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Abstract:

Outdoor and semi-outdoor spaces are important to sustainable cities because they accommodate leisure
and activities of citizens, and contributing to urban livability and vitality. In the urban context of climate envi-
ronments especially in summer, public spaces that provide a pleasurable thermal comfort experience for citi-
zens effectively improve the quality of urban living. Consequently, in this paper, a quantitative field study was
applied to investigate outdoor and semi-outdoor thermal comfort conditions in hot and humid tropical climate
of Chiang Mai, Thailand. Thermal conditions of both spaces were evaluated based upon the measurement of
major climatic parameters, while the thermal perception and thermal acceptability of subjects was captured
simultaneously using a questionnaire survey. Meanwhile, the Physiologically Equivalent Temperature (PET)
thermal comfort index was utilized to assess the thermal comfort conditions of selected spaces. The measure-
ment period was conducted during the daytime from 8 am to 4 pm on April within the year 2557 BE, which
is the most representative a hottest month of summer in Chiang Mai city.

A total of 296 questionnaires were collected in the outdoor (72.3%) and semi-outdoor (27.7%) urban
spaces during the survey, which was carried out on days with suitable weather and avoid rainy days. The
majority of the respondents (99.8%) stayed under trees or buildings shaded conditions. The thermal neutrality
was derived by solving the simple linear equations for a mean sensation vote of zero, which are determined
by analyzing the relationship between the Mean Thermal Sensation Vote (MTSV) and PET values. The results
found that, the neutral sensation PET temperatures (MTSV=0) of outdoor and semi-outdoor spaces were 27.1
°C and 28.5 °C PET, respectively. And the acceptable thermal conditions ranges were 31.0-23.1°C PET and
32.0-22.4°C PET, respectively. Compared with the thermal acceptable range between both spaces was found
that the thermal acceptable range in different spaces have different thermal requirements in summer, even if
they are feeling comfort.

[

A1d1A5 (Keywords)

MIF1399ANUFANTIANTAU (Thermal Sensation Survey)
ATRAMNFLIULTIAINNSa% (Thermal Comfort Index)
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WA MATaNT Y (Hot and Humid Climate)
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@ga (Min.) 15.11 15.11 15.43
S.D. 3.36 3.22 3.73
5. MILaIn8® Lade (Avg.) 0.55 0.56 0.53
(Clothing value, clo) gIg@ (Max.) 1.68 1.68 1.05
e (Min.) 0.14 0.24 0.14
S.D. 0.20 0.21 0.18
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UEREIVIH auiiuiasneny (BMI) fa gandmiznihmindadiugioniasaes, "ASHRAE standard 55-2004




19197 2 &7UTaYANUIIUVBINGNAIBLNNNMITEITIIENIEANNFLIBTIANN T

anwoerialy

All Outdoor Semi-outdoor
(n=296) (n=214) (n=82)
1. LN el 168 (56.8%) 136 (63.6%) 32 (39.0%)
Wi 128 (43.2%) 78 (36.4%) 50 (61.0%)

2. 1901 (1)

JuLan (Weaunin 25)
ilna (25-60)
U737 (MINNI1 60)

92 (31.1%)
175 (59.1%)
29 (9.8%)

70 (32.7%)
123 (57.5%)
21 (31.3%)

22 (26.8%)
52 (63.4%)
8 (9.8%)

3. drfiuaane?
(Body mass index, BMI)

UIRHNUaL/Wad (<=18.49)
1n@ (18.50-22.99)
Yiu/87% (>= 23.00)

41 (13.9%)
162 (54.7%)
93 (31.4%)

27 (12.6%)
120 (56.1%)
67 (31.3%)

14 (17.1%)
42 (51.2%)
26 (31.7%)

4. TR

L7 (08.01-11.00 %.)
Na19I% (11.01-14.00 w.)

149 (50.3%)
90 (30.4%)

116 (54.2%)
41 (19.2%)

33 (40.2%)
49 (59.8%)

agldsunduliuazanans
NAIUII

8 (2.7%)
3 (1.0%)

3 (1.4%)
3 (1.4%)

L% (14.01-16.00 .) 57 (19.3%) 57 (26.6%) 0 (0.0%)
5. JUL91 (Shading) agldsundulal 188 (63.5%) 178 (83.2%) 0 (0.0%)
agldiunnaas 97 (32.8%) 30 (14.0%) 67 (81.7%)

15 (18.3%)
0 (0.0%)

RNLLAG: *Gafiuiasname (BMI) fia 5mwimiwiwuiwﬁﬂsiaa'mgwnﬁﬁoaaal,m:ﬁwLLunmsJaJmig’mé’m%muLaL’Tm (Asian criteria-based BMI)

LL'm_lam_lmm:gﬂﬁwmamuﬁvlﬁﬁumsmaﬁm
amwnuﬁmmmﬁad (Urban climatic parameters) a2¢
qﬂm%\aﬁa%mdq@;ﬁw%m (Micrometeorological
measurements) (gﬂﬁ 4) filsznaudioiatos LUTRON
WBGT-2010SD L#t alfiagmunniiane (Air tempera-
ture) AMNTUFURNE (Relative humidity) amnnd
ANTUHSIFAINNSaY (Mean radiant temperature) 3:9N
furnann3ld Globe thermometer MilL&WHN
quﬁnmoﬁ 75 aRLNGT (aumiﬁ 1) uazIAANLI)
a4 (Wind velocity) laold Hot-wire anemometer ‘f’dll

uuﬁnmayamlum‘%‘aa TESTO 435-2 data logger A%

' o
Aa o

FINAAAIAT2IN0INNTIVTAILAL FINNTTAUNUGY

71 0.6 LWATFIWRIUMITHI BAZNIZAY 1.0 LUATERSU
Astuvad Q@lamwuaaumu lagdaving ldinsad
3.0 Lummngmamwuaaumu (gﬂﬂ 5)

1.335x 108V "

Y
R —Ta)} ~273.15

T, = {(Tg +273.15)" +

(gun137 1)

log T o qmmnﬁmﬂm%ﬂ%mw%ﬂumﬁﬂ
(Mean radiant temperature), Tg R qm%qmﬂau
(Globe temperature) (°C), Va fa anusay (Wind
speed) (ms™), T R anNiaNa (Air temperature)
(°C), D fa durhguinaslnauimasluiiaas (Globe
diameter) (m), Waz & @@ FutlazAntnsudTidanu
Yau (Globe emissivity) (£ = 0.95) (ISO 7726, 1998;
ASHRAE, 2010; Johansson et al., 2014; Thorsson et

al., 2007)

Lutron WBGT- k

20108D ~ Eko MS-602
Pyranometer
Testo 435-2
Data Logger
UNI-T UT30A
Digital Multimeter
3UN 4 gawaTeslioniraianisgailuaingn (Micrometeoro-

logical measurements)

Hot-wire
Anemometer
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gﬂ‘ﬁ' 5 ANHMHEYDINITRITIVENNICANUFLILLTIANUTOW
(Thermal Sensation Survey) AIUANUATIVIAFAIN
amedadlunBdolusniwuiaden (@) nouan
81017 (Outdoor spaces) uaz (b) ﬁamﬂuaﬂmms
(Semi-outdoor spaces)

