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ABSTRACT

An urban heat island (UHI) is an urban area or metropolitan area that is warmer
than the surrounding rural areas, especially the high-density buildup areas in the city.
Urban geometry or height and width ratio (h/w) Influence urban airflow and cooling
of the urban microclimate in urban canopy layer (UCL). This research aims to study
urban geometry and orientation of buildings influencing air temperature in the
ChangKlan area, Chiangmai Province, as well as urban geometry that promotes
ventilation using environmental simulation model equipment ENVI-met. Included are
recommendation of planning and design to promote good air quality in Chang Klan
area.

The study found that there are eight urban geometric in the ChangKhlan area,
namely 0.7, 0.8, 1.0, 1.2, 1.3, 1.8, 2.3 and 4.5. The urban geometry on Chang Klan
Road 1.2 has the lowest average temperature was 35.46 °C during 06.00 am. - 8.00
pm. The highest average wind speed is 0.35 m/s. Considering thermal comfort, it
appears that urban geometry 4.5 has the highest hours of thermal acceptable ranges
in summer.

When improving urban geometry on Changklan Road. The Building Control Act
was applied to the research area at the time of research. Tested with five urban
geometric, including urban geometry 1.0, 1.3, 1.9, 2.4 and 2.9 along the north-south
road and east — west road. The urban geometry 1.9, with a height of 14.00 meters

on both sides of the road and 14.40 meters wide, had an average temperature of
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35.01 °C. It has the potential to reduce air temperature the most with average wind
speed at 0.41 m/s. However, in terms of thermal comfort, it appears that urban
geometry 2.9 has the physiologically equivalent temperature (PET) highest hours of
thermal acceptable ranges in summer. Studies show that improved urban geometry
using building blocks according to Building Control Act can improves ventilation
efficiency and lower air temperature. The addition of vegetation on the pedestrian

sidewalk area can also improve the thermal comfort.
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PAEIUDAN — NAREITUAN 226

152 wanansiSeuiisumsivasunainanuiiag Tugasan 6.00 - 20.00 u. 5EWINS
sunsasuadiaasiuan et wazUsuussgunsasvadnges Tuwnouuiicmile -
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Pele 228

153 wamansiSeuifisunisivasuslatnaniian Tudieai 6.00 - 20.00 U, 531I9
sunsasvadaiosluanimtatu uasuiuussgunsasvadaiiion Tuwnnuudia
nziueen - iAngiunn 230
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suadiadadluanmdagiuuaruiuupegunsasnadiabies Tuwuinuuimmile - finla 232

155 msiSuiisunsideuiirnsadlugiana 6.00 - 20.00 u. serinegUnss
svndadissluanmdagtuwasuiuusegunsasvadindes Tumnouuiinng Jusen - ¥in

AYIUAN 234

156 MsTgumigugamiinisiHTadiadslugiimn 6.00 - 20.00 U. serI9gUNT

suadiadlatluanmiagiusasUsuupgunsausnndingies luwnauuinwmile - fiel# 237

157 msiSeuimeugumiinsudsadaaslugiaian 6.00 - 20.00 W. s¥nINguNs

wrnatadisdluanmdagiuiazuivuiegunsasmadadies Tulwauuiimmile - iefla 239
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aedangranamuanaAsiuwauuiiAngJueen - iAnLIuAn 241
160 uanimsSeuiiisuiugliseninssunsuunuaziuilanunla 253
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JUnsBIVIAdinGed 1.9 saudunisiuligusuusnumaau 255
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una 1
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1.1 anudunuazanusfguasdym

Tutia 100 Bitkuan fuils wa. 2508 ermelndiadulanlnewedeidgiu 0.7
+ 018 pawadya SspnenssumssenineisuiaiidsmaUAsunasanmgiiennie
(Intergovernmental Panel on Climate Change: IPCC) vasanuszananaldazulidn “ain
nsdunemssimsisgamgilaowisvesdaniifintususnasesadamsei 20 (Uszuu
Faust w.A. 2490) Aeudrauidainfeannisiuanuduresuiaeunszaniiiniulng
Aenssuvesuywiiiunaluguresusingmsaiiiounszan” (Solomon et al, 2007) il

=

fnsanndlaswalugyialan wueamgiisinieuaraamaiiuinluiuidesdivuli

; = J 1 &‘ dl ‘&’ ldl = ol L 1 1
GRS wardAuLanagsERIsiuNiliowasiuilaneseay FsanwuLAINaIlaenin

Usngmsad “Usingnisalimeanuioudies Urban Heat Island (UHI)”

GLoeaL AND CONTINENTAL TEMPERATURE CHANGE

Asia
I

Tamparature anomely {'C)
e P e

Temperafure anamaly {"C}

L.

i A
1900 1950 2000
Year

Temperature anomaly {"C)

- models using only natural forcings
* models using both natural and anthropogenic forcings

P> = a o ad a = ) ) YA °
AN 1 LﬂiUUL'ﬂEIUﬂ']5LﬂaHULLUaquWﬂUﬂWUN']VlTL]LLaSﬁg’aﬂ‘UIaﬂﬂUNaaWﬁ‘iﬂﬂﬂqiﬂjaaﬂ
anmgieinialassssuyifnavaiiuieusinianssunisuaesainuiouvosuyd

(Anthropogenic heat) wazgaumgiiannmsdunanisallull a.e. 1906 fis 2005 (uden)

f : Solomon et al. (2007)
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msveedeniieslulsamalnglilfiAatuamslunsammamuasiviidu uwid
suduilosvunlngfiogamuginiadeqidu Wodlul uassrwdun vouunu 1a fe
(sunge, 2545) MnmsiadssiiviuAndsuamsmeninasaios sUnsaisviade-
194 (Urban geometry), slinvesiuiiy (Land cover types) waznsldusslovifiau (Land
use) (Oke, 1982) Fwisluavmvassingaisaiineeanuioudios (Urban heat island:
UHI) #idmaliiaanisiuasuniaswesgiionniaiies (Urban Climate) fe junsasunada-
HEN %ﬁﬁw%wasiam‘sLﬂﬁlauuﬂasamwgﬁmmﬂﬁmﬁumww (Local atmospheric zones)
U MsavToukarnsuiSdvesmseniindluiufiauuseuingennns (Street canyon wie
Urban canyon) lunainans¥u msinfiuannudeuluituiiinessninenns waznsian
gesaululniiio ﬁeimanszmrﬁiaamw:‘}ﬁmnm‘f,wﬁgm‘%auaaﬂLﬁm (Urban canopy layer,
UCL) (Oke, 1987) fhdutuussemaiinsgnusoninuauisvessnyus (Human comfort)
waveueAuandeuvaniies (Environmental health of the city)

iWesndanindesinl uidlesgudnasmnalgmeniamievessymalne 3
MsverefimnAswsia Wugudnanamsiine nsauunan Snvisdaduundsvindiondis
foides Ussnaufuidnumznfionimduuuuioutu (Hot-humid climate) wiagilania
wuuvaviguilasiou (Tropical savanna climate %138 Tropical wet and dry climate) @@
Tiufiquinanadiosfignmgionniagedsliu MnmsAnues Jufiy wazems  (2553)
wud dnvasdsiuiiveanizanaieuludieadedmiidnuusiiduguinaraien Tasfien
mnusaudl 36 - 39 ssmuwalda anududugegavesusingmsaitnizauFeu (Urban
heat island intensities) vouiieadadlvamulugavunuazggseu Tanudutuyingu 2 uas
1.5 sspealdoa awdiiu waswuinlugaruiimanududugean 1 ssawaidea il
fsanudmuiggvuniianuuansivesgamgiivesdeuasvuuniniian LazaNWa
nsAnwues inlfa (2553) wuhiuiideadedmisnlanaaiioniuiuiifigumgiaeiian
iennnduiuiiflesiiidadiuiiuiiotnsaquiu uasammuiutvreuilesgs lnsiawiy

a 4 [ =

lﬂv Iﬁ' o 1 2/ li' 1 1 A o = 1
WUNWILTENTINE UG INARTU mtflumum'iwaammu.axmwgnwmmymmmawwﬂwu

[
s |

Aausaduonnautialagiu
grutpatuiiaudsuntasanefnliinn  dnisasialsausuvuialvneuazings-
L3 1 ﬁ' 13 &1 AQ l 1 g ) =l o &
wdvatauie lesnniduiuniuilasiints dlswsulugausng fe Tswwsunsisduas

Tsausawsana sesnlaiunu (w.e. 2548-2550) latinsasnalsausugasediv 5 anBnvanguns

v

=

| a ac & o It & ) a
i Lsausuuuenian uaglsausunesiand Yenvegluiunaniunsaadingvlueda (ve
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21ANsHazdnsIAIUNUADIANSIINABNUTIRY (Floor Area Ratio : FAR) Admiau (fan1sta
Usglonuniu fadiossiuiioandoslvin.a. 2555) NuNUsHIMEENTa51991A5AUNSA

[ v & Ve e <4 = 5 s
gadauunn suduanmaliindnwasyuwides (Urban canyon) nviskuiauuvanagiy

=

favnsiivnsan dealiliiansaszuigauiousonamniiuiild ieiisuidivuiviiu
widlvenssusasiogordemuutuinnluiuioy
HAYINAITNUNIUITIUNSSURBIRARuaUlaluN1sAnwIFUNSHsUAdaLie
(BM31FIUTENINANUFIDIATUALAIIUNI1NVBINUY TINDIANYINITITEIRITBI0IANTUAE
ouuiifinasenisivaiouveanszuaay) fiflnansenudegungivesivui Tasideniiufigiu

s a s as

) 2 & o = P v e
PIAATULUUNUN AN UDIVINUAIUEDAAADINUNANITIVE VDY TULNEY RE AU 2558)

]
= 1 QU =%

way wda  (2553) 'i'lLﬂ’f}u'ﬁ”uﬁiju'l,ﬁmamﬁaqﬁﬁqmw_]mqa waglaisinsAnuiiszudnds
wansgnusuonniniladvressunsnsnadndlesiiinadegmyivesiuil Fauniside
fRadunszuaunsidesnismanuduiussenindnsdiumiugiveseinsneanuniig
Y990ULLATIULIUNNT389Mv0997A15 Tidenadagumgionnialuiuiigudrenan
ARDATUNIIANYNTUNTIIBIASHATJUMUUNTNNTBINANS Tidaasunisssuiseinia
luituiisewinenens iluganuanninanguugivesiuiisudrseaiu iedilugnig
lusLUzLLIaLazInAsIslumsNuLareenuuuiies fiduaiununndindeuna

aa o = 1
A NTInTivesUsErnsilasioly

1.2 nqUszaIAuaInIgIvY

—

u U

) AnwizunsasviadaiouazsULuunTNTIvateIas AisvEwasdeangil
omefluiluieudnsnanu

2) Anwgunsusmedadiesididumssruiseinia wazihluganuanunsaluns
amgmgivasituiigiuiisnau

3) LausuuziunslunTNUHLLArpRNUUUTBsTIANAT A D INIATR Tuitui
grutena
1.3 Ustlowifianadnazlésu

1) nlafsgunsasvedadiosiidsmanssnudeanimeiniavesiuiidnuuas
grumglutiufisumwduenssuuasfiegerfouutiuminvesgnuinteraiu aungnaznsa
TilddsAu duflesrmiisadioslval w.a. 2555

