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Abstract

Bandung, the capital of West Java province, Indonesia has experienced rapid urbanization, which has affect-
ed the urban environment, including its building density, land use, and the quality of urban living. This spe-
cific urban morphology has had a significant effect on the urban microclimate. This study was aimed at de-
scribing the urban microclimate of three different overcrowded settlements, i.e., Linggawastu (overcrowded
settlement), Gerlong Girang (moderately crowded), and Pasir Impun (least crowded). The discussion will de-
tail aspects of the masses and buildings, the distance between buildings, the height of buildings, and the
availability of green open spaces to give the perspective of urban morphology toward the microclimate.
Fixed weather logger in those three locations were collected over one month, meanwhile the mobile meas-
urements to find the micro-meteorological values of air temperature (Ta), globe temperature (Tg), humidi-
ty (RH), and wind speed (v) to define the mean radiant temperature (Tmrt). The measurements provided evi-
dence of the trend of heat trapped in densely populated settlements shown in the diurnal temperature range
from Tamax and Tamin (ATa) as only 3.2 °C. Meanwhile in Pasirimpun, which is least populated, ATa= 9.5 °C.
Linggawastu with building coverage ratio (BCR) > 96% gave the contribution of low Tg=28.3 °C, as there is
less insolation penetration to the area. Thus, the PET for two densely populated areas, Linggawastu and Ger-
long Girang, tends to be neutral to slightly cool. Nevertheless, this study points out the high humidity in the
morning and afternoon, as well as the low air velocity, is a strong affecting factor.
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Introduction

Bandung, the capital of West Java province, has the
largest population in Indonesia. The rapid pace of ur-
banization and increasing population in this met-
ropolitan city contribute to the population densi-
ty, which affects building density. The record for land
settlements in Bandung occupies the largest percent-
age, 57%, followed by industry at 20% while education
services have a percentage of 2% land use. Bandung’s
open green area is only 7% of the total area of Band-
ung City (BPS Bandung, 2016). The disproportion-
ate distribution of land use causes the concentration
of urban activity at certain points, which contributes
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positively to building density, which is closely relat-
ed to urban morphology, such as the shape and mass
of buildings and the distance between buildings. The
building height and the availability of green open
spaces play an important role in the formation of an
urban microclimate and of the urban heat island. The
IPCC-5 report mentions that buildings have the great-
est potential for reducing carbon emissions, compared
to the other five sources of energy use: transportation,
industry, agriculture, forestry, and waste (IPCC, 2014).

Meanwhile, Bandung’s slum areas have experi-
enced rapid growth, based on Ciptakarya.
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In 2008, there was 202 ha and in 2013, there was 253
ha where slum areas spread over 18 districts. This area
then expanded as large as 1509.5 ha in 2015 (Pemkot-
Bandung, 2015). Later came the decision for the loca-
tion of the city without slums program (KOTAKU),
then stated in SK Dirjen Ciptakarya No.110 / KPTS /
DC / 2016 (Dirjen-Cipta Karya, 2016).

Overcrowded settlements in Indonesia are known
as kampong. “The Malay word Kampong first en-
tered Portuguese and Dutch in the 1600s and under-
went various intermediate variant spellings. The most
common examples are (1) Campon/Campong and (2)
Campond/Kampund (seen in some Dutch town maps
for the East Indies)” (Singapurastories, 2005; Taju-
deen, 2005).

Kampong Kota (Urban Kampong) is a phenomenon
of growth of residential areas in big cities in Indonesia.
Its unstructured existence, owing to a lack of adequate
planning, leads to a gap in the quality of the disas-
ter-prone environment. Specifically, urban kampongs
with densely packed buildings have implications for
the lack of air movement (ventilation) in the area,
causing heat to become trapped in the material and
not decompose into the air quickly. As a result, heat
release occurs in the afternoon until night time, so the
evening air temperature is higher than the tempera-
ture in the morning. The building density and the sur-
face area form an urban microclimate, which signifi-
cantly indicates an increase in local temperature, as
well as an urban heat island effect (Paramita & Fuku-
da, 2014b). A study on the relationship between dense-
ly populated settlements with improved microclimate
found the coefficient of the building floor (FAR) has
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significance to the increase in temperature of the re-
gion (Paramita & Fukuda, 2018). The study also men-
tioned the greater the level of closure of an area, the
less the thermal comfort the area gets.

