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. ABSTRACT

This thesis presents ways of spatial management and urban environment in humid area
under a concept of lively city scheme. Because of urban growth and increasing of population
density, it affects land use changing in urban area. Moreover, the problem causes to changing of
local weather in terms of temperature rising as well as increase of air pollution problem in the
area. Thus, these problems lead to rising of air-condition usage and consumption of electrical
energy that impact to people lifestyle in urban area. The research objective studies on differences
of heat island among urban size (e.g. urban sprawl, humidity in the area, and the other features).
Then, heat island phenomenon is applied to create urban area strategies in term of reduction of
urban heating accumulation, pollution release, and energy consumption under a context of humid

urban area.

In this research, LANDSAT 5 (Thematic Mapper) and SPOT (Multispectral Mode)
satellite images and temperature inspection are applied for the research. Study area can be divided
into 3 categories; urban large scale — caused by urbanization process — represented by Bangkok
Metropolis, Nonthaburi province, Pratumthani province, Samutprakarn province, and
Samutsakorn province; urban medium scale, represented by Nakornpratom province; and urban

small scale, represented by Chachengsao province.

This research can be found that urban size has not relate to heat island phenomenon but

the phenomenon are occurred in dispersed area upon heat island temperature level. On the other

I



!

hand, it can be discussed that many feature factors in urban area cause to the occurrence of heat
island phenomenon, particularly in concrete and mirror features in built-up area. These features
lead higher temperature in the area than the other features as long as the area is covered by both
features. However, the temperature will be decreased in the place which is not covered by both
features. This phenomenon is happened through the urban area. Due to difference of heat
temperature in the area, urban large scale area is given seriously effect than medium and small
scale area. From this reason, these areas can be used as a urban heat transit area from urban large
scale area. Furthermore, the research also finds that heat temperature will be decreased when
distance far away from heat island area. However, the temperature will be fallen to comfortable
temperature level at 25°. This fallen temperature distance from heat island area to comfortable
temperature level can be compared as medium and small scale area, which has urban size within

30 km. Thus, urban development policy should limit urban expansion with 30 km.
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2.3.2.3 MSUNSITUBIAI81MAL (Solar radiation)
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2.3.2.4 ANNYU (Humidity)
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(Energy Balance Equation) (Eﬂﬁ 2.27)

E;{\} = Incident energy

EfN) = Ep(N) + Ex ) + EpN)]

Ex (\) = Reflocted energy
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1 Lillesand, Thomas M. 1979:12
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M 2.2 i T, Souifeusy T, veeiag 4 vila

fﬂq Emissivity (€) Kinetic temperature Radiant temperature

T, [°K (°0)) T,=€%T, [°Kk (°C)]
mningad 1.00 300 (27) 300.0 (27.0)
NYWITM 0.98 300 (27) 298.5 (25.5)
autlon 0.96 300 (27) 297.0 (24.0)
Auua 0.92 300 (27) 293.8 (20.8)
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131 : Lillesand and Kiefer, 1987 : 403
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GIS)
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Title : Management of Urban Spatial Setting to Determine
Effect of Urban Heat Island and Consumption of Energy.
Case Study on Bangkok Metropolis Thailand

First Author, Sutatip Chavanavesskul

Abstract:

Urbanization and human activities cause higher air temperature in
urban areas than its surrounding areas. The high temperature can cause
problems to environment, such as high energy consumption on cooling, -
raised air pollution level and changes in the urban climate. This study uses
remote sensing data to observe this urbanization changes land use and
create heat island in Bangkok Metropolis, Thailand. The results show that
urban, large size, less vegetation and less water resources cause obvious
higher than it’s surrounding.

Keywords : Urban Heat Island (UHI)

1 Introduction

1.1 Issue and problems statement

At present, Global has suffering with high temperature (increase
2-3° C every decade) and urbanization. The global population has
increased six times during the last two hundred years; urban population
has grown 128 times (Emmanuel, 1997 refer to cf. Schell, et al., 1993).
Therefore, global urban population is expected to outnumber the rural
population (Oke, 1987). Urbanization phenomenon has happened in the
development countries less than the developing countries.