2) {faLauaLLuzﬁmgULLuwaagﬂmaLw"lmﬁmﬁmmxau ﬁa"m’%uﬂmmwmmmas

Wnlugruannsalunisangumgiivesiuigudnsnanu
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grut19nay YanTadeslunddadunuinidlvanssunaziog o feavuiwiuuin a1y
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nnsznsalgduialiosudiandedlnl we. 2555

1.4 A0un13IdY
nMsdegunsasrndailissfidmansenusevagiionniaios nsfdiAnyigutne-

ANy A9mIaedlud  In15A9ANNINYDINITINY B9l

“gaumniionniAuInamduYmileRua 1.80 Wns wganat Wegunsusvinda

\ias (Urban geometry) finnteoainioli”

s |

NAINUNITITLAINET AUN50eSUIsAILFuRUSTImUsIum e lansda Uil

=

19 FUUSAU fip SUNTSTIRDnIDY (Urban geometry)

U

<&

fuUsdass Ae anmganiienmAusinamILAuh Usenaudie guuall
2IN77 (Temperature), AUTUEUINS (Relative humidity), A2L5781 (Wind speed),

#imnsay (Wind direction) uazauviin1susisd (Radiant temperature)

1.5 YaULIAYDINTIRY

1.5.1 vouLARUNUT

ﬂ'iﬁ'%’ﬂﬂ%xaﬁﬁwuw'lﬁﬁuﬁﬂwuwwzﬁmﬂﬁmaxﬁagmﬁ’wmLLﬁumnmumeuu
Frenamuduituiidne Saduiiuiimdvenssuuasiiegerfovununusinn meldngnsensa
Tildvssuiafiossmiiondudnl we. 2555 vaulaiiuiidnyinsounguisdnynzmng
NNEATNYBITATIAIUAINEIVEIBIATABAIILAINNVDIUY JULUUNTITHIRIYBIRIAT

ufidnwieey o ffn 500018.87 1. axuoen way 2076934.20 4. wile (WGS
1984 UTM ZONE 47 N) amwhluvesituitliuiistu msfiens Tusenuasqiieadedvsl
MuiAnwdsegluiuiindsnssunasiogordevunuuinn gwudrseany fiuiivssu
0.166992 m3neAlawmms (166,992 M3 19LLA3) Aaguuauuinemay warouuwhunees 1
(fiamnanisneivesauuiirvile - Aals) auuassiasien LasauulasgyUssmarey 6 (Ve

o a Y a W = =
NNMIINAIVDINUUNAAZIUDDAN — NARZIUAN) (NN 2 LaENINY 3)

1.5.2 YauinnuLilem
nsAn¥UNIasnIRdinllamdmansenuneguugililloswesiuiiguwdivenssy

wazfiogadenuiuivinnvesdauutsrauimingednl Aseuaguillem fall
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AnunIvasauY FaunmauAu wavnslgussleviennis

2) mylmsgiidnuazladeglionniaanizyiesiu (Local  atmospheric
zones) lawn aaumgiiain1e (Temperature), ANAUANTNS (Relative humidity), ALY
au (Wind  speed), fifivnsau (Wind ~ direction) uazamunin1suk$sd (Radiant

temperature)

3) N15ATIIMUUTIADIANTIUNTTIANTINDINTA INBUTENIANAUUUTIADY
AINANNUS TN I UNTIWRI0 M TLAEAIINN IR dHasadnyuMnlieInIAany

¥i930u (Local atmospheric zones) Melusunsy Envi-met 18359 4.0 Tuanmiaglu

4) N13aFIUUUIIADIFIUNITAUANINDINTA LNBUTLUIANARUUIIADY
ANNFINUSTENINFUNS R0 TIlATUNISUSUU TS TndneBanguanenIunNeIns wae
ANUNITRINUY TidanadadnumuzfiieIniAlanigviaaiiu (Local atmospheric zones) A3y

TUsunsy Envi-met 13a59u 4.0

5) MnTeRanyegiiennieanizyiadu (Local Atmospheric zones)
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1.6 fgudnwinldlunuidouasnsinsanamsneiifeitos

1) idies munefls Huiidsveanguuneuiifivszensegendoesimuiuy Uszney
a1finuazfanssumaAsegiauenaaneasnssudundn %aﬁmmw%’auﬁmmmwﬂim
LLaE’»ﬁ’]ﬁ’]ﬁH‘Uﬂ'ﬁ Lﬁaiaﬁumsaqa’lﬁmaaﬂ‘im’lﬂﬂuwﬁuqa (aqmaﬁ, 2554)

2) 3anii@M ALY (Urban microclimate) %50 LwAUsSEINIAUSZIEY (Local
atmospheric  zones) %38 LuAgfiaNAviesdY (LOCAL CLIMATE ZONES) el
anmgiiandluiuinuindn Gsannsngnivdsunadalavesdusenaugivimdvesivi
ﬁﬂwmxﬁaﬁuﬁﬁamﬁiazLﬁaaﬁﬂﬁlﬁmgﬁmmmawwﬁLmnﬁmﬁu (Brown et al, 1995;
Stewart, 2011)

3) sUnsusvAliabies (Urban Geometry) 130 8n3187UA1ME9R1ASABAN
n319auu (Aspect ratio or height and width ratio: h/w ratio) ¥aetis AgIRATY
EULLUUﬁgﬁQWﬂﬁU'ﬁu waaeeilweauy warauni1elaesuve190195195 tNENAY LAz
madiuwh ethdlsiaalumnumneiifstesiumansdasdiuniugennisieanuniig
auu wuinsnwiAedesdinisTdundwinuandrety wu

sUnsudiea (Urban form) vanefls sunseeadlesiiinonmsiidugiue sy
Tudsanu it uasdunnsdgaanisludies (53, 2556)

sUT19%0ilad (Urban  geometry) Yasunddninadoaniizinizauioudlas
Tngianzagiedilutisnainansiu juswweadiosnsduiedeiiruuniiennanisiuaians
wagdesinszineansiuies lnggusaveuiieslidvsnwarednsinisinavesau (Wind flow)
N1SAAFUNGI91U (Energy absorption) LazaaIsavesiuilunsUanUdes Sadens
AAUE (Long-wave radiation) ﬂﬁulﬂgiﬁuﬁ’iw (E‘Im%'mﬁ LazAME, 2558)

T94I90UUTENINNDINTTVDUIBY 3D YULUiles (Urban  canyon %38 Street
canyon 38 Urban street canyon) #inggi é’ﬂwmzmuuﬁﬁmmigﬁma‘auﬁ"’qaaqﬁwaa
AU (Fualle, 2557)

dwifiondeg e fmuaiudeanumnefs fdrssswinserasiudalgnadng

@ L a -&l o [ @ a o & 4 o
Tngsau IﬂEJ‘V]'JI‘UE]SGL‘UE]'IﬂTiiSJﬂ‘HULLaBWUﬂGUULUUW?LLMUW’U@]L%U’UBQW‘UV&UH YL
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fanan (Nne 4) Fewunanwaelldnswaneauuniilloaiunnaiany satuineluldiie

9 U
v

auduanlunistddrdwnluauidoiduiiarldardn “sunsaserndadios (Urban
Geometry)” Tun1sedunatumpunisaiduaulazNanisivg saufasesdugitieideaiy

dnwuzveIunsEniemsiudslgnainalauseu seld
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Urban Geometry

MORNING
STREET CANYONS

COOL MR

1§ WARM AR - PCLLUTANTS

AJ a =
NN 4 JUNTITUIAUAIBI (Urban Geometry)

P - wusd (2546)

AN 5 dnT1dnANNEIDINIHBAUNIInUL(Aspect ratio or height and width ratio)
fisi : Oke (1988)

4) n1539719 (Orientation) MU18H9 N159AN9IANSTANNLULUUTULAAL AN
Taglunuideasaiiinisdninuuiauuyiavun 2uuu fAe Nsanslunuiiavile —idla, n1s
IANSIULUARE I UREN — NARLIUAN

& 4 a o 4 o a a ar i a o
5) Wuhwidlvenssy vaneds fuimdyenssuuaziegardenuiwiuinn Amue
o k% Aﬂ A v o v vV o o ar =
IluskudenisldusslevinfumunladnuunnengnignsidildUinuduiiassuien
Wealvid w.A. 2555 USuugansan 3

6) NIALAA UUIBDI M1519 NI AZLNTI Y30 USe Y9 laeddnwuziduNun
A =) [ [ o [ - ) 1 o ' =
AVATUNUTENDUABATUNINLALAULT  LaziipuRanuaguey 2 wuleduld

-1 a & & A o ' =

Tuudded “nSawad” MUNDe AUNYUIR 5x5x6 RS 31U 1,537,600 wu2e 7

- W ¢ Ao v o v
Wousafiulunsgnuind AHANT19TI 1,240 AT MUEITIN 1,240 LIAT WAYEITIN
168 ums lulugd Space  vedlusunsy ENVikmet lnsusiaeniawadazgnivualmiy
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NOVNNY 303N VBUTIIng IuniiNadsAuldlianssneiunsauaumsldUseled
AukaznImUANeNAIVTeAIUgnaIe Turassgegia il (we. 2560 - 2561)
lnslusuideatvitlaiinguuieneidunismivaunislaUssleningu
oA
1. ngnisnsalnlddsdududiossiudmindediva we. 2555

2. ngnsensnlldderudadiossniiondedlmi w.e. 2555

NOMUNBAIUALIDIANT LA
;8 ngﬂismﬁ\mﬁuﬁ 33 (w.A. 2533) panmuAulunsesvlgyainuny
91A13 W.A. 2522 flansuiAgriunmsmugueIAsgIazeAsTLRlu ey uagiinisudly
Wanfslag ngnenssatiufl 50 (.. 2540)
2, ﬂgﬂssmwaﬁuﬁ 55 (w.A. 2543) sanannuanulunsysvUydRnauny
91715 W.A. 2522 Tansziiedfun1sAIuANTing srezdu wazuuie1As uaviinisudly

cn. = s d = ﬂl g 1 |
WaANlae AHNIENTNRUUN 61 (w.A. 2550) TuansenineatiusseysusewineeIng

Il
- o

3. wiAvggRmAvIauasfisglnl (399 Amuauiuunease fawdas
ieagunsideimaunsiln wieursszan luvissisuarinll suagun shuatases
Auanszast muatdiseau wazauamee luwamauiauasifoslud Smindesva w.e.

