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ABSTRACT

In step with economic growth, Pontianak City continues developing its physical development. From an environmental
perspective, physical development that does not pay attention to the environment may make air temperature rise and create
inconvenience to human. The purpose of this study is to evaluate the indications/tendency in the built environmental
elements that have the possibility of influencing the microclimate in the urban center or trade area in Pontianak City. Built
environmental elements such as building density, building height, materials, etc. are described and then simulated towards the
existing atmospheric condition such as temperature, humidity, solar radiation, cloud cover, and others. The simulations used
three-dimensional software ENVI_MET version 4. From findings, it can be seen that atmospheric condition influences are
generally still dominant rather than built environment characteristics. However, the characteristics (condition) of the built
environment are related and influence each other, but are not a dominant determinant of how area temperature is rising or
falls. Several built environment elements that might affect air temperature within the study area are (1) road material
(Asphalt), (2) building density and shadowing, (3) the amount of vegetation, (4) the direction of wind, and (5) distance from
heat source (e.g. road material/asphalt).
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INTRODUCTION rooms (Pemred, 2018). Besides, the presence of
modern retails also continues to grow, even in remote
Pontianak City is the capital city of West areas. At least in the last 15 years (nationally), the
Kalimantan in Kalimantan (Borneo) Island, which has  development of modern retail was very extraordinary
an area of 108.82 square kilometers with a population  (thetanjungpuratimes, 2018). Retails are not only
reaching 650,000 people (2017). Geographically,  concentrated in big cities in Indonesia, but also have
Pontianak City also has its uniqueness, which is  penetrated the remote areas. With limited land, the
crossed by the Equator line at O degrees of latitude. As  development in Pontianak City also began to be built
the economy continues to grow to around 6% (Antara  vertically. Because of the limited land, some hotels
news, 2018), the economy in Pontianak City  have been built vertically, creating new models and
continues to “pulse” and has an impact on many  patterns in the trade area, and this will have an impact
sectors. Some sectors that support the economic  on the physical and social conditions.
growth in Pontianak City are transportation and Physical development may have positive and
communication, trade, hotels and restaurants, and  negative effects. The positive impact of development
construction. In the direction of the City’s spatial plan,  can be in the form of high income, good infras-
Pontianak City space is managed to aim to create the  tructure, and excellent public services. While
leading trading and service city in Kalimantan Island.  according to Bhatta (2010), urban area growth and
To ensure that, the government of Pontianak City  population distribution that occur may result in
formulates a policy by developing trade and service  several consequences, including slum, increased
areas to be distributed equally in the centers of urban  service costs, rising environmental temperatures and
activities with a strategy or supported by providing  poor air quality. From an environmental perspective,
open space, infrastructure, tourism, connectivity,  urban development that does not pay attention to the
formal-informal synergy, and revitalization. Allot-  environmental quality may make the air temperature
ment of trade and services is divided into several rise. Viewed from a smaller scale in urban areas, one
types. In fact, trade and service allocation areas are  area can form a microclimate, which is a specific
divided into several types, namely: (1) traditional  climate from one area that can affect the comfort of
markets, (2) shopping centers, and (3) modern shops. the surrounding. According to Erell et al., (2011),
The development in Pontianak City can be seen  microclimate in urban studies can be formed based on
through continued physical development; in the  several elements such as temperature, wind move-
service sector, until 2018, there are at least 46 various ~ ment, sun radiation, the proportion of buildings/
star hotels in Pontianak City, with a total of 4160  spaces, materials, and vegetation.
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Physical growth (especially buildings) may
bring various benefits as well as negative impacts.
Buildings are included as a system that is connected
to the climate outside the building and the climate
inside it (for the convenience). Outside the building,
the arrangement of buildings interacts directly with
the local microclimate system, such as wind, sunlight,
vegetation, and air temperature. In the recent years,
researchers have begun to focus on building con-
figurations that are adaptive to the local climate to be
more sustainable and environmentally friendly. For
that reason, it is necessary to consider evaluating the
built environment (physically) in a series of urban
studies.