The pattern of city growth were dynamic and rapid (increasing in
size), due to urban population increasing and even undistribution pattern
of resources to support life. This brought about the concentration of
population and changing of the existing land use in the city: green area
(agriculture, vegetation, open space), and wet land has been transferred to
residential, commetcial, and industrial areas. The decreasing of open
space would reduce the level of humidity in the atmosphere too. The
construction in tropical city did not take into account the style, height and
orientation of buildings in relation to the direction prevailing wind. Many



buildings blocked wind and reflected solar radiation among buildings,
wall, and ground. Depending on the respective materials of building,
streets. Dark colour, roughness and unshiny materials were able to absorb
heat yet unable to reflect radiation as did light colour, smooth and shiny
material. And human activities such as travelling and construction,
generated dust and smog to block ventilation. This phenomenon called
“Heat Island”.

Heat Island jacked up the high temperature of city, even higher,
which further brought about air and water pollution and changes in human
activities. People do not want to expose to outdoor environment; they
would prefer to live inside buildings and with air-conditioning. These
pattern of living further increased energy consumption (electric, water and
petroleum) and deteriorated the health condition of citizen in city.

According, this research aims to study the nature of heat island in
Bangkok Metropolis, analyzing the relationship between the pattern land
use and the heat island attribute. It aims to elucidate the process, the
pattern of and the impact from heat island; phenomena to find an
appropriate strategy and approach to control the environment exploiting
the heat island pattern.

1.2 Objectives of study

The objectives of the study are :

1. To study the process and pattern of heat island under
context of Bangkok Metropolis.

2. To derived a mean to manipulate the heat island phenomena
to reduce temperature, energy consumption and pollution under context of
Bangkok Metropolis.

3. To find strategy and approach to manage the environment
under the context of Bangkok Metropolis.

1.3 Scope of study

A case study will be applied Bangkok Metropolis by means of
urban and surrounding provinces of Bangkok Metropolis are
representative a suburban and rural. To determine size of cities by use
continuous structure areas without other land use separate especially
agriculture, recreation and park, and water resources to be a boundary line.

137



138

Proceedings of the International Journal of Arts & Sciences Conference (Germany 2008)

Bangkok metropolis, Nontaburi province and Samutprakran
province are represented a large city, Nakornpatom province is a middle
city and Chachoengsao province is a small city.

1.4 Definition

Urban Heat Island (UHI) : a reflection of the micro-climate
changes brought about by human alterations of the earth’s surface in
densely populated areas. It is a good indicator of the sensitivity of the
climate system to human forcing on a local level. It is a complex, site and
episode-specific phenomenon and can vary in time and space.

1.5 Conceptual Framework

A P Py i s 2 [ b -

City characteristics

- Site and altitude

- Size and density

- Lenduse

- Buildings characteristics
- Orientation of buildings
- Susface materials

City Topography

- Topography
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- Humanity
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- Activities

Anthropometric

v

Heat island phenomena <

A 4
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Consumption Energy

- Hightemperatures

- High-energy consumption

- Urban Heat Island Growth up
- Increased health hazard

Strategies and approach to
manage spatial
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2. State of the Art
2.1 Literature Review

1. Characteristic of City

A city is an urban area with a large population and a particular
administrative, legal, or historical status. Large industrialized cities
generally have advanced systems for sanitation, utilities, land usage,
housing, and transportation and more. This close proximity greatly
facilitates interaction between people and firms, benefiting both parties in
the process. Cities are known for creating their own microclimates. This is
due to the large clustering of heat absorbent surfaces that heat up in
sunlight. City consist with 2 elements is natural element (ground) and man
made element (figure / built up) which basis to support life. The location
of city is an important factor to urban planning and design. Especially, the
tropical cities are uncomforted thermal and almost population’s activities
would be indoor and use air-conditioner to adjust temperature.