2557 (Usemeilunseaianuune Watuil 10 nua1wus 2558)
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LAZANINWINABUNAINARBNUNANYT waengufr1agiiigidesiugiiennimiles (Urban
climate) wazianudilafsladenisninanareamngiisiniaveios Javauivnly
N3ANYIATILATOUARUNITANYTDIAIINEIYBI8IATT FULUUNISITLARAITD981ATT AN
2r d" = & e Qs Ao w
NTNYDUYANN Uaunsziaay Wevmuumslunisangamgiluiundne lnesudsid ey
lunisfinwilfio MUEIVEIDIATT ATUNTNVBUTANN IVTAIHARDAIILAINITAIUNT
= = o v & A
Inadeuvesannazdiminuiousanluanvundne
ad 4 v & S

nounertedlunsdnwasilaun

1. glieneidies (Urban Climate) Insfinsdadeiduanvaiidwmasdenfionnielu
¥ A O v o a o o ' a a o a
Wuiilas MenuAndaauiay nszuunsniinasen1siuasuwUasgmugioInia gadl
dvisnanegunmuesUszruluiuiiiiey

4 = (Qll o as lg _a
2. imeamusauElos (Urban Heat Island) Usangmsaimduigwddgiiiaain

) 4 oo g v a | VoA
aﬂ‘b}mxw’lx‘iﬂ’]EJﬂ’]W‘lla\‘imax‘WWlﬂ"Vi Lﬁ DALNANIIATHAUAITUIBUNNUINAD "I‘W'umﬂ 838U

2.1 giiaMAias (Urban Climate)

nswasuslasunuvvesiuiivuun (Rural Area) siduitufidios (Urban Area)
dawasonisiUdsuulasszuuinamiiaes (Urban  ecosystem) nmsiAsuulaamnanianind
ety 1wy msdsuudasifuinvendles msdiuniadayes wazanngiionnie Husu
ﬁﬂf{']'EJLwﬁwﬁﬁwaﬂswuﬁaﬂﬁLiJ?iEJuLLanmQﬁa'lmmﬁm (Urban  climate  change)
uenaniud lesusaziioadiiuysmununiionnmiiesiidudnumziomeunndistu 7
%uag'ﬁuﬁﬂxammuﬁmaﬂ% (Geographical location) ¥u1ALla4 (City size) YIWIAMAZEANTA
(Time and season) 8vSWAYBANLRINATEAUINAGBANYMZINALAYAL (Synoptic
weather) unumiiiad (City  function) uazguuwuuilies (City  form) vinlwiilesilanw

pliomeandusluuuemzvsiusianiiod wavdmasonslddinuazgunmaassyrivuly

YU Y
o

NUTDNAIY
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2.1.1 Yadeiidsmansenudegiiennadion
dewsavilasidnuaziamsifanuuandsiu fufulafefifidinadegiienna
Foafuansheruguidentu Tagannsaudiladefifinasedvsnasioniiennmiioseaniiiu 5
nalel (eyea, 2554) dail
1) anwanaszauilaa (Synoptic weather)
Hafuilddnyodsiisvonies anImeIniAuaznAnIaiBnIwanenis
piomadios sisdilsiaansamuautadumeanifls
1.1) ﬂ%mmmmﬁﬂﬂﬂﬁm (Cloud cover) ’Lui’w?iﬁamm.uwﬂﬂqu
1n MsuifsEmuSeuremmiindindsilanfudosaduse esniaiiunagudus
msgedunazaiausdnnmefindesnlugiuussenmadues lumandudulutuiifesiy
vasaluseveiiatios anufeufeuifsludonnniu ammuuusmestsngmssinizaa
Soudlosiaminiuing
1.2) ax (Wind) audutladeiiddalunisthessuisenniauasion,
uafleenlunnidioudluiuidionssneuseiuifiiauarnvans 91A1suaAIgN
aafienududounitluiuiinuun shlifarnenisivaisuesnsuaauiioriuiios duwa
Wawisivesananas unnAaaniufisuuniddnvursetennissiuni saudnvase
fuinidavanansinavesautosnit viliiautasnszaisanudouldfind: daunisanas

AsAilafsaneuzivsema selidninasgrunndensivaisuvesay (nwil 6)

-
"
*

] @ a o )
NN 6 ﬂ’Tﬁ‘ﬁB‘U"IEJ’r]"Iﬂ"IFlIUﬁﬂi‘J’ﬂJ%QQJU‘i%WIP!‘V]meﬂ']\‘lﬂu

1 - Givoni (1998)
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msluadsuvanssudauinanusstuindou 2 Ussunmn o Aruunnaisenais

nABINA(Pressure Differential) oy AMUANANAYBIRAMAI (Temperature Differential)

1.2.1) A310LANAINUDIAIIUNABINIA (Pressure
Differential)

omadislisurnusousssened lidaruruiuuanas
wanilunalimnunaeinatosassaeg ernmduusnalndifesddinumnuduninn a
Aanstadeuiidhanudnadiiiunaeniasiniinisnae uivetene Wesmnaosuvisd
AUNARINIARIINLYIN IALARAY

1.2.2) Anuuanengvesgaunil (Temperature Differential)

nsdeulmesteniregiauiuni lifinnisaatsves
imgawdousiedld BsmnuiaugaiufiazdsmariliAsinsanuioudesanamiagn
aanelunie m’mﬁaauﬁmmsauﬁ%ﬁuagﬁﬁwmmmﬁaaﬁawﬁuﬁ’u msadeuiluniesu
vasommdunaiiintusnanuliasiausvesniuiouiionnaldiu viliguugiives
analuszRudeatusenaieiy dieeinmduivdnnimdndulieiniadeudeuiiiuindd

w & 2 g o o P ) ol a
av8@IvYU a']ﬂ']ﬂLE?Uﬂ"ﬂgLﬂﬁaﬂﬂ;ﬂluuu’]i'ﬁ.lLW'QLL‘V]‘UWE]'Iﬂ']ﬂiauLﬂﬂLUUﬂ3$QLHaN (Nu‘ﬂi,

| Li 2 [
ool 1 QU A = a =

2546) (M Wi 7) Feiunninisuyuilsugamgidinandnifietuluiuiddeniiveun

- w4 da = a =
AANDNUNUNLUBDY UNIDUILIDUUBIULNB

dl s d A dl o -
AN 7 LERIANBIEYBINISAABUNTDIBIN ANV AL AEY

fan - uusd (2546)
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anwayMIaIBuYeINsELdaY dunsaulieenimidy 4 anwae lown

(1) WUU Leninar #9 nszuaaufiwnatiedaszme
auidafiainaue warlvadioulaeliiidsinuans

(2) WUU Separated #@ nsvuARUTWARNURUALY,
fulsl, ?%qﬁaa%’wﬁqﬁﬂﬁt.ﬁml,t.saLﬁammuﬁﬁﬁmq (friction) @ewilkauisvesnszuaanluus
asizﬁummqqlﬂaajmma

(3) wuv Turbulent aneds AsWAYEensELEaNTI
AnuulsUsu Tneiluauiiwesnungaaey Tuan wuandeuniieg dfnasdunisieuuy
turbulent 1Wudulvg)

(@) wuu Eddy A8 aunyuiiinainniswaLuy

turbulent

Y

o — ®
&S

- e e

Laminar Separated Turbulent Eddy

AN 8 AnwaiznisivaieureInIewaau i1 4 Snw

i - WNETH (2553)

2

nsrvaunsmMIadsuoinalndiudu SanudfydeanimerniaveuSiontug
rsaugnldiiudiianisluadoueime Tunandertuiuduansds anmuedeudu
Asiravsondninasmeluiuiifiiinisieasisdesnfuildalas Ae dn1sarmnsaiin
musaulndiuAuazanadlaenas 20-30% luivivilatuituiilaesey vedaseadein
{79 waziuitouueraiimnuvenseudaufiniuegiann Faflanuapnainnisiua oy
fivnreInsyuaauiuUeneiie1ns mzju‘%nmﬁuﬁiﬂaiawmmmsﬁ'}T,ﬁl,ﬁmamiﬂfaﬂ
u3e uazauinaruanatauInuy itemanisinaisuresan (wind channel) saudsa
fiar T e9I9sEniermsdanaliAnusngnisaivesan (venturi  effect) vitlaudl

o &

A Iniuntudsazduiusiunansnulusnady  degtuldlinsieausterelies

: '
= =

audennasszninelssma Ssaaniingnsuniuiesiian Ao 10 was wiloWudu (1iesh,
2553)
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1w '
.

agalsimunisidenfisianiseaniuuiled dosmdeisanumunzaslunsayiud

wu Tunsdimdunuiinfionnimbu asiiniseonuuunsdnineesiusenoudneg Taud

o

o o al Uy 1 a ' i< A Aala 2 = £
idsdosas welilvilonaduiuly uamnduiuiindenniasou Tasewizgiennaiou

¥ (Hot and humid) AI59AI9BIAYTENBUANSY e ladamsaluaieulds iauss

9/ s

INANTau uennlfsanunsaigannisuslnanasuladnsay (Givoni, 1998)

2) neamagiimansuazanvazniuszinea (Geographic and Topography)

U U

'
' ]

finasiogiennimdes wu uwnduhvwalngfigumgivunanawazansoadranseuaaud
szmnauTeusenaniiliedld gunlndidesersvzlaiuauiiasinidngiiies udeoraadns

sUnuvveInszuaanivginrnuliosfdule (gansmd uazame, 2558)

3) ggna (Season) wBNIINUTINMUAMLTBUINUUAIRLTATIARINIIYEE

2
a o w

#3199unazanuvasTIineIneTINYId Meadelidvianananiweinieluggniasisgsie @

2

wiuladniau fe gefounazggvun sl
3.1) Ysmnumuieuniieslasuluggrun eswnluvigguum

ter o o

fusinamouiilisuannisusidvesnserfinddutiosniilutageiou faduraagg
wudadigumgiisnninludiageieu Suiliusinuanufeuluiiesdiulvgasiinein
Aanssuvosywddudulvg

3.2) Usinamnudeuiidedlsiuluggioumnufoy iiesyldsuly
U3asnnannmsuiisduesnseniing (Solar Radiation) Wundnsssaswnie musauan

Nanssuvesywd Janneaiuneludiesdinisgaduausouninnswisdveseeing

4) wunies (City size) Tudiesvuialugnisvenadmunianinveailos
f;iasm'qNa‘LﬁLﬁmms&ﬁugmmawqwémEmaﬁ’uﬁnmﬂﬁu 1A NGDINTT IEWAI9Y (Energy
consumption behavior) Liissnntu sildAnineanadeulutuussenadaduautoud
fnnnfenssulu@iausziriuresiyudannvansg Aanssu dedruduianssuiiulasads
fugueadies Insmansaindsnuiousiinnnsldiadessueinlunisyi pns
Fouuavn13vhAadu (Heating and cooling) AnmFauainmsldiadadldlnil (Running
appliances) N3ANUIANYUES (Transportation) KAZNTEUIUNTINNEAAATTY (Industrial
process) Tnanisldndsnuluennisuarlunianisauuausuds Sedudeliinanudoud

Nty (@n3end wazAney, 2558)
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s -t - «
VUANAIMNLATART (Geographic Location)

wuniiiaq (City Size)

- AdoulnyiugUsuuuazuvuvidio

AnmenAszugiinin (Synoptic Weather)

- 1)

H209m1 (Time)

Ju (Day)

- fgna {Season)

FUuvwiiioq (City form)

- Jam (Materials)

v (Green space)

fifnsnmluntsusmomanupusdnngncinisaruiowndag
(Potential Use in Mitigation of Urban Heat Island)

l:J (Y q!ﬁlq = [l =Y =
2NN 9 ﬁwwuamﬁwamaqumnw,um

i : Voogt (2002) $19fidlu qen3nd wageng (2558)

Tul 1991 Marsh  (1991) ledmuniissmudnwuziuiaunaguesndu 6 du
- I | A aaw ) el dd \ a e ad a o
Wesniuiusazdiuvesiipsidnuaemsldusslovuinummuandsiu Jaiinuiaunaauin
upneNafuUReIiY FellBnawarenisunisdnseving (Solar radiation) n1sluavetainia
(Air flow) uazuaiwnI91nE (Air pollution) Asil
i | . £ =) d ¥ =

1) fudidenn (Old Inner City) Faduusnuidinuiinaudsnagu

1NN 90% mslvaresemes uaiwmeennmauunandlngaziuegiiufianisay
& d . m W ;

2) Wu#e1A158 (High Rise Inner City) fiufianaudsunpguunnnda 90%
USnaumsunsdnneninduansslunuuung wargunssenasusnatunmsivaveseinia
UL