Further, studies on high-density urban villages
in Kelurahan Tamansari, Bandung show the mean
temperature of area radiation is higher than the
Cigondewah industrial area and education area, UPI
(Paramita & Fukuda, 2014a). Those researchers also
revealed that diurnal local temperature in West Band-
ung and North Bandung reached its maximum in the
afternoon at 4 PM and was higher than the morning
temperatures. The morning and afternoon tempera-
ture difference reached 6-11 °C. This indicates the ur-
ban heat island phenomenon occurred in both areas.
Broadly speaking, Bandung’s average temperature ex-
perienced an increasing trend of 0.8 °C over the past
20 years (BPS Bandung, 2018).

The microclimate study will be focused on the mor-
phology of urban kampong, specifically to the building
coverage ratio (BCR), floor area ratio (FAR), and street
canyon of the kampong expressed in height/canyon
width (H/W). The effect of this morphological physi-
cal aspect will result in a measure of the region’s mi-
croclimate covering the average radiation temperature
(Tmrt) based on the temperature of the black sphere
(Tg), air temperature (Ta), humidity (RH), and wind
velocity (v). The relationship between urban morphol-
ogy and later meteorological aspects will affect the
quality of the built environment based on the thermal
comfort of the outdoor space expressed in PET (physi-
ologically equivalent temperature), which describes the
effect of the thermal environment on the human body.

The investigation was conducted in the city of Band-
ung, Indonesia. Its climate is characterized as hot and
humid with high precipitation and long solar radia-
tion intensities. The annual average relative humidi-
ty of the city is around 78%. The highest air tempera-
ture is in July and August with an average maximum
temperature of 29 °C. Three settlement areas were se-
lected to evaluate the effect of urban form on the mi-

Research method

croclimate: (1) Pasir Impun, (2) Linggawastu, and (3)
Gerlong Girang. Pasir Impun, a suburb settlement lo-
cated at -6.89°S and 107.67°E with 695.1 masl is in East
Bandung. Linggawastu, a riverside settlement with an
altitude of 727.4m is located at -6.9°S and 107.6°E. Ger-
long Girang, a settlement in an educational area, is lo-
cated in North Bandung at 903.9 masl between -6.86°S
and 107.59°E.

This study elaborates on two important aspects of urban
physics, which define an environmental quality as livabil-
ity, as shown in Figure 1. To evaluate the effect of urban
form on the microclimate, two series of measurements
were carried out. First, there was a fixed measurement to
find the Tg and Ta that span from June 12th to July 7th,
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2017, using ESPEC® RT13. Secondly, there was a mobile
measurement on June 21st, 2017 using WEATHERmeter
for six spots in one area by measuring their Ta, RH, and
v. The measurements started from 6:00 a.m. to 6:00 p.m.
with a ten-minute interval for each spot. Table 1 shows the
technical characteristics of measurement instruments.

®
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Table 1. Measurement Tool Characteristic

Globe Temp (Tg) Espec @ RT-12

Variable ‘ Equipment ‘ Measurement range ‘ Accuracy
Recorded measurement
Air Temp (Ta) Espec ® RT-12 (-40 to 110) °C ((/_\;g'ti ?3':) occ)
Avg. +0.3°C

(-40 to 110) °C ((-20 to 80) °C)

Recorded measurement
Air Temp (Ta) WEATHERmeter ® (100 to 130) °C + (1% rdg+1)
- 270% RH : +
® o,
Humidity (RH) WEATHERmeter (10 to 95) % RH (4% rdg +1.2 % RH)
Windspeed (v) WEATHERmeter ® (0.4t030.0)ms™ +5%

BUILDING DENSITY

LIVABILITY >
ENVIRONMENTAL
QUALITY

URBAN PHYSICS

Y

MICROCLIMATE
(Tg/Tmrt, Ta, RH, v)

!

