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51058314 : MAJOR : URBAN AND ENVIRONMENTAL PLANNING
KEY WORD : URBAN HEAT ISLAND / SUBURBANIZATION / BUILDING AREA / BUILDING
VOLUME / COMPACT CITY / SUBURBS COMMUNITY
ANUSAT SITTIWED : A STUDY OF URBAN HEAT ISLAND PROBLEM, PATTERN
AND KEY FACTORS OF CHIANG MAI URBAN AREA. THESIS ADVISOR : THANA
CHIRAPIWAT, Ph.D. 143 pp.

The objectives of research were to study spatial characteristics of Chiang Mai's
urban heat island and to quantify and analyze the relationship between temperature of urban
heat island and physical factors. The physical factors include building's ground coverage,
building volume, and vegetation. These factors are the results of urban development which
consequently causes the increase of the temperature in urban area.

The main source of data was LANDSAT-5 satellite images of Chiang Mai's
comprehensive plan area taken between 2001 and 2010. Analysis of the images showed that
the urban heat island was increasing in terms of size and temperature, relative to the growth
of the urban area. Multiple regressions were performed to analyze the relationships between
the temperatures and the physical factors. The 2D factor, building's ground coverage,
represents suburbanization which expand the urban area horizontally. The 3D factor, building
volume, represents vertical development, or compact city. Their relationship with the
temperature were analyzed along with other physical factors in multiple regressions analysis.

The findings show that the growth of urban area between 2001 and 2010 affected
the decrease of vegetation area and quality and the increase of temperature. In addition 2D
physical factor (Suburbanization) has more impact on higher temperature than 3D factor
(Compact city). The study can quantify the impacts of these two types of urban development
and positively support vertical buildings in Chiang Mai for urban development that can lower
the impact on urban heat island. As a result, vegetation area can be preserved and improved
to reduce the urban heat. Eco- friendly buildings with green roof, vertical gardens, and also
recommended as important factors to reduce the severity of the urban heat island.

Department of Urban Design and Planning Graduate School, Silpakorn University Academic Year 2011
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Substance Thermal Conductivity Volumetric Heat Capacity
Air
Still (at 10 °C) 0.025 0.0012
Turbulent 3,500 — 35,000 0.0012
Water
Still (at 4 °C) 0.60 4.18
Stirred 350.00(approx.) 4.18
Ice (at -10 °C) 2.24 1.93
Snow (fresh) 0.08 0.21
Sand (quartz)
Dry 0.25 0.9
15 percent moisture 2.0 1.7
40 percent moisture 2.4 2.7
Clay (non organic)
Dry 0.25 1.1
15 percent moisture 1.3 1.6
40 percent moisture 1.8 3.0
Organic Soil
Dry 0.02 0.2
15 percent moisture 0.04 0.5
40 percent moisture 0.21 2.1
Asphalt 0.8-1.1 1.5
Concrete 09-13 1.6
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HEAT ISLAND IN LARGE AND SMALL CITIES)” (Blazejczyk and other : 2006)
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1. AEMSUATIEHNNADABIUTY Simple Linear Regression YONYUUHUAUNUNTLVSINUAT

o' 1 zﬂy d' A = [
NDVI #1071 0.249 Tuwundieaasealvii 1) w.e.2544

Pegression Parameters:

X axis: Z544 NDVI LOTT FINAL
T axis: EZL44THERMAL CROT

Coeff. of Det. = ll1_24 %
Std. Dew. of X = 0.02&5724
s2td. Dew. of T = l1_233507
S2.E. of Estimate = 1.782585
2td. Error of Eeta = O.0z20z20%7
t Stat for r or Beta = 248 _ 3F62ZE2
t Stat for Beta == 1 = 215 2675320
Sample Size (m) = 453337
LAypparent df = 459335

@

a o Aaa A a 1 {
2. WAMIAATIZHNNADAITUTY Simple Linear Regression YoIgaiviinuiuidiiedniian

1 dy A A = 1
NDVI g4n710.25 Tunuidioussalny 3 w.a.2544

Pegression Parameters:

X axis: 2544 NDVI HICGHT FINAL
T axis: Z544THERMAL CROP

Coeff. of Det. = cL.04 %
Std. Dew. of X = 0.Z013:539
Std. Dew. of T = 1l.892507
S_E. of Estimate = l.6432668
2cd. Error of Eeta = O.01lz044
t &tat for ¥ or Beta = -—-3591_ 752932
t Stat for Beta <= 1 = -474_ 790513

Sanple Size () = 453337
Lpparent df = 4L3332E
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3. WAMIUATIZHENNADATUFY Simple Linear Regression ¥ogmuginuiundilienniin

o' 1 zﬂy d' A = [
NDVI #1071 0.249 Tuwundieuaseslvin 3/ w.a.2553
Pegression Parameters:

X axis: ZL553NDVI _LOW FINAL
T axis: ZL5E3THERMAL CROP

Coseff. of Det. = 0.&54 %
Std. Dew. of X = 0026586
Std. Dew. of ¥ = l.847109
S2.E. of Estimate = l1.841120
2td. Error of Eeta = o_0z2127k5
t Stat for r or Beta = L4 _ 433142
t Stat for EBeta == 1 = ZZ_Ee0EZ4
Sample Size (m) = 459337
Lpparent df = 459335
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a L4 aa a a { A
4, wammmﬂwmmamﬁmﬁu Simple Linear Regression VoYU YN Uﬁuﬁm%’mum

NDVI g4n310.25 Tunuiiioudealvii 1 w..2553

Pegression Parameters:

X oaxisz: EZL5ZHDVI _HIGHT FIHNAL
T axis: ELLZTHERMAL CEROP

Coeff. of Det. = Z3.89 %
Std. Dew. of X = 0.117835
std. Dew. of T = l.28471032
S.E. of Estimate = 1.6113320
2td. Error of EBEeta = 0.0z01727
t &tat for r or Beta = -379_7EEEZ8
t Btat for Beta == 1 = -4Z9_ 319165
Sample Size (n) = 459337

Apparent df = 459335
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5. WamMsAATTHMIadAFUdy Simple Linear Regression Y91 TR GRGRERILY

a 49’ z:; A = 1
Aquan Tuinunoursslnu 1 w.ea.2544

Pegression Parameters:

¥ axis: BLEL4d RESAMZOXKZIO0 _AREANIOOD
T axis: EL44THERMAL CEROP

Coeff. of Det. = l.g2 %
std. Dew. of X = Z7z27.911387
Std. Dew. of ¥ = 1.892507
5. E. of Estimate = 1283021
2td. Error of Eeta = O.o0ooool
t Stat for r or Beta = 27.038323%5
t Stat for Beta == 1 = 1. 000000
Sample Size (nl = 459337
LApparent df = 4533235

a o Aaa A Aa v a
6. wamsamﬁwwmqﬁammxﬁu Simple Linear Regression %@quﬁgﬂﬂ‘ﬂﬂﬁﬂ@]iﬂ"lﬂﬁ Tu

49} A A = T
Wuiouseelviu A w.a.2544

Pegression Parameters:

X axisz: BLEZL44 RESAMZOXZ0 NET AREA WOL
T axisz: ZL44THEPMAL CROP

Coeff. of Det. = 0.3z %
2cd. Dew. of X = 66392 Lcgdl3
2cd. Dew. of T = 1.8528E507
5. E. of Estimate = l1.823713
2tcd. Error of Beta = 0. aooooo
t Stat for r or Beta = 65 451321
t Stat for Beta == 1 = 1.a0oooo

Sample Size (m) = 459337
Lpparent df = 459335
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7. WamMsAATITHMIadAFUdY Simple Linear Regression Y9QUHHUN

8.

a 49’ z:; A = 1
Aquan Tuinuneurss v 1 w.a.2553

Pegression Parameters:

Y]

X axi=s: BLZSLZ RESAMEOXZ0 AREAXIOO
T axis: ZLLSETHERMAL CROP

Coeff. of Det.