& oo w i A d . . a & a

3) WuWneIAeLin wianunaIA1slugaan (Old Residential) UsunanuiL
aakdsunagu 1NN91 90% Msinaresenimuiunany uaRwliunatlaetuegfuiiams
au

= & [ g . . [ ] a = al oA

4) uSdun1auaiin (River  Corridor) Wuduimguluiias duSuia
ANuTugariinien enmwieiuiindu

5) UinaMdunedyas (Transportation  Corridor) fisafiuviseiniadu &

USinauiiufinaudaunaguannndt 50% mslwavesainie
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6) NUNYAAMNTTH UaENUNATYEA (Industrial  /Commercial) USana
HuiIAALTIUNAGNIINNTT 90 % dinsudesaiiuiou (Heat Emissions) g4 duaiumng
CRRUGIAIVERRLN

7) Wufiauaisisay (Park Area) USinauiaiugunaguainnil 90% n1s

Iviaua91n1An

Oid tnner City: Hot Sector
» >90 percent hard surface cover
» poor airflow
s moderate poliution, depending on wind direction

High Rise inner City: Turbulent Sector
» gusty airflow
» wariable solar Tadiation
« >80 percent hard surface cover
-

Park Area: Cool Sector P
» >80 percent vegetative cover L

* good sirtlow

ndustrial/Commaercial : Warm Polluted Sector \
= high heat emissions T
* heavy CO,. hydrocarbon, SO, particulate emissions
= >80 percent hard surface cover

Old Residential: Warmer Sector
| |4#¥5 80 percent hard surface ¢

Transportation Cortidor: Polluted Sector /
* Heavy CO, hydrocarbon, particulate emissions River Corridor: Cool Sector
* >50 percent hard surface cover * high humidity
* good sirflow « cool wrisce s
o frequent fog

= | o o [ ) a -
AN 10 LLﬂﬂx‘iﬂ'}‘u‘d‘iSﬂE]‘U‘UE'NLflm‘l/lLﬂU']‘U‘aﬁﬂUﬁﬂ’]WQﬁJEﬂmﬂﬂ’]Fﬂumaﬂ
P11 : Marsh (1991)

2.1.2 nsduuniuagiieniaAuieu (Thermal climate zone classification)

1) mssuunwagiienmaviosiuluede

Tuednnsuunivagiioniadiosiamuagnimuatusgslsiiumanis
wazdslifinsfuuauuanisnisduungfienimdiesdusgraduiiude 1ul a.a. 1965
Chandler fEEuAnNMsSuunanngfionAveaiies Liudsmunsasuseududginae
viostiushuaninenne plimansneamn LLax'gtlma*uaaéariaa%"N (Chandler et al., 1965)
wdaniu 1l 1978 Jr. Idsuuniuililouasvuun veutlosauivaed, Sgiaes Ussne
andgowdni sandu 12 we Tnalddeddyvesdinuaennegnienine (meteorologically

v =

significant) WuNUadeauNsns sl Ui LaYanwaUENIINIBAINYDIDIATT ANasanIn
piiomadlasegeiitedidny Or, 1978) soanlull 1991 Ellefsen lafnAusEUUNTIILUN
fullusedugnuFondn wagiiniadles (urban terrain zones ) Tngfinnsunanisiadia
o dunmsdyas wavianenans Ty 10 diswelsunmanigawiniuazlaiinisuusdn e

w8991A1500n U 2 JULUU Fie Attached ua Detached (Ellefsen et al., 1991)
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luiaisiesn Oke  (2004) dwmdnnisnsduuniungiionniArIusouves Auer
(1978) uae Ellefsen (1990) mnfidrsansufiusazlioanuuunaninausinIsuUvauInYes
dios elinssueiesnaiansgaiionineluiiuiiiiosazanuniu Oke Téutsiun
glimeenefifidnwassiieniu (Homogenous Regions) sentdiu 7iwm Genin wagiienne
1§i94 (Urban climate zones: UCZs) dstussusiftuiivuiuiloslugsiuiiiloaia naswamn
ogavuuty Tnsfiorsanainlassadavesiies (@113 wagouw), Awnequituia, Tan
9115 AFeuINAINTIITEsLYEE(Metabolism heat) wagdneainlunisuudeuann

fflonAvauiles (nwi 11)

2NN 11 fE]"JLLUi’Lumﬁ'}LtuﬂL?ngﬁmmmﬁm (Urban climate zones: UCZs)

fan . fauasan Oke (2004)

T 2012 Loridan Téannmssuungiiennadieddasfisrsanaindinmsuaniasu
wruresituaziuiadsieadrsvaailes Sond1 urban zones for characterizing energy
partitioning %38 UZEs Iﬂawé’nmiﬁmmmuﬂqwmgﬁmmﬁiﬁiﬂaﬂ'%mmms%’u%’aﬁmn
waseingla (Loridan et al., 2012)

TushaUsgmanissuunUssinnasunaquiuiagnsliussloviiausnasdinasinig
wlausnsznineiuiiiesuazaniniandentuun ferudu Ussimaanizoisna i
National Land Cover Dataset (NLCD) dwiuswundsunagudusenidiu 16 Yszinn lasi

4 ‘U'ixLmnﬁLﬂuﬁﬂwmxﬂ“ﬁmmﬂLﬂamwumﬁuaaﬂ (Homer et al., 2007)
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Tuunsszwavesivglsunisudaangiiainia (Climatope) (AM# 12) Huanwun

174 =

meagiivssineiiesazgiionniaiios iy nszuaauluviosdu gamgdl nsldusslewinau

U
9

91A13 Wl warauruwiulsEeIng dfegussasddiulngiiienisinsunuidion (
(Wilmers et al., 1991); (Scherer et al., 1999)) IﬂEJﬂ']SLLﬁ%L‘tlmqﬁa’m’lﬂ (Climatope) ﬁgu%
lidoya Wowmelifuanmenmaianizvesaniuiilusiasdiu 1ud 1991Wilmers et al.
fuungfiomdludiosulunes, wosud, Inslivdninusianfivnssn Tassaieituis uas
Ussamesnislivsslowdinuoonidu 9 waglormeviestiumuiieafuiu (Scherer et al.,
1999) Anwuagdunivngiioinirvediiotuida Ussinaaingasuaus sanuainuaiuiiuy

laglddnwagnsssuiganmaasdnvusdsnaguiu

Climatopes
High TL

Built-up Very Low DP
Areas Medium TL,
Low DP
Low TL,
Low DP
Greenery Forest

Areas Low TL,
Low DP
" | Grassland
Low TL
* | High DP
Water Low TL
High DP
Transport | | Low TL

Areas High DP
Pollution!

AW 12 wananm UC-AnMap for Arnhem with the legend of climatopes and four

i Urbanm Climatic Analysis Map of Arnhem City (Draft Version)

designated areas (TL means thermal load; DP means dynamic potential).

#11 : Chao Rena et al, (2012)

nnsAnwINITIuunUsziangiioniaviesiuneuninidiuiiqagamunsiiie

o4 o

msfnwuardunanisaldsangmsalimeawioulunarsuszmaialan daiussiuiines
finsudiudy dsensinds nssuunussiangfionnialdldfinsanauauifvesanin
vosgiionAedieasuin esfiansantadesunmenmuedasaisvoniles (013
uarouw), Asneauituila, Yanennns uarAINSEUIINAINS SUYBINYWEUsENNTTiADs Tl
nsfnwtadiugivimivuun 31nnsAnwives Chandler (1965), Jr. (1978), Ellefsen
(1991) ua Oke (2004) iaundlsiFnufsgunsmesdsgnasns mawaunilesadilvl 7

Judhuiidanuddgydiuiasugia Uszarsfian suidadesnisudsangieinis
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(Climatope) L*fluLLmﬁm‘n"mmﬁaﬁ'lmﬂianéﬂ%’ﬁuLﬁawhm“lﬁmﬂﬁqm dlosnnluiuiivie
dnvaizmenmesaiiosifiauuansaiy fadunmsianusidesuun wienmseuiio
Jatuldldenn
2) msSuunmgionavissiussuulnal
Grigg (1965) lalauadmaninasinmitiuunwngieoinAmsiiarsuvans
Jaduveaiiosnuieiuiivuunlneseudae wazawsaldudninasidindniifeyssdy
Unngmsaimeaufeuldludiinununuaimigdestuanmagionimwuiiui
siuvisiuluyngdiowe
MsSuunUszLanvBInguiegunumanInemaniusndundundniou ua
Ui Usnaugansasamn (Black et al, 1952) Fsmsduununnfionmedadildisuan
n1sRersandalgnaing (structural) wiednwmeduia (surface cover characteristics) u#
151310 Tan81A13 (building materials) n3aUsuIMNTUdBEAIINSDURINNY BE
(anthropogenic heat emissions) laglggmudeyadelsinuainnisdinauezuuudiaesan
A13M5I90NA15NUATEAILLY  MInTaaTauarnIsUszaAIansuIadinie
(geometric), MX50U (thermal), NMsurssdaNuasefing (radiative), NIZUIUN TN INAIEY
M99 (metabolic) LLaxqmauﬁ’ﬁﬁuﬁwﬂﬂqu (surface cover) ﬁgﬂnmwmm‘umﬁuﬁmm
dieauazryuuninlan 39nn1sAnwIves Anderson et al. (1976), Ellefsen et al. (1991)
Haubi et al. (1980) Jr. (1978) waz Theurer (1999) Us¥nauAUAITNUNIUITIUNTIN
AN eludelszdny 1 Grimmond et al. (1999), Wiernga (1993) sautisdoyaids
U3umwesTanenns (fabric) dnwaueiuia (texture) WAXANYUENITUFIUING
(morphology) Brunn et al. (1983), Kostof et al. (1991), O'Connor et al. (1983), Potter et
al. (1998) uaw Vance et al. (1990) ievnunlfifugrudeyananlunsasranasgiuns
Suuniwngfiomeviesiu wdsmiuudazyssinnazgnimunie aumneedawmngay

wazuaualy The international climate community

2.1) meqﬁawnmﬁm?{u (Local Climate Zones : LCZs)

'
v a

mi{huunwmqﬁmnﬁﬁﬁu%xﬁmsmﬂuwﬁwwamu LAZANIN

o w ]

a a . o a = o Y| & a
HUIINMAMUSITUYIR PatunIsATMUATeUIATRlYR o N AT deNd 1Aty Wy Wuld
Unagu deugnaine Jag wasfanssuvesuyed wagiioniAusasUssianaunsonasuagy
& & o = a 2 aow )
Wunluwusvlavatsnisiaunsluaudsnisflauaslanasd SNz anIL U0 uFay

= o A& a v v !
Uszian Seazusingidudalunanarsfuniuiounaquuis anasu wavviesinUasaluss
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anuazgumpiiwarlfinsegaasavislivavifeitesivanmwindenidulefeaiunie

sruulinAvailes (Wuauas1IizAUEN13A) biomes 53508 (WuU limzansie) way

=

PAUNIIMTNBAT (

wuaunaldiiinyau) Tnefiinasinisduunds (1w 13 wazansai 1)

Built types Definition Land cover types Definition
1. Compact high-rise Dense mix of tall buildings to tens of A Dense trees Heavily wooded landscape of
stories. Few or no trees. Land cover deciduous and/or evergreen trees.

2. Compact midrise

3. Compact low-rise

4. Open high-rise

maostly paved Concrete, steel, stone,
and glass construction materials.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile. and
concrete CONSTruction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mastly paved. Stone, brick, tile, and
concrete construction materials.