4.2 NMIganuUVLUUFD LN (Questionnaire design)

wuuRaUMNIzgnaanuuU iAo udInin
ROIFIUAD ei'suLLsnL‘ﬂumsmﬂ:LLuuLﬁaﬂmmﬁﬁﬂL“’Ba
AT (Thermal Sensation Vote, TSV) HIUNNATI0
i:ﬁummfﬁnl,%\‘lmm%au (Thermal sensation scale)
A8u35n15 ANSI/ASHRAE Standard 55-2004 L‘%Ia\‘]
Thermal Environmental Conditions for Human Occu-
pancy ¥1a33 %89 ASHRAE adw 7 szdu leud -3
#“U12 (Cold), -2 L% (Cool), -1 LEWLANTEaE (Slightly
cool), 0 Un@ (Neutrality), +1 Yaulaniias (Slightly
warm), +2 381 (Warm) kag +3 Jauunn (Hot) kaznis
HOUTULTIAINUTAM (Thermal acceptability) Asenay
omssaniule (Acceptable) n3a saniululd (Un-
acceptable) @iaamwwmﬁamL”Bamm%auﬁl,ﬂuagiu
o mm:fumaa@mammuaaumu wonandi Sedinny
AvRELANNGBIMITasuENIERIRdaNALTa%
(Preferences of thermal conditions) R0 amsdiudias
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1%&mwLLméTam%ammﬁ”auf:@ia"LﬂmaaQ@au laun
aunnlannie AMNTH ANLSIAN wazUSuN
WRILAA NIIUTENIUIAIINIIHINATYWEIIY (Met-
abolic rate, met) ﬁﬁuagﬁuﬁamimaaﬁ@ammu
goumurnasrinlumeiin Immssﬁs’safﬁiaaﬂa"[ﬂ
ﬂ'amww:ﬁmauﬁﬁi’a (Sitting) uaz i (Standing) fiflgas
MILHINAIYNRIIWHIAY 1.2 met Uaz 1.4 met a1
81AU (1 met = 58.15 W/m® LazTTTLaNINYBLFarN
(Clothing insulation value, clo) YINAINUIATIIH
ASHRAE 55-2004 muwianmiuwﬁﬁaumaamjm
é’aaﬂ'wd'su’l,myﬁﬁhl,aﬁmmumaué‘yaﬁwﬁ 0.55 clo
(1 clo = 0.155 °C m’/W)

4.3 M5UssdnANaUITIAIINTO
(Thermal comfort assessment)
drdudsanuguisiiianufoni laanns
é’]immmﬁém%amw%u (TSS) NUMIUIZL A UTZAU
ANNIFNTIANTAU (TSV) INULLFBLNNTBINGN
883 a:gnﬁ’mmlﬁﬂuﬁagaﬁ%ﬁ’nﬁams’imsw:ﬁ
é’mﬁ%ﬁ'@e?m%’umiﬂmﬁuqrmgﬁﬂ’;mamﬂ (Neutral
temperature) UWRSTINAMULAUTULTIANNTDN (Thermal
acceptable range) lagdniianusunaiinnuiand
1 unsanwitae QM AANAANIFITINGY WID
Physiologically equivalent temperature (PET) (Mayer
& Hoppe, 1987) HAULL DS R095 0 RayMan model 1.2
(Matzarakis et al., 2010) FINAUANWINLLRWIFANUAN
(Fish-eye photograph) 440414 180 8¢ LRavnFaEIn
USunmuriaadin (Sky view factor, SVF) (N3eifi SVF =
1.0 ﬁ]:LLamﬁau’%nmﬁQmauuuuaaumuﬁi’méaﬁuag
aefignwaunduildsiosiUsaalyselddiue) 1u
JazianuduueIlSun e (Radiation flux density)
mmﬁmn’m%’mmm@ (Solar path) (gﬂﬁ 6)

5. HANIIANWN

5.1 mwfﬁmﬁamw?ammzqmwgﬁmwamy
(Thermal sensation and neutral temperature)
NN 3 syadid@dayanisanatadiugs
ﬁwuaﬂﬁwqﬁmmmﬁaalmw'jnmsé’ﬁ’m URASLAL
VLGT%’@’jmquﬁa’]nm%au%u MEUBNNANTVBINUT
LﬁaaL%mfl,miﬁtaqmmﬁmmmm:mw%uﬁwﬁm‘@iau
11954 I@quﬁgﬁmmmaﬁyﬂs:mm 34.8+3.2 °C



U

A1519N 3 ayaiadayansnsalad LLﬂiﬁmﬁquﬁmmmﬁaa‘luszmnmiﬁﬂsm

Date: 19.04.2014
Time h:mm: 13.45

Time zone: +7.0 h

SVF: 0.444

51 6 AwanaausaLan (Fish-eye photography) funsUszifindasindSunariasdn (Sky view factor,
SVF) W11 RayMan model 1.2

Mudsduanngianmaiiio Al Outdoor | Semi-outdoor
(n=296) (n=214) (n=82)

1. g AnIuH IR NI Lade (Avg.) 40.3 41.6 37.2
(Mean radiant temperature, F480 (Max.) 65.5 65.5 46.3
Tmrt) (°C) @ga (Min.) 28.8 28.8 29.6

S.D. 8.8 9.6 5.1

2. ANNLSIAY ag (Avg) 0.69 0.69 0.70

(Wind velocity) (m/s) §9ga (Max.) 1.63 1.63 1.47
@ga (Min.) 0.13 0.13 0.13
S.D. 0.33 0.32 0.35

3. ANMUTUFURNE 1aae (Avg) 40.7 40.6 41.0

(Relative humidity) (%) F9ga (Max.) 56.4 56.4 50.6
@1ga (Min.) 22.6 22.6 30.1
S.D. 7.3 7.4 7.1

4. gunndane 1ahy (Avg) 34.8 34.4 35.6

(Air temperature, Ta) (°C) 989 (Max.) 411 411 40.6
e (Min) 276 276 29.7

sSD. 3.2 3.3 3.0

5. FaawdINriasWn e (Avg.) 0.25 0.29 0.16
(Sky view factor, SVF) §98a (Max.) 0.70 0.70 0.47
@ga (Min.) 0.04 0.09 0.04

S.D. 0.13 0.11 0.1

6. PET (°C)* sy (Avg.) 36.6 36.7 36.2
g98a (Max.) 51.3 51.3 416

@1ga (Min.) 27.9 27.9 29.0

S.D. 5.7 6.3 3.7

nNNEUG: “U51linanuuLINeas RayMan model 1.2

M. Srivanit and S. Auttarat | 61



LRZANMNTURFUANTLAAINTBUAY 40.7+7.3 ANNLTIAY
AaudnaauAUELaRY 0.69£0.33 m/s @UnAE
AMIRHTIFANNTDNIUITHINIEITIR U9 TU TN
a ' A o ' & A
ndIumsunfdunulusdazaalasianiziud
MURENDIANITLAANUTENIA 41.649.6 °C UFAFIN
USumriadaWn (SVF) 1afe 0.29 u1nniNWNwNNg
Ada a o | Al o o
mauanaasniifasiulTunarissined 0.16 vinlw
gamniimaukTiganuTeuafsiunninmeuanains
anIYszunm 37.2+5.1 °C 9nn1sU TSl BEN1IzUN
FUNLTIANNTOUAIATH PET WuI1 AunAuuan
A A A A4 A
g1ATzlanady PET gandndunniniuana1anin
awnil 36.7+6.3 °C PET Uaz 36.2+3.7 °C PET a4
G

120

(a)

100 -

Frequency
= (= %
(= (=] (=]

