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Abstract

Problem statement: The global need for environmental protection has propelled the green
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movement worldwide. An emerging management challenge for all organizations in third-
millennium cities is to protect natural resources while reducing their negative environmental
impact and increasing sustainable performance. Greening is needed in this era to preserve
natural resources. Green architecture is examined and evaluated in light of the green
movement that took place from the 1950s to 2010. Green architecture describes and evaluates
the most relevant architectural projects that integrate the energy systems approach to reduce
demand, provide renewable energy supply, and enable energy storage. Studies show that
green architecture has evolved significantly and has been given different names depending
on the interests or concerns of the time. It has progressed at varying rates depending on the
technical, economic, environmental, and political drivers and barriers of each period.
Research objective: The main objective of this paper is to provide a brief review of the
relationship between the parameters of the green movement and explain the relationship
between architectural design and human health in third-millennium cities.

Research method: The research method adopted in this paper is the comparative study
method, which focuses on the fundamental components of the green movement through the
use of Bibliometrix and VOSviewer software to analyze and investigate 230 related published
articles from 2008 to 2024, and infers the results in relation to thermal comfort.

Conclusion: The most important finding of this research is manifested in three components: thermal
comfort, urban green space, and facade design. The main conclusion of this paper can be summarized
and stated as devising green facade designs to increase green spaces based on thermal delight.
Keywords: Green movement, Thermal comfort, Urban green facade, Architectural design,
Third-millennium cities.

Introduction

The dense urban environment increases the comfort
of daily life and meets the diverse needs of citizens
(Chan & Liu, 2018).
development in third-millennium cities has created

However, while urban

immense economic and social value, it has also
had undesirable effects: alienation of people from
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nature, noisy and cramped work environments,
increased environmental pollution, and fast-paced
and stressful urban life that can lead to severe
physical and mental fatigue and even a series of
social problems (Fu & Xue, 2023). Evidence shows
that connection with the natural environment can
reduce the incidence of cardiovascular diseases,
and greener environments have a more positive
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impact (Hu et al, 2022). On the other hand,
urban sprawl leads to an increase in the urban
population and a proliferation of construction in
third-millennium cities. Similarly, problems such
as local climate change hurt the urban heat island
effect and human thermal comfort in outdoor
spaces (Hami et al., 2019). Urbanization has
increasingly drawn attention to thermal comfort
in outdoor spaces (Zhang et al., 2020). Large cities
experience severe urban heat island problems
(Radhi & Sharples, 2013), which is related to the
development and expansion of building areas
(Ghaffarianhoseini et al., 2019). Buildings account
for nearly 40% of global energy consumption,
which has a significant impact on non-renewable
resources and climate change (Zhang et al., 2020).
Furthermore, humans spend more than 90% of their
time indoors (Klepeis et al., 2001). Heating and air
conditioning systems consume a considerable amount
of energy in residential and commercial buildings
(about 48%) (Ren & Chen, 2018). Although many
studies have been conducted on climate change by
adjusting energy consumption structures in buildings
(Fabiani et al.,, 2019; Hwang et al., 2018), their
effectiveness is still limited. Therefore, it becomes
necessary to encourage people to increase their outdoor
activities and shorten the time spent in air-conditioned
environments. Given the urban heat island effect,
outdoor thermal environments must become more
pleasant(Huangetal.,2020; Waietal.,2020). Moreover,
improved and delightful access spaces play a vital
role in encouraging people to engage in outdoor
activities in third-millennium city constructions
(Zhang et al., 2020).
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Research Questions

1. What are the main trends of the green movement in
the research literature, in terms of definitions, terms,
countries, and sources in the third millennium?

2. How has the green movement manifested itself in the
development of third-millennium cities?

Research Method

* Data identification

This research reviewed and investigated 230 articles
on the green movement in architecture published
between 2008 and 2024. In this study, Bibliometrix'
and VOSviewer software were used for bibliometric
analysis. Considering the adoption of the comparative
research method in this study, after setting the research
questions, the next step is to search for documents in the
official online database. In this study, the Web of Science
database was searched for ‘title-abstract-keywords”
using the keywords “architecture + green movement.”
The search in the Web of Science database (on April 28,
2023) identified 230 potentially relevant articles from
97 different sources. The main sources of information
are journals, conference proceedings, conferences, and
books. The documents cover the period from 2008 to
2024. Fig. | contains important information about the
identified data using the Bibliometrix software. Fig. 2
shows the prominent keywords and their frequency of
occurrence in the selected articles.

e Data analysis

To answer the research question about the main trends of
the green movement in the scientific literature, quantitative
analysis was performed on the data. Specifically:

1. Co-occurrence of keywords was compared to identify
main clusters and related links.

Annual Growth Rate

2.98 %

Documents

230

International Co-Authorg

34.35 %

Co-Authors per Doc

4.4

Document Average Age

4.65

Average citations per dg

20.4

Fig. 1. Overview of main information obtained from Bibliometrix software regarding the green movement in architecture. Source: Authors.
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2. Author origin was examined to understand the
geographical distribution of manuscripts.