Open arrangement of tall buildings to

' tens of stories. Abundance of pervious

J

5. Open midrise

AT

6. Open low-rise

[ -
25
& 3

7. Lightweight low-rise

9. Sparsely builc

BA LY
a"l*

10. Heavy industry

land cover {low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
{3-9 szories). Abundance of pervious
land cover (low plants, scatzered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of low-rise buildings
{1-3 stories). Abundance of pervious
land cover (low plants. scattered trees).
‘Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
_ Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g.. wood. thatch,
corrugated metal).

Open arrangement of large low-rise
_ buildings (1-3 stories). Few or no
trees. Land cover mostly paved.
Steel. concrete, metal, and stone
CONSTruction materials.

Sparse arrangement of small or
medium-sized buildings in a natural
serting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mosdy paved
or hard-packed. Metal, steel, and
concrete CONSTrUCTion materials.

B. Scattered trees

A "'IJ o
th e

C. Bush, scrub

E. Bare rock or paved

Ay

F. Bare soil or sand

Land cover mostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park.

Lighdy wooded landscape of
deciducus and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park.

Open arrangement of bushes. shrubs.
and short, woody trees. Land cover
mastly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural
grassiand. agricuiture, or urban park.

Fearureless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(rock) or urban transportation.

Featureless landscape of soil or sand
cover. Few or no trees or plants.
Zone function is natural desert or
agriculture.

Large. open water bodies such as seas
and lakes. or small bodies such as
rivers, reservoirs, and lagoons.

VARIABLE LAND COVER PROPERTIES

Varible or ephemeral land cover properties that change
significantly with synoptic weather patterns, agricultural practices,

and/or seasonal cycles.

b. bare trees

5. Snow cover

d. dry ground

w. wet ground

Leafless deciduous trees (e.g., winter).
Increased sky view factor. Reduced
albedo.

Snow cover >10 cm in depth. Low
admittance. High albedo.

Parched soil. Low admittance. Large
Bowen ratio. Increased albedo.

Waterlogged soil. High admittance.
Small Bowen ratic. Reduced albedo.

= o & A a v A a a
AN 13 LARIAN P NUNUBIAINDATIUBI(BUIlt type) u,asﬂsxl,ﬂwmaqﬂnﬂqmu

(Land cover type)

11 : Stewart et al. (2012)
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WURY
Building Impervious Pervious Heightof  Terrain
Local climate zone Skyview  Aspect surface surface surface  roughness roughness
(LCZ) factor® ratio® fraction® fraction®  fraction® elements’ class®
Lz | 0.2-04 >2 40-60 40-60 <10 > 8B
Compact high-rise
LCZ2 0.3-06 0.75-2 40-70 30-50 <20 10-25 6-7
. == Compact midrise
§E LCZ 3 0.2-0.6 0.75-1.5 40-70 20-50 <30 3-10 6
% Compact low-rise
£ LCZ 4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 >25 7-8
=] Open high-rise
= LCZ5 0.5-0.8 0.3-0.75 20-40 30-50 20-40 10-25 5-6
o Open midrise
t LCZ 6 0.6-09 0.3-0.75 20-40 20-50 30-60 3-10 5-6
§ Open low-rise
E LCZ 7 0.2-0.5 1-2 60-90 <20 <30 2-4 4-5
w Lightweight low-rise
E LCZ 8 >0.7 0.1-0.3 30-50 40-50 <20 3-10 5
§ Large low-rise
S LCZ 9 >08 0.1-0.25 10-20 <20 60-80 3-10 5-6
g Sparsely built
,8 LCZ 10 0.6-09 0.2-0.5 20-30 20-40 40-50 5-15 5-6
5 Heavy industry
= LCZA <04 >| <10 <10 >90 3-30 8
: Dense trees
3 Lcz B 05-08  0.25-0.75 <10 <10 >90 3-15 5-6
L Scattered trees
& Lcze 07-09  0.25-10 <10 <10 >90 <2 4-s
§ Bush, scrub
2) LCZD =09 <0.1 <l0 <10 >90 < 3-4
= Low plants
N LCZE >09 <0.l <10 >90 <10 <0.25 1-2
E, Bare rock or paved
N LczF >09 <o, <10 <10 >90 <025 -2
u Bare soil or sand
9 LCZG >09 <0.l <10 <10 >90 e I
e Water

* Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere

® Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8-10), and tree spacing (LCZs A-G)
© Ratio of building plan area to total plan area (%)

4 Ratio of impervious plan area (paved, rock) to total plan area (%)

* Ratio of pervious plan area (bare soil, vegetation, water) to total plan area (%)

! Geometric average of building heights (LCZs |-10) and tree/plant heights (LCZs A-F) (m)

¢ Davenport et al.'s (2000) classification of effective terrain roughness (z,) for city and country landscapes. See Table 5 for class descriptions

ﬁm : Stewart et al. (2012)
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Local climate zone Surface Anthropogenic
(LCZ) admittance? Surface albedo” heat output®
LCZ | 1,500-1,800 0.10-0.20 50-300
Compact high-rise
LCZ 2 1,500-2,200 0.10-0.20 <75
Compact midrise
b L 78 1,200-1,800 0.10-0.20 <75
% Compact low-rise
2= LCZ 4 1,400-1,800 0.12-0.25 <50
E Open high-rise
i LEZ'S 1,400-2,000 0.12-0.25 <25
5 Open midrise
E LCZ 6 1,200-1,800 0.12-0.25 <25
E Open low-rise
» Lcz7 800-1,500 0.15-0.35 <35
& Lightweight low-rise
E LEZ'8 1,200-1,800 0.15-0.25 <50
§ Large low-rise
S LEZ 9 1,000-1,800 0.12-0.25 <0
E Sparsely built
o LEZ 10 1,000-2,500 0.12-0.20 >300
" Heavy industry
5 LCZ A unknown 0.10-0.20 0
g Dense trees
- ECL B 1,000-1,800 0.15-0.25 0
§ Scattered trees
§ LCZNE 700-1,500 0.15-0.30 0
= Bush, scrub
o LCZ D 1,200-1,600 0.15-0.25 0
.ﬁ_ Low plants
& LCZ E 1,200-2,500 0.15-0.30 0
: Bare rock or paved
g LCEE 600-1,400 0.20-0.35 0
N Bare soil or sand
B LEZ.G 1,500 0.02-0.10 0

Water

* Ability of surface to accept or release heat () m? s "2 K'). Varies with soil wetness and
material density. Few estimates of local-scale admittance exist in the literature; values given
here are therefore subjective and should be used cautiously. Note that the “surface” in LCZ A
is undefined and its admittance unknown.

* Ratio of the amount of solar radiation reflected by a surface to the amount received by it.
Varies with surface color, wetness, and roughness.

¢ Mean annual heat flux density (W m™) from fuel combustion and human activity
(transportation, space cooling/heating, industrial processing, human metabolism). Varies
significantly with latitude, season, and population density.

ﬁm : Stewart et al. (2012)
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InmMsunengiennia wuinsiuunlaglinui lassaine uazdnagu i

15 Uszan wazmssuunlaeldtanneadnawaznisudesanuiauainuyed d 2 Jssa
o & a 1 o A o & ddaa

suviedu 17 wagliona waswdseanidu 2 ngu fsll Ussiandl 1-10 (Huituiiniidsugn

% g & o Y & s - a

@319 uay Ussan A - G Wuiundalgnainsunaian SRsnssanaydsunaquanussuyia

Feusznmesdalneaufuanisaduuneenduanauiinunania

luuszinalae unla wazamy (2559) WiAnwidnunaanuadieidaiui
(Homogenous surface) napEde sl ufouuinienvunanauana e s
vsssnasraduludiondedll Tnetladensiunmautiniedugiuiveuies (Urban
morphometric  features) udnuusiidinasaninuunnsnmiagiisieiiilos (Urban
landscape) fidsnananiionneiilos (Uban  microclimate  modification) Tneiany
Qﬁmmm%u[%auaam (Canopy layer) fiUsgnausonguiladeddny 1aun

1) Tssadnadlos (Urban structure) 1t Shstdauituilenansoudeiuiifu
(Floor area ratio, FAR), é’mqﬁauﬁuﬁmmiﬂﬂmquﬁwﬁiaﬁuﬁﬁu (Building coverage ratio,
BCR), A213uuMUU81AYS (Building  density), mmgw‘%ﬂmaqﬁﬂixmm (Topographic
elevation) (nwil 14)

2) AsUnaquuiles (Urban cover and fabric) 19 Shsidiuituiididennagu
fusofuiifu (Green coverage ratio, GCR), fuflnnuilien (Greenery index) faaeaeil
AULANANBINENTIEU (Normalized difference vegetation index, NDVI), é‘f*ﬂﬁmm‘tjuﬁq
(Water index) ﬁaaﬁhé’sﬁﬁﬂmmmmﬁnwaﬁw (Normalized difference water index, NDWI)
fiussfiuanmaiianisdsavsveslng (Remote sensing technique) (n i 15)

Tuduneunsiiamzivszgnaliiveiiavnaada (Statistical analysis) $un153tATIEN
peAUszneu (Factor  analysis) tiiefinzdunduvioniuuusmisdugiuineilesii
anuduiusiilunguifeadu uaziiieldnsivasulassairiwesgeduyslunisesue
puduiusanenduysyavSanduiug (Correlation) 9mndudsmsdugwinedles #es
KMO (Kaiser-Meger-Olkin) wudndudsnisduguineiiles 9 swdsannsadaduiade

Tyl 3 Hade (51991 3)
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Water Index (NDWT) Distance from Large Distance from Large

Gireen Arcas (DILLGA) Wetland Arcas (DistIWA) Topography Elevation ( Topo.Fley.) Land Surface Temperature (Avg1ST)

[Acquired on 20-Muar-2014 LANDSATS TIRS|

= o o Y a i ) a -
NI 14 ‘{]"1]71]EJENLL’lfﬂaE)l.lVl'l\'iﬁiiﬂJ’U']Wuﬁ%ﬂfﬂﬁﬁUﬁﬂ’NﬁﬂJﬁWﬂ’JVlﬂ?Lll?.]\‘i (Natural
environment and urban morphometric features) ﬁdamavﬁaqﬁmmmﬁm

o )
37 - WA wazAMY (2559)

Factor Scotes
2105
W 05 0808
-0'808 -0 572
{572 - 0387
35T 0144
<0.144 - 0. 04
N 0094 -0.35)

.
J\." 0.353-0.677
087712713
12734673

= LY [ 1Y . 1Y a
AN 15 LRUEIRIALLUY (Factor score) D9 3 ‘U%%U‘lwuﬂquaﬂLL?ﬂﬂ@MW?QﬁiiN’quLﬁaﬁ

ot

#uguineidieg

=4

P47 UE wavAuy (2559)



9L ¥6E89LL

DA

:apea / tesodoxad [00Z0E6I8S SISHHI-I NCK

S0

n
U

:bes / g0:T12:0T T9GZH

re

26

l:J L7 ' o/ o/ a =1 s
A15199 3 Lann1sARnaNFILUINSEMg W INg e 3 Uady

msasnelade AaudsnedugIvInedag 9 Aduus
- = NG
(Component) | 37U ALkys *
1.ﬂﬂ§|’8ﬁ 1 B 1.1 sfiagen (Greenery index, NDVI)
1 dy a A o 1 d’l) a * 3l 3
1.2 5mmquwuﬁammﬂnaqumumawuﬁmu (GCR) ﬁ]mza
& il y i 3l
1.3 anulndlnaiund@ervuinlug (Dist.LGA) LUV
v o v o & d a o X da Ain
24334 2 3 2.1 onTnEuNuInTUNARUAURBWUNAY (BCR)
. Factor
2.2 Anuviuwiueims (Bldg.Den.) .
v i Gt o Yh/al loading
2.3 9RSIEIUNUNDIATTIUABNUNAU (FAR) !
. : g (lng
= 3 o = :JJ ! ) u
3.U338# 3 3.1 Augdnmaniivsemea (Topo.Elev.) ~
3.2 sivdlaugann (Water index, NDWI) 18 -1)
3.3 andlnalnaunguurvuialg (Dist.LWA)