2. Climatology

The climate system can be divided into an internal system of
gas, liquid and ice surrounding the earth and an external system of what
lie under the surface of the earth and in the space surrounding it. Internal
climatologenic processes include precipitation, evaporation, and wind and
heat exchange between atmosphere, ocean, land and ice. External
processes include change of solar radiation, earthquakes, volcanic
explosions, changes of atmospheric composition and changes in land and
ocean shape. Internal climatogenic processes are caused by natural
feedback within the system. External processes, by contrast, start
spontaneously with no feedback triggering them. A decrease in solar
radiation could also cause global cooling, but there is limited and
controversial evidence for such a process. The possibility of short-lived
fluctuations of solar radiation in the visible and near-infrared part of the
spectrum has been debated by specialists. Man’s effect on climate is also
elusive. The effect of atmospheric dust depends on the sizé and quality of
the particles and on surface albedo. Great amounts of dust depends can
have a warming rather than cooling effect, at least over continental areas.

Urban climate, There are two methods of determining the
influence of an urban on its climate : inside the urban and the rural. A
comparison of a series of observations the characteristics of the urban
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climate can be determined in relation to time of day, season and weather.
An artificial input of heat and a pollution of the air, the influx of heat is
the easiest of all causes too understand in its influence on the urban
climate; it affects a rise of the urban temperature in comparison with that
of the surroundings. The artificial heat is limited to the urban. It is carried
away upward and outward with a speed proportional to the amount of air
movement. The result is that the ground air of the city, an urban is warmer
than rural. The lowest temperature of the day in the urban is consequently
1-2 °c higher than outside the urban. Relatively calm weather at midday in
the summer, the urban is warmer than its surrounding. The urban has more
fog than rural.

The basis of the climatic differences between city and rural is

1. The difference in materials in urban and non-urban
environments : the impervious surfaces of city streets and
paved spaces and the stone and concrete of building
surfaces store and conduct heat much faster than soil or
vegetate surfaces. Urban structures are multi-faceted as
multiple reflectors, absorbing heat energy and reflecting it
back to other surfaces, urban accepts and store heat. Rural
heat is stored mostly in upper layer.

2. The much greater aerodynamic roughness of built-up
areas than in the rural : arrangement of tower blocked
placed presented a much rougher surface than the open
rural. The effect of slowing down prevailing wind and
increasing localized gusts at street corners and around tall
buildings and diminishing the cooling power of wind in
summer.

3. The prodigious amount of heat energy pumped into the
urban atmosphere from heating and cooling system,
factories and vehicles : in summer, air-conditioners
cooling interior space pump hot air to the exterior, making
the problem of high temperatures worse.

4, Problems resulting from precipitation : evaporation
converts radiated energy into latent heat, acts as a cooling
process. Rural, moisture either remains on the surface or
immediately below it. Available for evaporation and
cooling. Urban, the absence of moisture inhibits
evaporation.

5. Air quality : increased atmospheric carbon dioxide likely
will lead to increased air temperatures and exacerbate
ozone problems. The conscious modification of the
microclimate by human.
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3. Heat Island phenomenon

The urban heat island (UHI) effect is a reflection of the micro-
climate changes brought about human alternations of the earth’s surface in
densely populated areas. It is a good indicator of the sensitivity of the
climate system to human forcing on a local level. The heat island
properties are albedo, heat capacity, heat generation, heating and cooling
rates and surface roughness. The addition of human heat and pollutants
into the urban atmosphere further contributes to the intensity of the urban
heat island effect. The UHI may have a positive or negative impact on
human comfort and health, energy conservation and air pollution.

The UHI are stronger in the late of afternoon and at night,
around 11 p.m. until at least 2 or 3 am. when city slowly release the
energy stored in its structures. Temperatures are strongly related to land
use and land cover. This moderating effect is induced by
evapotranspiration from the vegetation around the houses which converts
the radiant energy into latent heat, this preventing the release of excessive
sensible heat. Surface temperatures are warmer at the top of the canyons
than at the bottoms as a result of longer exposure to solar radiation during
the day. The UHI has major consequences for people living in urban areas.
Incoming solar radiation is absorbed by the roof and walls of the structure,
creating a difference in the surface and ambient temperatures. Building
residents compensate for this heat by increasing air-conditioning use,
increased ambient temperature in urban areas, increase energy
consumption. High temperatures also cause increased health risks to city
dwellers and related to increased emissions of ozone precursors from
automobiles and vegetations.

