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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.

o

A&7 (Keywords)

MI§1393ANUFINITIANTAU (Thermal Sensation Survey)
ATRAMNFLIULTIAINTa% (Thermal Comfort Index)

9NN AFNAANIFITINGN (Physiologically Equivalent Temperature, PET)
WA MATa DY (Hot and Humid Climate)

ANUNNBUBNBIATURENIINEUDNEIANT (Outdoor and Semi-Outdoor Spaces)
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UEREIVIH auiuiasneny (BMI) fa gandniznihmindadiugisniasaes, "ASHRAE standard 55-2004




19191 2 77BN UIIUVBINGNAIBENNNMITEITIIENIEANNFLILTIA NN T

anwoerialy

All Outdoor Semi-outdoor
(n=296) (n=214) (n=82)
1. LA 78 168 (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)
Ju737 (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. avfiulane®
(Body mass index, BMI)

UIRnNIaL/Wad (<=18.49)
1n@ (18.50-22.99)
Yiu/89% (>= 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. TN

171 (08.01-11.00 %.)
N&19T% (11.01-14.00 %.)

149 (50.3%)
90 (30.4%)

116 (54.2%)
41 (19.2%)

33 (40.2%)
49 (59.8%)

agldsunduliuazonans
NAILII

8 (2.7%)
3 (1.0%)

3 (1.4%)
3 (1.4%)

Wil (14.01-16.00 %.) 57 (19.3%) 57 (26.6%) 0 (0.0%)
5. U191 (Shading) agldsmandulay 188 (63.5%) 178 (83.2%) 0 (0.0%)
agldsunnanas 97 (32.8%) 30 (14.0%) 67 (81.7%)

15 (18.3%)
0 (0.0%)

RNLLAG: *Gafiauiasname (BMI) fia Smﬂdmi:uiwiimﬁﬂsiaa'mgwnﬁﬁoaama:ﬁwLLunmstmﬁmé’mi”UﬂuLaL’Tm (Asian criteria-based BMI)

LL'mJaa‘umngnéﬁwmuﬁvlﬁﬁunﬁmaﬁ@
amwnuﬁmmmﬁaa (Urban climatic parameters) a2¢
qﬂLﬂ%aﬁaf@ﬂNq@;ﬁw%m (Micrometeorological
measurements) (gﬂﬁ 4) flsenaudeneias LUTRON
WBGT-2010SD L#i alfiagunniiane (Air tempera-
ture) AMNTUFURNE (Relative humidity) amnnd
ANTWHSIFAINNSaY (Mean radiant temperature) 3:9N
furmann3ld Globe thermometer MilL&WHN
quﬁﬂmoﬁ 75 UaRLNGT (aumiﬁ 1) uazIAANLI
a4 (Wind velocity) laold Hot-wire anemometer ‘f’dll

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

' o
Aa o

FINAAAIAT2INDINNTIVTAILAL FINNTTALNUGY

71 0.6 LWATFIWRIUMTHI BAZNIZAY 1.0 LUATERSY
Astuvad Qmammuaaumu lagdanis ldinsad
3.0 mmmn@mmwuaaumu (gﬂﬁ 5)

1.335x 108V 4
T = [{T,\. +273.15)' + %(ﬂ S )} 27315
eD" -

(gun137 1)

log T o qmwnﬁmnm%ﬂ%mw%umﬁsl
(Mean radiant temperature), Tg R qm%gmﬂau
(Globe temperature) (°C), Va A anusay (Wind
speed) (ms™), T R anNiaINA (Air temperature)
(°C), D o durhgutnaslnaumasluiiaas (Globe
diameter) (m), Waz & @@ FutlazAninsudSidanu
Yau (Globe emissivity) (£ = 0.95) (ISO 7726, 1998;
ASHRAE, 2010; Johansson et al., 2014; Thorsson et

al., 2007)

" Hot-wire
¥ Anemometer
Lutron WBGT- k
2010SD SS Eko MS-602
i Pyranometer
Testo 435-2
Data Logger
UNI-T UT30A
Digital Multimeter
3UN 4 gawaIeslioniraianiigailuaingn (Micrometeoro-

logical measurements)
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gﬂ‘ﬁ' 5 ANHMHEYDINITRITIVENIEANUFLILTIANNTO
(Thermal Sensation Survey) AIUANUATIVIAFAIN
amaiadlunmBdolusniwuiaden (@) nouan
81017 (Outdoor spaces) uaz (b) ﬁqmnuaﬂmms
(Semi-outdoor spaces)