URBAN MORPHOLOGY -
URBAN FORM
(FAR, BCR, H/W)

PHYSIOLOGICALLY
EQUIVALENT
TEMPERATURE (PET)

Figure 1. Research diagram

Density and livability

“By tracing the history of the origin of the Kampong as
an important part of their own image, we tend to under-
stand the kampong as an emerging settlement, not part
of a road arrangement and building placement plan. The
definition that takes the perspective of this ‘planner’ has
the advantage that it includes elements that are often the
triggers of state action, that is, chaos. Land placement is
usually irregular in both shape and size, inter-settlement
patterns tend to zig-zag, and homes are self-constructed
by residents” (Khusyairi & Rabani, 2011).

Kampong’s structure, as mentioned above, is quite
elusive, including its density which is difficult to meas-
ure. This density is divided into two categories: people
and building density. Further, the link between densi-
ty and sprawl is livability, which explains the environ-
mental quality. This connection has been published in
the Density Atlas (Lee, 2011). The connection of living
quality on kampong, later explained through urban
physics and outdoor thermal comfort perception. The

physiologically equivalent temperature (PET) then is
used to define the microclimate condition on human
biometeorology.

Urban physics was first mentioned as an effect of
the micro-climate on thermal comfort, health, and
energy demand. It is a discipline related to branches
of physics, environmental chemistry, aerodynamics,
meteorology, and statistics (Moonen et al., 2012).

This paper addresses the role of urban physics in
the study of microclimate, which measures globe tem-
perature (Tg), air temperature (Ta), humidity (RH),
and velocity (v), which then define the mean radiant
temperature (Tmrt). Tmrt, an essential meteorologi-
cal parameter, influences the thermal comfort (heat
load) of humans (Chen et al., 2014a; Herrmann &
Matzarakis, 2012; Tan et al., 2013).

It is known that urban form has significant effects
on the microclimate (BajSanski et al., 2015; Milo$evic et
al., 2017; Ongoma et al., 2016). Different combinations
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of plot ratio and site coverage will manifest in various
different built forms. Studies on low-rise, high-densi-
ty buildings have shown that streets with a small sky-
view factor often lead to increased heat-island effects
in the evening owing to the trapping of long-wave ra-
diation from the urban surface (Saehoon & Youngry-
el, 2015). Other studies have shown that the built form
and vegetation has a significant impact on the temper-
ature variations in a hot and humid climate (Shash-
ua-Bar et al., 2006). The densely built environment
creates an very-restricted sky view factor, which then
impacts the mean radiant temperature across differ-
ent outdoor spaces. In hot and humid regions, a large
sky-view factor is preferable for cooling open spaces
(Lai et al., 2017). The distance between building signif-
icantly impacts the building fagade’s surface tempera-
tures. However, wind flow can remove the heat within
the urban morphology (Allegrini et al., 2015). A previ-
ous study on densely built environments in Bandung,
Indonesia shows that the regression between building
coverage and mean radiant temperature are connect-
ed with R2 = 0.82 (Paramita & Fukuda, 2014a).

Lying near the equator, Bandung city is facing a long
period of insolation. The improvement of urban micro-
climates in achieving outdoor thermal comfort simply
involves altering surface temperatures of the surround-
ings that cover urban areas. Based on the above descrip-
tion of outdoor thermal perception, it is clear that mi-
croclimates play an important role in creating specific
atmospheric conditions that impact thermal comfort.
According to Fanger, and updated by Moran (Epstein &

Results and data analysis
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Moran, 2006; Povl Ole Fanger, 1972), seven factors signif-
icantly determine the human thermal environment and
an individual’s thermal comfort. These factors are divid-
ed into environmental factors, which are Ta, Tg, v and
RH, and human behavioral factors, which are metabolic
rate, clothing insulation, and moisture permeability.

Later, the living quality of the urban environment
was referred to PET, a thermal index derived from the
human energy balance. The PET classification will be
used for Taiwan’s hot and humid climate (Lin et al.,
2010). The annual average temperature in Bandung is
23.4°C. Meanwhile, previous study showed that neu-
tral temperature (Tn) in Bandung is 24.7 °C where the
range of thermal comfort (Tcr) is 23-26.5 °C (Karyono,
2008). Thus, on average, the perception of PET nor-
mally will be slightly cool.