[S]
=1

warm) cool)

Thermal sensation vote (TSV)

| Outdoor B Semi-outdoor

100%

90% 1 (C)
80% 1
70% 1
60% 1
50% 1
40%
30%

20%

10%

Percentage of thermal unacceptability

0% -

+3 +2 +1 0 +3 2 +1 0
(Hot)  (Warm) (Slightly (Neutral) (Hot) (Warm) (Slightly (Neutral)
warm) warm)

Thermal sensation vote (TSV)

| O Unacceptable B Acceptable |

=

31U 7 (a) MINTzLBRINMIAIAZLUULAENANNIANITIAN

Sau (Thermal sensation vote) AUANNLANITULTIAINY
Sau (Thermal acceptability) NUsznavdIBANNBaNTY
i (Acceptable) nIouansulle (Unacceptable) Ae
'lgﬁﬁauamwmaﬁammu (b) MeuaNa1ANT Uaz (c)
A4neuanams
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mﬂgﬂﬁ" 7 (a) WRAININIZANVDINITRIAL LU
Lﬁaﬂmmfﬁm%amm%au (TSV) aN3LaUVa
ASHRAE lapwuin daulngvesdasuuuuzeuniy
(Fownz 71.62) azmizngudaulunisdiuszduan
(TSV>0) fdmtasunnisasa: 28.38 aauin “Und
(Neutral)” (TSV=0) S’I’j'amim:mwaa;ﬁwaufhﬂﬂaﬁ%
AuRmenanomsuazAsmenanamslldasuan
ehaﬁ'umm:araiﬁ%aﬂa: 28.97 UAT 26.83 ANUA1GL
yaefinnasauiladanieiaing (Psychological
factors) BasanugansuIFianuton (Thermal ac-
ceptability) (gﬂﬁ 7 (b) uaz 7 (c)) 2895{@auin “saniy
16 (Acceptable)” ﬁ;@ﬁﬁ@auﬁaﬁaﬁuﬁ@dmﬁmm
LANAIT WD I UINTIRUAN1DHONDIAITUALAS
myuanmmiagﬁi”aym 63.55 WA 60.98 ANNAIAL

(b)

5
g
=

%
<
=

2

=
3
=

& Warmer @ Wetter

W
8
N3

Percentage of preference votes

Percentage of preference votes

BNo change ENo change

BCooler O Drier

Outdoor  Semi-outdoor Outdoor  Semi-outdoor

© @,

5
2

100%

=
<
S

R0%

60%

F
=

40%

& Stronger wind & Stronger sun

Percentage of preference votes
Percentage of preference votes

BNo change @No change

B Weaker wind

B Weaker sun

Outdoor  Semi-outdoor Outdoor  Semi-outdoor

3UN 8 NMIATIIFALANNGBINITATBANITRILIARENAN
$au (Preferences of thermal conditions) \Wan13uU5u

o '

magluaninwiadeufianuiouluiuiny; (a)
amrndaIne, (b) AT, (c) @NUL3IY uaz (d)

] Y]

LRILAR

FIUNNIATIFALAN NG BINTTTHENIE RS
WIARBNLTIANT DU (Preferences of thermal condi-
tions) LﬁaﬂﬂiﬁuﬁaayﬂuamwumﬁauL%amm%au
luNufitin (U7 8) wudn faeuuunseunudiulng
(Sauar 64.53) dasnsliamnpienmeanaddn 1
AeosnnliAuauiaussiu (Fouas 49.66) wnusasl
AW qmﬁgﬁmmmm:mmL%’Jamﬂuﬂﬁﬂﬁﬁmm
afnuaziantnadanissuitisanizanuauods
anuisusaslrmomlendolndlunafon sniiu

ANuBwIMALazUSImuaILaanaulngaaudi Ll

GaIMIURuH (F088z 84.12 WAz 77.70 MUAIGL) 1195



mmnﬁ;admmnmjwéﬁasiwdau‘tmgia:ifm’%aﬁuag’
I@sunislidanudasmadasuulasiladodonan
auLduna1aminuTaw (Thermal neutrality)
22 1dNNITIATIZAA N VR URUTTZTAININTAIATUUS
Lﬁaﬂmwﬁﬁmﬁamnﬁau (TSV) wazmgn1=wIguIe
Fsnnueudindai PET Tumsnwnitldudsgait
PET aaniilu 24 uaz 12 A1vasgnnil PET & miuge
ANT13I9N1LHONDIANTUAZIINIEHENB1ATTANM
6L (A131971 4 uaz 5) lagnnen PET Tnsdazifinan
MIFUTWANA PET 321319 £0.5 °C PET (779
ANANN (Range vary) 321314 -0.5 1149 +0.49 °C PET)
mmfu'ﬁ‘imﬁ;ﬂmﬂﬁam:ﬁummj’ﬁnL%dmm‘fawaa
ﬂa;uﬁaazmlmwia:ﬁuﬁﬂu ANTRIAZULUULRDN
mmj?’ém%amw%aumﬁ‘ﬂ (Mean thermal sensation
vote, MTSV) ﬁnﬂﬁi’ﬁmuﬁmaulmmﬁawm PET
N3RS WNNIAANANTENUANUAALAR DI
ﬂ@iugmauluﬁaaaqquﬁﬁﬁgmauﬁwmuﬁaﬂ

NN nsaenesEaduasg
48 (Simple linear regression) 1@ ﬂﬁmu@lﬁmqmmqﬁ
PET Juauis8asy (Predictor) AUAINITAIAZLLL
Lﬁanmw;ﬁm%amm%’aumﬁsJ (MTSV) ffluduys
a¥ (Response) L owANUFNRB ST Fuass o
LS afidansaranmnuedondnnuioufiuandns
ﬁuﬁauam’[ugﬂﬁ 9 Gefsumnnuduiusiodulu
FATNULIARANNIIHONAIATT (awmsﬁ 2) Wz
AYUBNBIANT (aumiﬁ 3) Tagendulszinsan

o o €

UAUS (Coefficient of determination, R? ) NI98aI&UNTT

o o a

&
fipaAyneaianzaudeudnags aud;

MTSV =0.1079PET-2.9288 (R’ =0.8904, p <0.001)

(ammi‘ﬁ 2)

MTSV =0.1447PET -4.1241 (R* =0.7548, p <0.001)

(aumsﬁ 3)

@131 4 azUmInnsnIazuukiananuiinganuieuluiuiineuenains

Thermal Sensation Votes 4 PR PR
PET (TSVs) (n=214) U0 wasiouans L‘]JaSL‘Ij‘LL@;ﬂ’IS MTSV?
(°c)* . Ay 0 aay -1 09 1
0 1 2 3 U %

28 12 4 16 7.48 75.00 100.00 0.25
29 13 8 21 9.81 61.90 100.00 0.38
30 6 11 17 7.94 35.29 100.00 0.65
31 1 1 2 0.93 50.00 100.00 0.50
32 3 2 5 2.34 60.00 100.00 0.40
33 6 5 1 12 5.61 50.00 91.67 0.58
34 5 6 11 5.14 45.45 100.00 0.55
35 2 1 3 1.40 66.67 100.00 0.33
36 3 20 1 24 11.21 12.50 95.83 0.92
37 5 8 2 15 7.01 33.33 86.67 0.80
38 2 15 2 1 20 9.35 10.00 85.00 1.10
39 3 8 6 1 18 8.41 16.67 61.11 1.28
40 1 2 2 5 2.34 20.00 60.00 1.20
41 1 2 3 1.40 0.00 33.33 1.67
42 1 4 2 7 3.27 0.00 14.29 214
43 1 1 2 0.93 0.00 50.00 1.50
44 1 1 0.47 0.00 0.00 2.00
45 1 4 5 2.34 0.00 20.00 1.80
46 1 1 0.47 0.00 0.00 2.00
47 1 5 1 7 3.27 0.00 14.29 2.00
48 1 3 2 6 2.80 0.00 16.67 217
49 1 2 3 1.40 0.00 0.00 2.67
50 1 1 0.47 0.00 0.00 3.00
51 3 2 4 9 4.21 0.00 33.33 2.11
3 62 100 38 14 214 100.00