4.2 N1IanNUUVLUUFDLUNIN (Questionnaire design)

wuuRaUNNIzgnaanuuUN IEaeuYIin
ROIFINAD d’mmnLﬂumsmﬂ:LLuuLﬁaﬂmmiﬁﬂL%a
AT (Thermal Sensation Vote, TSV) HI%NNATIA
i:ﬁﬂﬂ's’lufﬁnlﬁ\‘m’nzﬁau (Thermal sensation scale)
a18u35n15 ANSI/ASHRAE Standard 55-2004 L‘%Ia\‘]
Thermal Environmental Conditions for Human Occu-
pancy ¥1a33 %89 ASHRAE o 7 sz leud -3
#“U12 (Cold), -2 L% (Cool), -1 LEWLANTEaE (Slightly
cool), 0 Un@ (Neutrality), +1 Yaulaniias (Slightly
warm), +2 a1 (Warm) wag +3 Jauunn (Hot) kaznns
HaNTULTIANTEW (Thermal acceptability) Asenay
somssaniule (Acceptable) #3a saniulild (Un-
acceptable) @iaamwumﬁamL%ammﬁ”auﬁl,ﬂuagiu
o mmzfmaa@@ammuaaumu wonandt Seiiny
avRRaUANNGaIMITasuENIrRIIadaNALTau
(Preferences of thermal conditions) R0 amsdiuday
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1%&mwLtmﬁamﬂ'ﬁamm%auf:@iavl,ﬂmaq;‘df@au léun
gunnlannie AMNTH ANL5IAN wazSuNm
WEILAR NITUTLNIUIAIINIIHINAIYWEIIY (Met-
abolic rate, met) ﬁﬁuagﬁuﬁaﬂﬁmaag@ammu
goumurnasrinlumeiin I@]&Iﬂ’]iﬁ’]i’)ﬁ]i&idﬁuiﬁ]vlﬂ
ﬂ'amww:ﬁmuﬁﬁi’a (Sitting) uaz i (Standing) fifldas
MIHINAIYNRIIIWHNIAY 1.2 met LAz 1.4 met a1
81AU (1 met = 58.15 W/m® LazTYTLaNINTBILFarN
(Clothing insulation value, clo) YINAINU1ATIIH
ASHRAE 55-2004 ﬂﬁiLLﬁdﬂWﬂluﬁﬁﬁ%ﬂu“ﬂadﬂéjm
é’aaﬂ'nmu’l,myﬁmmﬁmmumauﬁaﬁwﬁ 0.55 clo
(1 clo = 0.155 °C m’/W)

4.3 M5UssdnANNFUITIAIINTO
(Thermal comfort assessment)
Adudsanuguisiiianufoui laanns
é’]immmﬁém%amw%u (TSS) NUMIUIZL A UTZAU
ANNIFNTIANTAU (TSV) INULLFBLNNTBINGN
PRI a:gnﬁ’mmlﬁﬂu%gaﬁ%ﬁ’nﬁams”?msw:vﬁ‘
é’mﬁ%ﬁ'@ém%’umsﬂmﬁuqmﬁqﬁmmm_rm (Neutral
temperature) UWRSTINAMULAUTULTIANNTDN (Thermal
acceptable range) lagdniianusungiinnusand
1Hunsanunitae MM RANAANIFITINGY WID
Physiologically equivalent temperature (PET) (Mayer
& Hoppe, 1987) HAULL DS R095 0 RayMan model 1.2
(Matzarakis et al., 2010) SINAUANWINLLAWFANUAN
(Fish-eye photograph) 410414 180 8¢ LRavnFaEIn
USunmuriaaiin (Sky view factor, SVF) (N3eifi SVF =
1.0 ﬁ]:LLamﬁau’%nmﬁQ@auuuuaaumuﬁi’méaﬁuag
arfignmwanduilasiosiivsaalyselafwa) u
JazianuduueIlsunmIeF (Radiation flux density)
mmﬁmn’m%’mmum@ (Solar path) (gﬂ‘ﬁ' 6)

5. HANIIANBYN

5.1 mwj’ﬁmﬁamm%’ammzqmwgﬁmmamy
(Thermal sensation and neutral temperature)
NN 3 syaid@dayanisanatadiugs
@Tmam%mﬂﬁmmmﬁaalmzwj’mmsﬁ’mﬁ) LRAILA
VLGT%’@'i’]aquﬁmmﬂ%au%u MEHENNANTVBINUT
LﬁaaL%m’Lmiﬁtaqmﬁgﬁmmmm:mw%uﬁuﬁﬂﬁdau
11954 I@mqmﬁqﬁmmmaﬁyﬂizmm 34.8+3.2 °C