Building configuration evaluation in its dis-
tribution in one area that has an impact on local
microclimate may be done by investigating several
aspects, such as temperature, wind movement, radia-
tion, the proportion of buildings/spaces, materials, and
vegetation. Microclimate can gradually turn to bad
condition, creating uncomfortable situation for the
environment and human if physical development is
not planned in such a way. Therefore, an evaluation
process and adaptive approach can be carried out to
find ideal conditions that have benefit to the envi-
ronment and human comfort.

The purpose of this paper is to evaluate the
indications or tendency of the microclimate elements
in the trade and service areas in Pontianak City,
especially at Gajah Mada Street. Microclimate ele-
ments that will be simulated are the air temperature
based on the consideration of physical environment
configuration such as building density, building
orientation, building material, shadowing, building
envelope, building height, and vegetation. The results
of this paper are able to explain the tendency of the
microclimate conditions against physical environment
configuration in trade and services areas located in the
developing urban center.

SNAPSHOOT OF LITERATURE REVIEW

The relationship between development and its
effects on microclimate has been a concern recently.
To reduce climate change and the impact of global
warming in cities, urban planning and design studies
began to consider urban microclimate knowledge in
planning strategies, so it can enhance user con-
venience. Physical development in one area can
contribute to the microclimate condition. Shashua-bar
(2004) has described the effects of building design
such as building dimensions and building distance on
the formed microclimate. Kakon (2009) also streng-
thens the results of his research on the influence of
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regional geometry on the formed microclimates,
especially the impact of sky view factor on solar
radiation. Shafaghat (2016) reveals how road
geometry influences the formation of microclimates
in one area, especially in coastal tropical climates.
Microclimate is influenced by various factors
including morphological characters (Kushol, 2013;
Ok, 2014; Pandya, 2014), geometric patterns (Deng,
2016), construction material (Santamouris, 2012;
Shishegar, 2013; Chokhachian, 2017), orientation
(Shishegar, 2013; Sanusi, 2015), building density and
building height (Nasira, 2016) and green space/
vegetation (Klein, 2014; Duarte, 2015).

Information about microclimate conditions
gathered in one area is very useful for Planners or
Architects to organize buildings and the environment.
Appropriate microclimate data can help Planners/
Architects make the right decisions in climate-
responsive designs, so that they can create buildings
and environment to make human activities more
comfortable. In addition, climate-responsive designs
also have an impact on energy-efficient uses. The
characteristics, as well as the form and the pattern of
buildings or cities may influence the formation of
microclimates, resulting in energy consumption
changes (Lee, 2017). For building as an example, it
occurs because the design of the building’s inner
space conditions also affects the energy use in the
building, based on the microclimate response
(Alwetaishi, 2016; Strelkova, 2013; Pisello, 2015). If
the microclimate condition is not appropriate,
somehow, the building will respond to microclimate
conditions by using electrical tools. Climate consi-
derations in urban planning/design require detailed
information/data about the changes in microclimate
that occur as well as the physical environment con-
figuration. To obtain and organize the data, several
methods may be taken to provide a description of
microclimate and environment condition.

Research on urban microclimate was initially
carried out by observation methods such as measure-
ments in the field. Along with the development and
advancement in computing, numerical simulation
approaches with modeling are becoming more
popular. Direct measurement and modeling can both
be used as tools to assist building and urban and
design/planning in responding to climate change
(Elnabawi, 2013). One of the microclimate simulation
computer programs is ENVI-MET (developed by
ENVI_MET GmbH), which can be used to estimate
the effect of changes in climate conditions in cities
(Langer, 2012). Simulation of microclimatic con-
ditions by using ENVI-MET can present prediction
results to be used in the design and planning process
of buildings and cities (Elnabawi, 2013).



