International Journal of Built Environment and Scientific Research

p-issn: 2581-1347 | e-issn: 2580-2607 | Pg. 41-50

Volume 07 Number 01 | June 2023

Experimental Research with Computer Simulation
(Case Study of Urban Cool Island)

Yaseri Dahlia Apritasari!, Iwan Sudrajat?, Surjamanto Wonorahardjo?
Program Studi Arsitektur Universitas
Agung Podomoro Jakarta
Program Studi Arsitektur, Institut
Teknologi Bandung

Yaseri.apritasari@podomorouniversi.ac.id

ABSTRACT

This research will describe experimental research methodology using computer simulation with the case
study of urban cool island research. The urban cool island is one of the urban heat island mitigation
technology strategies. This technology uses a geometric and material intervention process that forms an
urban cool island in an area with high urban heat island intensity. The urban cool island will expand and
reduce the temperature of the hot islands so that the urban heat island gets smaller. In the research
process, a series of experimental methodologies were carried out. Experimental methodology is carried
out on a regional scale will be difficult and expensive. So a computer simulation is needed to facilitate
urban cool island experiments in the area. The stages of experimental research with computer
simulations use two process stages (1) Quasi-measurement experiments and field observations in the
UCI area, (2) Validation of field measurements versus simulation models, (3) Experiments with
computer simulations by creating test models and comparison models. The scope of research on the
scale of urban areas with experimental methodology becomes efficient with the help of computer
simulations. In Urban Cool Island, several countries have also used this methodology. Computer
simulation used: ENVI-MET, CFD-Ansys, and others. Before starting the research, a clear frame or
research design is needed, determining variables, replicating the real conditions, mastering the use of
simulations, and always paying attention to the results, which are continuously controlled and validated
to produce simulations that are close to the real conditions.

Keywords: experimental, computer simulation, urban cool island

1. Introduction

Experimental Research Design with
Computer Simulation

Experimental Design Experimental

Research is research that departs from the
philosophy of positivism. The experimental
research design frame begins with a hypothesis
or prediction of the answer to a research
question. Then in the process of answering the
research, tested in experiments with certain
interventions and modifications in several
alternatives. The intervention is in the form of
variables that are replaced and tested based on

the theories and hypotheses that are built. The
results of experimental research are in the form
of quantitative data whose results will be
compared and then selected to provide answers
to exploratory hypotheses. [1]

The research examines the cause and effect of a
condition, the advantages of which can give
results that are close to true, and measurable.
Each data result can be clearly identified. When
conducting experiments, it is necessary to
design a simplification of the model from a very
complex actual condition. Observations are
designed according to the phenomena that exist
in nature. Researchers must consciously control
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the model in the experiment, combine and
select variables that are relevant to the theory,
delete irrelevant, and unimportant variables for
the causal hypothesis that is compiled. The
designed experimental model or condition
focuses on predetermined variables, and may
not be found in the real world. The
experimental stages can be seen in Figure 1.

The results of the
experiments were
compared and
selected to
answer the
hypotheses that
were built.

Providing
interventions to
examine a specific
aspect of a
situation that is
closely related to
its cause. Several
alternative
treatments
(interventions)

Building a
hypothesis and
estimate an
answer to the
research question

Causal Hypothesis
Modification
Evaluation

I I

Figure 1: Stages of experimental research

In experimental research, a systematic
procedure is designed first. The steps for this
experimental research are as follows:

- Determining the topic, defining the research
problem to be tested, and developing a
hypothesis with predetermined variables
according to the theory.

- Planning experimental research design:
experimental stages, systematic testing of
experiments in parallel or sequentially,
temporary or independent testing, number
of experiments (models to be intervened),
number of experimental dependent
variables, number of dependent variables,
and stages of intervention instructions that
are quite clear.

- Measuring of the pretest before the
intervention variable, and the measurement
after the intervention variable or post-test.