The high outdoor thermal comfort can only be
achieved when the building group design strategies
are well applied. Therefore, the idea of assessing over-
crowded settlements regarding their microclimate
will improve living quality. Despite several thermal
stress indices, especially for outdoor conditions, this
paper uses PET based on the energy balance of the hu-
man body. The PET can make estimates using the free
available RayMan model (Chen et al., 2014b; Frohlich
& Matzarakis, 2013; Gulyas et al., 2006; Herrmann &
Matzarakis, 2012; Matzarakis et al., 2007; MiloSevi¢
et al., 2016).

The PET calculation for Pasir Impun is shown in
Table 5, Linggawastu in Table 6, and Gerlong Girang
in Table 7.

1. Pasir Impun

Figure 2 shows the diurnal of Tg and Ta characteristics
from the fixed measurement within one month. It was
recorded as Tay,4=30.2 °C, Tay,;,=20.7 °C. The high-
est Ta was shown in the morning from 08:00-11:00
am. Meanwhile, Figure 3 shows the diurnal tempera-
ture from the mobile measurement, where the lowest
Ta was 20.7 °C. Figure shows the highest Ta, 34.0 °C,
was recorded at 13:50 in spot F. Meanwhile, the high-
est RH has recorded at 06:00 in plot E, as much as
83%. All spots had similar microclimate characteris-
tics, where the temperature rose from 06:00 to 13:00
and then gradually decreased until the sun set. Hu-
midity data in the morning (06:00 to 07:00 am) also
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showed the highest value. Nevertheless, the afternoon
temperature was still higher than the morning tem-
peratures. The average temperature from spot A un-
til F was also higher than Bandung’s average July tem-
perature, which is 25.7 °C. The average temperatures
for spots A to F were 28.4 °C, 28.7 °C, 295 °C, 29.7 °C,
29.9 °C and 30.2 °C. Compared to other settlement ar-
eas, Pasir Impun recorded the longest diurnal temper-
ature range between Tmax and Tmin, i.e., 9.5 °C.

Table 2 explains the density of the buildings for
each measurement spot. Spot E has shown its density
with the highest FAR = 4 but low coverage with BCR
= 38%. Meanwhile, spot B has shown the largest cov-
erage with BCR.
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Figure 2. Diurnal Temperature from Fixed Measurement

Figure 3. Measurement Spot and Microclimate characteristics in Pasir Impun

Table 2. Pasir Impun Urban Form Characteristics

Spot Area (m?) BCR (%) FAR Section
A 4251 73 2.4
B 5232 82 2.4
C. 8502 60 3
D 4578 75 2.2
E 4905 38 4
F 5232 57 1.2
Total Area: 32 700 m?
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2. Linggawastu

Figure 4 shows the diurnal of Tg and Ta within one
month of Linggawastu from fixed measurements. The
highest Tg = 28.6 °C; the lowest Tg = 24.5 °C. Mean-
while, the highest Ta = 27.9 °C and the lowest Ta =
24.7 °C. Thus, the highest diurnal temperature range
was only 3.2 °C.

The fixed measurement was apparently different
from mobile measurement. The fixed measurement
shows Tamax in the afternoon from 14:00-18:00 while
Tamax from the mobile measurement occurred in the
morning. Figure 5 shows the highest Ta in Linggawas-
tu was 35.2 °C at 10:20 am in spot B. Meanwhile the
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highest humidity occurred at 06:50 as much as 92% at
spot F. The humidity value in this area was the high-
est compared to two other settlements. The tempera-
ture average for each spot, A to F, was 29.5 °C; 303 °C;
29.8 °C; 29.8 °C; 29.6 °C; 29.7 °C; and 29.6 °C. The long-
est diurnal temperature range between Tamax and
Tamin in Linggawastu was recorded as 6 °C. Table 3
describes the urban form characteristics. The BCR in
this area was 96.3 to 100%. It is considered the larg-
est coverage area, compared to Pasir Impun and Ger-
long Girang. The overcrowded building density was
also signed by its low floor area ratio (FAR), which
was only 2.3.