Std. Dew. of X

2cd. Dew. of T

5. E. of Estimate
atd. Error of Eeta

t Stat for r or Beta
t Stat for Beta == 1
Sample S5ize (n)
Apparent df

1.04 %

1245 _ 8E5443
1.5847109
1.837E1E
000000z

23347660
1.0aooaoo

452337
452335

Y

A A
NuNe1M15Un
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a 4 aa Aa a o a
wammmiwwmmﬂmﬁmgﬁu Simple Linear Regression GU’E'NQMWQNﬂUﬂﬂﬂﬂﬁf]'mTi Gl,l.l

A A a =
‘Wu‘ﬂlil@\?lf]fﬂﬁclﬂil ﬂ N.f.2553

Pegression Parameters

X axisz: BLzL553 RESAMS0XE0 NST ARER WaL

T axis: ZLL53THEPMAL CROP

Coeff. of Det.

2cd. Dew. of X

2cd. Dew. of T

5. E. of Estimate
2td. Error of Beta

t 5tat for r or Beta
t Stat for Beta <= 1
Sample Size (n)
Lpparent df

EZ93 .

1.14 %
Q=703

-847109
-836549
-0oooaoo
- FEE930
-0oooaoo

453337
453335
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[

a o aa A a { 4 1
9. WAMIUATIZHNNADATUFY Simple Linear Regression Yogmuginuiunoun Tuiui

A = =}
Wouvea vy 1 w.a.2544

Pegression Parameters:

® axis: BOAD=ZS544 BESAMIOXZIO X200
T axis: Z544THEPMAL CROP

Coeff. of Det. 0.85 %
std. Dew. of X Z7E34_21338%5
2td. Dew. of T = 1_833507

2. E. of Estimate = 1832231
&td. Error of Beta = 0. oaooon
t Stat for r or Beta = Ld_22ZZ66
t Stat for Beta <= 1 = 1000000
Sample Bize () = 4 L3337
Apparent df = 453335

Y
v

a L4 aa a a { § A
10. HAMIAATIHNEDAFUTU Simple Linear Regression Y91 vitunouy Tunun

A = L=
Wouaea vy 1 w.e.2553

Pegression Parameters:

¥ axis: BOADELSLSS RESAMIOKIO ARERXIOOD
T axis: ZL553THERMAL CROP

Coeff. of Det. = 0o.12 %
Std. Dew. of X = 1614 5132161
Std. Dew. of T = l.847109
S.E. of Estimate = 1l.845315
Std. Error of Eeta = 0. ooo0oo0
t Stat for r or Beta = £9._ 887533
t Stat for Beta <= 1 = l1.000000

SGample Size (n) = 459337
Apparent df = 459335
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a J aa a a { 1 o
11. Waﬂ']'i')mﬁW%ﬁVlNﬁﬂﬁWﬁlﬁu Simple Linear Regression Y91 ‘Uﬁuﬁgmmm Tu

dy d' =} S 1
wueuzeviu 1 w.e.2544
Pegression Parameters:

W axis: HYDROPEE4d BESAMZEOKZ0 AREAMIO(
T axis: EE44THERMAL CEROP

Coeff. of Det. = 0.43 %
Std. Dew. of X = 14451 8B1ZE8E
std. Dew. of T = l.822507
S.E. of Estimate = 1.393840
2td. Error of Eeta = 0. a0oooo
t Stat for r or Beta = -47_511738
t Btat for EBeta == 1 = 1. 000000
Sample Size (mn) = 459237
LApparent df = 459235

v ] v
@

a d aa A a ]
12. wamsamiwzwmmammgﬁ’u Simple Linear Regression VUV HU uﬁuﬁuwmm Tu

49} d' =} S (=Y
wueugeslvu 1 w.e.2553
Pegression Parameters:

X axisz: HYDRBOPELSEZ BESAMZEOXZO0 _AREAXIO
T axisz: EZLLZTHERMAL CROP

Cosff. of Det. = O.Z0 %
Std. Dew. of X = 17EZE_E331E3
Std. Dew. of ¥ = 1.84710%9
5. E. of Estimate = 1.84E5743
2tcd. Error of Beta = 0. aooooo
t Stat for r or Beta = —20_48920595
t Stat for Beta == 1 = 1.a0oooo
Sample Size (n) = 459337