In certain studies, tools for experiments can use
the help of computer simulations. This is very
helpful to simplifying the actual conditions and
then can provide more varied interventions and
optimal results. Especially if the scope of
research is broad and on a large scale. For
example, the scope of building design and
urban areas. Before explaining in more detail,
the Urban Cool Island research using

experimental research methods assisted by
computer simulations, the next subsection will
explain the research with simulations.

Simulation research is research with a broader
effort to replicate (mimesis, or imitation) an
object and setting conditions from real-world
conditions. Philosophically, Plato reminds us
that simulation can be a manipulation of a
replica of reality. The main purpose of the
simulation is to create a replica of the reality of
a condition. The next major challenge is how to
accurately approach the replica in real
conditions. At the time of making a replica,
control what variables are ignored or missing,
variables that still exist or must exist from the
real condition. One of the simulation research
projects uses computer simulation, before using
the simulation it must be validated first. This is
to find out whether computer simulation can be
used as a test tool that is close to real conditions.
Validation is done by measuring and observing
the field, then making a replica model
according to real conditions, the next step is
observing the results in the field and simulation.
Then the computer simulation program that has
been validated can be used by creating a model
with a predetermined variable intervention. [2]
An illustration of experimental research
assisted by computer simulation can be seen in
Figure 2. Globally, this illustration depicts
Urban Cool Island.
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Figure 2: Research Stages Urban Cool Island
Mitigation Urban Heat Island with experimental
methodology assisted by computer simulation

2. Study Urban Cool Island and Its
Application

Urban Cool Island is the condition of urban
areas in the form of circles or islands where the
temperature is cooler than the surrounding
environment. This is the opposite of Urban
Heat Island. Urban Heat Island itself is
isotherm heat contours that are formed due to
the same hot temperature. If the Urban Heat
Island is not addressed, the Urban Heat Island
will expand and will have a negative impact on
city conditions (ecology, health, and wild
weather) [1]. To reduce the intensity of Urban
Heat Island with a heat mitigation strategy, one
of the strategies with Urban Cool Island [2]

Figure 3 shows the intensity contour of the
Urban Heat Island in urban areas. If the
conditions of the Urban Heat Island are not
addressed, the intensity of the Urban Heat
Island will have the potential to be wider and
will make the city's warming even higher [4] in
his research provided an Urban Cool Island in
the form of a court-yard (garden or green roof)
in one area. This intervention provides a low
intensity of Urban Heat Island or cooling of
urban areas (Urban Cool Island). From the
Urban Cool Island , there will be an increase in
air movement to the Urban Heat Island high-

intensity urban heat island. If the geometry and
land cover material can be designed in such a
way as to form breeze way intensity Urban
Heat Island . More details can be seen in Figure

PR U High intensity Urban
“n - S [ 29 N -
pr e = RIS N Heat Island area
VA " R Potential expansion of
- = ,_’
| «F=7\ ) = the Urban Heat Island
(RN
\ \‘ar\ --1 .7 R area
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Figure 3:The urban heat island contour area is high
intensity and has the potential for expansion of the
urban heat island.

High intensity Urban Heat
Island area

> Improved Air Movement

— wind path (breeze way)

— Cool Island Urban Area

Figure 4: Urban Cool Island intervention in the Urban
Heat Island area.

The Urban Cool Island study is an urban area-
scale study, with a focus on the observation of
cooling conditions in urban areas. factors
forming the Urban Cool Island are the urban
configuration which consists of two variables:
geometry and material of urban area cover
(hardscape, softscape, and water bodies) [5]
[6]. Changes in these factors will change the
parameters of Urban Cool Island in urban
areas: temperature, wind speed, humidity, and
solar radiation. [3]. Changes in the right factors
forming the Urban Cool Island, can increase
wind speed [7] [8], decrease solar radiation gain
[4] [10], and ultimately reduce the temperature
of urban areas so that cooling of urban areas is
achieved.