Date: 19.04,2014
Tirme humm: 13.45

gﬂﬁ 6 mwmalanaa1dan (Fish-eye photography) fiunsdssiiudasiudsunmriasdn (Sky view factor,
SVF) W11 RayMan model 1.2

Tirne zone: +7.0 h

aa v

A15191 3 ﬁﬁ;ﬂ F0AY a;&amimaﬁmﬁ LLﬂiﬁ’W%ﬁﬂ’]Wﬂuﬁ a’]ﬂ']ﬂLﬁadluitﬂ’hdﬂﬂiﬁa’]i’l‘ﬂ

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

1. qmﬁqﬁmmm’%ﬁmﬁﬁau Ladn (Avg.) 40.3 41.6 37.2
(Mean radiant temperature, F48@ (Max.) 65.5 65.5 46.3
Tmrt) (°C) @1ga (Min.) 28.8 28.8 29.6

S.D. 8.8 9.6 51

2. ANNSIAY 1aag (Avg) 0.69 0.69 0.70

(Wind velocity) (m/s) g9ga (Max.) 1.63 1.63 1.47
@ga (Min.) 0.13 0.13 0.13
S.D. 0.33 0.32 0.35

3. ANUTUFURNE 125y (Avg) 40.7 40.6 41.0

(Relative humidity) (%) goga (Max.) 56.4 56.4 50.6
@1ga (Min.) 22.6 22.6 30.1
S.D. 7.3 7.4 741

4. gunndane 125y (Avg) 34.8 34.4 35.6

(Air temperature, Ta) (°C) 980 (Max.) 411 411 40.6
e (Min) 276 276 29.7

sD. 3.2 3.3 3.0

5. dagandIunmriasdn 1aay (Avg) 0.25 0.29 0.16
(Sky view factor, SVF) 980 (Max.) 0.70 0.70 0.47
@ga (Min.) 0.04 0.09 0.04

S.D. 0.13 0.11 0.11

6. PET (°C)° 1288 (Avg) 36.6 36.7 36.2
§989 (Max) 51.3 51.3 41.6

@1ga (Min.) 27.9 27.9 29.0

S.D. 5.7 6.3 3.7

nNNEUa: *U5ilinanuuLIIeas RayMan model 1.2
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LRZANMNTURFUANTLARINTBUAY 40.7+7.3 ANNLTIAY
AaudaauANUELaRY 0.69£0.33 m/s @UnAA
AMIRHTIFANNTDWIUITHINIEITIR U9 TUTIN
a ' A o ' & A
ndTumsunfdunulusdazaalasianiziud
AUUANNANTLRRLNYTZNA 41.649.6 °C NRARI
= v { 1 ¥ IIJ
USurariadiln (SVF) Lafe 0.29 N1nN3INWBANG
Ada ~ o | A o o
mauana1nsnigadiudIanmrisihegn 0.16 vinls
A T o | & A4
gAnNINIUNTIFANNTDWARDRUN NI BUENaNAT
anIYszunm 37.2+5.1 °C nn1TU ISl BEN1IZUN
FUNLTIANNTOUAI AT PET WuI1 AunA1uuan
A A A A4 A
g1ATAzdanaiy PET gandndunniniauana1anin
awnil 86.7+6.3 °C PET Uaz 36.2+3.7 °C PET a4
SRl

120

(a)

100 A

80

60

Frequency

40

=2 (Cool) -3 (Cold)
warm) cool)

Thermal sensation vote (TSV)

| Outdoor B Semi-outdoor

Percentage of thermal unacceptability

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

Thermal sensation vote (TSV)

| @ Unacceptable B Acceptable |

=

3UN 7 (a) MInTzLBRINMIAIAZLLIIAENANNIANITIAN

Sau (Thermal sensation vote) AUANNLANITULTIAINY
Sau (Thermal acceptability) NUsznavdIBANNBENTY
i (Acceptable) nIouausulile (Unacceptable) Ae
'lgﬁﬁauamwm@ﬁammu (b) MeuaNa1ANT WAz (c)
AaAeuanams
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ﬁnﬂgﬂﬁ 7 (a) WEAININIZANUVDINITRIAL LU
Lﬁaﬂmmfﬁm%ammﬁ”au (TSV) @1832aUv8d
ASHRAE lapwuin daulngvesdasuuuuzeuniy
(Fownz 71.62) azinizngudaulunisdiuszduian
(TSV>0) fawionannisosa: 28.38 aaudn “Uné
(Neutral)” (TSV=0) %amim:ﬁnﬂmaagﬂaudmﬂaﬁtﬁ
AuRmenanamsuazAsmeananamslldasuan
@mﬁ'umﬂﬁl:a:uiﬁﬁ”aﬂa: 28.97 UAT 26.83 ANUN1GL
yaefinnasauiladanieiaing (Psychological
factors) BasanugansuIFianuton (Thermal ac-
ceptability) (gﬂﬁ 7 (b) uaz 7 (c)) 2895AauIn “saniy
16 (Acceptable)” Q@ﬁﬁ@auﬁaﬁ%aﬁuﬁﬂdauﬁﬂawu
LANAIIT WD I UINTIAUAN1IHONDIAITUALAS
mwanmmsag’ﬁ%aﬂa: 63.55 WA 60.98 ANUAIAL

