  measures that  exhibit
spatial characteristics [124].

4.2 Environmental Planning

Urban planners play essential roles in protecting and
enhancing biodiversity, environmentally sensitive areas,
and ecosystems. In particular, the planners can help to
relocate, minimize, or prohibit developments (either
planned or informal) in environmentally sensitive areas
like estuaries, wetlands, and, additionally, critical
coastal habitats like mangrove forests [119]. The urban
environmental concerns have often been categorized
as either the 'brown' or the 'green' agendas. The
'‘brown' agenda prioritizes public safety and addresses
local issues like inadequate water and sanitation,
urban air pollution, and solid waste disposal. Many of
these are especially important to disadvantage urban
dwellers. Inadequate water supply, sewage, and
irigation, coupled with the vast production volumes of
toxic waste, air pollution, and water pollution, can
significantly affect urban residents. These contaminate
problems are particularly acute in low-income areas
[125]. At the same fime, urban practices are affecting
environmental factors and everywhere in the world.
Towns and communities depend on a wide variety of
services beyond their regional borders (including water,
food, and raw materials for production), and these can
have significant environmental impacts on remote
areas. Urban centers stfill consume vast quantities of
electricity, hence are the major contributors to the
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global greenhouse gaseous emissions. This 'green’
policy is significant to future generations and natural
systems as it places a premium role in ecological
sustainability. It addresses the degradation of
resources, contributions to global environmental
burdens, and other problems that mainly occurred
outside the cities [126].

4.3 Building and Site Planning

The local land-use plans and developmental laws
regulate the location, type, and scale of developments
in climate hazard areas. Numerous locations and
design features can be adopted and/or required to
make the areas and buildings more resilient to climate
impacts. For example, the living areas need to be
located at a suitable height and above the flood
hazard levels [119]. Moreover, the urban design can
affect the energy usages and production in cities, as
denser seftlements reduce the energy required for
transportation [127]. At the same time, the data
showed that the energy savings and costs of between
20 to 50% are possible through integrated planning with
carefully considered site orientations and passive
strategies [128]. However, some authors identified that
the urban scale had been neglected in energy
consumption and climate change [128, 129]. Although
limited in numbers, these studies focused on the zoning
plan layout and the urban canyon. Furthermore, the
stfudies demonstrated  that the zoning plan
considerably impacts the buildings' energy use,
daylight penetration, and availability of solar radia—tion
[130, 131, 132].

4.4 Community Health Programmes

With acclimatfion to climatic change, a healthy
population is  more resilient.  Therefore, by
understanding this link and the apparent connections
between the urban form and public health, the
planners can significantly impact the public health
programs and policies [119].

4.5 Transportation Plans and Projects

The transportation industry is projected to be
responsible for 25% of all energy-related greenhouse
gas emissions. Similarly, private cars are accounted for
a significant proportion of that activity. So, the urban
planners can help to mitigate greenhouse gaseous
emissions by reducing the vehicle miles traveled and
urban congestion through compact, high-density,
mixed-use developments. Additionally, the strategically
planned development can also direct the
development to areas less vulnerable to the impacts of
climate change [119].

5.0 CONCLUSION

Various research in various disciplines has emerged
and has been explored to track and examine the

thermal comfort in the built environment to find
solutions to the high urban temperatures that impact
urban living and human life. This paper also combined
the projects conducted, the body of knowledge
learned in numerous but closely related disciplines, and
the direct future studies to assess microclimate
indicators, to solve the issues due to the high urban
temperatures. These efforts were performed by
reviewing and monitoring the thermal environments in
several scales (i.e., city, house, human) or harnessing
the unattended physiological and psychological
responses to thermal stresses in the cities. After
determining the scientific parameters needed for the
bodies portrayal of literature, 110 publications were
reviewed and listed to establish (a) the emerging
frends and goals of thermal comfort evaluations, (b)
the history and focuses of micro-climate science, and
(c) the potential criteria for monitoring thermal comfort
and micro-climate in the built environments. In this
comprehensive analysis, we observed that the micro-
climate variables evaluation focuses on three main
areas. The first area is the measurement or
improvement of thermal comfort in the urban
environments (mainly based on the structures of
buildings) using a variety of innovative methodologies
(e.g., loT, machine learning, and IR thermography). This
subject area reflects the bulk of the research that
measures personal thermal sensitivity but  mainly
focuses on the office and industrial spaces. The second
area measures urban temperature and urban heat
island at a more satisfactory resolution using traditional
approaches and determining the urban dwellers'
physical and mental health impacts. The third area is
the evaluations of thermal comfort and strain that lead
to occupational and recreational safety. However, this
area focuses on the vulnerable groups in this region
and comprises just a small fraction of the research field.

The concept of urban design is open to much
interpretation due to its mulfidimensional nature.
Different groups of people, for example, professionals,
educators, researchers, the private sector, and the lay
public, may have different thinking about urban
design, thus bringing their own experiences fo this
concept. Regardless of how different the definitions
are, there is agreement on the critical elements of
urban design. [133]. The urban design may act as a
mulfifaceted approach and response fo urban
changes and developments. Urban design principles,
guidelines, and considerations are  continually
formulated and evolved to fulfill social, functional,
aesthetical, and emotional needs. The emphasis is
placed on the use, perception, and experiences with
the places over time. Therefore, with this appropriate
knowledge, urban design can be defined as the art
and processes of designing, creating, making, and
managing spaces and places for the people [134].