731 : 1A wazAy (2559)

wa s

wailaanidiaundefugaiui (Spatial homogeneity) NsnmaNTAFNgIUINGT

o4

= 5 1 = 1 d o =i ﬂ’.’l i z i 1 a
Wes rwssdiowailedludauvnsuun dvisvun 8 ﬂﬁﬂJWUﬁ LESWUIURHHBINTARITY

ot o e a

o o o = o u fw a o da a a i o Bh.
EBU'VW]'JLLﬂiﬂJﬂ'J']llﬁﬂwuﬁﬂﬂqmw.ﬂuuLﬂﬁﬂmuuaﬂqﬂquﬂﬂﬂfﬂLWEI\?LLﬂ 4 auds 1ﬂLLﬂ AU

[
@ = o

o & A S 1 1 L dll' da a 1
Tna-lnaanniunguunvualvg, Avanugud, andlnd-lnanundiletvuinlg waz

@ | Sl o a & da @ & dd @ & He Y &
afﬂﬁ'lﬁ'ﬂuwu‘ﬂﬁLﬁJﬂQUﬂﬂQNﬂUWQWUWWU mﬂaﬂ‘ls*mzwuwmﬂuwuﬂmLLazUﬁxﬂaUﬂ’;Elwu

] 2

mandls (Hardscape) wazfinuila (Bare soils) wiu fuaunduuiunwadeniafesiyl, au

Aanssumsunnuslvgvesineassnduduadlawedindifin, msyenufuiensneadng

Tassmsvualve 1Wudu
NENSANENUIINSS LR L AE LB suTTnInuERssA LS uTTes

a ' £ ) a 2 a 2/ =
Fealud Tnan1sas1qunuaan mdiwinaentdsaiusauiiio (Urban thermal

' Y Y ]
a

environmental map, UTEMap) (n## 16) virlAnulaaussennauszaduyisdu 8 e 7l
s o as 5 i dl s =] = : A =) =l o e =
N19NTEAIMVVAITUTUABLLDIINTUALTDITINUNYIUNDY WINTEIadunINUTIIN

& v a =, d 2/ o/ - g
AuSouripgamgiinuRdenuniuv ey dil
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Town center climatope ¥%38 LWAUSIEINIAUTEIDULUUN 6 (LAZ-6) ATRUAQY
& A a a = & - =
WunuuIn 20.88 M159Alakns USanknuiiod Wulrniuiiesnianudsizunegamng
gl (Highly temperature sensitive urban area) lughuilaaiusznaumedalgn
asavnwiuhsUsnIuANTeugan Jaumiituriety 34.49 esrmisaldua

. . . ) o a =
Large impervious surface climatop %38 LUAUSSEINIAYSEINULULUN 3 (LAZ-3)
& A a adl a = e
AsBUARNALTITLIA 15.30 A3 silawns gavgiiuiuags 34.28 esrigaidea 1undil
auseuiuiagaanmsunaguaieianaiaudvuialug wu auieiuuiusadmin
Fedlnl gudussguuazuanaduiuunIBeiunssiosi 7 ToUNSETUNNTTY aunAun
aulnndealml 700 U Fsassnduat lawesunsinn Wusu Fedrulugliauaouninuuin
Ingnfiauauifganiunnuiouguazuiauioulunaunalsfuy
i k o o a = & &
Linear town climatope %38 LWAUIIEINMAUTEINULUUN 8 (LAZ-8) ATOUAGUNUN
= Q&J a i = ﬂy d. I ! !
R 54.36m 5190 lawns eangiiuiede 33.30 ssrwaldealuiuiidiesdiusievee
IINUTIULNULBINTNSTENRUAMUNUILLNEY NIRMUIAMLLIAUY (Linear or ribbon
. 1 s ‘2!' A s & o 14 o

development) nszanesalunlasatieauuaendnieulosdudiguinarsdinatiufies
gnmsgeaemniaiauuiidnuasadienui (3end1 Mulwauy (Street canyon) %38 YU
wdlee (Urban canyon) fipanuguussmauaivnisoiniAwazsaiumiadeageainuiann
919TAUMUY N13IEUVIBBINIAAINGTINYFA (Natural  ventilation) virldteaminyuiun
NWHTIAANENUTETaERUA gAY IRUSIMYBIAUMENUNURT (Surface
roughness) #ige Usznauiunisinituariuieuvesianeimsanuataaidesasiuluyuin
Tugasnansiu azdusiuesulvlSununnuauiuauguLsety

Forest climatope %38 WwaUsseINMAUTEIIULUUT 4 (LAZ-4) ATEUAGUALTITWIA

o & & do & w a o w o v v 2
36.45 Asilawns [WuiundidsSnuiuvseduininviauasluggsoureinasginm
gampiivufiaede 32.52 svwrwaidea (Juiuiiunaaninaudu (Cooling areasiMnedudie
s & & A =l 1} L ' a [ = a

pniunnvesiuiidondednl Indlunaneuwisninasamm-Ju veoudilies (Green patch

o a

Vi3 Forest patch) vunalugiduriliavesiutdsisdning wu woum wedraaeu Hu

£
' =

@ lﬂ! 1 d! 1 v o o A 1 1 ‘ﬂ} = dl YV o 1 v
AU ﬁﬁaL"f;lumuwuwmLmaamummﬁ'\wlwaaaqLmu’\ﬂq fimsdaasuliiinlassneasng

Ao a o A

& = =l i & = = o
WuguaLwY7 (Blue-green infrastructure network) WunundderMteslesdiesiu (Green
Corridor)
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Greenery town climatope %38 LUAUTIEINIAUTZIDURUUA 7 (LAZ-T) AToUARY
Nuflvuia 74.88 a119ilans gamgiiiuiaede 32.23 ssriwaduaiduuniilaiy
" o = } 4 v =5 PP g dg i 1
wnLUureIn s LsunaieamstiuEeuniaugssanm 1-3 u dnunlas
a ad da s da €0 v P A A
U3M58U01A15 kazlinuididerndanuauysaldnnuainain auldlng dunisniiesents
Wawnawwnean wavaulinalasawizsudily
Suburban climatope %39 WAUTIEINIAUTEINAULUUT 2 (LAZ-2) ATOUARUHUN
a ad o = v o <
U9 70.56 A139Alang gruuiiuiede 31.53 asmnealed N1slENUNLUURANLE
agondululunruiioinassesiunmsveneiiveddies anvurvesguruiegendeniissey
wiumaldlnaniuiidies wazeglivinanniunyuuninensnssy 158N FUTBUWATUUN
o o o w & 4 d i < v Y
(Rural boundary layer) sfiunumdrdgiluiuiinasainudunimiungiueanyes
audnaradiondednl drulvglinisnszaredeguunuiluilsngiusesnusiirlemuauuas
wwusounas (auuanlaudeslud 700 ¥) fauuseuidioaduslyal uagmunuuaiesasly
yuwy Anunddeuazsuliivglulagiuvesguyueslasumseysnyg
Suburban cultivation climatope %30 lWAUITBINIAUSEIIDULUUN 1 (LAZ-1)
J | _ ﬂ! = i = d" ﬂl
AseUAgUNUTITLIN 112.86 mseilaiuns gumaliiuiuade 30.50 swrieaidoa dunun
guyuyuUNNYAInssuluiiguanivinienszaefmegmesuialdlulundnenenauag
o a @ & o ! d da o St (-1 ' o
guneansd uiuuaruduiinnnsmizUgnyinmanuesngediuve)iduyaunng
mavhuuFdutisgeiou uazAsudrsdiumudateneufeInITMEINITRAIN
. . . < o a ~ & 4
Cultivation climatope %38 WAUSSEINIAUSETIDULUUA 5 (LAZ-5) tTulwaiuf
a o a - s !
LﬁawﬁmmLﬂmzmnﬁﬂuaﬂmaqquu (Slightly temperature-sensitive urban area) &y
IngjagmuuuirevouiisaDowntown  fringe) (ATOUARNNUNUTENIN 46.17  A1579
a 2 & odada ) v W = Y = o & v [
Alawns) Wununndn s mvuuduteedsUseaulymauuiinuanuieudntisume
gamafifuiuede 30.14 ssrwaded laeNunilidunnauaeuund Ay seninenug
= s &l ﬂ‘ =5 ﬂl o as = 1
wWysumsanmgienniatuiuivendesiisiaudAgvisaningionaluteussing
HansENUIINUSInaAuiaudies AuranUseansainnisviaanuidu (Cooling effect) 310
' T a a & 13 o & A H =~ o v o o
WrATIRIAUTINGY w1 AAABY Nuigun uazuuasts NAslasunsAuasTasTnyILAY

a o

a - Y da a 15 a o ) & @ 2
Wunseulesnundlisnsous unasuiaaunddglulios uenaninisiieygynasig

'
as =

2IANIAITHIUAIUANTUIANLNBIASAGUAY Lazdanisenasiauintuuivogiuduee
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450000 SH0000 510000

2060000

DO006OT

2070000 m N
0000407

LEGEND Kilometers
Local Atmospheric Zones {LAZs) and their Mean Temperatures (Celsius)”
Bl LAZ-6: 3449 LAZ-4: 32.52 LAZ-1: 30.50
B LAZ-3:3428 LAZ-7: 3223 LAZ-5.30.14

I LAZ-8:33.30 B LAZ-2: 3153

Remark Dascending order by the mean land surface temparatures (LST) retneval from Landsat 8
Thermal Infrared Sensor (TIRS) on March 20, 2014

480000 m. E 500000 510000

o = a v = 2 "
AT 16 UNuTian MALINABNLTIAUTBUDY (Urban thermal environmental map,
UTE Map) fiwansineniasiinaanuseuluggseudioadedll

PN @
37 WUA wayAY (2559)

2.2 Usingmsalinizauiau (Urban Heat Island: UHI)

Tl 1918 Luke Howard ldAnwimnuidsuniasuesgumgiiomauinaeiunge
aeunau (Landberg, 1981) @wionniienin Unngmisaiinizanmdeutiios (Urban heat
island: UHI) smefia aan1azmisanufeudiinainfionssusywd iuusingmsaifigunai
WiB3aInInwuun ﬂsﬂngmizﬂﬂé’da’tﬁzﬁm‘]@m%mmﬁam wagyinlilszanvudionintlgym
quamdnee (J., 2000)

Usngmsaitanansawdldludlesdvgiluluniveglsy sudnuniie widansiusen
waziadnyfusanidesldsitwsumelng laglawzusenalneansenunansidees
gudnumsiasuulasweslanuigiinnaedensTueenidedd saufuiminerduindloy
Usznadu wanswualtuiiuszanallsin Tudisnarssana 50 Yiwsngmgiiedose
Fouresnsummmuasiisasnsveedniuty Sufleifivuiulaien 2039uid uas

a o Py ' o a % o I~
quﬂ“NLQaUﬂaﬂiaﬂLLﬁj WU ﬂ?qLWWNW?Uﬂ?ﬁJ@ﬂﬁqﬂqiL‘WﬂJuﬁﬂ’]?&'ﬁWWQﬂqqﬁJiau‘Luaﬂiqw