ARG °PET range is written £0.5 for simplicity. The ranges vary, for each temperature, between -0.5 and +0.49 °C PET,

°Mean thermal sensation vote (MTSV)
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A13191 5 a@ﬂmms:m HUBINTINI ﬂxLLu%Lﬁaﬂﬂ’J’miﬁﬂ CAkeY! u%auluﬁuﬁﬁanw Juanannig

Thermal Sensation Votes o ¢ s ¢ ¢ s ¢
PET AN wasiouans | tesisuenis N
°C)" (TSVs) (n=82) : a1 0 aay -1 B9 1 MTSV
0 1 2 3 TIUIN %

29 5 2 7 8.54 71.43 100.00 0.29
30 2 1 3 3.66 66.67 42.86 0.33
33 1 3 4 4.88 25.00 57.14 0.75
34 6 4 2 12 14.63 50.00 142.86 0.67
35 4 7 1 12 14.63 33.33 157.14 0.75
36 3 2 8.54 28.57 71.43 1.00
37 2 2.44 0.00 28.57 1.00
38 2 6 9.76 25.00 114.29 0.75
39 6 4 10 12.20 0.00 85.71 1.40
40 1 1 2 2.44 0.00 0.00 2.50
41 4 8 2 14 17.07 0.00 57.14 1.86
42 1 1 1.22 0.00 0.00 2.00
37 22 38 19 3 82 100.00

LERENGOR °PET range is written £0.5 for simplicity. The ranges vary, for each temperature, between -0.5 and +0.49 °C PET,

"Mean thermal sensation vote (MTSV)

MTSVs

y=0.1079x - 2.9288

R*=0.8904

PET (°C)

| (b)

MTSVs
(=)

3 F

y=0.1447x - 4.1241

R?>=10.7548

PET (°C)

gﬂﬁ' 9 UNWATWNITNIZANY (Scatter Diagram) WLEAIAINA
ﬁuﬁuﬂ%uﬁmmdwamqmﬁqﬁ PET NUNIRIAZULIL
L§anmmfﬁmﬁamm%aumﬁlu MTSV) lugnin-
WIARBY; (a) NNBWBNa1A1s waz (b) ﬁ'dmuuaﬂmms
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Tagfl MTSV dudinsasazunmdananuian
L%Gm’m’%/aumam (Mean thermal sensation vote) LLag
PET (udgmnnlaugan1aaasing (Physiologically
equivalent temperature)

mﬂaumiﬁg\ma\nmuméﬁLLflJ'smuwhﬁugmﬁ
(MTSV=0) WLazlAFNNIT a:ﬁﬂﬂﬁ@hqm%qﬁ PET 7
uaadgn1zanudunatainnusan (Thermal neu-
trality) 738 qmwgﬁmwamm (Neutral temperature)
vHunsdssiliugninzaiusuneagnedng (Basic
method) WU ﬁwqm%gﬁmmamwaméuﬁaaaha
dszmnslunaiemlendoslndivindy 27.1 °C PET
WA 28.5 °C PET lUan nuwiIaaaunuuanalnnsias
AImouanenas aasey (g'ﬂ'ﬁ 10(a)) m’sﬁmjw
61";asmﬁagjhamwLLmﬁauﬁamaluaﬂmm'ifﬁﬂﬁa
ama:mmL'fluﬂmaL%qmm%auﬁqcm'jwamwumﬁa:u
Meuena1ans 8199zfiasnnanRansznUvesilady
WAL ﬂa%’aﬁdaNa@iam'ﬁufama:mmamm%q
anuieu lasanziladunsdainegn (Psychological
factor) LLa:ﬂimum*mIGiamw;ﬁﬂamwamwia:ﬂu

lamTannn



(a) y=0.1079x - 2.9288
R?=0.8904 o

2 r y=0.1447x - 41241
R?=0.7548

MTSVs

© Outdoor

© Semi-outdoor

PET (°C)

100

w | (b)

70 b
y=0.1674x2 - 9.0221x + 139.25
60 R? = 0.8228
50 o
%y =0.32x2 - 17.415x +249.47
40 BN R>=0.7166  ©

30

20

Percentage of thermal unacceptable votes (%)
@

© Outdoor

© Semi-outdoor

0 . . o s . . .
15 20 25 30 35 40 45 50 55

PET (°C)

314 10 (a) L‘ﬂ’%muLﬁﬂummﬁuﬁuﬁ%aLﬁmmimﬂ'ﬁqmmnﬁﬁ
PET AU MTSV, uaz (b) T34AN8aNsuLTIanuTan
(Thermal acceptable range) lugasauiiiasifoalna

5.2 #W9AINLANIUITIAIINI D% (Thermal accep-
table range)

ASHRAE 55-2004 Iéamauus l¥iAndsuaouns
NARaUUITINNIAINGIGIWANN LN TULTIANNT D
(Thermal acceptability) lasnsadsnziuniiansausy
WE9ANTa% (Thermal acceptable vote) maag@]a‘uﬁl
dasnnninFesaz 80 (W38 MIndazuuuian lioausy
WE9ANTa% (Thermal unacceptable vote) waunin
Sawaz 20) mﬂﬁi’mmﬁmuﬁt\mm waziheny “aau
8aNTU (Acceptability)” tHuanununsnlauiuny
“ainuianala (Satisfaction)” ﬁLﬁumW'}:Q@aum
ﬂ:LLuuLﬁaﬂmmﬁm%amm’fau (TsV) luszeu 1iu
\anttas (Slightly cool) Un@ (Neutrality) LazSawian
%og (Slightly warm) (TSV= -1, 0 U8 +1 @IUE1AL)
gﬂﬁ 10(b) waaIATauazaN iU TIANNTa
(Percentage of thermal unacceptability) Uszifiulas
s Tnanaslng luluasnduaed (second-

(2
A

order quadratic polynomial) @9%

Y =0.1674X% -9.0221X +139.25 (R =0.8228)

(aumi'ﬁ 4)

Y =0.3200X* -17.415X +249.47  (R* =0.7166)

(aum’s‘ﬁ' 5)

Tasdi Y lud¥osazaasnnulipeniuss
AT (Percentage of thermal unacceptability), ez
X (dudngunglauqan1iaisingn (PET) (°C)