Lpparent df = 459335
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a J a L4 a o
13. HaN1TAUATICHNNNTAUATIEN NTDANDYNH AU (Multiple Regression) VoIPUHHUNY

] % A A d Aaa A{ A A 2 =
flavelumsnandeandly 2 48 lunundeaaealvi 1) w.e.2544
Maltiple Regression Besults:
Begression Equation :

ZE44THERMAL CROP = 31.6&5zZ1 - 4.65871*Zf0d4 NDVI HIGHT FINAL + 0.0000*BELZE44 DREZAMIOKZ0_ADEAXSOO
+ 0.0000*ROADZE4d RESAMIOKE0 K300 - O0_0000*HYDROPZE4d4 RESAMIOXI0 AREARXIOO0

Begression Statistics

Apparent B = 0_.517004 Apparent P square = 0.Z67E93
Adjusted B = 0.ElE353 Adjusted B sgquare = 0.Z67E28
F (4, 453332) = 41831 300781

ANOWA Regression Table

| apparent degrees sum of mean
Bource | of freedom squares Suare
_________________ +___________________________________________________________
Regression ] 4 447579 _86 110632 .47
Besidual | 45933EF lz13068.89 2.64
Total | 459336 l&5EE08. 75
_________________ +___________________________________________________________
Individual Regression Coefficients
| Cosfficient t_test 459332
_________________ +______________________________________________
Intercept | 2l.e3Z0EE 2d1l4. 295828
2544 NDWI_HIGHT FIMNALI -4 _B8709Z -387.651888
ELZ544 RESAM3OKIO_AREANIOO| 0000037 41._020898
ROADZS544 RESAMIOXI0 X500| 0000004 43 215350
HYDROPZ544 RESAMIOKI0_AREAXSOO| -0.000014 —82_ 5786580
_________________ +______________________________________________

a 4 a 4 a o
14. HANITAUATIEHNWNITUATIEN N1IDADVYNTINU (Multiple Regression) VONQUNHUNY

o o A Adg Aaa A A A = =
flavelumsnauudeandlu 3 ua lununeaaealvi 1 w.e.2544
Multiple Regression Results:
Begression Equation :

Z544THERMAL CROP = 31.7051 - 4.7150*2544 NDVI_HIGHT FINAL + 0.0000*BLZS544 RESAMIOHIO_NST_AREA WOL
+ 0.0000*ROADZS44 PESAMZ0XE0_ X500 - O0.0000*HYDROPZE44 RESAMIOXZ0_AREAXZ00

Begression S5tatistics

Apparent B = 0.51&070 Apparent E scuare = 0.Z663E8
Adjusted B = 0.E5le0&E Adjusted B sguare = 0.Z663E4
F i 4, dE333IZ) = 41685 Z20463

ANOTA Pegression Table

| apparent degrees sum of mearn
Source | of freedom sSquares Souare
_________________ e
Regression ] 4 440337 _ 78 110Z33_Z0
Besidual | 459332 1214665 37 Z_64
Total | 450338 leELE22. 7L
_________________ e
Indiwidual Regression Coefficients
] Cosfficient t_test | 453332 )
_________________ S,
Intercept | 3Ll.7050E8e 2402, 817282
ZEdd NDVI_HIGHT FIMAL| -4 _713004 -39Z_Z10144
BLZE544 RESAM20X30_NST_AREA VOL| 0_0o00o1z 32885757
BOADZE44 RESAMZOXI0_X500| 0.000004 43 6Z8754
HYDROPES4d RESAM30M30_AREAMSOO| -0.000014 -82.846771

e I
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a L4 a L4 a o
15. HaN13AATICHNNNITAUATIEN NTIADDYNH A (Multiple Regression) VRIYUHHUNY

] % A A d Aaa gf A A A 1A
flavelumsnandeanidlu 2 4o lunwundieuaealv 3l w.a.2553

Mualtiple Regression Results:

Begression Equation :

ZEESTHERMAL CROP = Z5.13Z1 - 7.60Z4*ZEE3NDVI_HIGHT FINAL + O_0001*BLZSE3_RESAMIOXZ0_AREAXSOO
+ 0_0000*ROADZEEZ RESAM20X30_ AREAXMS00 - 0.0000*HYDROPESE3 RESAMZ0XI0_AREAXS0O