The application of Urban Cool Island research
is through an experimental research process
assisted by computer simulations. In the
experimental research process, the intervention
is carried out by changing the factors that make
up the Urban Cool Island: the geometry and
material of the urban cover. In this study,
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changing this intervention is easier to do with
the help of computer simulations. This
computer simulation assistance is also more
flexible, efficient, and can allow variations in
intervention modification. The computer
simulation in the Urban Cool Island at the
initial stage replicated the real conditions, then
compared it with measurements and field
observations as validation of the computer
simulation. Then in the next stage changing the
variables, and then the results from the
simulation are compared to get optimal results.

3. Experimental Research Design and
Urban Cool Island

Before conducting experimental research
assisted by computer simulations for Urban
Cool Island, in the initial step, a clear research
framework has been defined: topics, research
questions,  hypotheses,  variables, and
parameters. And have chosen what simulation
will be used for this research. Therefore, before
starting the research, the theory about Urban
Cool Island has been clearly explored. This is
for determining variables and hypotheses as
well as research limitations. This research
limitation serves to create a replica or computer
simulation model and simplify the actual
conditions. The next step is to make a research
design with what stages will be carried out. For
this research, the stages are divided into two
stages, namely quasi-experimental and pure
experiment. Quasi-experiments are
measurements and  field  observations.
Observing the causal relationship between
Urban Cool Island and its parameters. While
the second stage is as described above
regarding computer simulation research, it is
necessary to validate computer program
simulations. The steps and design of the Urban
Cool Island detail can be seen in Table 1.

Table 1: Steps and design of experimental research
assisted by simulation

Research Subject Information
Steps
Topics Thermal Urban Heat
Environment Island
Mitigation
Research What is the formulation of the
question geometry and materials covering
urban areas for the formation of
Urban Cool Island?
Hypothesis Geometry and the right area cover
material can form an Urban Cool
Island (urban heat island mitigation)
Variable Urban area
configuration
Urban area
geometry
Urban area
cover material
Parameter temperature
Humidity
Solar Radiation
Wind velocity
Determination Aerial
of data | photography
collection tools, | (Remote
experiments, sensing)
and computer | ENVI MET
simulations Computational
Fluid Dynamics
(CFD)
Experimental | Stage 1: Quasi Experiments
Research
Design
a. Collection Identification
of aerial | and selection of
photographs | field
(remote measurement
sensing) locations
b. Field Observation of
measurements | variables  and
and parameters
observations
Stage 2: Pure Experiment
a. Making a | Computer
model of | simulation
existing validation
conditions (ENVIMET and
according to | CFD)
field
conditions.
b. Creating a | Geometry and
model  with | material
predefined intervention
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Research Subject Information
Steps
variable model of urban
interventions. | area coverage on

ENVI MET and

CFD
c. Evaluating Observation of
and the forming
comparing parameters  of
results Urban Cool
Island

The research was designed in two experimental
stages, namely the quasi-experimental stage
and the purely experimental stage. The research
stage is in the form of a sequential stage, the
first stage is completed, and then the second
stage. The procedure design is as follows:

1. The first stage is the stage of quasi-
experimental research, this stage focuses
on measuring and collecting data on field
conditions or actual conditions,

a. Collection of aerial photos from remote
sensing in a certain area.

b. Identify aerial photographs for determining
the location of field measurements. The
location determined is a location with a
high-intensity urban heat island and a low-
intensity urban heat island (urban cool
island)

c. Field measurements at predetermined
locations from aerial photo identification.

d. In addition to measurements, field
observations were also made on the
variables of Urban Cool Island factors:
urban  configuration (geometry and
material covering urban areas) on the
influence of Urban Cool Island parameters
(temperature, humidity, wind speed)

The second stage is a purely experimental stage,
at this stage is a stage of using computer
simulation as an experimental tool. The
computer simulation used is ENVI MET and
CFD. Previously, the computer simulation
program was validated with field conditions.
After being validated, it was then used for

experimentation by providing an intervention
with the Urban Cool Island.