Fotin naNNTTIREY (8037 4 U8y FUNT
7 5) unudrduUIaTINAL 20 (Y= 20) iRBuEa
anulapaniui3innusan (Thermal unacceptable
vote) ¥auninFoar 20 3¢ ldT9ANLaNTUITIANN
$auil 23.1-31.0 °C PET uay 22.4-32.0 °C PET lu
SNNWIIAR NN UININATTURS SN ELENEIANT AN
A19U WU g nuLand19Tznilainiau
(Upper limits) Tudainfiaad (Lower limits) luanIw
LLmﬁawﬁqmﬂuaﬂmms**ﬁaoqnmnuﬁLL@m@hanf’mﬂ'i’]
TugNWLIAsaNNEUaNa1eN3n 9.7 °C PET uas 7.9
°C PET ®evianiie mwa@'ﬂmaaﬁmﬁﬂﬁagluamw
LIARBNNEBENDIAITAAFRNIICANURUIULTIANY
%’auﬁ'ﬁaﬂmfwQmﬁ'ﬂagﬂuamwamwumﬁauﬁa
MUKANDIAT

NNLERLAIINA LT Ba aINTAUIARNAG?
wsdaselendiondn '«g‘mﬂﬁlﬂﬂﬁa (Inflection point)
ﬁuﬁa @iﬁqm%nﬂﬁm’maum (Neutral temperature) ‘ﬁl
Lﬁ@mﬂm’mEJau%’uﬁLLﬁﬂ%amﬂmjuﬂi:mméﬁaU'N
wu lusnwwiadsuneueneteIuasianuan
1A AN WA AAMUFLIBYINAY 27.0 °C PET Uaz
27.2 °C PET @uanau Sfiamqm%qﬁmmamﬂﬁgaaaa
gnwedavianuuandsiasann suuaasliidie
ol ;j“?‘imﬁumﬂuaﬂmmma:ﬁammuanmm‘sﬁmw
Junanadannusen (Thermal neutrality) lduaneng
A wnSeusunsiesileslfauninanas
LTI E WA 948 (mswﬁ 6)

wonndtaluanit msanndslévinnmsinney
mmnmam%mw (Multiple regression analysis) ae
aflamIEenduds3aie5s Stepwise LoATIZH
ANMUFUAUTILNINIILYITDRILANUANNFUIULTS
anuTau 6 muds laun amniianne ANNTUTUWNE
AMAULTIAN qmmnﬂﬁmmﬁ%’ﬁmﬁﬂ AAIINTIHINAIY

WRIIW LATITTAURWINVBILTDHEN ﬁﬁ@iaqmﬂgﬁaw@la
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A15191 6 Wisufisunmsysziinanudunaradennuian (Thermal neutrality) Lazs90N8auTULEIANNTOY

(Thermal acceptable range) 1%qg§amﬁawﬁmlmj

Thermal neutrality
3 (°C PET) Thermal acceptable | Thermal uncomfortable
FNIWUIARBY Simole | ranges rages
mple linear
mp ! Quadratic polynomial (°C PET) (°C PET)
regression
23.1-31.0 a
1. Outdoor 2741 27.0 <23.1 38 >31.0
(range = 7.9)
) 22.4-32.0 a
2. Semi-outdoor 28.5 27.2 <22.4 #I8 >32.0
(range = 9.7)

N9RITINGN (PET) Midudndsany iinadnsinilady
A o a o o A A Aa A @
nIadsBasenlatiNainansandnsnasadinls
AV TUFATNLIARDUNLANFIIAUITRININUANE KON
81017 (FUN13N 6) WazNIN1BKENE1ANT (FUNITA 7)

v
@ A

FUNILFAIAMNTFUNUS G99

PET,,., =0.518(T, )+0.603(T,)—4.071(V,) - 2.909
(R2 = 0.958) (7un37i 6)

PET =1.201(T,)-6.552 (R* = 0.979)

(gun3n 7)

Semi-outdoor

Tagf PET
Ou
TugnInwIARaNAEUBNE1ATT (°C), PET R

Semi-outdoor

qm‘ﬁgﬁam;a‘maa’%‘ﬁﬂm‘luamwwmﬁawﬁdn'muaﬂ

r Ao QUN)URUGANIIEITINGT

tdool

91013 (°0), T Ae gompiinsudTiRanuTawain
(Mean radiant temperature) (°C), Ta A qm%gﬁa’m’lﬂ
(Air temperature) (°C) uaz V. A8 Aanusay (Wind

speed) (ms™)

HANNTILATIZAYN LA WL AURDATNQANIY
grnofdudrfianusuiodanuion lugnn
AFeUMEUENENM T WTUANN TR U TG
dayr 3 dwds e qmﬁgﬁﬂ'ml,tzﬁaﬁm’mﬁ”amaﬁ21
2NN NEINIA ULAZALTIAN TupmeAnuianw
LLméTaw'ﬁ'amﬂuaﬂmmiazﬁuﬁuqm%gﬁmmmﬂ'm
FLTLAe7 Assdua Ui aaz 95.8 uas 97.9
ausduathafiteddni o1 lasdudsdaszfiny
anuFuAusiduuln lawn aunNINIULNTIRAN
%faum&"mm:qmmﬁmnw FIUANMULTIANITNLANY
fununidusudegmnnIaauganieaising, ludnite
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ﬁ'?w,l,amslﬁl,ﬁuﬁaLmeamsﬁua@qmmﬁaw@;ama
a’%‘fmmLﬁ;aslﬁagﬂuﬁawaammﬂmﬁuL%ammﬁ”au
SRy RRIETININ Y ﬁﬁhLtﬂm:é’aoa%ammmﬁﬁ%'uﬂja
amwumﬁauLﬁaaLﬁ"aa@qmﬁgﬁn']sl,l,ci%'aﬁﬂ'nm”au
1aRg uazgmnnilane ufumaAumslnaion
Y981 L‘ﬂummmsﬁﬁwﬁmlunwsﬁwwuauiauwSJ
nseenuUbLazIIuNuiilaslungTouvalas
Wealnaida 1y

5.3 MILFUNMNMIYUILLEWAVINFUINTIA IO
?%qg;au (State of physical health and thermal
comfort ranges in summer)

Tunsnisunnsiulwd o §YNIWNY

(Physical health) wangfs an1za939MsiLnm

auy ol wiwss isadulaagsdndmalassasiims

T9MY TTUUE9Y BadTeMeaINnTarnawlaidu

Unduazfyszantan Semedanuaumunlsalad

Unenliadsldiduuazanunuwann Tt LAAA

ﬁ?uﬁmmaugmﬁlﬂum FTUUUAzATEZNNEIUINL

la@afivszanan 1Imefisusnnings :1u190
awlduing laglimitesdine Taad3Taanius

§2NINW (Health status indicators) m\‘iﬁ’]um’szqmmw

musin fealdaduinaans (Body mass index, BMI)

ﬁLﬁ'mﬁaaﬁuﬁmﬁmm:muga Wudsdnaals

AT qﬂﬂaﬁuﬁﬁmﬁfﬂagjsl,ummsﬁﬁﬁqmmwa

Iﬂﬁﬁuﬁudmgwadﬂuﬁ?u Andiiananeia mnein

(Alan3u) w13dosIugs (WWas) snmadaed dniie

Wudlansudaansnauas (WHO, 1995; WPRO, 2000)

I@ﬂmmg’lu BMI 815 UAKLALTE (Asian criteria-based

BMI) uileaait

deundn 1849  wanwfy eglunmsiney
(Underweight)



18.50-22.99 wunofe egluinuaind
(Normal)

23.00-24.99 wunofe  egluinmaiaaurion
(Overweight)

25.00-29.99 wunofe egluinuaidan
(Obese)

< & Y
@iLe 30.0 T%vLﬂ RUNBDY  BIUNN

(Clinically obese)