4. Thermal comfort

Thermal comfort has been defined as “that condition of mind
which expresses satisfaction with the thermal environment” The emphasis
is on the condition of mind. It will be influenced by individual differences
in mood, personality culture and other individual, organizational and
social factors. Human thermal comfort is defined by ASHRAE as the state
of mind that expresses satisfaction with the surrounding environment
(ASHRAE Standard 55). Maintaining thermal comfort for occupants of
buildings or other enclosures is one of the important goals of HVAC
design engineers. Thermal comfort is affected by heat conduction,
convection, radiation, and evaporative heat loss. Thermal comfort is
maintained when the heat generated by human metabolism is allowed to
dissipate, thus maintaining thermal equilibrium with the surroundings.
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Any heat gain or loss beyond this generates a sensation of discomfort. It
has been long recognized that the sensation of feeling hot or cold is not
just dependent on air temperature alone. Factors determining thermal
comfort include: air temperature, mean radiant temperature, air movement
/ velocity, relative humidity, insulative clothing and activity levels.

2.2 Limitation of study

1. Limited data, Date and time of remote sensing data (LANDSAT
5-TM and SPOT) are not the same period would be difficult to compare data
and analysis.

2. Limited time and budget should be taken into consideration in
completing the study.

3. Methodology

Methodology applied in the study are based as the reference towards
the objective of the study whereby it is aim at researching the process and
pattern of heat island under context of Bangkok Metropolis.

1. Collecting of primary microclimate data,

1.1 To install OPUS-200 (Thermograph) at 3 automobiles. To
explore temperature after sunset at Jeast 4 hours about 10.00 p.m. is the
highest heat because it’s diffuse to air temperature.

1.2 To explore temperature in 2 days. On Sunday is a weekend
representative the least accumulating energy in a day. On Wednesday is a
middle weekday representative the most accumulating energy in a day.

1.3 Position level of sensor thermograph is 150 centimeters from
ground.

1.4 To determine 3 routes cover the study area, Route 1 is
represented in north to south. Route 2 is represented in lower east to west.
And route 3 is represented in upper east to west. (Pic.1)
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Pic. 1 Map of collecting routes

2. Collecting of secondary data,
2.1 To gathering data from documents.
2.2 To interpretative satellite imagery from LANSAT 5-TM and
SPOT to characterize land use during 1987, 1997 and 2007. To compare
accuracy by ground truth sample. To use binominal probability theory to
sampling at least of error percentage of point (36 points) (Pic. 2) and
sampling imagery points by cluster sampling (Camphell, 1996) and to
check overall accuracy of data (LANDSAT 5, Jan. 5, 2007) by confusion
matrix (Congalton, 1991) = 86.11%.

3. Analysis data,
3.1 To analyst satellite imagery to characterize the heat island
effect at the study area with geographic information system (GIS).
3.2 To compare heat island areas by size, pattern and features of
cities. To derived a mean to manipulate the heat island phenomena to
reduce temperature, energy consumption and pollution.
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Pic. 2 Map of ground truth survey 36 points

4. Results and discussion

4.1 Land use changes during 30 years (1987-2007)

The study area is 9,728.275 sq.kilometers. Land use can divide to
8 types : urban and commercial, residential, industrial, forestry, park and
recreation area, agriculture, water resources and open space. (Table 1 and
Pic. 3)

1. Urban and commercial, residential and industrial areas are
always increase during 30 years (1987-2007); To increase
residential areas 134.668%, industrial areas 170.201% and
urban and commercial areas 49.35%. First, these land uses
were relative with main transportation by cluster along Chao
Phraya River. At present, they distributed along road and
almost expanded to south of Bangkok Metropolis closely
Samutprakarn province and west of Bangkok Metropolis
closely Nakornpatom province and Samutsakorn province.

2. Agriculture, forestry and water resources areas are continued
decrease during 30 years because they were became to urban

144



Table 1 Table of land use change in 30 years (during 1987-2007)

and commercial,

responding population’s
agriculture areas are decreased 17.398%, forestry areas

industrial and
demands.