METHODOLOGY

This article is the result of a research that aimed
to simulate and describe the microclimate in an urban
area, especially in developing trade areas. The
simulation used climate data series in Pontianak City,
and other required data for analysis purposes. In terms
of built environment, the data were obtained directly
in the field through field surveys and observations.
The indicators for the data collected are as follows:

Table 1. Data Required

No Climate Data Built Environment
1 Temperature Building density
2 Humidity Building orientation
3 Wind speed and direction Building material
4 Solar radiation Shadowing
5 Cloud cover Building envelope
6 Soil condition Building height
7 Vegetation

(Source: Several organized data, 2018)

After the data were obtained, the simulation was
carried out by using the three-dimensional software
ENVI_MET version 4 to see the indications/tendency
in the local microclimate according to the charac-
teristics of the built environment. The calculated
microclimate element focused on the temperature
conditions. The details of the research processes that
had been carried out are as follows:

1. Collecting climate data in Pontianak City as well
as collecting data and details on buildings and the
built environment in the areas;

2. The study area is located along Gadjah Mada
Street. To concise the simulation time in com-
puter; the study areas were divided into 3 area
segments (sections), divided by the characters of
the building area, such as: section 1, i.e. areas with
a general character of low-floor buildings, section
2, i.e. areas with a character of having wide and
tall buildings, section 3, i.e. areas with a general
character of having a tall and wide building;

3. Setting the simulation parameters in ENVI_MET
program. The calculation was based on the hot
days/months in Pontianak City, such as (1) 23
September, (2) 21 December, (3) 21 March, and
(4) 21 June 21;

4. Inputting the data into the ENVI-met program and
setting the simulation parameters according to the
indicators and data on the conditions that had been
obtained:;

5. Describing the character of the physical/built
environment of the areas, such as building density,
building orientation, building materials, shadow-
ing, building envelope, building height, and vege-
tation;

6. Measuring/simulating the air temperature in a
focused area;
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7. Describing or drawing conclusions on the domi-
nant results of the simulations, especially the high
temperatures in these areas and the built environ-
ment condition surrounding the areas.
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Fig. 2. Area Study (Source: Modified from Google maps,
2018)

RESULTS AND DISCUSSION
Built Environment Characteristic

This part describes the findings of the character
of the built environment in the areas that may
influence the microclimate condition. The aspects of
the description include building density, building
orientation, building materials, shadowing, building
envelope, building height, and vegetation. The dis-
cussion is carried out with a description of the general
tendency or dominance of the existing conditions.

Built Environment Impact to Air Temperature

In this part, described the findings of the mea-
surement of the air temperature in the area based on
the climate parameters as well as built environment
characteristics. The discussion is constructed by
describing the general tendency or dominance of air
temperature (lowest/highest temperature and the built
environment characteristics) based on the color
information resulted from the simulation. Afterwards,
conclusion are compiled based on the differences of
air temperature against to the condition of built
environment surrounding.
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Tabel 2. Data Setting in ENVI_MET