NNUULFIUDNN 296 T ﬁgﬂﬁiwsaﬂqu%au
Waadualnd (@niwaﬁ 1) WU AWTINVBIUREN
ﬂq'ué’f';azi'ml,aﬁﬂ (Mean+S.D.) ayj’ﬁ" 57.7+10.5 Alan3y
mmgamﬁly 162.6+6.76 LOIWGALUAT INNITATUI KA
é’mﬁmamalLza.a"waanéjuﬁaaﬂnagﬁﬂs:mm
21.76+3.36 %amﬁmﬁamnagjsl,wd’mmmsﬁﬂna lagen
é’mﬁmamﬂm?iwaamjuéf'sasmﬁmﬁﬂagluamw
MERBNBIANT UAZENINAINEUENaNAFEANULAN
A9tD BN AU T2 21.7643.22 Uaz 21.76+3.73 Al
eI Lfiaﬁmsmaﬁ”nmﬂnﬁjué’aaU'w@nummgfmm
arhuramamniuakiaLe (@mwaﬁ 2) WU \Ainag

(Fauay 54.7) maaﬂszmmmjwﬁ’sﬂwﬁm BMI agfl,u
FrnniUnd Iuvaeivszunmionsy 31.4 waz 13.9
v84U5zmnINguaIaL9A1 BMI agluﬁ’mmwﬁﬁm
D989% LATLNANNEN ANFIGL
MTIATITANTNANDULTILFULN9INE AW
é’wﬁuﬁim'j']a@hqm%qﬁ PET AUANRRUNNTAIAZLUL
Lﬁaﬂmmﬁﬁm%qmm%u (MTSVs) 21LWNATNFATN
WIAFONANURONDIAITHALNINNLUENDIAT BAZTI
& o o a A
B33 BMI dwTuaniaidis (3N 1) awnsn
AWITHY RN AANUFLNY aEﬂVLé’lu AN 7 WU
aumsn@nam%uﬁuaﬂ’mdmmaamjmé”sai’mﬁﬁ@h BMI
1 6 a 1 wnl' 1 6 v = 3 nl‘
aginaailng LLa:ﬂqwgwaglummmmwmmu f
mﬁmyj’luamwufmﬁaummuaﬂmmma:ﬁamﬂuaﬂ
21ASNUANMUFUNUTTENING MTSV AU PET Ay
o o Aa A o o | o ' Aa
fAYNIRDANIZAY .01 anLiu ndudIEaNien BMI
maaﬁﬁagj‘lummsﬁwau NIf 8199zilaInannANIY
gunwnef liUnddsinadeniuiuideniuian
amm%am']u%fauﬁ"l,;iaa@ﬂﬁaaﬁuluﬂsjm $#30871992
Lﬁ@mﬂﬁi’mmnajwéf’;azmﬁﬁﬁi"\muﬁaummuvlaj
RINITDIATITAIIANM VTN NS b

a.Outdoor b.Semi-outdoor
3 | (al) o , | (D)
2r o 20 e
° o e 1 o ° o
L — 0 - S oo /Doo/

1.Underweight
MTSVs

y=0.033x - 0.1636
3 R2=0.1055

y=0.067x - 1.4607
3T R*=0214

, | (@2) o

| (b2)

2.Normal weight
MTSVs

sl y=0.1633x - 4.8745

y=0.1265x - 3.6734
R?=10.889 R?=10.6905
| (a3) oof Sp®)
2 o
1 o 9 S o
0 T @ 2

3.0ver weight
MTSVs

y=0.1093x - 2.7801
R>=0.8703

3t y=0.1153x - 3.001
R*>=0.6239

PET (°C)

PET (°C)

gﬂﬁ 11 Naﬂs:wmjaamn:qmmwmmiammaﬂ:Lmul,ﬁanmmamzJL%oﬂam%aulqui”am%m‘lm; lusnwuiaday; (@) nuuan

=
21017 WAz (b) NIN1LWANDIANT

M. Srivanit and S. Auttarat | 67



@1397 7 Winuifisunsnanauidaduadnsdny (Simple linear regression) FUUNANNIATTIRMIULITINN A FNATHRUIANY
F1MTUAKLALTE (Asian criteria-based BMI)

FATNLIARDY Body Mass Index (BMI) ﬁf’]muﬂﬁj&lﬁ’mﬂ"m Simple linear regression Coefficient of determination
1.0utdoor Underweight (<=18.49) 27 MTSV = 0.033PET-0.1636 0.106
Normal (18.50-22.99) 120 MTSV = 0.1265PET-3.6734 0.889**
Overweight (>=23.00) 67 MTSV = 0.1093PET-2.7801 0.870*
2.Semi-outdoor Underweight (<=18.49) 14 MTSV = 0.067PET-1.4607 0.214
Normal (18.50-22.99) 42 MTSV = 0.1633PET-4.8745 0.6905**
Overweight (>=23.00) 26 MTSV = 0.1153PET-3.0010 0.624**

**Correlation is significant at the 0.01 level

a15191 8 wWisuifsunsUsziiwalnuidunansiearnuian (Thermal neutrality) wazgldnlnusansuLiiauion
(Thermal acceptable range) qugi”aul,ﬁaat%mlmj FIUNANTIGTRNIANE

FNINUIAR DY Body Mass Index (BMI) Thermal neutrality Thermal acceptable Thermal uncomfortable

(°C PET) ranges (°C PET) rages (°C PET)

1.0utdoor Underweight (<=18.49) 5.0 7.2-171 <7.2 %38 >17.1
Normal (18.50-22.99) 29.0 25.9-32.2 <25.9 738 >32.2

Overweight (>=23.00) 25.4 21.8-29.1 <21.8 %38 >29.1

2.Semi-outdoor Underweight (<=18.49) 18.8 8.4-29.3 <8.4 #3a >29.3
Normal (18.50-22.99) 28.6 24.3-32.9 <24.3 w30 >32.9

Overweight (>=23.00) 24.3 18.2-30.4 <18.2 138 >30.4

NanT197 8 telSeufisunisUssfinany
w9 BInnuTan LazT9aNNLauTUTIANNTa
FIMUNAINNIIRLINIATZIRATRNIGNY WU Tn
FNNLIARONANNUTOUNIHENDIANT mjwﬁaaﬂ'wﬁ
fi M1 aglwnaiund azddnanudunanadana
Sau (MTSV=0) ﬁqm%gﬁ 29.0 °C PET geniingu
fhoghefidl BMI arlunoriviauiisdau ﬁqm%gﬁ 25.4
°C PET LLamlﬁLﬁuﬁoNammwaama:qmmwmsﬁ
ﬂuﬁﬁqmmwﬂﬂaa:ﬁi:ﬁumwawu (Tolerance
level) dansandbatluaninwiadeunisuananan g
NIAKOIN W30 am’azq"umwhiﬂﬂ@ finnza
auadisauTanuand9iugs 3.6 °C PET lungiou
Waadoelnal aa@ﬂﬁaaﬁuﬁug{mammuaaumwﬁ'
mﬁﬂag’IuamwLn@]ﬁauﬁamﬂuanmmsﬁ@auﬁﬁ
BMI agluinuain@azianueanudansanduatlu
amwLLmé’auﬁ'amwaﬂmmﬁﬁgandmué”m A
Lmﬂ@mayjﬁﬂizmm 4.3 °C PET (28.6-24.3 °C PET)
wwuaasliifindt snzenustnodsanuianlale
agju,ﬂ'Lﬁmﬂﬁﬂﬁmﬁm’mﬁamﬂmashal,am uanN1E
gunWMeAilnadaszauANNIInauIBFInNTon
Auandrofin
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6. ﬂ?ﬂ HaN1IANBILA $°ITE’J LD