Figure 4. Linggawastu Fixed Measurement

Figure 5. Measurement Spot and Microclimate characteristics in Lingga Wastu
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Table 3. Urban Form Characteristics of Lingga Wastu

Spot Area (m?) BCR (%) FAR Section
A 4619 97.3 2.2
B 5543 97 1.8
C 6201 98.8 2.1
D 6384 96.3 2.0
E 8 087 100 2.3
F 3369 100 2.2
Total Area 34,203m?

3. Gerlong Girang

The characteristic of diurnal Ta and Tg within one
month is shown in Figure 5. There is no significant dif-
ference in Ta or Tg. Solar radiation seems to have no ef-
fect on heating the outdoor temperature. This area has
a BCR of more than 85%, which means there is no large
area of open space for insolation penetration. Figure
6 demonstrates the highest Ta in Gerlong Girang oc-
curred at 13:10 pm in spot B with 32.6 °C. Unlike other

settlement areas, where the humidity was recorded over
80%, the highest humidity occurred in spot D at 77%.
All spots had similar microclimate characteristics: the
temperature rose from 06:00 to 14:00 and then grad-
ually decreased until the sun set. Similar to the oth-
er two settlement areas, the afternoon temperature in
Gerlong Girang was higher than the morning temper-
atures, which also indicates the UHI phenomenon. The
longest diurnal temperature range between Tmax and

Figure 6. Gerlong Girang Fixed Measurement
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Figure 7. Measurement Spot and Microclimate characteristics in Gerlong Girang

Tmin in Gerlong Girang was the lowest compared to  sity is signed with high BCR and low FAR. The high-
the other two settlement areas, i.e., 5.2 °C. est BCR = 98% and the highest FAR = 2.3.

Meanwhile, Table 4 shows the similarity of ur- Later, based on those three location measurements,
ban form characteristics between Linggawastu and it is found that PET for each of them as shown at ta-
Gegerkalong Girang. The overcrowded building den-  ble s, 6 and 7.

Table 4. Urban Form Characteristics of Gerlong Girang

Spot Area (m?) BCR (%) FAR Urban form
A 5826 98 2.0
B 6312 98 2.0
C 4370 88 2.2
D 3770 83 2.3
E 7276 88 2.3
F 4960 86 2.3
Total area 28,144 m?
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Table 5. PET Pasir Impun

Tg RH v Ta Tmrt PET ;:fcr:):ilon
6:00 218 80 0.0 28.1 218 259 | neutral
7:00 235 77 0.0 26.9 235 263 | neutral
8:00 27.4 65 0.3 26.6 283 272 | neutral
9:00 28.8 64 05 26.6 32.0 283 | neutral
10:00 30.2 57 23 25.0 476 29.4 | neutral
11:00 3238 53 18 24.6 55.4 332 | Slightly warm
12:00 32.8 54 13 24.2 52.6 331 | Slightly warm
13:00 331 55 07 239 48.0 331 | Slightly warm
14:00 312 58 1.0 237 46.5 31.0 | Slightly warm
15:00 315 58 058 235 45.8 313 | Slightly warm
16:00 307 60 0.2 234 367 299 | neutral
17:00 29.3 66 04 231 37.0 287 | neutral

Table 6. PET Linggawastu

Tg RH v Ta tmrt PET ;":fcr:;:ilon
6:00 24.4 88 0.0 27.2 24.4 270 | Neutral
7:00 26.9 80 0.0 271 26.9 283 | Neutral
8:00 28.9 73 0.2 27.3 303 302 | Neutral
9:00 30.2 73 0.3 277 329 302 | Neutral
10:00 32.3 65 0.5 27.4 391 323 | slighty warm
11:00 316 66 0.2 27.3 351 314 | slighty warm
12:00 311 69 0.2 271 344 310 | slighty warm
13:00 319 66 0.1 271 345 315 | slighty warm
14:00 314 69 03 26.8 36.2 313 | slighty warm
15:00 303 73 01 26.6 323 302 | Neutral
16:00 29.7 80 0.2 26 32.8 29.6 | Neutral
17:00 291 80 0.0 26.5 291 293 | Neutral