3. Sources of documents, such as major selected journals
for publication, were identified.

Theoretical Background

Architecture, the art of designing and constructing
buildings, has always been closely linked with the history
of art. Not only because many public buildings, especially
religious ones, were designed with aesthetics in mind
and the services of a wide range of decorative artists
and craftsmen but also because many of the exterior and
interior facades of these buildings served as canvases for
fine art paintings (Bassas et al., 2020). Therefore, most
major art movements, such as the Renaissance, Baroque,
Rococo, Neoclassicism, and Modernism, influenced
2012). The term
“green building movement” emerged to reflect social

architectural movements (Asefi,

phenomena in 21st-century cities, and technically, the
professions of architecture, engineering, and construction
responded to the environmental impacts and resources
2019). This
movement advocates methods for creating structures

of the built environment (Zhao et al.,

and processes that are environmentally responsible and
efficient over a building’s life cycle: design, construction,
operation, maintenance, renovation, and demolition
(Ahankoob et al., 2013; Kibert, 2016). Ultimately, this
movement expanded building design techniques to
address economic, functional, durability, and comfort
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concerns. Geographically, the green movement
spread from a few developed countries to the entire
world (Zhao et al., 2019). This research, instead of
focusing on art or aesthetics, concentrates on the
practical aspect of architecture and its relationship with
energy and technology because efforts to preserve
the environment, conserve resources, and reduce the
exploitation of natural reserves are vital for today’s
world. The green movement around the world has led
to the concept of green human resource management
solutions (Martins et al., 2021). Excessive consumption,
exploitation, and depletion of natural resources harm the
greening of organizations (Islam et al., 2020). The birth
of green architecture in the 20th century resulted from the
return of environmental values in developed countries
(Ragheb et al,
emerged, reflecting momentary concerns and awareness
2020). Environmental adaptation

solutions are adopted in different parts of the world,

2016). Different movements have

(Bassas et al,

but this trend is less common in developing countries
(Martins et al., 2021). Many developing countries do
not fully implement green practices across their different
functional areas (Gupta, 2018). This is while advanced
countries have transformed efforts for energy efficiency
from the small scale of buildings to the urban scale.
The green movement is an evolving phenomenon that
has grown from rationalist and performance-based
actions in response to specific environmental concerns

to highly advanced ecological and systemic actions
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aimed at influencing contemporary developed culture
(Tabb & Deviren, 2017). A review of the American
research literature indicates that research into improving
building energy efficiency is now in its seventh decade
of activity (ibid.). According to Tabb & Deviren (ibid.),
green architecture became a major issue after the 1950s
when European and North American architects began
working in unusual tropical locations and became aware
of the need to analyze their unfamiliar climate. Research
history in Britain indicates that green architecture began
two decades later in response to the oil crises of the mid-
1970s (Jones, 2012; Wines & Jodidio, 2000).

Research and Findings
e Climate change and urban heat island>

The United Nations predicts that by 2030, 60%
of the world’s population will live in cities.
Moderm infrastructure and
conditions encourage people

environmental
to move towards
urbanization (Ahmadi et al., 2022). Climate change,
the urban heat island effect, and air pollution may cause
problems due to rapid growth and industrialization
(Goharian et al., 2022). These challenges can directly
impact residents’ health and thermal comfort and
increase demand for air conditioning (Zare et al., 2022).
Increased air temperature not only affects outdoor
thermal comfort but also increases the heat load on
buildings (Wang et al., 2024).

- Cooling

Wang et al. (ibid.) propose four green, water-based
cooling policies for urban environments: increasing green
space accessible to citizens, greening vacant urban lands,
promoting green building schemes in architecture, and
enacting urban regulations in third-millennium cities.

- Ventilation

Urban morphology significantly impacts surface
temperature. Lower surface roughness leads to increased
wind speed and, consequently, reduced surface
temperature (Wang et al., 2011). Research shows that
when urban layouts exhibit a compact pattern, i.e., the
urban compactness ratio exceeds 0.15, the intensity of
the urban heat island effect becomes more pronounced
(Zhao et al., 2016). Wang et al. (2024) propose designing
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wind corridors at the city and regional scales at different
levels to improve urban ventilation quality, resulting in
an urban wind corridor system.

- Energy reduction and greenhouse gas emissions

In response to ongoing climate change, the government is
actively promoting the building energy efficiency rating
system to assess energy consumption and building benefits
and encourage carbon reduction in building design.
Furthermore, they are encouraging new building projects
to obtain green building labels, increase the proportion
of renewable energy in buildings, reduce reliance on
conventional energy sources, and further reduce the
carbon footprint of buildings (Wang et al., 2024).

* Green infrastructure design for thermal comfort
The increasing uneven development of cities and built
environments in third-millennium cities is disrupting the
thermal balance and thermal comfort of residents. The
geometry and morphology of urban neighborhoods,
the orientation and distribution of green spaces, and the
mass and space can improve thermal comfort conditions
in micro-neighborhood climates (Ahmadi et al., 2022).
Recently, numerous studies on thermal comfort in
urban parks have been conducted, primarily focusing
on thermal perception, thermal criteria, and thermal
different
(Xu et al.,, 2019). A year-round questionnaire survey

environment optimization in regions
in Hong Kong showed that the 1-hour acceptable
temperature range is a more accurate method for
assessing outdoor thermal comfort than the transient
acceptable temperature range (Cheung & Jim, 2019).
Xiong et al. (2020) indicated that thermal comfort could
be improved by increasing water coverage, reducing
building coverage, and optimizing tree coverage.
Furthermore, some studies have focused on thermal
comfort concerning specific individuals’ temperatures
(Huang et al., 2021; Ma et al., 2021), surface materials
(Bozdogan Sert et al., 2021), and landscape planning
and design in urban parks (Adiguzel et al., 2022).