uﬂmwf:ﬁﬂl,auaaaﬁmwﬁﬁaﬂizﬁnﬁ (Em-
pirical evidence) ﬁvlﬁmnm‘s?mmﬁﬂ‘saﬁlmmj’lﬁm
AUANMNFLIULTIANNTOUTAIRNINUIARONNLHEAN
mmmazr"iamwaﬂmmﬂqu%’awyaaLﬁaam
o mMeafoutn nadwivasmsanslugnnadaui
LLG]ﬂGi’]x‘iﬁ%"fi‘iﬁadLLﬁﬂdlﬁLﬁuvLﬁ‘ffﬂLﬁm’j’llﬂ’a’lﬁﬂaélu
AuRATannurIadeuuand19is AudeInsiE
anwiaudanuandnnuwiindaevaziianuiinaui
Tunaseu WA UATULN (Shaded areas) Taanndwlal
LazlATIEIANANT ARBAIUANNLFIVBINTNAVRIAN
FITNTIAUM Lﬂuﬂaﬁﬂﬁléﬂﬁ@ﬁggnéwwﬁmm
ﬁaamsﬁﬁsam’a:'éaLL’J@S’Tanmm%au1umiﬁ§uﬂga
anzanuasiianuieuluggfomduatiwin
wonaniigawusnin HANIENUVINIZFUNIWIHAGE
gnTANNELN LT AN T auAiLAnan I I@Ug&fﬁﬁ
n’n:qmmwﬂnaﬁ]:ﬁi:ﬁummawmam‘smﬁﬂayﬂu
ANLIASENRINIIUENNANTUAZAINILUENDIANT
gan’hﬁﬁﬁamazqmmwvlsjﬂna



o madudgssnmmwiadaunauan eIl
WNNzENFd RN EANNEUsLTIANuTeuluaiiad
oalmitadugemanfitniunuuaztnesnuuy
Wasasaniatalunszuinmsnsnauauuasianiy
ﬁﬁugﬁanﬁﬂﬂﬂﬂiimﬁaa (Urban landscape planning
and management) Wmmzamiamsmﬁmayﬂuﬁuﬁ
das mu mansunulasssiaRuguiiiGuuea
1B8213i89 (Urban blue-green infrastructure planning)
(Vanno, 2012) Hamaiuiwiimdeanasleseloms
I@miaafmﬁuﬁi’uméTu"LﬁLLa:msmg%‘nﬁﬁuﬁﬂquw
% 9 ARDY waisin iauﬁumsaammumaqﬁﬁﬂﬁ
(Landscape design) a@mﬂ%ﬁ'&qﬁum@uﬁa (Hard-
scape) %ad’m&[mjLﬂuﬂauﬂ%ﬁﬁqmauﬂ'@@@ﬂﬁu
ﬂ’J’]&l%ﬁ%LLﬂzLLNWJ’]N%E]%I%SZ@]'UQG (lamtrakul et al.,
2014) aaaaInNITRaNLULIANIBIRUTnaulATIE3N9
2IANTURZANURWILUL (Building form and density)
NNTINILWINUY (Street alignment) NaziFIUTIY
UITMUTHIHNITUHSIRANNTUIINUEILAA (Solar
radiation) U3uUysAnEAINNIINTIZUIEANNTE
(Cooling potential) Lﬁlmﬁ&lmivlﬁmemwu IANDTINTG
(Natural ventilation) (Charoentrakulpeeti, 2014)

(a) Case1: Base case

> o Ao &a ] o A& A ' ae
zﬂﬂ 12 LLWJ“/]’Nﬂ’]S'iJSmJEGQ&mﬁuL&Iad (a) Naw ke (b) e Wuﬂﬁqﬁqimzﬂqua%ﬁq'Jiﬂanﬂ

Baanuieungiowdangeoalnd

FINATNNTNTINUHBURZDANUULFILIAR Y

AINAI BAMNIEULaznaanwuULR a99 T uasn98s

=

Nizdasandonazasnmateiiugmnnianuauisuas
F9ANNLBNTULTIANNNTOU SINAUNANITILATIER
EULILINRBIRANN ML AN B3R % (Microclimate
simulation models) %% SOLWEIG 1.0 (SOlar and
LongWave Environmental Irradiance Geometry model)
(Lindberg et al., 2008) w8z ENVI-met (Bruse, 2011)
ﬁﬁﬁugmmsﬁ'@ummﬂmei’maa Computational
Fluid Dynamics (CFD) ial#lunsasiasaunanseny
PDINMTIILH LA DN UL LA HA TN AT DY
WFaanuseuiiad satrasu M ldyssifiunansy
°mJ°11aamsaaﬂLmuﬁuﬁmmsm:u’mamgm’a’%m‘a’m
naglanaaiiaagaslni ﬁﬁu‘[muwmsﬂ%’uﬂ;aqﬁ
ﬁﬂﬁtﬁaaﬁ’mn’mﬂgnﬁuvlmﬁu mnﬂﬁmu’s’aqﬂﬂﬂqu
AuAIMIFLezaT193 Lﬂ?}lﬂu’s’a@;amwsﬁﬁma:ﬁau
L&Ias (Low-albedo materials) LATTLRANATIAN
a0 (Green roofs) (gﬂﬁ 12) lapuaswinldanms
”3mi'\:ﬁmmsmmm@hqmwgﬁauqamaa’%ﬁﬂm
(PET) faldlunsidsoufsudinowuasnasnis
aaﬂLLuuﬂ%'uﬂEaﬁuﬁﬁand’rﬂué’nwmu%mszﬁ'ﬂﬁ

Wetsznaumsdadulaluniseenuuy (3UN 13)

(ource: Google treet Viw)

[

(Source: Author)
FaTdNmunzaNGaanINLING Y
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(a) Case1: Base case
e W oA p -

(b) Case2: Add trees, grass roofs and cool paveme

i , P

(c) Different

PET for different scenarios

PET (Celsius)

< 35.40
37.96
40.52
43.08
45.64
48.20
50.76
53.32
55.88

> 58.44
Min: 35.40

Max: 61.00

Thermal
uncomfortable
rage

PET (Celsius)

Thermal
acceptable
range

Thermal
uncomfortable
rage

48.56

> 51,18

Min: 27.60
Max: 53.80

Note: April 27, 2014 as a simulation day at the peak of the summer (at 2pm.) (Source: Author)