Table 7. PET Gerlong Girang

Tg RH v Tg Tmrt PET Enggifon
6:00 214 74 0.0 26.3 214 249 | slighty cool
7:00 214 73 0.0 26.1 214 248 | slighty cool
8:00 23.4 69 04 253 20.8 227 | slighty cool
9:00 25.0 66 07 243 263 236 | slighty cool
10:00 26.9 63 03 241 30.0 264 | neutral
11:00 283 58 0.6 23.9 35.4 275 | neutral
12:00 29.5 56 0.6 237 3856 289 | neutral
13:00 29.9 56 0.1 235 334 289 | neutral
14:00 29.2 57 0.0 23.2 29.2 279 | neutral
15:00 28.1 62 04 226 35.0 273 | neutral
16:00 274 66 0.2 227 314 268 | neutral
17:00 26.2 69 0.20 221 29.7 258 | neutral
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Studies on these three areas provide an overview of ur-
ban forms that affect microclimate, which then affect
the perception of thermal comfort. The annual aver-
age temperature in Bandung of 23.7 °C generally offers
“slightly cool” perception of thermal comfort. Howev-
er, in this study, we found that only Gerlong Girang
offers that perception. Two other study areas, Pasir
Impun and Linggawastu, tend to offer “neutral” and
“slightly warm” thermal perception. The geographi-
cal location somehow delivers significant initial air
temperature. Gerlong Girang, with an altitude of 9oy
masl, gets the benefit of low diurnal air temperature
of 26.4 °C. Pasir Impun and Linggawastu, with alti-
tudes 727 and 695 masl, have relatively the same di-
urnal temperature of 29.3 °C and 29.8 °C, respectively.
The low index thermal perception is also influenced by
the building coverage in Gerlong Girang, which is 83-
98%, as well as FAR 2.3, which means a lower sky view
factor (SVF) blocked the solar radiation.

The less building density in Pasir Impun tends to
generate a wind velocity that is higher than that in the
other two areas, but somehow generates the penetra-
tion of solar radiation into open space. Overcrowd-
ed settlements, like Linggawastu with BCR = 96 -
100%, block the urban ventilation and leaves the heat
trapped, it shows with the small differences of diur-
nal temperature morning and afternoon that is only
0.7 °C.

This study then emphasizes the previous studies
that urban form significantly influences the micro-
climate. The same tendencies were found as in Sae-
hoon and Youngryel’s work in 2017, where a small sky
view factor in the low-rise high-density urban form
traps the long-wave radiation from the urban sur-
face. Pasir Impun, with low BCR, provides the avail-
ability of wind flow within urban structures. Never-
theless, in tropical zones with longer sun exposure,
the more open space, the more insolation will be in-
truded in the area. This means globe radiation will be
higher, which then impacts the mean radiant temper-
ature and thermal perception. This is different from
the study by Allegrini, Dorer, and Carmiliet in 2015
for the climate of Ziirich (Switzerland), in which they
stated that wind flow can remove the heat within the
urban morphology. Somehow, this study is linear with
the study in Singapore (Lai, Maing and Ng, 2017) that
densely built form restricts the sky view factor then
affects the mean radiant temperature across different
outdoor spaces. This study is similar because it is done
in a hot and humid climatic region.