1. Making a replica of the simulation model,
and validating from the field measurements
with simulation.

2. Making a model by providing an
intervention with the Urban Cool Island,
namely the configuration of the urban area
(geometry and material of the urban area
cover) to the parameters of the Urban Cool
Island (temperature, humidity, wind speed,
and solar radiation gain).

3. Comparing the results of the data from
computer simulations of the modified model
that has been intervened.

-_——— e — —

7 \\
/
Stage 1 | Aerial Photo Collection |
Quasi l
| Aerial Photo |

I Determination of the location |

\ | Field measurements and | 7
\\ ’/
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: (ENVI-MET I Model validation with real | :
I | and CFD 1

. . I
: Simulation) Creating a model with the |
! intervention of the Urban Cool |
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L data results /
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Figure 5. Chart of the stages of the Urban Cool Island
experimental research method

In the research process using experimental
methods assisted by computer simulations, it
takes the ability of researchers to understand the
substance and good theory. Researchers must
be able to choose the variables used and
ignored, field conditions used and ignored,
which will be replicated in the experimental
model. Another ability is the ability to interpret
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maps and aerial photographs, this ability is very
important to identify and analyze the intensity
of Urban Heat Island in urban areas. And
another important ability is the ability to use
ENVI MET and CFD simulations as
experimental tools and to replicate field
conditions in computer simulations. The initial
stage of using computer simulation is validating
phenomena in the field and computer
simulation. This validation process sometimes
takes a long time. In the process, whether to
change the simplification of the model or
decide whether to use this simulation or replace
it with another simulation.

4. Research Precedent Urban Cool Island

Research on Urban Cool Island mitigation
urban heat island has been done a lot. And all
of these studies used the methodology of
computer-assisted experiments. The factors that
make up the Urban Cool Island that are
reviewed are generally the configuration of
urban areas, and the factors are divided into
two, namely: (1) Geometry of urban areas and,
(2) urban area cover materials. There are
researches as a whole with variable factors:
urban configuration, [8] [11] [5] [3], but there
are also studies with one factor wvariable:
geometry of urban areas [7] [12] [13] [14] [15]
[16]. As well as other factors, namely the urban
area cover material in the form of roofing
material [17] [18], pavement material [5][19]
[22] [20], [21], wall material, [22],and
softscape [9],[23],[24] 25]. Urban Cool Island
research with complex and partial variable
factors, all using computer simulation-assisted
experimental ~ methods. The  computer
simulation used depends on the parameters that
will be evaluated from the formation of the
Urban Cool Island.

Leone (2018) in his research, intervened in the
formation of an Urban Cool Island by covering
urban areas in the form of green land, namely
courtyards, which were designed in the form of
gardens and green roofs. The factor for the
formation of Urban Cool Island is to find out

the parameters for obtaining solar radiation
which will affect the temperature reduction in
urban areas. Then the computer simulation used
is ENVI MET [5]. ENVI MET simulation is
also used for other cover material interventions:
pavements, roofs, facades, and softscapes [6].
Other studies that want to know the increase in
wind speed use CFD computer simulations,
such as research on the geometry of urban areas
that form canyons and impact wind paths and
increase wind speed [9][6].

A review of 25 studies on Urban Cool Island
shows simulations that want to evaluate the
parameters of solar radiation gain using ENVI
MET while for wind speed using CFD
simulations. Overall, the research process is
through 2 stages. In detail, it can be seen in
Table 2.