- Designofpublicsquareswithgreeninfrastructure
for human thermal comfort optimization
Individuals living in third-millennium cities experience
summer heat stress conditions with severe health
implications, especially under climate change. Urban
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planning should address this issue by focusing on areas
where people are exposed to heat, such as public squares
(Zolchetal.,2019). Various concepts have been proposed
to adapt urban structures to severe heat, including
modifying the built environment, increasing the share of
vegetation cover, or increasing surface material albedo’
(Bowler et al., 2010; Norton et al., 2015; Taleghani et al.,
2015). Blue and green spaces have received particular
attention as urban green infrastructure due to their
potential for urban climate regulation through shading
and evapotranspiration and their multifunctionality in
simultaneously providing various ecosystem services
(Zolch et al., 2016). Zolch et al. (2019) presented a new
green design aiming to optimize thermal conditions in
both time stages by demonstrating the importance of
open lawns for better wind flow and less heat storage,
at least for nighttime cooling. Additionally, it added
deeper insights into the spatial configuration of these
elements(especially depending on wind direction and
shading) and quantified differences between the layouts
of different scenario designs (Saito et al., 2017).

- Thermal comfort in urban green spaces for health
Gender, age, socioeconomic status, income, religious
beliefs, and other factors significantly influence the
frequency ofindividuals entering green spaces forphysical
activity (Ordetal.,2013). Accessibility (Wangetal.,2019),
walking (Kessel et al., 2009), Infrastructure (Schetke et
al., 2016), park area (Larsons et al., 2016), and landscape
quality (Wang et al., 2019) are objective environmental
factors that affect physical activity in the built
environment in urban parks. Green space features,
such as green space shape (Rodiek, 2008) and
landscape diversity (Wen et al., 2018), significantly
impact physical activity frequency and psychological
perception. However, few studies have focused on the
interrelationship between thermal comfort and physical
activity in urban green spaces in third-millennium cities
(Niu et al., 2022). The thermal comfort of green spaces
is one of the most critical factors influencing people’s
activities (Zeren Cetin & Sevik, 2020). A thermally
comfortable environment can reduce individuals’
thermal discomfort and heat stress in outdoor spaces.
This encourages people to visit green spaces for physical
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activity and gathering, improving physical and mental
health (Niu et al., 2022).

- Duration of presence in green spaces based on
thermal comfort

Thermal comfort in wurban green spaces is a
major factor attracting people to physical activity
(Lai et al., 2014). Microclimate conditions in parks,
such as air temperature, relative humidity, wind speed,
and solar radiation, can significantly impact people’s
comfort and behavior (Manavvi & Rajasekar, 2021).
The duration of outdoor activity is also significantly
related to the sensation of heat, and people spend more
time outside when they are within an acceptable thermal
range (Thorsson et al., 2007). In terms of activity types,
Sharifi & Boland (2018) found that when the thermal
environment of green spaces in Australia exceeds
the neutral threshold, residents’ activities in outdoor
spaces change from optional to necessary activities.
In summary, the physical factors of green spaces and
thermal perception affect the level of presence, duration,
and types of outdoor activities.

* Cooling effect of vegetation cover

The environmental quality of urban spaces can have
positive or negative effects on the quality of life and
physical health of the residents (Perini et al., 2018).
In the design of third-millennium urban spaces,
three factors — spatial morphology, orientation of
elements and spaces, and vegetation cover — are highly
important and affect the level of thermal comfort
(Yahia & Johansson, 2014). Various urban forms have
emerged in third-millennium cities, each of which, by
altering the duration of direct solar radiation and average
radiant temperature, has different effects on the urban
microclimate (Taleghani et al,, 2015). The greatest
increase in heat in urban environments occurs in spaces
where surfaces absorb more impervious materials,
where vegetation cover and overall shaded areas are
lower (Hertel & Schlink, 2019).

- Thermal behavior of green facades in a warm climate
Population growth necessitates an increase in
the construction of buildings and streets whose
absorb heat, and in
a vital

materials  significantly

response, Vegetation cover cmerges as
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element for improving indoor and outdoor
environments (Baez-Garcia et al., 2024). Therefore, the
development of environmentally friendly construction
methods is the result of the modern ecosystem’s
increasing awareness of concerns such as global warming,
environmental deterioration, and the destruction of the
urban environment (Sharbafian et al., 2024).

* Current trends green
applications: A bibliometric analysis
VOSviewer software

In this paper, following the various stages defined in the

movement
by

in

methodology, a bibliometric analysis was conducted
to identify current trends in the international scientific
literature regarding the green movement in architecture.
Then, a quantitative bibliometric analysis was performed
on the data. Each map is depicted by nodes (or bubbles)
connected by lines. The size of the nodes (or bubbles)
indicates the frequency of occurrence or citations,
while the lines indicate the connection between two
co-occurring keywords, creating a network map. The
distance between two nodes represents the relation
between them. The closer the nodes are to each other, the
stronger their relation is. (Fig. 3).

Based on Fig. 3, three main components — thermal
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comfort, urban green space, and design — were identified
for thermal design in green movement architecture
(Fig. 4), and according to the node sizes, thermal comfort
has a higher frequency of occurrence compared to other
nodes.