A a =

Sandrludiesdug (380, 2542) wavdriinnueniissdnerduuladamenansiaen

<

HANTENUAIINUIINGNITANEANTEU (Urban Heat Island: UHI uitialananadiadlvgy



YILYBERILL

sara=z o ([T

4

:bes / G0:TZ:0T 19G2F0G0 :aD2x / Tesodoid [Q0ZOE618S S

¥e

30

fewvudiassiuniemawuul fasausumansenuainanufouiivdesainlelds
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2558)
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a¥adou warlssnu fivdesndsruanufeusasairauanngeonun menifteifiuseiy
ANNDULAZ AL TIgYBIEA N INALABALYURY AI81A15499 wonanandunisiiy
ﬁuﬁlumsqm%’umm%’auué’a Fudusmnsduauiiazasetieiaszueninuieusenain
guruilosdne wasduliiigndalauitensneasne densevimihinuaugassauealy
nszuIuNsdaATIEisoua roaldusineduiidainniseniinduudsudundanudngies
famtosannn uaziilovafuliines tifuasiazdesnsenunaneiduanusouaglutngiiu
waaeedeInadng vaRseldsanfunansgnuainlanieunieainuioudiunfu
UsingnsaliFeunszaninsisiiloiiesiiuatiy farfusulaeenledluusseniagmeiiaziin
UsingmaniSeunszanamiziuil duaressiluriuseslueimaiazassgaduaiuiou 39
Humsdiugamgfimuaulyigetudnidunieh wasileenmadou aufivmiseandaenis
Tindeuiteasrinnudui wirlilymeudadlusn

nsifiudurasnizanufousiunlslunuruiaveaiiosuaraniwgiisiniauas
Q“ﬂﬂﬂﬁu‘]Li‘}uﬁﬁ’amW’i’] AMuduNUSTaINISADmYsINdNua Nisunelulisings
\Aintueeeguuse Wefisutunsiiauinauauriuiies uazguunifigedianuduius iy
YUNVBLEIBY PIUIUTTTINSUATRANISAS YIAULnURales (Oke, 1995)
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sussdliinsdnassiuiididen dwivlgniuliivummaiiiedesiusdllewan sattean
ANTOU (3AN3AN WavAnY, 2558)
2.2.1 anvnTasnIeAuiouiiad (Causes of the Urban Heat Island)
awgueINsiinUsngnsalinizauseuilsslivangave fanunsodusleily

nanasiunaznaiy Yadenduaiuniaiaus ngmsaiinizanusaudes Wunasin

a o /e o v d‘d} P P d‘l) a o
@VlﬁWﬁ‘Uﬂ\‘iﬂﬂJﬁM‘UG]LQW’?891’]‘U’E}\ﬂﬂiﬁﬁi’NVﬁNWUW‘Uaﬁﬁﬁﬂﬂﬂﬁﬂwuw’lﬁﬂﬂﬂﬁ]LLEIﬂ’e]E)ﬂléﬂ,u 3

€

=

nwalz Al JUNSIvauiles (Urban geometry) ¥linuasiubl (Land cover types) uagnisld
A (Land use)
1) junsasvpdiaiies (Urban Geometry)
nsauLissgauiinIsUAsuLasanmiIndeNveiiad Wy Tane1als
o - = £ & w = s 4 a ar a
sunsasvadiadies wariianianisneiavese1nts Wudu daluiuniidesianeinsdl
AuEEnsalun1sanduaIuseu (Thermal  absorption) ledluainaresiu saulufisnis
azviounuauludinuiau neguinalndife iy (nmd 17) wazauseunina1azgn

YanUdasnduganimindenlunainansiu vildgumgiidesgaininiuiidiseunaimsileg
Tndidss uaravaudunasufousuialvg (Large thermal masses) filsianunsnseune
mnafouseniuldiedosmnlassaauiesifinvvenguenasdnan Tasansluds
wdrnmszefindanusvanas 2-3 dalus dswaldenmaluuinuiuiifiessionmgiigind,

DNAUNUATUUN

cl 2/ ot v e = LL ﬂ‘l’ P
aIwn 17 LLEWI~‘1ﬂ']'iﬂ5V]E]ULLaﬁﬂﬂLﬁl‘UF"’I'J']JJ‘SB‘LI"\]']ﬂﬂ'ﬁLLNiﬂﬂ’Ua\‘]ﬂ?\‘lﬁl’WlmEJINW‘LWIEIUU

5¥1311901A15 (Street canyon %@ Urban canyon) Tutiainansiu

73 M. (1995) 81909bu LUAS (2546)
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@
1y

nsUanUaee3idrianausn (Long-wave radiation) nauludnuiiang ewasanu

Y

Y

wasfindidumanisiuialanduluguidsansbloaniausnduniuiitesndn 400
nm. sdndusaszassiousananiuirlugundsnudurisusn Tmuendunaulug
700 - 2000 nm. Bl (il 18) uazazfieusgluifuiiinaszudnsenans vils
Aedsngnisaiimeenueutiu fadasidiumsaziioumiuieuremdinuamoniindain
Aufailinnndn Fafunsazvieuudseniinddsiianuduiuiiu dvesan Nulafiduiinia,

ANSELYAUANNIBUNAINITNURIFBDUN

1.00

0.90

0.80
0.70
0.60
0.50
0.40
0.30

Normalized Solar Intensity

0.20

0.10

0.00 !
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

= @ a s A o e X 2 v @
AN 18 LARINSINURAIDIRNENUANNENIAAUTINTINWRAAN (AN TN UYRINasIY
LASAITRTD1ALANFAIINUNINATITANENIAFUAIAU T 250-2500 nm.(Nanometer))

11 : Wong (2008)

nsazaunuouresiageasluneunatsiu Wesanmsazviouresndaiudu-
Wisaverilianasauiisulaeindludionansintntwesouy Sedslalldunaseniing
Wy Tunaudlrndwtefinauiians Jusenazsuuaiofindudrvasanasuanudouludiag
ﬂ?{uﬁumw@aan@ﬁmnm wiiilosannituiifinoumuiuuretenns nasusunsai
Jasvoanunazgnazyioulufmdemansstmuazfneglutesszuineinisnasaiioty

visanuauTeusinanargnudsgeengusseniaveiiaslunanatsiu dwalveoinie

=y L3 = 1 1 = =
muaqus}ﬂmwaq BT YU NN AN TULNLAYTOU (Wuns, 2546)
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NNSANWIVEL Spim - (1984) na1vd1 Usingmsalinizadnudou yilbidiauinnns
ALAUAIINTBU LASUANYNDINANTAIMANINANBUENNBATNYBINUY AR AUWNL
v ; = = - & 4 a o '
21a715gevuIUisaesilsvesauy JudTsuialiouuinnlunuiisssud vinlvliaiunse
1 a A v v . v o = & 0
nszemuioularuaivnseimasentusniuils Spirm ldvinisAnuiusingniselilly
a v o P S v [ =
dlesanniinisn Ussineigosiiu (Stuttgart, Germany) Jadlewisegluuinuasiduiiios

gaamnssu dwaliflesiiduiiiuinauieunavuaiivauiaivg Jeeamgiilugiutiay

o 2

\unduasssinUsnunusoulutiuiesiu iesnuafiwigniiudnliluyuintues

(nwil 19)

MORNING
VALLEY cITiEsS

STREET CANYONS

COoOL AR [ POLLUTANTS

NARM AR

= | = o 7 v
AINN 19 uﬂﬂdﬂﬂiﬂagﬂ%adﬂiﬂﬂgﬂﬂﬁﬂﬂtuuaduaxﬂuuwuaﬂﬂﬂiquuﬁU%Qaaﬁﬂﬂuﬂaﬂﬂuu
= = = A o ad
garJseu LﬂNﬂuVj"U L'?J’fluwu‘wﬁ'i'im’mwﬁiiﬂa’luqmﬁwﬂ‘iiu

fian : Spirn (1984) §19ddlu w3 (2546)

uanani Spirn (1984) Wuin “miixmammﬂmmu“mmmuuﬁuagﬁ’ummn’ﬁwm
auu (Street width) mmqaLmsgﬂmwmmﬂﬁﬁaq’ImasaU LA¥N1549A219 (Orientation)
favnwesnuuiiduiusfuienaudloouueuiuiuiieniay audaufaunsassue
amasanluladre TulupglinniaTounazuniauas (Hot and dry regions) fiasdins
milsisnssrurserna wWelrauludrafimaunsanawanuSeuiiavauliludaenansiu
mueImsuardsUgnaiisineg lasnsifindseavsnmuesauannsaldniseonuuuennsidn

e wWslvlinisszungananaTu
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AUvLLUUYasiiakazamsiinanaUssansnmlun1sszuiweIna (Ventilation)
UShanuy Fwansynuiiitedesumenimdnundentes msssuisenaaansaszuela
7 wifhasilenasnszqniegtenunutu Susgiuniseenuuy Mluguuuuiifionmsgauar
omsenaukanuiuly Taeialy nisiilduiilosirnuuiusasiulussamsndy
FAUINMITLUIERATDINFLATALLE I8 asm“hﬁmmrmﬁaauﬁ%uaq SusunIE NN
VAINVAAY 10U ANUNINBIOUY NISIAIUUINUY mﬁmwna"mmmsﬁmauaumm’a
fienswasausie Jaduddidusrmusenumuiwiuresdesiiinadeninuiiau Ao
ATIGAS WagSTIEMSTIaLAUMS uazdaiiddyniniude anugsetmsiiuanseiu
Tuazianienty @uete, 2557) (it 20) uenandu Jedefiuatimsueudiuvioi vde
'sky view factor (SVF)' fiiuduvessunsasvindeluiiedanalidasinsewineennns

anaauamnlinnuaninsalunisaiemenusouanastuiy (eumend, 2554)
A — — B

- -

N a
— Winds slowed —

- turbulence increased e e
.,K-.i. i ey . - W)

L~
Increase of stored heat by thermal Warm air and pollution

properties of urban materials and

increased surface area

= ' a ] a
AN 20 Naﬂiwwaag‘dLLU‘LJa'lﬂﬁmamﬂwaLﬂaumadauLLazﬂ’l‘iaamawaaﬂ’ma’mmé
4 \ 9
7311 : Givoni (1998)

VUM IWAINTUNITE UL IMALAETEETTUA
‘ﬂl A 2/ d ' 1 )
- aamA@nsamdounlidlefinnuuandneszninignu)ivsenunne1NA 10
P o a s e = =4 as o
anmevzipRouTinIngamninludgumgiguwmieanunaeinimgsludinnunneiniesn

§ . a = o v w
- wsadesnislua (Inertia Effect) anniafiusaneennenenudenulweinalvald

9
@/ ] o ot s

- = d s = 1 :II 2V s 4 i at
IUWﬂVHdWﬁﬂuaﬂ5%3ﬂU?mﬂaﬂW?Uﬂﬁﬂﬂ?iﬂﬁ?@&qﬂﬂtﬁuiﬂﬁﬁnﬂuﬂﬂ Woaulgneiue1ms

b

2

a a s w o P -G |
IufinUInaAUNARINIAgIRIuUEYEAN LazAINARBINAATANUlAALIIRUN Aune
NAFNNT ARy RaINLSTEZIRIneIAsAreLsRaslun1sUIAuLLINIS IMave e nA
v o -1 =y
Tndunnduwuiiy
B di ' @ o 8§ v al w Y
- Bemoulli Effect fanmaniuingirliuuinisivaaeuudasdinali annudu