Table 2:Urban Cool Island research review

No Author, |Factor Methodology | Parameter
year
1 Urba | [8] Urban Field reduce the
n configur measurement/ | temperature
confi ation ENVI MET in urban
gurat simulation areas
ion
2 [11] Urban Field reduce the
Plan- measurement/ | temperature
Urban GIS-ENVI in urban
configur | MET areas
ation simulation
3 [5] Urban Field reduce the
configur | measurement/ | temperature
ation GIS-ENVI in urban
MET areas
simulation
4 [3] Land use | Field increase
land measurement/ | wind speed,
cover- GIS reduce the
Urban simulation/ temperature
configur | CFD in urban
ation areas
5 Urba | [7] Urban Field increase
n Geometr | measurement/ | wind speed,
Geo y GIS reduce the
metr simulation/ temperature
y CFD in urban
areas
6 [12] Urban Field increase
Geometr | measurement/ | wind speed,
y GIS reduce the
simulation/ temperature
CFD in urban
areas
7 [13] Urban Field increase
Geometr | measurement/ | wind speed,
y GIS reduce the
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No Author, | Factor Methodology | Parameter No Author, | Factor Methodology | Parameter
year year
simulation/ temperature 22 [24] Park Experimental | reduce the
CFD in urban measurements | temperature
areas ,GIS & in urban
8 [15] Urban Field increase ENVIMET areas
Geometr | measurement/ | wind speed, 23 [25] Park Experimental | reduce the
y CFD reduce the measurements Femperature
simulation temperature iE%ISIiL/IET in urban
in urban arcas
areas 24 [29] Park Experimental reduce the
9 [16] Urban Field increase measurements Femperature
Geometr | measurement/ | wind speed, iE%I\?IiL/IET in urban
y CFD reduce the areas
simulation temperature 25 [30] Park Experimental | reduce the
in urban measurements temperature
areas ,GIS & in urban
10 | Urba | [20] coatings, | Experimental | reduce ENVIMET areas
n pavemen measurements solar
area t ,GIS & radiation
mate materials | ENVIMET gain
rials ,and 5. Potential Application of Urban Cool
roofs . .
11 [21] cold Experimental | reduce Island in Indonesia
materials | measurements | solar
,GIS & radiation As described above the Urban Cool Island
ENVIMET gain .
5 (7] Roof Experimental | reduce research is urban-scale research. Computer
measurements | solar simulation-assisted experimental research is an
,GIS & radiation . . .
ENVIMET gain efficient and flexible way of modifying Urban
13 [18]  |Roof Experimental | reduce Cool Island, rather than experimenting with
t. 1 o . . . .
s e ion field conditions. Research with this method is
ENVIMET _ | gain very possible for this research. The big
14 19 P Experimental | red . . . s
(19] e | sl challenge is to simplify complex real conditions
materials | , GIS & radiation in simple replicas. The next challenge is to
= ENVIMET Lam design the research design and framework, this
[22] Facades | Experimental | reduce X R R
measurements | solar is an important key for the smooth running of
Eﬁl\f‘li‘/{ET ;‘ff“"“ the research. From the design of this research,
16 | Mate | [26] Roofs Pengukuran | reduce hypotheses and variables have also been
s and ;‘;fggéﬁfcn ol determined, then what computer simulation
nolo ain will be used. After that, the validation of the
g )
= gy T T T computer simulation is very important. This is
and blue | measurements | solar to find out whether computer simulation can be
space ,GIS & radiation :
ENVIMET i used as an experimental tool.
18 | Vege | [9] Tree Field reduce o . . o .
tatio measurement | solar For research timing, the time is divided into two
n / Rayman radiation Lo . .
gain stages: in the field and computer simulation
19 [19] Park Experimental | reduce the time. Computer simulation takes time not only
measurements | temperature . . . .
GIS & o urban to modify experimental interventions but also to
ENVIMET | areas learn to master the simulation program. So from
20 (231 | Park i’;ﬂ:ﬂﬁ;ﬁi i:i‘;ceer;fre the start, it is necessary to design a careful
,GIS & in urban research design. So during the computer
o 5 v EI:;;%EEITM f;zisce — simulation process, the time is not long due to
measurements | temperature the lack of mastery of the use of simulation.
,GIS & in urban
ENVIMET areas
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At the research design stage, the largest portion
of the proposed research budget is for computer
simulation programs. The budget is used to pay
for the simulation subscription license for a
certain period of time, so [is2] needs to be
regulated [s3] quite carefully, so that the
research time is right with the program license
time. So there is no need to extend the time to
perform the simulation. It is also necessary to
pay attention to the abilities and skills that must
be possessed by researchers, namely the ability
to interpret maps and the ability to operate
computer simulations.