Time and Date Output
1 Start Time (DD.MM.YYYY) 23.09.2017 21.12.2017 21.03.2018 21.06.2018
2 Start Time (HH:MM:SS) 7:00:00 7:00:00 7:00:00 7:00:00
3 Total Simulation Time (h) 24 24 24 24
Meteorology : Basic Settings
1 Wind uvw
W_ind speed meassured in 10 m (s) 33 94 36 97
height
Wind direction (deg) 135 270 270 45
Roughness _ length at ) 01 01 01 01
meassurement site
2 Temperature T
:t]rlrt:slphere temperatre of (°C) (use simple forcing)
3 Humidity q
i;):enc(l)fézlhumldlty at 2500m top ) 754 719 78 675
Relative humidity %) 86 82 89 77
Meteorology : Simple Forcing
1 Temperature in°C
Minimum temperature °C) 244 242 238 252
at (HH:MM) 22:00 4:00 4:00 4:00
Maximum temperature (°C) 322 308 302 34
at (HH:MM) 13:.00 13:00 10:00 16:00
2 Relative humidity in %
Minimum Humidity %) 64 64 67 49
at (HH:MM) 13:00 13:00 10:00 16:00
Maximum Humidity %) 93 91 95 95
at (HH:MM) 4:00 4:00 4:00 4:00
Meteorology : Further Settings
1 Solar Radiation
Adj.us.tment factor for solar 1 0.82 1 1
radiation
2 Clouds
Cover of low clouds octas 250 2.00 222 222
Cover of medium clouds octas 250 2.00 222 222
Cover of high clouds octas 2.20 1.83 222 200
Total Cloud Coverage octas 7.20 5.83 6.66 6.44
Soils And Plants
1 Initial condition for soil
Soil Wetness
Upper Layer (0 - 20 cm) %) 33.00 33.00 33.00 33.00
Middle Layer (20 - 50 cm) (%) 33.00 33.00 33.00 33.00
Deep Layer (50 - 200 cm) (%) 33.00 33.00 33.00 33.00
b Initial Temperature
Upper Layer (0 - 20 cm) (°K) 293.15 293.15 293.15 293.15
Middle Layer (20 - 50 cm) (°K) 293.65 29365 293.65 293.65
Deep Layer (50 - 200 cm) (°K) 295.35 295.35 295.35 295.35
2 Settings Plant Model
CO2 Background level (ppm) 410.79 410.79 410.79 410.79

(Source: Several organized data, 2018)
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Table 3. Built/Physical Environment Characteristic

No Indicator Findings
Area Density
Section 1 Section 2
1 Building
Density
Section 1: The dominant density is at the Southwest, with a distance between buildings ranging from 1-4 meters
between buildings
Section 2: The building density is equally distributed with varying distance ranging from 1 — 12 meters.
Section 3: The dominant density is at the Southwest, with a distance between buildings ranging from 1-4 meters
between buildings
Orientation
Section 1 Section 2 Section 3
74 ~ RS & .
R ETR A
5 . ":' o L]
g
2 Building I S
Orientation ﬂﬁ £
S, ' e,
Em Main road
@ Small road
= g"r:ayil canal
==, @
Section 1,2,3: The main street is located at the North West/Southeast. The sun track configured an angle of about 70
degrees from the main street. The wind direction is different for each study time, the wind comes from the Northeast
(in June), from Southeast (in March and September), and form West (in December)
Material Cover
Section 1 Section 2 Section 3
Building

Material (cover)

[ Zinc roof
1 Concrete roof
[ Bitumen roof
B Wood roof

[ Natural rock
B Concrete
| Ceramics
] Concrete pavement
Grass

p

Section 1: The domination of area cover are zinc, concrete, and asphalt
Section 2: The domination of area cover are zinc, concrete, and asphalt
Section 3: The domination of area cover is zinc, concrete, and asphalt. However, there is still some green ground

cover.
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No| Indicator | Findings
Shadowing, Section 1
[ Sunshine
[ Sunshine
[ Shadow inside area 4
I Shadow outside area
4 Shadowing

[ sunshine
[ Sunshine
[ Shadow inside area &
[ Shadow outside area

b
1

[ sunshine
[ Sunshine
[ shadow inside area 4
I Shadow outside area

Section 1: Morning shadowing (time: 10.30) is not too extensive. In the afternoon (time: 16.30), the shadowing is

extensive, especially in the Northeast
Section 2: Morning shadowing (time: 10.30 is not too extensive. In the afternoon (time: 16.30), the shadowing is

extensive, especially in the Eastern
Section 3: Morning shadowing (time: 10.30 is not too extensive. In the afternoon (time: 16.30), the shadowing is

extensive, especially in the Northwest
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No | Indicator | Findings
Building Envelope, Section T
I Concrete Brick
B Brick
B Aluminum
B CGlass
B Wood
Geramics Building Envelope, Section 2
N
\AS\/’ — 2
o3
2 o
) % \K
Building = w
Envelope v