(a) (b)

100% o o 100%
B 5
T s R0
2 b
z 2
5 6% S
z 2
& &
= -
S am 2 a0
- o
- g .
§ e B Warmer é e BWeter
= ONochange | & BNo change

B Cooler ODrier
% %
Ouidoor  Semi-outdoor Outdoor  Semisoutdoor

100 100
] g
T s z s
2 2
: :
& o S 0%
» u
= [
c LD
& &
-1 -1
g - £
3 e WSwonger wind| 5 e, & Stronger sun
& mNochange | & @Na change

£ Weaker wind = Weaker sun
% R % BEn caker
Outdoor  Semi-outdoor Outdoor  Semi-outdoor

2o
=
=,

8 NMIATIIFBUANUABINTUITURNIZFILIARONAINN
$au (Preferences of thermal conditions) \Wan13uUsu

o '

dagluaninwiadeudianuiouluiuiny; (a)
amrndaIme, (b) AT, (c) AN uaz (d)

] Y]

S NI]

FIUN1IATINFELAUFDINITAT RN IR
WIARBNLTIANT DU (Preferences of thermal condi-
tions) Lﬁﬂﬂﬂiﬂ%ﬂﬁ'sagﬂuamwumﬁ”auL“’Tjamm%au
Tuiuditiu (gﬂ‘ﬁ' 8) wul faauuuusaunusIulng
(Sauar 64.53) dasnsliamnpienmeaanaddn 1
AeosnnliAuauiaussiu (Fouas 49.66) inusasl
AW qmwgﬁmmmm:mmL%'mmﬂuﬂaﬁsﬁﬁmm
ffnuaziantnadanissuiisanizanuauods
anuiausaslrmomlendoilndlungfon sniiu

ANnuduoMauazUSanaussuaanaulngaaudnlal

GaIMIURuH (F088s 84.12 WAz 77.70 MURIGL) 1195



m%nﬁ;admmﬂmjméﬁasiwadaul%zya:ifw'%aﬁuag
I@sunislifanudasmadasuulasiiadodonan
auLduna1aminuTaw (Thermal neutrality)
22 1d1NNITIATIZRA NN FURUTTZRININTRINZ LU
Lﬁaﬂmwiﬁm%amm%au (TSV) wazamgnN1=UIguIe
Fsnnueudiodi PET Tumsanwnitldudsgait
PET aanilu 24 uaz 12 A1vasgnnil PET & miuga
NNT§13I9N1LHONDIAITUAZIINIEHENB1ATTANM
6L (A131971 4 uaz 5) lagnnen PET Tndazifinain
MIFUTWANA PET 52WI79 0.5 °C PET (729
A2NANN (Range vary) 321314 -0.5 1149 +0.49 °C PET)
mmfu'@‘iaa@ﬂmﬂﬁam:ﬁummi’ém%amm%@maa
ﬂa;uﬁaazm‘lmwia:ﬁuﬁﬂu ANTRIAZLUULRDN
mmj?ﬁm%amw%aumﬁﬂ (Mean thermal sensation
vote, MTSV) mmi’wmu;imaulmwiﬁawm PET
AT UIUMSALTBNTAANANTENUANUARALAA DI
ﬂ@:ugmaulu“ﬁadqmﬁqﬁﬁﬁgmauﬁmauﬁasl

NN nsannesE s
418 (Simple linear regression) 1a ﬂﬁﬁ%u@’lﬁmqquﬁ
PET Judquis8ase (Predictor) AUAINITRIAZLLL
Lﬁanmwﬁm%amw%ﬂumﬁﬂ (MTSV) fduduys
a9 (Response) amanuiuiui G duasslugas
Vs afidansarannuedendnnuioufiuandns
ﬁuﬁma@ﬂugﬂﬁ 9 Gefzumsnnuduiusiaguln
FNWLIARBNNEUENEIAT (FUNTTT 2) ez
AYUUBNBIANT (ammiﬁ 3) Tagendulszansan

a e &

WA (Coefficient of determination, R? ) NI98aI&UN1T

G
dipEAynIananzaudeudnags 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 azUmInEnsnIMazuukiananuiEnganufeuluiuiineuenains