Based on the word frequency over time graph obtained
from the bibliometrix software (Fig. 5), thermal comfort
has received increasing attention from researchers since
2016. Therefore, this study focuses on analyzing thermal
comfort items.

According to Fig. 6, China ranks first, followed by the
United States and England, as the countries with the
most activity in this topic.

Fig. 7 summarizes all the previous information and
describes the relationship between keywords, countries,
and journals. The height of the rectangular nodes is
proportional to the frequency of keywords, a country,
and a journal in the common network, while the width
of the lines between the nodes varies with the number
of different links (Wang et al., 2022). The results show
that the codification of third-millennium cities in China,
the United States, and England, as well as Sweden,
Korea, and Germany, have the most links with the green
movement and architecture. China has the largest share

Cluster 2

Cluster 1

archit@cture

simdlation systems
erfafmance

=2 3 buildings
comifort

Fig. 3. Network visualization of co-occurring keywords. Node size indicates the frequency of occurrence, and lines between nodes indicate the co-
occurrence of two keywords. Distance between nodes represents the relation between two keywords. Identification of three main clusters: Cluster 1
(red): 17 items related to the design topic. Cluster 2 (green): 13 items related to urban green space. Cluster 3 (blue): 12 items related to thermal comfort.

Created by VOSviewer software. Source: Authors.

Cluster 1
design
N °
green oy iometric analysisy Cluster 2
movement | y g Urban green space

Cluster 3
Thermal comfort

Fig. 4. Components of the green movement based on bibliometric analysis; Source: Authors.
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to the number of links. Generated by the Bibliometrix software. Source: Authors.

in “Building and Environment” and “Urban Forestry and
Urban Greening,” while the United States contributes
more to “Urban Forestry and Urban Greening.” The
bibliometric analysis conducted in the present study

analyzes and measures the scientific literature data
using a quantitative research method, which provides an
opportunity for discussion about the advantages:

- The analysis of the source of publication allows
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researchers to identify the most important journals in this
field based on the number of published documents. In
this way, researchers can not only stay up-to-date with
the latest research but also identify the places where most
research is published and target their future participation
accordingly (Sommese et al., 2023).

- Identifying the common interaction between keywords
in each cluster showed the relationship between different
topics in the literature. Understanding these relationships
can reveal opportunities for collaborations and new
research directions to achieve the goals of the green
movement.

- When analyzing the geographical location, it was
found that documents from China and the United States
received the highest number of citations. This means
that these countries are specifically active and involved
mn research in this field, and the results of their research
have a significant impact on the scientific community.
Additionally, clustering information improves the
understanding of international collaboration among
experts.

Opverall, the results of the bibliometric analysis conducted
in this study provide an overview of international
collaborations, the importance of research, and the
impact of citations. Researchers can use this information
to identify potential partners for collaboration and
understand the leading countries in the field of the
green movement. Additionally, the present analysis can
highlight areas in need of further research and create
opportunities for new research collaborations.

Based on Fig. 7, most studies have been conducted on
thermal comfort, which, according to Fig. 5, has attracted
researchers’ attention since 2016 and has seen the highest
growth until 2024. Based on Fig. 3, at the intersection
of the three clusters, thermal comfort is linked to the
urban green space cluster through the keyword “health”
and to the design cluster through the keywords “green
infrastructure” and “model”.

Conclusion

Protecting natural resources and taking preventive
measures against environmental degradation is one of
the pillars of global management in third-millennium

S. Sadeghi Abadi & S. Toofan

cities. Considering the position of the green movement
theory in scientific and professional discussions of
architecture and urban planning in the third millennium,
which has established its value in human minds with
sustainability approaches, green design, eco-friendliness,
and attention to ecosystems, the present study, utilizing
internationally published academic documents and
through the application of research-facilitating software
from around the world, examines and elucidates the
components of the green movement theory in the
codification (design, planning, and implementation) of
third-millennium cities. The most important feature of
this article is the use of time-limiting options for high-
impact scientific publications and the search keyword
“green movement” in the Bibliometrix and VOSviewer
software for screening and classifying information.
This accelerating approach, while introducing study
indicators based on precise analysis, suggests studying
important scientific documents and highly cited articles.
The scientific findings and the main conclusion of the
research have been derived based on this process. In this
study, three components: thermal comfort, urban green
space, and design are presented as the main concerns of
researchers in architecture and urban planning sciences
in explaining the position of the green movement in the
codification of third-millennium cities. On the one hand,
climate change and the formation of urban heat islands
are among the major environmental threats affecting
human and other living beings’ health. On the other
hand, the attention of architecture and urban planning
thinkers to the design of green infrastructures aims to
provide suitable solutions for providing and optimizing
thermal comfort in the environment by reducing
energy consumption and greenhouse gas emissions.
Considering the analysis of scientific documents in
this paper, the most important result of this article can
be considered the strategy and design of urban green
facades to increase urban open green spaces based on
providing thermal comfort through vegetation cooling,
increasing the duration of presence, and improving the
health of living beings, especially humans. In a nutshell,
considering the exorbitant costs of providing thermal
comfort in enclosed architectural spaces and its adverse
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effects on global warming and consequently widespread
environmental impacts, it can be concluded that by
focusing on the design and inclusion of green spaces in
urban areas, which is a vital aspect of environmentally
friendly design, thermal comfort can be provided for the
long-term presence of citizens in third-millennium cities.
Therefore, the design of green facades as a cooling cover
and increasing greenery to prevent urban heat islands
in third-millennium cities is recommended. With an
emphasis on the issue of remote working, the use of
internet networks, and individual occupational activities
without the need for extensive office spaces, the need for
human social interactions, the tendency of humans to be
present in open spaces rather than enclosed and confined
spaces, etc., this strategy can be suitable for regions with
hot and dry environmental conditions.
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Endnotes

1. Bibliometrix is an open-source software with open access, used by Aria
and Cuccurullo (Aria & Cuccurullo, 2017) for conducting comprehensive
quantitative research analysis and science mapping of the current literature on
a defined subject.