Table 4. The advantages, and disadvantages of Research
Urban Cool Island

Information Advantages Disadvantage
Research The right research | The initial stage of
design design will be the key | designing a research
to the smooth process | design takes time,
of experimental | especially when
research. So the initial | making replicas of
stages of theory need to | complex real
be mastered properly. conditions into simple
replicas that meet the
needs of the research.

Time Research on the scale | The biggest time is
of urban areas: the time | used during computer
for experiments is | simulation. In the early
more flexible and | stages before the
efficient validation simulation.

Validation sometimes
takes time to repeat and
check back with field
measurements.

Budget Field research can be The largest investment
arranged in such a way | in computer
that field research is equipment,  software
cheaper purchases, and license

subscriptions

Abilities/ Ability to interpret If you do not master the

skills maps and operate ability to interpret and
using computer operate, you need help
simulations or hire someone else.

And if you don't master
the simulation process,
it will take longer.

1. Conclusion

Urban Cool Island research using
experimental methodology assisted by
computer simulations, is the right way to realize
this research. Because of the scope of research
on the scale of urban areas, it is very difficult to
carry out experimental interventions in field

conditions. By using computer simulations it
will be more flexible and varied for variable
intervention modifications. Before using
computer simulation, the program must be
validated before it can be used. The validation
stage sometimes takes time to retest field
conditions.

Research design is the key to
conducting research, so it needs to be carefully
designed from the start. This is to manage the
budget, time, and preparation of the ability of
researchers to operate computer simulations. In
addition, it also requires the ability to make
replica models from complex field conditions
into models that suit research needs. The
biggest investment budget for this research is to
buy or subscribe to licensed software within a
certain period, so the research design needs to
be timed well so that the software subscription
budget does not increase. The main advantage
of this methodology is that the research results
can be varied and able to test the hypotheses
that have been determined at the beginning of
the study.

References

[1] Djamba, Y. K., & Neuman, W. L. “Social
Research ~ Methods: Qualitative and
Quantitative  Approaches. In  Teaching
Sociology,” (Vol. 30, Issue 3). 2002.

https://doi.org/10.2307/3211488

[2] Groat, Linda N, Wang, and David, “Archite
cturAlreseArchMethods.”

[3] E. J. Gago, S. E. Berrizbeitia, R. P. Torres, and
T. Muneer, “Effect of land use/cover changes
on urban cool island phenomenon in Seville,
Spain,” Energies (Basel), vol. 13, no. 12, 2020,
doi: 10.3390/en13123040.

[4] Antonio Leone * , Federica Gobattoni * |,
Raffaele Pelorosso * Francesca Calace
** “Nature-based climate adaptation for
compact cities: green courtyards as urban cool
islands,” pp. 83—110.

[5] D. Lai, W. Liu, T. Gan, K. Liu, and Q. Chen, “A
review of mitigating strategies to improve the
thermal environment and thermal comfort in
urban outdoor spaces,” Science of the Total

48 | Yaseri Dahlia Apritasari, Iwan Sudrajat, Surjamanto Wonorahardjo



International Journal of Built Environment and Scientific Research

p-issn: 2581-1347 | e-issn: 2580-2607 | Pg. 41-50

Volume 07 Number 01 | June 2023

Environment, vol. 661, pp. 337-353, 2019, doi:

10.1016/j.scitotenv.2019.01.062.