Thermal Sensation Votes 4 PR PR
PET (TSVs) (n=214) U0 wasiouanns L‘]JaSL‘Ij‘LL@;ﬂ'IS MTSV?
(°c)* 5 @y 0 Aoy -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 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
ety 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 E‘ﬁal]ﬂ’]iﬂitfﬂ’] HUBINTINI ﬂzLLu%Laaﬂﬂ’J’mfﬁﬂ CAkeY! u%auluﬁuﬁﬁanw Juhanannig

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

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 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
373 22 38 19 3 82 100.00

WaYLWKA: “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)

(a)

MTSVs

y=0.1079x - 2.9288
R*=0.8904

PET (°C)

| (b)

3 0F

y=0.1447x - 4,1241
R*=0.7548

PET (°C)

gﬂﬁ' 9 UNWATWNITNIZANY (Scatter Diagram) LEAIAINY
ﬁuﬁuﬂ%uﬁmmhamqmﬁgﬁ PET NUNIRIASULIL
L§anmmjfﬁm%amm%aumﬁ'u MTSV) lugniw-
WIARBY; (a) NNBWBNa1A1T waz (b) ﬁ'dmwanmmi
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Tagfl MTSV dudinsasazunmtananuian
L%am’]ﬁaumﬁﬂ (Mean thermal sensation vote) LLag
PET illudngmnniaagani19ag3singn (Physiologically
equivalent temperature)

mﬂawmiﬁg\maumumﬁaLLiJ'smuwhﬁugmﬁ
(MTSV=0) WLazLAFNNIT ﬁ]:ﬁﬂ%“’l,ﬁ@imm%qﬁ PET 7
uaadgn1zanudunatainnusan (Thermal neu-
trality) 738 qmwgﬁmwamm (Neutral temperature)
vHunisdssiliugninzaiusuieanedng (Basic
method) WU dwqm%gﬁmmamwaméuﬁmai’m
dszmnslunaiemlendoslndivindy 27.1 °C PET
WA 28.5 °C PET lUan nuwiIaaaunuuanalnnsias
Asmouanenas ausey (;:ﬂ“?'i 10(a)) m’sﬁmjw
61";aahq‘ﬁagﬂuamwLLmﬁauﬁamUuaﬂmmiﬁﬁﬂﬁa
ama:mmLfluﬂmaL%qmm%auﬁ;jan'jmmwLnﬂﬁau
Meuena1ans 8199zfiasnnanRansznUvesilady
WAL ﬂa%’uﬁdaNa@iam'ﬁufam'z:mmamm%u
anuieu lasanizifadun1sdainegn (Psychological
factor) LLa:ﬂizaummI@iamw;ﬁﬂamwml,wia:ﬂu

lamlannn



(a) ¥ u_l_t!?ln - 29288

R* = 0.8904

MTSVs

s Dutdoor

Semi-outdoor

PET (*C)

[
[
[
|

(b)

70 /

¥ =0.1674x* - 9.0221x + |.w._‘.%/
60 R*=0.8228

=
=
T

@
T

50 5
% A .. 7o v

30 b

Percentage of thermal unacceptable votes (%)
i
_I
-

20 - :
or / < Outdoor
10 F o
Semi-outdoor
0 . :
15 20 25 30 is 40 45 50 55

PET (°C)

34 10 (a) Lﬂ’%m.lLﬁmummﬁuﬁuﬁ%aLﬁu‘imiwmqmmgﬁ
PET AU MTSV, uag (b) T4AN8aNiuLTIanuTan
(Thermal acceptable range) lugasawuiiiasifoalna

5.2 #W9AINLANITUITIAIINID% (Thermal accep-
table range)

ASHRAE 55-2004 Iéamaune l¥iAndsuaauns
NAREUUITINNIAINLIGIWANN LN TULTIANNT D
(Thermal acceptability) lasnsadsnziuniionsausy
W E9IANTa% (Thermal acceptable vote) maaé’@auﬁl
dasunnInTasas 80 (W3a MmIadazuuwian liuauiy
WE9ANTa% (Thermal unacceptable vote) waunin
Soawaz 20) mﬂ'«j’ﬂmuﬁmuﬁg\mm LRZHEIN “A1u
8aNTU (Acceptability)” tHuanununsrlauiuny
“ainuianala (Satisfaction)” ﬁLﬁumwwzgmaum
AzunwiRananuIFndanuion (TV) Tuszdu 1w
\antas (Slightly cool) Un@ (Neutrality) LazIawian
%og (Slightly warm) (TSV= -1, 0 U8 +1 @1UE1AL)
gﬂﬁ 10(b) waaIATauazaN iU TIANNTa
(Percentage of thermal unacceptability) Usziliulay
g9FunIMTnanaslna luluasndused (second-