2. The urban heat island effect is a phenomenon caused by changes in the
balance of the built environment and thermal properties (Ahmadi et al., 2022).
Additionally, wind speed, cloud cover, season, city size and population, and time
of day affect the intensity of the urban heat island effect (Norouzi et al., 2021).
3. Albedo, refers to the percentage of light reflected from the surface of an
object. The values of this quantity can range from zero (absolute darkness) to
one (absolute brightness). Albedo is sometimes expressed as a percentage and

sometimes as a decimal fraction less than one.

References list

o Adiguzel, F., Bozdogan Sert, E., Dinc, Y., Cetin, M., Gungor,
S., Yuka, P, Dogan, S., Karakaya, K., & Vutal, E. (2022).
Determining the relationships between climatic elements and
thermal comfort and tourism activities using the tourism climate
index for urban planning: a case study of Izmir Province: Tourism
climate index for urban planning. Theoretical and Applied
Climatology, 147(3), 1105-1120. https:/link.springer.com/article
/10.1007%2Fs00704-021-03874-9

o Ahankoob, A., Morshedi, S., & Rad, K. G. (2013). A
Comprehensive Comparison between LEED and BCA GreenMark
as Green Building Assessment Tools. The International Journal

Bagh-e Nazar/

Of Engineering And Science (IJES), 2(7), 31-38. https://www.
theijes.com/Vol,2,Issue,7.html

o Ahmadi, S., Yeganeh, M., Motie, M. B., & Gilandoust, A.
(2022). The role of neighborhood morphology in enhancing
thermal comfort and resident’s satisfaction. Energy Reports, &,
9046-9056. https://doi.org/10.1016/j.egyr.2022.07.042

e Aria, M., & Cuccurullo, C. (2017). bibliometrix: An R-tool for
comprehensive science mapping analysis. Journal of Informetrics,
11(4), 959-975. https://doi.org/10.1016/j.j01.2017.08.007

o Asefi, M.
architecture: the marriage among art, engineering and technology.
Procedia-Social and Behavioral Sciences, 51, 1005-1010. https:/
doi.org/10.1016/j.sbspro.2012.08.278

o Baez-Garcia, W., Sima, E., Chagolla-Aranda, M. A., Herazo, L.
C. S., & Carreto-Hernandez, L. (2024). Numerical-experimental

(2012). Transformation and movement in

study of the thermal behavior of a green facade in a warm climate
in Mexico. Energy and Buildings, 311, 114156. https:/doi.
org/10.1016/j.enbuild.2024.114156

e Bassas, E. C., Patterson, J., & Jones, P. (2020). A review
of the evolution of green residential architecture. Renewable
and Sustainable Energy Reviews, 125, 109796. https://doi.
org/10.1016/j.rser.2020.109796

e Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin,
A. S. (2010). Urban greening to cool towns and cities: A
systematic review of the empirical evidence. Landscape and
Urban Planning, 973), 147-155. https://doi.org/10.1016/].
landurbplan.2010.05.006

e Bozdogan Sert, E., Kaya, E., Adiguzel, F., Cetin, M., Gungor,
S., Zeren Cetin, 1., & Dinc, Y. (2021). Effect of the surface
temperature of surface materials on thermal comfort: a case
study of Iskenderun (Hatay, Turkey). Theoretical and Applied
Climatology, 144(1-2), 103-113. https://doi.org/10.1007/s00704-
021-03524-0

e Chan, L. Y., & Liu, A. M. (2018). Effects of neighborhood
building density, height, greenspace, and cleanliness on indoor
environment and health of building occupants. Building
and Environment, 145, 213-222. https://doi.org/10.1016/].
buildenv.2018.06.028

o Cheung, P. K., & Jim, C. Y. (2019). Improved assessment
of outdoor thermal comfort: 1-hour acceptable temperature
range. Building and Environment, 151, 303-317. https://doi.
org/10.1016/j.buildenv.2019.01.057

 Fabiani, C., Pisello, A. L., Bou-Zeid, E., Yang, J., & Cotana, F.
(2019). Adaptive measures for mitigating urban heat islands: The
potential of thermochromic materials to control roofing energy
balance. Applied Energy, 247, 155-170. https://doi.org/10.1016/j.
apenergy.2019.04.020

e Fu, H., & Xue, P. (2023). Cognitive restoration in following
exposure to green infrastructure: An eye-tracking study. Journal of
Green Building, 18(2), 65-88. https://doi.org/10.3992/jgb.18.2.65
o Ghaffarianhoseini, A., Berardi, U., Ghaffarianhoseini, A., &
Al-Obaidi, K. (2019). Analyzing the thermal comfort conditions

The Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



Bagh-e Nazar/

of outdoor spaces in a university campus in Kuala Lumpur,
Malaysia. Science of the Total Environment, 666, 1327-1345.
https://doi.org/10.1016/j.scitotenv.2019.01.284

o Goharian, A., Daneshjoo, K., & Yeganeh, M. (2022).
Standardization of methodology for optimizing the well aperture
as device (reflector) for light-wells; A novel approach using
Honeybee & Ladybug plugins. Energy Reports, 8, 3096-3114.
https://doi.org/10.1016/j.egyr.2022.01.176

e Gupta, H. (2018). Assessing organizations performance on
the basis of GHRM practices using BWM and Fuzzy TOPSIS.
Journal of Environmental Management, 226, 201-216. https://doi.
org/10.1016/j.jenvman.2018.08.005

o Hami, A., Abdi, B., Zarehaghi, D., & Maulan, S. B. (2019).
Assessing the thermal comfort effects of green spaces: A
systematic review of methods, parameters, and plants’ attributes.
Sustainable Cities and Society, 49, 101634.  https://doi.
org/10.1016/j.s¢s.2019.101634

o Hertel, D., & Schlink, U. (2019). Decomposition of
urban temperatures for targeted climate change adaptation.
Environmental Modelling & Software, 113, 20-28. https://doi.
org/10.1016/j.envsoft.2018.11.015

e Hu, C, Zhu, K., Huang, K., Yu, B., Jiang, W., Peng, K.,
& Wang, F. (2022). Using natural intervention to promote
subjective well-being of essential workers during public-
health crises: A Study during COVID-19 pandemic. Journal of
Environmental Psychology, 79, 101745. https://doi.org/10.1016/j.
jenvp.2021.101745

o Huang, B., Hong, B., Tian, Y., Yuan, T., & Su, M. (2021).
Outdoor thermal benchmarks and thermal safety for children: A
study in China’s cold region. Science of The Total Environment,
787, 147603. https://doi.org/10.1016/j.scitotenv.2021.147603

o Huang, J., Shi, D., Fang, Z., Gao, Y., Zhuang, C., & Zhai, J.
(2020). Impact of short-term thermal experience on thermal
sensation: A case study of Chongqing, China. Building
and Environment, 179, 106921. https://doi.org/10.1016/;.
buildenv.2020.106921

o Hwang, R.-L., Shih, W.-M., Lin, T.-P., & Huang, K.-T. (2018).
Simplification and adjustment of the energy consumption
indices of office building envelopes in response to climate
change. Applied Energy, 230, 460-470. https://doi.org/10.1016/j.
apenergy.2018.08.090

o Islam, M. A., Hunt, A., Jantan, A. H., Hashim, H., & Chong,
C. W. (2020). Exploring challenges and solutions in applying
green human resource management practices for the sustainable
workplace in the ready-made garment industry in Bangladesh.
Business Strategy & Development, 3(3), 332-343. https://doi.
org/10.1002/bsd2.99

o Jones, P. (2012). Housing: from low energy to zero carbon.
In D. F. Clapham, W. A. V. Clark, & K. Gibb (Eds.), The SAGE
handbook of housing studies (pp. 327-354). Sage Publications.

o Kessel, A., Green, J., Pinder, R., Wilkinson, P., Grundy, C.,
& Lachowycz, K. (2009). Multidisciplinary research in public

S. Sadeghi Abadi & S. Toofan

health: A case study of research on access to green space. Public
Health, 123(1), 32-38. https://doi.org/10.1016/j.puhe.2008.08.005
e Kibert, C. J. (2016). Sustainable construction: green building
design and delivery. John Wiley & Sons. https://books.google.
com/books?id=2xgWCgAAQBAJ&printsec=frontcover&source
=gbs_atb#v=onepage&q&f=false

» Klepeis, N. E., Nelson, W. C., Ott, W. R., Robinson, J. P., Tsang,
A. M., Switzer, P, Behar, J. V.; Hern, S. C., Engelmann, W. H.
(2001). The National Human Activity Pattern Survey (NHAPS):
a resource for assessing exposure to environmental pollutants.
Journal of Exposure Science & Environmental Epidemiology,
11(3), 231-252. https://escholarship.org/uc/item/1zg3q68x

e Lai, D., Zhou, C., Huang, J., Jiang, Y., Long, Z., & Chen,
Q. (2014). Outdoor space quality: A field study in an urban
residential community in central China. Energy and Buildings,
68, 713-720. https://doi.org/10.1016/j.enbuild.2013.02.051

e Larson, L. R., Jennings, V., & Cloutier, S. A. (2016). Public
parks and wellbeing in urban areas of the United States.
PLoS One, 11(4), e0153211. https://doi.org/10.1371/journal.
pone.0153211

e Ma, X, Tian, Y., Du, M., Hong, B., & Lin, B. (2021). How
to design comfortable open spaces for the elderly? Implications
of their thermal perceptions in an urban park. Science of the
Total Environment, 768, 144985. https://doi.org/10.1016/].
scitotenv.2021.144985

o Manavvi, S., & Rajasekar, E. (2021). Evaluating outdoor
thermal comfort in “Haats”-The open air markets in a humid
subtropical region. Building and Environment, 190, 107527.
https://doi.org/10.1016/j.buildenv.2020.107527