Begression Statistics

Apparent B = 0.4397813 Apparent B square = 0.247824
Adjusted B = 0.497314 Adjusted B square = 0_247819
F 4, 45933Z) = 37834.648438

ANOWA Pegression Table

|  apparent degrees sum of e &
Bource | of freedom squares Square
_________________ o
Begression | 4 38835134 97025, 34
Pesidual | 45333 1178787.02 Z.E57
Total | 459336 156716836
_________________ o
Individual Pegression Cocfficients
| Coesfficient t_test [ 453332 )
_________________ +______________________________________________
Intercept | 25132093 Q370_893555
Z5E53NDVI_HIGHT FINAL| —-7.6023397 —377_6RE383
BLEESZ_DREZAMZOM20_AREANS00] 0.0o0osg E1.701073
ROADESE3 RESAMIOAI0 AREAMSOO] 0. 000004 23.631313
HYDROPZESE RESAMIOXI0_AREANIO00| -0. 000006 —45_ 130746
_________________ +______________________________________________

a r'd a 4 a o
16. HANITUATIEVNINNITAUATIEH NIIDADVYNIINU (Multiple Regression) VONQUHHUNY

o o A Adg Aaa A A A = 1A
flavelumsnaudeoanilu 3 ua lunundeuaeslvl 1) w.a.2553

Multiple Pegression Results:

RBegression Ecquation -

Z553THERMAL CROP = Z5.1307 - 7_53V6*zZ5L5ENDVWI_HIGHT FINAL + 0.0000*BLZS53 RESAM30K30 _NST_AREA VOL
+ 0.0000*R0ADZEES RESAMIONI0_ADEAXSO0 - O 0000*HYDROPZEEZ DRESAMIONE0_ALEAXIOO0

Regression Statistics

Apparent B = 0.4988Z6 Apparent B scuare = 0_Z488628
Adjusted B = 0.4328621 Adjusted B soquare = 0.Z248623
F {4, 45933F) = 379979960594

ANOVA Begression Table

|  apparent degrees sum of MEET
Source | of freedom sSquares souare
_________________ +___________________________________________________________
Begression | 4 389641_23 97410_30
Besidual | 459332 1177827.13 Z_E6&
Total | 453338 1Ee71ed. 26
_________________ e
Indiwvidual Begression Coefficients
| Coefficient t_test | 453332 )
_________________ +______________________________________________
Intercept | 25130660 9380, 654297
ZEEZNDVI_HIGHT_ FINALI -7.597576 —-377.697510
ELZELS_REZAMI0X3I0_NET_AREA WOL| 0.0000z1 E&.ET783E1
POADZEEZ RESAMIOMI0 AREAXMIOOD| 0. 000004 23.704271
HYDROPZEE3_RESAM3OXI0_AREAXS00]| -0.00000& —46_ 177635

_________________ ey



Fo-ana

fiog

Email

sz iamsanm
N.7.2539

N.7.2544

N.F.2548

N.f.2551

143

A a ¢
Usz IAQIvenInentinus
Wwouma ansny
188/4 M3 10 Aruaneunnd suneusisy e iadealvi 50180

sitiwed_aos16@hotmail.com

o v W a a o
duSamsfAnpiszaudsounoudu 110 TsuSeuuiius s widn
0o < = Y] =~ Y] a = 3
dusamsAnuszavlszmatiofasInInauga
a [y 4

agiaailaenssy auzaoilasnssumans

a Y] = 9 = 1
PHINdeNa 1u 1ags1vuanaaIuu wee vy
0o < = (% a = [ Y= |
dusamsanyIzauligges a1mstansRaiios

o a o =S Y

AMLANENTINMEAT VHIINGaeNA 11 a5 1¥UInaa UL
= ]
1389 1113
AnyiApszauliyaumtiugs UIFIMINURUENIUILD Az

anundon anzamilaenssumans uviInededalng



	title_page
	abstract
	content
	chapter1
	chapter2
	chapter3
	chapter4
	chapter5
	chapter6
	chapter7
	bibliography
	appendix