=1

order quadratic polynomial) @4%

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

(aum‘sﬁ 4)

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

(aum’s‘ﬁ' 5)

Tasdi Y lud¥osazaasnnulipeniuds
AuTaw (Percentage of thermal unacceptability), ez
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ﬁuﬁa @iﬁqm%nﬂﬁm’maum (Neutral temperature) ‘ﬁl
Lﬁ@mﬂmmzJau%’uﬁlLLﬁﬂ%amﬂmjuﬂi:"mﬂ‘sﬁaaﬂ'N
wui lusnwwedeunguanenasuazienguen
1A AN U AAMUFLIBINNY 27.0 °C PET Uaz
27.2 °C PET @1uaau %adwqmwgﬁmmamﬂﬁmm
snwegavianuuandsiasann suugasliiie
M Qﬁmél'ﬂmyuaﬂmmma:ﬁamwanmmsﬁmw
Junanadananuien (Thermal neutrality) lduaneng
7 wnSeusunsiesileslfaunisaanas
LTI E WA L1948 (@mwﬁ 6)

wonndtaluannit msanndslévinmsinney
mmnmam%awn (Multiple regression analysis) a8
aflamMIEenduds8aiess Stepwise LioaTZH
ANMUFUAUTTLRINIIILYITDRILANUANNFUIULTS
AnuTau 6 muds laun amniianne ANUTREIRNE
AMULTIAN qm%nﬂﬁmmﬁ%’ﬁmﬁm AAIINTIHINAIY

WRIIH LATITZAURWIUVBILTDHN ﬁﬁ@iaqmﬂnﬁaw@]a

M. Srivanit and S. Auttarat | 65



A15197 6 Wisufisunmsysziinanudunaradennusan (Thermal neutrality) Lazs90N8auTULEIANNTOY

(Thermal acceptable range) ’lqu%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 #IB >32.0
(range = 9.7)

NIRITINGN (PET) Midudndsany iinadnsninilady
A o a o o A A Aa A >
nIodsBaselatiNaInansaldnswasdadnls
AV TUFATNBIARDUNLANFIIAUIZTRININUANE KON
81017 (FUN13N 6) WazNINBKENE1ANT (FUNITA 7)

v
e A

FUNITLFAIAMNTFNNUS G99

PET()uLdn(Jr = 05 1 S(T

it

(R =0.958) (7un37i 6)

)+0.603(T,) —4.071(V,) — 2.909

PETScmi—mlLdmr = 120 1(7::) - 6‘552 (R2 = 0-979)

(gun3n 7)

Tagf PET
Ou
lugnInwIasaN A uwaNa1A1T (°C), PET R

Semi-outdoor

qm‘ﬁgﬁaw@;amaa’%‘ﬁwmluamwumﬁawﬁommuan

r Ag QN URNGANIIFITING

tdool

91013 (°C), T Ae gompiinsudTIRanuTawain
(Mean radiant temperature) (°C), Ta fa qm%qﬁa’m’lﬂ
(Air temperature) (°C) uaz V. A8 ANuSaY (Wind

speed) (ms™)
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grnofidudriienusuiodanuion lugnn
adeumMuuenam It uiUA NN FR UL
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2NN NRINTA LAZANLTIAY TupmsARwianw
Ln@ﬁaw'ﬁ'amnuaﬂmmiazﬁuﬁuqm%gﬁmmmﬂ'm
fuLTLAe? Assduanuiu s aaz 95.8 uas 97.9
ausduathafiteddni o1 lasdudsdaszfiny
anuFuAusiduuln lawn aUunNINIULNTIRAN
%faum’é"ml,a:qmmﬁmmﬂ FIUANMULTIANITNLANY
sununidusudegmnnIaauganieaising ludnite
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5.3 MILFUNNMIYUILLWAVINFUINTIA IO
?qu;au (State of physical health and thermal
comfort ranges in summer)

Tunsnisunnsiulwd o §YNIWNY

(Physical health) wansfs snzaa939meidaang

auy ol wiuss isadulaadsdndmalassasime

MY LUV vaITIMEFINNTarnwlaidu

Unduazyszantan Semedanuaumunlsalad

Unemnlsadsldiduuazanunwwann Gt UanNa

ﬁ?uﬁmmaugmﬁlﬁum FTUUUAzaTEZNNEIUINIL

ladfidszanaiw Imefisussnnings 18190

awlduing laglimitesdine TaaddTaanius

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

musin feuldaduinaanis (Body mass index, BMI)