e Martins, J. M., Aftab, H., Mata, M. N., Majeed, M. U., Aslam,
S., Correia, A. B., & Mata, P. N. (2021). Assessing the impact
of green hiring on sustainable performance: mediating role of
green performance management and compensation. International
Journal of Environmental Research and Public Health, 18(11),
5654. https://doi.org/10.3390/ijerph18115654

e Niu, J., Xiong, J., Qin, H., Hu, J., Deng, J., Han, G., & Yan,
J. (2022). Influence of thermal comfort of green spaces on
physical activity: Empirical study in an urban park in Chonggqing,
China. Building and Environment, 219, 109168. https:/doi.
org/10.1016/j.buildenv.2022.109168

e Norouzi, M., Yeganeh, M., & Yusaf, T. (2021). Landscape
framework for the exploitation of renewable energy resources and
potentials in urban scale (case study: Iran). Renewable Energy,
163, 300-319. https://doi.org/10.1016/j.renene.2020.08.051

e Norton, B. A., Coutts, A. M., Livesley, S. J., Harris, R.
J., Hunter, A. M., & Williams, N. S. (2015). Planning for
cooler cities: A framework to prioritise green infrastructure to
mitigate high temperatures in urban landscapes. Landscape
and Urban Planning, 134, 127-138. https://doi.org/10.1016/].
landurbplan.2014.10.018

e Ord, K., Mitchell, R., & Pearce, J. (2013). Is level of

neighbourhood green space associated with physical activity in

The Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



Bagh-e Nazar, 2/(138), 71-82 / Dec . 2024

green space? International Journal of Behavioral Nutrition and
Physical Activity, 10, 1-8. https://doi.org/10.1186/1479-5868-10-
127

o Perini, K., Chokhachian, A., & Auer, T. (2018). Green streets to
enhance outdoor comfort. In G. Pérez & K. Perini (Eds.), Nature
based strategies for urban and building sustainability (pp. 119-
129). Elsevier.

o Radhi, H., & Sharples, S. (2013). Quantifying the domestic
electricity consumption for air-conditioning due to urban heat
islands in hot arid regions. Applied Energy, 112, 371-380. https://
doi.org/10.1016/j.apenergy.2013.06.013

o Ragheb, A., El-Shimy, H., & Ragheb, G. (2016). Green
architecture: A concept of sustainability. Procedia-Social and
Behavioral Sciences, 216, 778-787. https://doi.org/10.1016/j.
sbspro.2015.12.075

e Ren, Z., & Chen, D. (2018). Modelling study of the impact
of thermal comfort criteria on housing energy use in Australia.
Applied  Energy, 210, 152-166. https://doi.org/10.1016/j.
apenergy.2017.10.110

» Rodiek, S. (2008). A New Tool for Evaluating Senior Living
Environments. Seniors Housing & Care Journal, 16(1).

» Saito, K., Said, I., & Shinozaki, M. (2017). Evidence-based
neighborhood greening and concomitant improvement of urban
heat environment in the context of a world heritage site-Malacca,
Malaysia. Computers, Environment and Urban Systems, 64, 356-
372. https://doi.org/10.1016/j.compenvurbsys.2017.04.003

o Schetke, S., Qureshi, S., Lautenbach, S., & Kabisch, N.
(2016). What determines the use of urban green spaces in highly
urbanized areas?—Examples from two fast growing Asian cities.
Urban Forestry & Urban Greening, 16, 150-159. https://doi.
org/10.1016/j.ufug.2016.02.009

o Sharbafian, M., Yeganeh, M., & Motie, M. B. (2024).
Evaluation of shading of green facades on visual comfort and
thermal load of the building. Energy and Buildings, 317, 114303.
https://doi.org/10.1016/j.enbuild.2024.114303

o Sharifi, E., & Boland, J. (2018). Limits of thermal adaptation in
cities: Outdoor heat-activity dynamics in Sydney, Melbourne and
Adelaide. Architectural Science Review, 61(4), 191-201. https://
doi.org/10.1080/00038628.2018.1482824

o Sommese, F., Badarnah, L., & Ausiello, G. (2023). Smart
materials for biomimetic building envelopes: current trends
and potential applications. Renewable and Sustainable Energy
Reviews, 188, 113847. https://doi.org/10.1016/j.rser.2023.113847
e Tabb, P. J., & Deviren, A. S. (2017). The greening of
architecture: A critical history and survey of contemporary
sustainable architecture and urban design. Routledge. https:/
books.google.com/books/about/The Greening of Architecture.
html?id=80h0BAAAQBAJ

o Taleghani, M., Kleerekoper, L., Tenpierik, M., & Van Den
Dobbelsteen, A. (2015). Outdoor thermal comfort within
five different urban forms in the Netherlands. Building

and  Environment, 83, 65-78. https://doi.org/10.1016/;.