[6] Martins, T. A. L., Adolphe, L., Bonhomme, M.,
Bonneaud, F., Faraut, S., Ginestet, S., Michel, C., &
Guyard, W. Impact of Urban Cool Island measures
on outdoor climate and pedestrian

[7] Luo, Z., & Li, Y. “Passive urban ventilation by
combined buoyancy-driven slope flow and wall
Sflow: Parametric CFD studies on idealized city
models.“Atmospheric  Environment, 45(32);
2011, 5946-5956.
https://doi.org/10.1016/j.atmosenv.2011.04.01
0

[8] M. Carpio, A. Gonzélez, M. Gonzélez, and K.
Verichev, “Influence of pavements on the urban
heat island phenomenon: A scientific evolution
analysis,” Energy Build, vol. 226, p. 110379,
2020, doi: 10.1016/j.enbuild.2020.110379.

[9] L. V. de Abreu-Harbich, L. C. Labaki, and A.

Matzarakis, “Effect of tree planting design and

tree species on human thermal comfort in the

tropics,” Landsc Urban Plan, vol. 138, pp. 99—

109, Jun. 2015, doi:

10.1016/j.landurbplan.2015.02.008.

Shi, D., Song, J., Huang, J., Zhuang, C.,
Guo, R., & Gao, Y. Synergistic cooling effects
(SCEs) of urban green-blue spaces on local
thermal environment: A case study in
Chongqing, China. Sustainable Cities and
Society, 55(December 2019), 102065; 2020.
https://doi.org/10.1016/].s¢s.2020.102065

Salleh, S. A., Abd.Latif, Z., Mohd, W. M.
N. W., & Chan, A. Factors Contributing to the
Formation of an Urban Heat Islandin
Putrajaya, Malaysia. Procedia - Social and
Behavioral Sciences, 105; 2013. 840-850.
https://doi.org/10.1016/j.sbspro.2013.11.086

Xie, Y., Huang, T., Li, J., Liu, J., Niu, J.,
Mak, C. M., & Lin, Z. Evaluation of a multi-
nodal thermal regulation model for assessment
of outdoor thermal comfort: Sensitivity to wind
speed and solar radiation. Building and
Environment, 132(September 2017); 2018, 45—
56.
https://doi.org/10.1016/j.buildenv.2018.01.025

Alobaydi, D., Bakarman, M. A., & Obeidat,
B. The Impact of Urban Form Configuration on
the Urban Heat Island: The Case Study of
Baghdad, Iraq. Procedia Engineering, 145,
2016, 820-827.
https://doi.org/10.1016/].proeng.2016.04.107

R. Giridharan, S. S. Y. Lau, S. Ganesan, and

[10]

[11]

[12]

[13]

[14]

B. Givoni, “Urban design factors influencing
heat island intensity in high-rise high-density
environments of Hong Kong,” Build Environ,
vol. 42, no. 10, pp. 3669-3684, 2007, doi:
10.1016/j.buildenv.2006.09.011.

Jamei, E., Rajagopalan, P.,
Seyedmahmoudian, M., & Jamei, Y. Review on
the impact of urban geometry and pedestrian
level greening on outdoor thermal comfort.
Renewable and Sustainable Energy Reviews,

[15]

54;2016. 1002-1017.
https://doi.org/10.1016/j.rser.2015.10.104
[16] Muniz-Gédal, L. P., Pezzuto, C. C.,

Carvalho, M. F. H. de, & Mota, L. T. M. Urban
geometry and the microclimate of street
canyons in tropical climate. Building and
Environment, 169 (October 2019); 2020.

https://doi.org/10.1016/j.buildenv.2019.106547

Bozonnet, E., Doya, M., & Allard, F. Cool
roofs impact on building thermal response: A
French case study. Energy and Buildings,
43(11),; 2011. 3006-3012.
https://doi.org/10.1016/j.enbuild.2011.07.017

Kolokotsa, D., Diakaki, C., Papantoniou,
S., & Vlissidis, A. Numerical and experimental
analysis of cool roofs application on a
laboratory building in Iraklion, Crete, Greece.
Energy and Buildings, 55; 2012, 85-93.
https://doi.org/10.1016/j.enbuild.2011.09.011

Kousis, I., Fabiani, C., Gobbi, L., & Pisello,
A. L. Phosphorescent-based pavements for
counteracting urban overheating — A proof of
concept. Solar Energy, 202(January); 2020.
540-552.