ﬁLﬁ'mﬁadﬁuﬁmﬁmm:dauga Wudsdnaals

AT q@maﬁuﬁﬁn%ﬁfﬂaglummﬁﬁﬁﬁqmmwa

Imﬂfuﬁudmgwaaﬂuﬁ?u Andoiiunaneia mnen

(Alan3u) w13dusIugs (\Was) snmadsed dniae

Wudlansudaansnawas (WHO, 1995; WPRO, 2000)

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

BMI) uivleaait

deundn 1849  wanwfy aglunminey
(Underweight)



18.50-22.99 wunofls  egluinmaiung
(Normal)

23.00-24.99 wunofe  egluinmaiaaurion
(Overweight)

25.00-29.99 wunofe agluinuaidan
(Obese)

< & Y
@iLe 30.0 T%VLTJ RUNBD9  BIUNN

(Clinically obese)
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Waaduelnd (@mnﬁ' 1) WU AWTINBIUNREN
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mmgamﬁy 162.6+6.76 LOWGALUAT INNITATUI KA
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arhuramamnILakiaLb (@rmaﬁ 2) WL Aiuaag

(Fouay 54.7) maaﬂs:mmmjwﬁ’sﬂ’mﬁd’l BMI agﬂu
FrnniUnd luvaeidszuimsossy 31.4 waz 13.9
ve4UszmnINgualaLid1 BMI agﬂuﬁ’mmmﬁﬁm
D989% LATLNANNEN AINFIGL
MTIATITANTNADDULTILFULN19INE AW
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maa@fﬁa:ﬂummsﬁwau N9l 8199z laIN1aNNANIY
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@1397 7 WInuifisunsnanauidaduadnadny (Simple linear regression) FUUNANNIATTIRMIULITINN A FNATRUIANY
FMTUAKLALTE (Asian criteria-based BMI)

FATNLIARDY Body Mass Index (BMI) ’aﬁmuﬂﬁj&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 wWisuifsunsUszifiwadnuidunansiiearnuian (Thermal neutrality) wazgldnlnusansuLiiauion
(Thermal acceptable range) qugi”amﬁau%mlmj FIUNANT G TRNIANE

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 7.2-17.1 <7.2 %38 >17.1
Normal (18.50-22.99) 29.0 25.9-32.2 <25.9 7138 >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 %38 >29.3
Normal (18.50-22.99) 28.6 24.3-32.9 <24.3 win >32.9

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

NanT197 8 telSeufisunisUssfinany
L wnaaBInnuTan LazT A NNLauTUTIANNTa%
FIMUNAIVNIRLINIATFIRATRNISNY WU Tn
FNNLIARONANUTOUNIHENDIANT mjuﬁaaamﬁ
i BMI aglwnaiung azddnanudunanadana
a1 (MTSV=0) ﬁqm%gﬁ 29.0 °C PET giniingu
dhoghefidl BMI arlunoriviauiisdau ﬁqm%gﬁ 25.4
°C PET LLa®a1ﬁLﬁuﬁ\1Nam:ﬂwaama:qmmwmsﬁ
ﬂuﬁﬁqmmwﬂﬂaﬁ]:ﬁi:ﬁummawu (Tolerance
level) dansandbatluaninwiadeunisuananan g
NIAKEI% I am’azqmmwvl,&iﬂﬂ?] finnzai
suadisnnuTanuand9iuis 3.6 °C PET lungou
Waagoelng aamﬁaaﬁuﬁu@’mamwuaaumwﬁ
mﬁﬂayj’hamwLn@ﬁauﬁamwaﬂmmsﬁtﬁmuﬁﬁ
BMI agluinuaidnfazinnueanudansanduatlu
amwLLmﬁauﬁamwanmmsﬁgandmué’m A
me@haagjﬁﬂszmm 4.3 °C PET (28.6-24.3 °C PET)
wwuaasliifindt snzanusunodsanuienwlale
agju,ﬂ'Lﬁmﬂﬁﬁﬁmﬁmaﬂﬁamﬂmashal,ﬁm UANE
guNWMeniinadaszauANuiEnauIsFInuion
Auandroio
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6. ﬂ?ﬂ HanN1IANBILA $°lql/i’3 LD