The perception of outdoor thermal comfort in the
three areas has a similar diurnal range of neutral per-
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ception, of 2.5 °C - 3 °C. Pasir Impun with less build-
ing coverage offers “neutral” perception in the range
of 259 °C - 29.9 °C. Linggawastu, with overcrowd-
ed buildings, offers “neutral” perception in the range
of 27 °C - 30 °C. Meanwhile, Gerlong Girang, in the
highest geographical location offers “neutral” percep-
tion in the range of 26.4 °C - 28.9 °C. Those studies
are slightly different from the PET study in Colom-
bo, Sri Lanka (Johansson & Emmanuel, 2006) where
the outdoor thermal comfort was found in the range
of 275 °C - 325 °C. Its diurnal range was 5 °C with the
range of humidity 50% - 75 % at 32.5°C and 50% - 85%
at 275 °C. In the other study, the range of “neutral”
perception in Singapore occurred at 28.7 °C but was
preferred at 26.5 °C, where the acceptability of thermal
comfort state was 26.3 °C - 317 °C (Yang et al., 2013),
which was slightly higher than the condition in Band-
ung but lower than in Colombo. The deeper canyon
with compact H/W on urban form can provide pref-
erable outdoor thermal comfort than a dispersed ur-
ban form (Emmanuel & Johansson, 2006). Anyhow, in
the case of overcrowded settlement, the compact ur-
ban form has a significant influence on the rising hu-
midity in the morning. Linggawastu with BCR nearly
100% and FAR 2.3 gathers the humidity in the morning
from 06.00 - 09.00, as much as 73% - 88%. This condi-
tion is similar in Dhaka, Bangladesh, which has semi-
closed space that restricts air movement but provides
shading, which is more preferable during the hottest
period of the day (Ahmed, 2003). The perception of
outdoor thermal comfort in Malaysia also confirmed
the value of PET in the selected shaded outdoor spac-
es was higher than the comfort range defined for trop-
ical climates. This value was more than 30°C (Makare-
mi et al., 2012). Thus, it is recommended that a mixture
of high-rise towers and lower buildings can create un-
even fabric, which then increases air movement in a
warm climate (Evans & De Schiller, 1996; Fanger &
Toftum, 2002). The perception of outdoor thermal
comfort is also influenced by the sky view factor. The
study by National Formosa University (NFU), Taiwan
shows that sky view factor (SVF) significantly affects
the outdoor thermal environment. There are six dif-
ferent SVFs in the range from 0.04 (highly shaded) un-
til 0.808 (barely shaded) that give the perception of hot
discomfort index with PET > 30 °C. Meanwhile, the
discomfort index with PET is < 26 °C.

It was also found that the median shading level with
SVF 0,129 contributes to the longest thermal comfort
(Lin et al., 2010). Another study in Taiwan collected
505 effective questionnaires between April 15, 2007,
and February 2, 2008. The thermal comfort range of
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respondents was 21.3-28.5 °C PET, significantly higher
than that in a study conducted in Central and West-
ern Europe (18-23 °C PET), where the preferred tem-
perature in the hot season was 24.5 °C (Lin, 2009).

Those studies in Colombo, Singapore, Dhaka, Ma-
laysia, and Taiwan within hot and humid climates
give an understanding that the perception of the ther-
mal environment cannot be explained by individual
climate parameters. It won’t be simply described by
microclimate conditions.

The previous measurement in the same area, Ta-
mansari, which was completed in 2013, shows a differ-
ent value for air temperature. The highest air temper-
ature on 21 July 2013 was 32 °C while on 21 July 2018,
it was 277 © C. The chilliest temperatures in decades

Conclusion

in parts of Australia’s east coast (Sun, 2018) suggests
the impact of lower temperature throughout South-
east Asia. The weather service of Australia recorded
that it was the town’s chilliest night in 87 years (Wil-
loughby, 2018). Low temperatures in Australia have
an influence on the formation of cold winds from the
Australian continent to Asia, including to Indonesia.
Thus, the result on Tmrt tends to be only in the range
of 24.4 °C - 39.1 °C, which is quite a difference when,
in 2013, the MRT reached 215 °C to 48.5 ° C. The gap
between air temperature and globe temperature has
a significant impact on the rising of MRT. In dense
urban areas, with an absence of wind flow, the heat
trapped within the urban structure and building sur-
face cannot easily be swept away.

As a conclusion of this study, the comparison of the
three urban structures and their microclimate gives
an understanding that geographical location impacts
initial temperature. The higher the altitude, the low-
er the initial air temperature. The dense urban build
characterized by high building coverage, low floor
area ratio, and narrow street canyon has less offering
on wind flow. In any case, this urban structure not
only blocks insolation but also tends to retain humid-
ity. It, therefore, contributes to the low globe temper-
ature and mean radiant temperature. This condition
also contributes to the afternoon temperature that is
higher than morning temperature.

It is found that in all studies, the noon temperature
is higher than the morning temperature. More over-
crowded urban structures have small differences in di-
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urnal temperature. This effect is more evident in dense
urban structures. Gerlong Girang, with building cov-
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