P o & a A A A . . . ' o o
Eﬂ‘n 13 NaaW‘ﬁmiﬂi:Luuqm%nuuam]‘aﬂwﬁﬁ’mm (Physiologically equivalent temperature, PET) 334NUT1NQMNLDNIY
L%\]ﬂ'}']N%ﬂ%q@]%ﬂulﬁﬂﬂl%ﬂdl%&i WIULLLI1889 ENVI-met 1.3

miaaﬂLmumagﬁﬁﬂﬁLﬁaoLﬂwummﬁaﬁ
axtisdiudgsamnuiademdianuiauliinunzas
@iamsayjmﬁm’luﬁuﬁmmimuﬁm uaAaIaNLEUNT
ﬂ’JU@:VlﬂﬁUﬂ’l‘JaﬂNﬂﬂﬁ:‘l’mﬂ’)’m%ﬂuﬁlLﬁ@%‘i«kﬁl’lm‘ﬁa
flouuw (Anthropogenic heat) anfiansne1sg lu
Audifios 1w nsldwdsnuiaszuuyTuena
VAR BIINIAS DI LURVOILUN UL 989 Fardudnwile
1umm@;ﬁﬁﬂﬁqmmgmuﬁuﬁL’umﬁaag\m'jﬁﬁ?uﬁim
sou fisnduesdasfanasnsdamanaunnldnwion g
N ﬁzaf':amazmmamm%amwi”au"[ajvlﬁagjumﬁm
ﬁﬁlﬁﬂéfm?}dLL'mﬁauLLa:nﬂsU%quaﬂsiuLﬁﬂfu el
m’a:qmmwmaaﬂ‘swwuﬁmﬁﬂaQluﬁuﬁlﬁmﬁﬁwa
@iaszﬁumm;&*ﬁnamm%amm%”auﬁLL@m@iNﬁu'LuLw
Waadsslnd ﬁmsﬁmia%'mLa%uqmmw’lﬁﬂiz"m'm
Wiagunwmioudsussluwiony fu WA TANEil
o a

1 % 6 v A o 1 5
Fadarnlunsass BIAANILN am"lﬂgmaﬂsuﬂ‘ga

> '
= =

AunaslitiaanususluuSuniisswaion uazen
i:ﬁuqmmw%’?mmmﬁmﬁnagﬂmﬁadLLa:miUi‘sqwa
vaufavhegitmlenduslnidaly
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VOVBLA RN IUAULNTTUNTITDUAITG
(11.) ﬁlﬁmiaﬁuwunuﬁ p1l5z911 2557 melaan
331309 “MIFnEUmIAaNIIEaNULLNIRIS a9t
aivasaanuiswiulfiduuwimelumsaadnng-
myaiimzanuSewilaslwaaiiandeoslnd (A Study
on Urban Planning Concepts to Create a Body of
Knowledge for the Reduction of Urban Heat Island
Guideline in Chiang Mai Urban Area)” LL&:Q:L%U%
vovouquiufiiasee frinmaniasd a3ania
WeBaN UATHTIBAEATINTY A3, §ANNT0E gaIziai]
dmsunmsliaugnaldiedesila ananaunislidaisue
wuzandszaumssinsrindsefidud s lomidans
Futuds wnzvauamluds amfved wiguiedy 7
°1hU’Lum‘smuqmmxﬁmmiﬁagaa"’n’;alua%&fﬁﬂu
08989



References

ASHRAE. (1992). ANSI/ASHRAE Standard 55-1992. Thermal environmental conditions for human occupancy.
American Society of Heating, Refrigerating, and Air-Conditioning Engineers Inc, Atlanta.

ASHRAE 55. (2010). Thermal environmental conditions for human occupancy. ASHRAE, Atlanta, GA.

Atthajariyakul, S. (2007). Thermal comfort for air-conditioning in Thailand. KKU Engineering Journal, 34 (2), 141 —150.

Auttarat, S., Srivanit, M. & Poonsukcharoen, N. (2014). A study on urban planning concepts to create a body
of knowledge for the reduction of urban heat Island guideline in Chiang Mai urban area. Chiang Mai
University, Goodwork Media.

Blazejczyk, K., Epstein, Y., Jendritzky, G., Staiger, H. & Tinz, B. (2012). Comparison of UTCI to selected thermal
indices. International Journal of Biometeorology, 56, 515-535.

Bruse, M. (2011). ENVI-met model homepage. Retrieve from http://www.envi-met.com.

Charoentrakulpeeti, W. (2014). Physical characteristics and ventilation pattern in Uthai Thani city. Journal of
Architecture/Planning Research and Studies, 11(2), 99-112.

Chen, L. & Ng, E. (2012). Outdoor thermal comfort and outdoor activities: A review of research in the past
decade. Cities, 29, 118-125.

lamtrakul, P., Nusook, T. & Ubolchay, P. (2014). Impact of urban heat Island on daily life of people in Bangkok
metropolitant region (BMR). Journal of Architecture/Planning Research and Studies, 11(2), 53-72.

ISO 7726. (1998). Ergonomics of the thermal environment - Instruments for measuring physical quantities.
International Organization for Standardization, Geneva.

Johansson, E., Thorsson, S., Emmanuel, R. & Kriiger, E. (2014). Instruments and methods in outdoor thermal
comfort studies — The need for standardization. Urban Climate, 10(2), 346-366.

Lindberg, F., Holmer, B. & Thorsson, S. (2008). SOLWEIG 1.0 — modelling spatial variations of 3D radiant fluxes
and mean radiant temperature in complex urban settings. International Journal of Biometeorology,
52, 697-713.

Matzarakis, A., Rutz, F. & Mayer, H. (2010). Modelling radiation fluxes in simple and complex environments:
Basics of the RayMan model. International Journal of Biometeorology, 54(2), 131-139.

Mayer, H. & HOppe, P. (1987). Thermal comfort of man in different urban environments. Theoretical and Applied
Climatology, 38, 43-49.

McMichael, A. J., Wilkinson, P., Kovats, R. S., Pattenden, S., Hajat, S., Armstrong, B., Vajanapoom, N., Niciu, E.
M., Mahomed, H., Kingkeow, C., Kosnik, M., O’Neill, M. S., Romieu, I., Ramirez-Aguilar, M., Barreto, M.
L., Gouveia, N. & Nikiforov, B. (2008). International study of temperature, heat and urban mortality: the
‘ISOTHURM’ project. International Journal of Epidemiology, 37(5), 1121-1131.

Ng, E. & Cheng, V. (2012). Urban human thermal comfort in hot and humid Hong Kong. Energy and Buildings,
55, 51-65.

Santamouris, M., Cartalis, C., Synnefa, A. & Kolokotsa, D. (2015). On the impact of urban heat island and
global warming on the power demand and electricity consumption of buildings—A review. Energy and
Buildings, 98, 119-124.

Srivanit, M., Hokao, K. & lamtrakul, P. (2014). Classifying thermal climate zones to support urban environmental
planning and management in the Bangkok metropolitan area. Journal of Architectural/Planning Research
and Studies, 11(1), 73-92.

M. Srivanit and S. Auttarat | 71



Thorsson, S., Lindberg, F., Eliasson, I. & Holmer, B. (2007). Different methods for estimating the mean radiant
temperature in an outdoor urban setting. International Journal of Climatology, 27, 1893-1983.

Vanno, S. (2012). Bangkok’s green infrastructure. Journal of Architectural/Planning Research and Studies, 9(2),
1-13.

VDI 3787. (2008). Part 2, Environmental meteorology — Methods for the human biometeorological evaluation
of climate and air quality for urban and regional planning at regional level; Part I: Climate. Beuth
Verlag, Berlin.

WHO. (1995). Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee.
WHO Technical Report Series 854. Geneva: World Health Organization.

World Health Organization, Regional Office for the Western Pacific [WPRO]. (2000). International Association
for the Study of Obesity, International Obesity Task Force. The Asia-Pacific Perspective: Redefining
obesity and its treatment; Health Communications Australia Pty Ltd: Sydney, Australia.

Yang, W., Wong, N. H. & Jusuf, S. K. (2013). Thermal comfort in outdoor urban spaces in Singapore. Building
and Environment, 59, 426-435.

72 | JARS 12(2). 2015