uwmwf‘tﬁuauaaaﬁmwflﬁaﬂiz%ﬂﬁ (Em-
pirical evidence) ﬁvl,ﬁmnmsﬁnmﬁﬁmmmj’lﬁm
AUAMNFLIULTIANNTOUTAIRNINUIARONNLHEN
mmma:ﬁamwanmmﬂun@%awauﬁaamm
o meafontn nadwirasmsanslugnnadani
LLGlﬂ@iﬂdﬁuﬁgdﬁmLLﬁ@ﬂﬁLﬁu‘lﬁ’ﬁ'ﬂLﬁ]u’j’lt{é’a’lﬁﬂaglu
AU TannuIadauAuand19f% ANEBIN3LE
Aanwuiautauuandiuuidngdaeuaziinnuiinany
lunasou WA TTUL (Shaded areas) 1139 ndw sy
LazlATIEIBNANT ARBAIUANNLTIVBINTNAVRIAN
FIINTIAUM Lfluﬁﬁﬂﬁéﬂﬁ@ﬁggnéﬁwﬁmw
@Taamiﬁﬁmma:éaLL’;@]ﬁawmw‘fausl,umiﬂifuﬂ‘ga
anzanuasiianuieulugafomduatiwin
wonaniiganusnin HANIZNLUVINIZFUNIWIIHAGE
§N1TANNELNBLEIA NS anALAndIin I@mﬁﬁﬁ
n’n:qmmwﬂnaa:ﬁi:ﬁumwaﬂﬂwiamsmﬁﬂaglu
ANWLIASBNTINILUENDIANTUAZAIAHHENENANT
gdﬂ'jﬂﬁﬁﬁann:qmmw"hjﬂﬂa



o madudgssnmmwiadaunauan eIl
WNNzENFdaRNzANNEUsLTIaNuTeulwailad
Foalmitadugemanitniunuuazinesnuuy
WasasaniatalunszuinmsnsnauaukasIaniy
@T’mgﬁamﬂﬂﬂﬂiimﬁaa (Urban landscape planning
and management) 1ﬁmmzam@iamsmﬁmayﬂuﬁuﬁ
s 1w mansunulasssioRuguiinGuuea
182189 (Urban blue-green infrastructure planning)
(Vanno, 2012) namaiuiwimdeanasleseloml
T,@mﬁmﬂﬁuﬁs’umﬁuﬁﬁtm:msm&%‘nﬁﬁuﬁﬂguﬁw
% 9 ARDY waisin i"ssJﬁ'umiaammumm“ﬁﬁﬂﬁ
(Landscape design) a@mﬂ’ﬁ’s’aqﬁumm@a (Hard-
scape) %ad’mimg’Lﬂuﬂauﬂ%ﬁﬁqmauﬁ@@@ﬂﬁu
mmi’ammzLwimmﬁ”aufl,m:é'uga (lamtrakul et al.,
2014) AaaAIKNNTRaNKULIANIIRUzNaulATIEN9
2IANTURZAMURWILUL (Building form and density)
ANTIILWINUY (Street alignment) NaziFIUTIY
UITMUTUIHNITUHSIRAMNNTBUIINUEILAR (Solar
radiation) UFuUysdnaAIWNIINTIZUIEANNTE
(Cooling potential) LﬁaLﬁumﬂmﬁmw IANDTINTG
(Natural ventilation) (Charoentrakulpeeti, 2014)

(a) Case1: Base case
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EULILINR IR NN MW B 9D 1 (Microclimate
simulation models) 13% SOLWEIG 1.0 (SOlar and
LongWave Environmental Irradiance Geometry model)
(Lindberg et al., 2008) w8z ENVI-met (Bruse, 2011)
ﬁﬁﬁugmmsﬁ@ummﬂu,umi’maa Computational
Fluid Dynamics (CFD) ial#lunsasiasaunanseny
PDIMTIILH LA DN UL LA HA TN AT DY
WFaanuTauiad datrasu M ldyssifiunansy
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nea3dlanaailaagaslni ﬁﬁulmuwyﬂwsﬂ%'uﬂqaqﬁ
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L&Ias (Low-albedo materials) LAETLRANATIAN
g0 (Green roofs) (gﬂ“?{ 12) lapuadwinldanms
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(PET) faldlunsidsouisuainowuasnaanis
aaﬂLLuuﬂ%'uﬂEaﬁuﬁﬁanﬁwalué’nwmu%mszﬁ'ﬂﬁ

Wetsznaumsdadulaluniseenuuy (3UN 13)

4,

(Source: Author)
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(a) Case1: Base case

.9

(c) Different PET for different scenarios

Thermal
uncomfortable
rage

Min: 35.40

Max: 61.00

PET (Celsius)
Thermal
acceptable
range
Thermal
uncomfortable
rage

Min: 27.60
Max: 53 80

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

P o & a A A A . . . ' o o
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