Pisello, A. L. State of the art on the
development of cool coatings for buildings and
cities. Solar Energy, 144; 2017. 660-680.
https://doi.org/10.1016/j.solener.2017.01.068

Akbari, H., Cartalis, C., Kolokotsa, D.,
Muscio, A., Pisello, A. L., Rossi, F.,
Santamouris, M., Synnefa, A., Wong, N. H., &
Zinzi, M. Local climate change and Urban Heat
Islandmitigation techniques - The state of the
art. Journal of Civil Engineering and
Management, 22(1); 2016, 1-16.
https://doi.org/10.3846/13923730.2015.111193
4
[22] Doya, M., Bozonnet, E., & Allard, F.

Experimental measurement of cool facades’

performance in a dense urban environment.
Energy and Buildings, 55; 2012, 42-50.

[17]

[18]

[19]

[20]

[21]

Yaseri Dahlia Apritasari, Iwan Sudrajat, Surjamanto Wonorahardjo| 49



International Journal of Built Environment and Scientific Research
p-issn: 2581-1347 | e-issn: 2580-2607 | Pg. 41-50

Volume 07 Number 01 | June 2023

https://doi.org/10.1016/j.enbuild.2011.11.001
[23] Klemm, W., Heusinkveld, B. G,
Lenzholzer, S., Jacobs, M. H., & Van Hove, B.
Psychological and physical impact of urban
green spaces on outdoor thermal comfort
during summertime in The Netherlands.
Building and Environment, 83; 2015, 120-128.
https://doi.org/10.1016/j.buildenv.2014.05.013
[24] Chiang, Y. C., & Lin, H. Y. A Study on the
cooling effects of the park dispersions applied
in PUD. E3S Web of Conferences, 57; 2018, 1—
6.
https://doi.org/10.1051/e3sconf/20185704002
[25] Yan, H., Wu, F., & Dong, L. Influence of a
large urban park on the local urban thermal
environment. Science of the Total Environment,
622-623; 2018, 882-891.
https://doi.org/10.1016/].scitotenv.2017.11.327
[26]  Sakai, S., Nakamura, M., Furuya, K.,
Amemura, N., Onishi, M., lizawa, 1., Nakata, J.,
Yamaji, K., Asano, R., & Tamotsu, K.
Sierpinski’s forest: New technology of cool roof
with fractal shapes. Energy and Buildings, 55;
2012. 28-34.
https://doi.org/10.1016/j.enbuild.2011.11.052
[27] Xue, S., & Xiao, Y. Study on the Outdoor
Thermal Comfort Threshold of Lingnan Garden
in Summer. Procedia Engineering, 169; 2016.
422-430.
https://doi.org/10.1016/j.proeng.2016.10.052
[28] Kim, Y., An, S. M., Eum, J. H., & Woo, J.
H. Analysis of thermal environment over a
small-scale landscape in a densely built-up
asian megacity. Sustainability (Switzerland),
8(4); 2016. https://doi.org/10.3390/su8040358
[29] Yang, C., He, X., Yu, L., Yang, J., Yan, F.,
Bu, K., Chang, L., & Zhang, S. The cooling
effect of urban parks and its monthly variations
in a snow climate city. Remote Sensing, 9(10);
2017.
https://doi.org/10.3390/rs9101066
[30] Chen, A., Yao, X. A., Sun, R., & Chen, L.
Effect of urban green patterns on surface Urban
Cool Islands and its seasonal variations. Urban
Forestry and Urban Greening, 13(4) ; 2014.
646-654.
https://doi.org/10.1016/j.ufug.2014.07.006

50 | Yaseri Dahlia Apritasari, Iwan Sudrajat, Surjamanto Wonorahardjo