6 Building Height

B Concrete Brick
B Brick

Bl Aluminum
B Glass

B wood

B Ceramics

Concrete Brick
Brick
Aluminum
Glass

Wood
Ceramics

Section 1,2,3: In general, the building envelope material is dominated by brick with cement plaster. Only several
buildings covered by glass, especially tall buildings

Building Height
Section 2

Section 1

level (4 meter)
level (8 meter)
level (12 meter)
level (16 meter)
level (20 meter)
level (24 meter)
7 level (28 meter)
Bl 8 level (32 meter)
B 9 level (36 meter)
10 level (40 meter)

Section 1: In the dominance of a 1-2 floor building. There is one tall building
Section 2: In the dominance of a 3-5 floor building. There is one tall building and wide/ large building
Section 3: In the dominance of a 3 floors building. There are two tall building and wide/ large building

1
2
3
4
5
6
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No | Indicator | Findings
Vegetation
_— Section 2
R [T |
[T [l
L‘\_ BE I
T (TP T
BLT)\ ¥R 177 \C
. i:—-‘i.w f,{" ) T
7 Vegetation X ol ® e
] = @

Small trees
# Medium trees
@ Large trees /
Grass

Section 1: Tree/greenery tends to be minimal

Section 2: Tree/greenery tends to be minimal, only small part of greenery at the corner
Section 3: Tree/greenery tends to be many; there is also green open space

(Source: Data Collection Process, 2018)

From the comparison of changes in temperature
value of the three sections above, it can be seen that
March and December are the time (month) where the
study areas keep the lowest temperature. The
differences between the highest and the lowest
temperature range of the three sections in each month
are not too far, which is only around 1 degree. This
shows that the hottest and the coldest areas in the
study areas are not much different in temperature
value. However, judging from the value of the
temperature, it can be said the value to be high
enough as a temperature that is comfortable for the
residents. From the simulation, there is always a
change in the area that experiences the highest or the
lowest temperature. There are no indications that
indicate one area always have the highest or the
lowest temperature. In the certain month of study, the
hottest/coldest areas may change along with the
climate condition in the study area. This shows that
atmospheric conditions or local weather has a greater
influence on the temperature value. Judging from the
comparison of built environment characteristics, (e.g.
building height, density, sun/lighting, green area, etc.)
it also does not show the specific condition of the area
experiencing the highest and lowest temperatures. A
certain month of study, the hottest/coldest areas may
change as well.

In March (section 1), the lowest temperature is
in the main road, while in section 2 it is located at a
high-density area (of buildings). In contrast, in section
3, the lowest temperature is near the green area and
buildings near the main road. In June, the area with
the lowest temperature in section 1 is in the high-
density area, while in section 2 located in the open
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space area with some vegetations. In section 3, the
lowest temperature is also in the high-density area. It
can be happed due to the influence of shadowing
from buildings. From the condition above, however,
the opposite condition occurs in section 2. The open
area, which not has the shadow from buildings,
becomes the area with the lowest temperature, while
in section 3, the open area which not has the shadow
from buildings becomes the area with the highest
temperature. In September, in section 1 and 2, the
lowest temperature was in areas with high-density of
building masses. However, in section 3, the lowest
temperature is in the open area with some vegetation.
In December, the lowest temperatures in every section
are in areas with high-density of building masses

From the discussion above, the similarity of the
indications on the study is the highest temperature is
located at the main road (with asphalt) with low-
density of building mass. Besides, the location of the
highest/lowest temperature may be changed in certain
months and tends not influences based on the
characteristics of the built environment. Judging from
overall indications, various characteristics of built
environment influence each other; however, they do
not show a dominant influence in determining the
temperature of the area.