44.18% and water resources areas 42.133%.

residential areas for
During 30 years,

Land use k') N Land use
Type of land use 1987 - 1997 1937 - 2007 1987 - 2007
1987 1997 2007 poc Py pes Py P -

Urban and commercial 624318 725485 832417 +101.167 +16.204 | +206.932 428523 +308.089 +49.350
Residentiat 737425 997430 1,720.798 +260,305 +35.314 +732.368 +73.426 +982.673 +134.668
Industrial 71.908 93.404 194298 +21.576 +30.005 +100.814 | +107.840 +122.389 +170.201
Agticulture 7.933.490 1,665.969 6,55).260 -267.501 -3.372 -1,112.73 -14.515 -1,380.230 -17.398
Park and recreationarea §.188 7.051 12,140 +1.863 +35.921 +5.089 +72.189 +8.952 +134.013
Foresty 16382 67.102 91.000 -95.921 -58.839 +23.898 +35.614 -72.023 -44.180
Water resources 197598 136268 108556 -51.371 -27.384 -27.869 -20.311 -79.040 -42.133
Open space 5.626 35.507 106.806 +29.682 +531.211 +71.298 +200.802 101,181 +1,798.698

Remark, D 1and use calculates by areas difterent betwean 1987-2007 in each land uses

+ tincrease land use

- :decrease land use
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tagend

o~y

o
' B ot mee
LI
B~
0
FLT Pk wad trwreution man

Apiaue

3

¥

@ 7,0004,000 28,000 42,000 58,000

[ ™ e . Snatersi

He
s
s
H+

Pic. 3 (b) Land use in 1997
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Pic.3 (c) Land use in 2007

Pic. 3 Map of land use change during 30 years (1987-2007)

4.2 Size and features of city effect to pattern of heat island
phenomenon

Size and features of city effect to cluster of heat and pattern of
heat island that the large city (Bangkok Metropolis, Nonthaburi and
Samutprakarn) and middle city (Nakornpatom) were detected urban heat
island and similar air temperature (isothermals) but different location of
urban heat island and frequency of isothermals. The large city (Bangkok
Metropolis, Nonthaburi and Samutprakarn) was detected urban heat island
in many locations because it had many bulk of built up (material’s surface
was concrete and mirror). In opposite, the small city (Chachoengsao) was
detected urban heat island less than the large city and middle city (Pic. 4-
6)

The large and middle city had nearly temperature, their
temperature on weekday (Wednesday) and weekend (Sunday) were differ
about 1.5-2°c. The small city had different temperature from the large and
middle city about 1-3°c and its temperature on weekday (Wednesday) was
differ about 2-3°c and weekend (Sunday) was differ about 1-1.5°.
Because almost material’s surface in the small city was vegetate and water

147



Proceedings of the International Journal of Arts & Sciences Conference (Germany 2008)

resources (more humidity than concrete and mirror). At the highest of
temperature in a day was created at 9.30-11.00 p.m.; on weekday
(Wednesday) was detected temperature 29.44°c and weekend (Sunday)
28.78°, found at the center of study area located in the large city
especially Bangkok Metropolis at Bangna-Trad zone and Vipavadee-
Rangsit zone. At the location of green and humidity areas (forestry and
park and recreation area) were detected temperature 27.5°c and the lowest
temperature found at agriculture and water resources areas were detected
temperature 23°c.

Thus, the locations of urban heat island has detected in built
up of city, almost their features were concrete, asphalt and mirror such as
urban and commercial areas, residential areas and industrial areas.

4.3 Manage the heat island under context urban.

This study found almost urban heat island was created in the
lack of vegetate and humidity areas, which compared the size of city
found that the large and middle city emitted heat slower than the small
city because the small city had less bulk of built up areas and many
vegetate and humidity areas. To manage city by heat island phenomenon
should be determine urban and surrounding area have buffer of green and
humidity areas and more green activities such as park and recreation areas
make to be green network’s city. And material’s surface should be light
colour and smoothie pave.

5. Conclusions

The urban heat island effect is a complex, site and specific
phenomenon and can therefore vary in time and place. Many factors can
alter the strength of the urban heat island on any day or in any location.
Some of these factors include : season, weather conditions, urban
characteristics, and anthropometric heat. Heat island develop in areas
contain a high percentage of water-resistant surfaces, a low percentage of
vegetate and humidity surfaces. Both of the city’s size difference and
continued development built up areas may increase the heat island
conditions.
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Pic. 5 (b) The middle city on weekday (Wednesday)
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