Bagh-e Nazar/

buildenv.2014.03.014

o Thorsson, S., Honjo, T., Lindberg, F., Eliasson, I., & Lim, E.-
M. (2007). Thermal comfort and outdoor activity in Japanese
urban public places. Environment and Behavior, 39(5), 660-684.
https://doi.org/10.1177/0013916506294937

o Wai, K.-M., Yuan, C., Lai, A., & Peter, K. (2020). Relationship
between pedestrian-level outdoor thermal comfort and
building morphology in a high-density city. Science of The
Total Environment, 708, 134516. https://doi.org/10.1016/].
scitotenv.2019.134516

« Wang, H., Dai, X., Wu, J., Wu, X., & Nie, X. (2019). Influence
of urban green open space on residents’ physical activity in China.
BMC Public Health, 19(1), 1-12. https://doi.org/ 10.1186/s12889-
019-7416-7

e Wang, S.-Y.,, Ou, H.-Y.,, Chen, P-C., & Lin, T.-P. (2024).
Implementing policies to mitigate urban heat islands: Analyzing
urban development factors with an innovative machine learning
approach. Urban Climate, 55, 101868. https://doi.org/10.1016/j.
uclim.2024.101868

o Wang, X., Lu, J., Song, Z., Zhou, Y., Liu, T., & Zhang, D.
(2022). From past to future: bibliometric analysis of global
research productivity on nomogram (2000-2021). Frontiers
in Public Health, 10, 997713. https://doi.org/10.3389/
fpubh.2022.997713

o Wang, Z.-H., Bou-Zeid, E., Au, S. K., & Smith, J. A. (2011).
Analyzing the sensitivity of WRF’s single-layer urban canopy
model to parameter uncertainty using advanced Monte Carlo
simulation. Journal of Applied Meteorology and Climatology,
50(9), 1795-1814. https://doi.org/10.1175/2011JAMC2685.1

e Wen, C., Albert, C., & Von Haaren, C. (2018). The elderly in
green spaces: Exploring requirements and preferences concerning
nature-based recreation. Sustainable Cities and Society, 38, 582-
593. https://doi.org/10.1016/j.s¢s.2018.01.023

o Wines, J., & Jodidio, P. (2000). Green architecture (Vol. 240).
Taschen Koln.

» Xiong, Y., Zhang, J., Xu, X., Yan, Y., Sun, S., & Liu, S. (2020).
Strategies for improving the microclimate and thermal comfort
of a classical Chinese garden in the hot-summer and cold-
winter zone. Energy and Buildings, 215, 109914. https://doi.
org/10.1016/j.enbuild.2020.109914

e Xu, M., Hong, B., Jiang, R., An, L., & Zhang, T. (2019).
Outdoor thermal comfort of shaded spaces in an urban park in the
cold region of China. Building and Environment, 155, 408-420.
https://doi.org/10.1016/j.buildenv.2019.03.049

e Yahia, M. W., & Johansson, E. (2014). Landscape interventions
in improving thermal comfort in the hot dry city of Damascus,
Syria—The example of residential spaces with detached
buildings. Landscape and Urban Planning, 125, 1-16. https://doi.
org/10.1016/j.1andurbplan.2014.01.014

o Zare, Z., Yeganeh, M., & Dehghan, N. (2022). Environmental
and social sustainability automated evaluation of plazas based
on 3D visibility measurements. Energy Reports, 8, 6280-6300.

The Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



Bagh-e Nazar/%

https://doi.org/10.1016/j.egyr.2022.04.064

o Zeren Cetin, I, & Sevik, H. (2020). Investigation of the
relationship between bioclimatic comfort and land use by using
GIS and RS techniques in Trabzon. Environmental Monitoring
and Assessment, 192, 1-14. https://doi.org/10.1007/s10661-019-
8029-4

o Zhang, Y., Liu, J., Zheng, Z., Fang, Z., Zhang, X., Gao, Y., &
Xie, Y. (2020). Analysis of thermal comfort during movement in
a semi-open transition space. Energy and Buildings, 225, 110312.
https://doi.org/10.1016/j.enbuild.2020.110312

e Zhao, D., Miotto, A. B., Syal, M., & Chen, J. (2019).
Framework for Benchmarking green building movement: A case
of Brazil. Sustainable Cities and Society, 48, 101545. https://doi.
org/10.1016/j.s¢s.2019.101545

S. Sadeghi Abadi & S. Toofan

e Zhao, M., Cai, H., Qiao, Z., & Xu, X. (2016). Influence of
urban expansion on the urban heat island effect in Shanghai.
International Journal of Geographical Information Science,
30(12), 2421-2441. https://doi.org/10.1080/13658816.2016.117
8389

e Zolch, T., Maderspacher, J., Wamsler, C., & Pauleit, S.
(2016). Using green infrastructure for urban climate-proofing:
An evaluation of heat mitigation measures at the micro-scale.
Urban Forestry & Urban Greening, 20, 305-316. https://doi.
org/10.1016/j.ufug.2016.09.011

e Zolch, T., Rahman, M. A., Pfleiderer, E., Wagner, G., & Pauleit,
S. (2019). Designing public squares with green infrastructure to
optimize human thermal comfort. Building and Environment,
149, 640-654. https://doi.org/10.1016/j.buildenv.2018.12.051

COPYRIGHTS

conditions of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/).

Copyright for this article is retained by the author(s), with publication rights granted to
the Bagh-e Nazar Journal. This is an open-access article distributed under the terms and

HOW TO CITE THIS ARTICLE

DOI: 10.22034/BAGH.2024.462687.5623
URL: https://www.bagh-sj.com/article_208596.html?lang=en

Sadeghi Abadi, S., & Toofan, S. (2024). Investigating and Explaining the Components of the Green Movement Theory
in Designing Green Facades for Third-Millennium Cities. Bagh-e Nazar, 21(138), 71-82.

The Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