CONCLUSION

Based on the previous part of this paper, there is
a relationship between the characters of the
built/physical environment and the atmospheric
condition or local weather. The physical development
of built environment such as buildings in the context
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Table 4. Air Temperature Simulation to Built Environment Characteristics

21 December

Section 21 March 21 June 23 September

Section 1

Temperature values in March ranged from 28.55 t0 29.08°C. The lowest temperature is at the main road area and buildings around the main road, except for the
upper part of the main road (northwest), the temperature increases. In June, the temperature is quite high, ranging from 31.33 to 31,77°C. Unlike the simulation
situation in March, the main road temperature is the highest temperature in the area. The lowest temperature is located at the high-density (of buildings). In
September, the temperature values ranged from 30.21 to 31.11°C, showing indication similar to those that occurred in June, where the main road temperature
was the highest temperature in the area. The lowest temperature is at the high-density area. In December, the temperature values ranged from 28.88 to 29.36°C.
The highest temperature value is at the main road and areas with a high-density of building mass.

Section 21 March 21 June 23 September 21 December

Section 2

Temperature values in March in ranged from 28.4 to 29.62°C. The lowest temperature is in a high-density (of buildings) area and with high buildings. The
highest temperature is in a low-density area with several trees. In June, temperatures were quite high, ranging from 31.23 to above 31.96°C. Unlike the
simulation situation in March, the highest temperature is in the area with a high-density area and with high buildings. The lowest temperature is in a low-density
area with several trees. In September, the temperature value was also quite high, ranging from 30.21 to above 31.12°C. The highest temperature is in areas with
low-density of buildings with some trees. In December, the temperature values ranged from 29.16 to above 29.53°C. The highest temperature value is at the
main road to the western part of the area (section 3). The lowest temperature is in a low-density area with high buildings

Section 21 March 23 September 21 December

Section 3

Temperature values in March in ranged from 28.65 to 29.53 °C. The lowest temperature tends to be in a green open area (with some vegetation). Low
temperatures are also found on the southeast part of the main road and the surrounding of the building area. In June, the temperature is quite high, ranging from
31.02to above 31.94°C. On the contrary, based on the simulation resulted, in June, the highest temperature is also located in the green open area. In September,
the temperature value was also quite high, ranging from 30.23 to above 31.27°C. The highest temperature is in the lower part of the main road area adjacent to
the building mass with a moderate-density of buildings. In December, the temperature values ranged from 29.01 to above 29.46 °C. The highest temperature
value is in the area along the main road and the outer area if buildings of the upper part of the study area (section 3)

Air Temperature

below 28.69 °C

28.69 to 28.78 °C
28.78 to 28.88 °C
28.88 to 28,97 °C
28.97 to 29.07 °C
29.07 to 29.17 °C
29.17 to 29.26 °C
29.26 to 29.36 °C
29.36 to 29.45 °C
above 29.45 °C

Color Information

NERCOEREW

(Source: Simulation Result, 2018)
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building and its environment continue to adapt to
human needs. Not infrequently to fulfill those needs,
massive and vertical development will be carried out.
From the data collection and simulations that had
been conducted, there are several findings regarding
the condition of the microclimate (air temperature)
with the existing built environment characters. Some
notes to be considered on the indications of the
different temperatures under the area simulation are:

1. Based on a certain month of study, the areas with
the highest/lowest temperature may be changed. It
is may indicate that atmospheric condition influ-
ences are generally still dominant rather than built
environment characteristics.

2. The characteristics (condition) of the built envi-
ronment are related and influence each other, but
are not a dominant determinant of how area tem-
perature is rising or falls. Several built environ-
ment elements that might affect air temperature
within the study area are (1) road material
(Asphalt), (2) building density and shadowing, (3)
the amount of vegetation, (4) the direction of
wind, and (5) distance from heat source (e.g. road
material/asphalt).

The implication from the above findings is that
the microclimate in the trading areas in Pontianak
City can be influenced by the configuration of the
built environment elements such as building density/
height, materials, etc. However, the influences of
these characteristics are not a dominant, rather than
the condition of its atmospheric condition.

To reduce the impact of high air temperatures
due to the conditions of the built environment, the
arrangement of the built or physical environment
should consider the abovementioned findings by
trying to provide more suitable configurations by
ensuring wind access, reducing trapped areas, using
environmentally friendly materials, and increasing
vegetation around the area.
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