From this definition, two things become apparent.
First, the urban design of a place is creative and unique
tfo each situation, so it cannot be employed as a
blanket policy at a national level in all places.

Instead, the urban design must be fostered at a
more local level through the local authorities, the
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community, and local businesses, as these groups have
more experience with dealing with the local and
specific urban design issues. Thus, urban design is a
fundamental part of creating sustainable communities
that are lively places with distinctive characters, safe,
accessible, pleasant to use, fulfilling the human scale,
and inspirational [135].

As a recent approach towards sustainable urban
design, the World Bank report (2018) stated that every
city is unique. Thus, the essential matters for long-term
sustainability are different from one city to another, and
this variation also reflects the different contexts,
challenges, and political priorities. However, as
summarized in figure 10, a simple process can be
applied within all the cities fo guide decision-making
and establish  and implement a cost-effective
sustainability agenda. This process is flexible enough to
respond fo the short-term needs and reveal a long-
term development view [136].

Stage 2:
Defining a Vision and
Identifying Priorities
identitying Where The

City Wonts fo Go. Stage 4:
Monitoring and
Evaluation
identifying How The City
Tracks Ifs Progress ond
Monitors The Impact Of

Its Action Plan

Stage 1:
Diagnosis
Understonding  The
Current Sustainability

Status of The City

Stage 3:
Financing an
Intervention Plan

Establishi How The

City Wil Achieve ond
Finance Its Vision

Figure 10 The Four Stages of the USF [136]

The obvious point shows that in the pursuit of
balance between the present and future generations
[34], it is essential to acknowledge the reality of a
predominantly urban future [137]. The cities are acting
as the drivers of sustainable development by applying
sustainability targets. Hence, the cities are recognized
"as a tool for sustainable development and climate
change" [138]. Thereby, the cities present several
challenges but also hold a range of opportunities. The
cities are planning and pursuing fundamental changes
towards more sustainable conditions by following and
adopting the UN 2030 Sustainable Development
Agenda and its SDGs in 2015 [139]. Hence, the world is
beginning fo realize that cities are dynamic places
where positive changes are happening rapidly aft an
unprecedented rate [136]. The suggestions from the
previous sections to combat climate issues in urban
design clearly show that the urban design approach
can provide an environment with a suitable climate
and thermal comfort for its users. Most importantly,
good climatic advantages can be used in the urban
space with the right decisions in the urban design
process and such an environment.

Unexpectedly growing metropolitan districts have
been seen worldwide, according to popular belief. This
increase has an immediafe influence on the
microclimate and, as a result, on human comfort,
negatively influencing global climate and electricity

consumption levels. Building more energy-efficient and
sustainable urban areas to mitigate the effects of
climate change is as important as anticipating living
conditions in future climate scenarios that emerge,
necessitating the development of new tools and
methods to assist urban planners, architects, and
communities in achieving this goal. In conclusion,
Figure 11 shows the processes of achieving a desirable
urban design pattern in the field of climatic concerns
proposed by this study.

STAGE.DL
fvion. Plari
r

v
STAGE2
Explorstion
f

=7 Decomposition -----------=---1
|

v
STAGES
Revision
ry

- Composition ~==-=========~

v
STAGE.6
Maintenance

________________

Figure 11 Climate-Based Urban Design Process

Even though urban design falls between city
planning and architectural design, it is becoming the
appropriate tool to overcome sustainable challenges
through the ability to solve the buildings' environmental
and energy deficiencies [140]. As the national,
regional, and local governments continue to stress the
importance of sustainability in urban design, key
decision-makers and stakeholders need to become
more responsible in understanding the urban design
processes and the sustainability embedded [141].
Finally, the wurban planning strategies for climate
change mitigation should be planned in harmony with
sustainable development goals while appreciating the
co-benefits and considering any possible undesirable
effects and risks that may arise from the
implementation [140]. During the development and
application of the climate change consideration plans,
the municipal agencies should cooperate with civil
societies, residents, and international organizations. The
urban areas consist of various intferconnected systems
that promote effective urban planning and
governance to mitigate climate change. Hence, this
study describes a detailed literature classification and
state-of-the-art approaches to determine the building
environment's heat sensitivity and describes the main
threats and future goals. The findings are as
summarised in detail below:
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- The formation and advancement in thermal
comfort measurement methodologies to access
various  sizes, flexible, economical, and
technically sound testing and modeling solutions.

- The evaluation of reliable results and research
standardization.  The review observed a
considerable lack of studies that offer a
comparative accuracy evaluation, and more
importantly, no metrics, recommendations, or
criteria to develop a comparative evaluation of
personal thermal exposures across various scales,
sites, and focal groups.

- The expansion of the research to study the
impacts of thermal comfort conditions on
vulnerable populations. We note that the
microclimate in occupational environments and
the disadvantaged populations are significantly
vulnerable to heat exposure. New technology
and rich spatial databases need to be
developed in several fields, intending to
advance the research on the thermal exposure
of cities and the related health consequences in
urban climate.
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