21NIAAAAITULIBILNIAINDINIATISNT IV BSANLSANTY
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o '

- Venturi Effect Lﬁammﬂmu‘*ﬁauﬁmmmLﬁﬂﬁ]sgﬂﬁﬂlﬁ“ MNIIMTBAIUSAY
WY (NWH 21)
i 4 a v a a a P P
- Cross = Ventilation Luamwml,‘mLLasaan‘uaaam‘lmﬂﬁlzuﬂixammwmanm LD
Junislvasnanunaeinagannlumanunaainianiann dadutesdafieguimsau

“v L7 A
a¥eAUNU (NN 22)

A s -
WA 21 LARIANWEILNNT IMATBINTEUEANLUY Venturi Effect

i - NABH (2553)

= s .
AINN 22 LAMIANYEAIS IMaYBINTEREANILUY Cross — Venturi Effect

i - YNBIH (2553)
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2) dwnmauiuia (Land cover)

nswasukUasiuinveudufuainnisiaundes Faduannguenis

dWnturewamgll AnukansdnTesRuantRlunMsaadundinulazUantdesnasnuues

s a

TagWuiia (Thermal  Admittance) #adanunaguivuitveudasdrulvniidiulsznauves
a = P . 1w & oa a 1
ABUNIANIBUNNEMRENLAT Thermal Admittance 3INNIIAUARGUAURITITUYIA LYY
fiu iy 1 navnpuaTRdnailiianunagaiiuRadiegaduaTau NI ingly
nanasiulaludasiduiinnninfanuneguiturass A udIu sz neurasiuiigun
[T ' o a & a - ' Y 1 A o
Wudiulng Tuvarinainasfuiuiizesdesanddesndnuaiuseuininuliluneu

[ ] L9 Vo -‘-’l‘ = a o c
na1viueangussennialaunnitiaqunaquuEIsIINIR (Tuiiiny, 2555)

i '
= e

dunAquiniinasagionnmiled Wy SvSnavesviinvesiunitiisenisiiatiues

@

imganusou Wunauananuuaneiuresingiuialudlsstiuingiuiluruun wuialy

q

iesdnilnglazgnunmagusieasunsn wieludinuuewznes (Asphalt) daunuilaluyuuy
drulnguneauaigingsssuyid Ly Au fiy w3e W1 FaTngeney dauaudilunsgadu

. L% & w Y 4 wa
(thermal absorption) Uagayaunasau (thermal capacity) lnedanlunuiiilasdauauda

L2 a A 1 s ‘&‘ i o dl’ = = = A) d
Tunsgedunarazaundsnunuinniringiunlusuun Uszneuduiuialudissdiannuiud

]
~

Hosninnuianunagulusuun meanviinanIiluganuunnaisesgm niivesinum
Visaesusiand (Robert, 1995)
2.1) auaudRvasTanie

AaautRvesiagludiadasianizegsinnanifvainisasyiounas

=l 12

MNMeingnswSednuieu Lasnisiniiuauiou dawadenisiiuturesgmmngd

]
o ] L s o

meludissnuaudivsonnuuzvesianiuiifiieivesiugmngii(Thermal Characteristic)

Yo a a T o . I o = 9 o ' =
VL'?’ITUE]'V]ﬁWﬁ%']ﬂﬂqiLLN'ﬁ\?aﬂa\ﬂﬂ?ﬂaqwmﬁ ﬂ:ﬁLﬁuw\ﬁﬁﬂﬂ']LUWﬂ')WNiQUWNNaﬁ@ﬂqiLUaHULLﬂaQ

L7 E=d

gaumafionnma inisiuunlaniieg sendu 3 dnuay @

@
= a1 ar

2.1.1) WuRndAdUsEANSn1Tasyiauge (High Albedo)
AenuRdielasunsuissiniseniing alimsasvieusidludadiuiigandimgeduaiuiou

2 ]
1 1 2/ = = =

103749 Feazdwmalieangiasuilissanusuuaiiuiouniagviouainiuiaviai

9

D

- -] X a A a

* e 1 J ) _
(Robinette, 1972) Tantslinmuantmiuil Ao NuRIABUNTA WasNUHIAY
3 =Y d U s =Y Cf v (;
2.1.2) WuRanfiedudszdnsnisasviousn (Low Albedo)
AouRdlalasunisuddneniing szlimsazvieudsdludadiuiinniinisgaduanuiou

Yo1¥ae FelinalvirnisuaesnruiouriodnIinisaieuad (Emissivity) g9A98 AaluIsdma
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[
@/

Tgungiainauiianiugeing (Robinette, 1972) Yagdsllauaudfiduil Ae Wuillgna
oy

& o d oo _
2.1.3) wurRnunmgualanynwss (Vegetation  Cover)

¥

fawdinnuiivnequieignssa ieldsunisudsdanaiseiindeeiinuautilunis
Y o a = 2 ' o o = & & o
avvisuiuasdiAnlunisgadunnusougs uiausoungatnululy fiumssuavihlldly

o 5 o o > o 2 o P |
NIEUIUNITAILAINEWUAILWDAININDINRITURENIIATUUN Vl'il%ﬂ?'lui@u‘\ﬂﬂﬁaﬂﬁuﬁ

U

anmwegaeuiyTinue dwavinligamgiionauiiutiuanaee

RADIA Incomng
TION RADIATION

AN 23 uansnsilSeuiisumsuasedanuasenfedvesiuiiiosariunvuunluiui

anavasnluss
flan : Oke (1987)

fuilwandostnasifaniuindsnsnisasviou (Albedo) sniriudiluwasuumn
Fefuituildledaeimlusdisnsnsasieulionas uasgadunnuieuninasefinduntu
nagaduafaudsarenisiutuesgungiiiuiia shlMiAausingnisalinigeiuieu
dlostu msaveuuasefindduiladovdnvosgumgiifuinvesian uennidinuaut?
mswassidenufeudaduiid iaanuaunsoluiuinvesnmandnanaouniemenmiuiou
fufnfifidmadsddgeasiigumaisn mszaunsanisnnaouldd auaudATiddrysn
Usgnsvikiiiisvswarenaifausingmsalinizanufeuidesienmant@lunsiniduaiy
$ou aslunsneasrmanseiin Wy fu win dnsfaiuanufeuiiginittanildluiiud
wuun Wy fu ns1e (5l 0) Feuluuiidiesszdnifuauounnndsnuuaseiing
Wlulassadsiugiuvesdles Anfuflesmuasisanniogaduuazinifiunns fouldiy

aauvndlaisuniuanwwnasuluruun (W., 2004)
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Fowaziuiivuun
Heat Thermal Heat Thermal
Surface Surface
capacity admittance capacity admittance
Rural Urban

Peat soil 0.58 190 wood =52 535
Sandy soil 1.28 620 Brick 1.37 1065
Clay soil 1.42 600 Glass 1.66 1110
Concrete 211 1785 Concrete 210 1785
Asphalt 1.94 1205 Asphalt 1.94 1205

117 : Oke (1981) 8nsdialu iy uavamz (2553)

AaUnmauAuinarasEAUANTULTIYRIUTINgNTRlNIEALTaUEDY AULANA

&
=

furesingiuirluflesfuingiuiluruun wuinluilosdulnajargnunaguiiereunin

8
s A oA

1 &} = 1 1 4 o) = 1
wiaNuinauueIwzney (asphalt) ddunuirluruundiulugunaguimedngsssueia 1wy
fiu fi w3e U1 Faingenen Snaantilunisgadu (thermal absorption) LarayaNwaIIY

g PN el Ao w [
(thermal capacity) MuanansfiunszuIunsidAgy leun

(1) nsazvisusidni9a19ng (Reflected  Solar

| ]
a = L 1 = = =

radiation) \Junsgurun1sinuRvseingd1e Welasunisunssdusinisevingual aziie

5

o

nsagviouvesiuiviadng (Budmeninsgadulagiuii vieingu) Ssdnazvieu

@ o A

1 & = Ay CA R & o v dogw
'?Jumuu%ﬂmEJL‘tJUi\‘iaﬂauaﬁﬁwlﬂaﬂuﬂiﬂu@deulﬁ LLM%Lﬂuwaw’mmmmu%ﬂnﬂ‘lﬁ

gaumafianniAuiaifianisasvieutugauls iuilwdedngniddeu HaSsunazuriaas

A U 4
w [ vy 1 A o da a o
azviouSedlefininfiufiandion Rvguszuanien

(2) NISHHSIENURILAE IR (Terrestrial radiation)

WunszurunsaeneandsulusUresnauwsiminini (Electromagnetic Wave) @4iin1s
[ W = ) @ ta a @ o o &
JaszdunuaueInduTsILaItY Nsgadunisunsidveniseriind azudasisdtudu

w

P INUANMNSDUTWITANURY BAYUSSENNAYDILIDISaUTY

s

(3) nsandu (Absorption) AuautRveslanuLday

yiafliauannsagadunazinifiuanuiousnaiu teetagifiinaunazduagiiivindn
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¥ 2
o ar o

oo a o ' @ & A = 2as | s =
Allgaumgiinindy dsdudmiverasiunundisaimslddiannags ludrwianansiugumgil

9

meluoimsiiimsuiuemmzdesnieumgiduwndoumeusneins dwaliinisaem
museunaeusnansinguianeluaians

(@ nszuaumsiinmseu (Conduction) 1unis
sewauioulasnsduiatuszinging vieaanssneg iidgamgiuaneiuiu amuieu

i [ v v @ = v o 0 1 & | a
il:;’ﬂ']ﬂL‘V'I"ﬂ"lﬂ')@]ﬁ]lﬂiau\lﬂﬁlmﬂqmLﬁrl‘mfﬂ A7UNTTANUNATUTDUUBDYNIABDLUDY GEUNNUUD

] o

9 Ve o o o & [V 2 | =
Tagivaesiaziindy Fanmsdiaudeuduiugulunissuianuiounazaanuiy wu e
infiefeutiuds anuieusrivasindeisiludifoutiuds ilesnndewnnfioaumgignia
| v ada o v o | (e a o & i oG 3
danalvignmaiiniloanas Tuvaeifeuiuddlgaumgiiiuduwaravareluidui W

(5) AT¥UIUNITILLNEVBIUT (Evaporation)

[l ]
o = ¥

nsvuaunsiiunssuiuntsiddyiiausnanaiiuiouvesaninwinaeu vinlvigungd

@&

&
a 2/ =

2INFvasANWIRReNIUigunaanas saeAuTuluussEINANinaIN1TTEIveva iy

o & S AP v A oa @ e T v owa =
anmuwindestugluiufidissdudulumenuioniauds wdsaniinsseuisinlas uazdl
sEuUsTUIBUENTIR Aamaribiiiufinnasngnsruseananiiufiiiadliagnsings lae

¥
w A a

TildandmaulinnuRtluszauiufuveionas dealieinududuius lunuidle ey

U
2 '
-

nhiuiseuiiomieruun fewssaiumumddglunsmuguusngnsud esnn
dlefiwnssailasussdnnuaeiindazinnldlunssuiunisduaseiuas Photosynthesis)
uarmethuazaIusenIgiuiiseuy lwAnnsinaieuresnuiou venanisus
vosiulitgiandns magaduddvesiuioge lutisianansiu ufiiunaguded

wssvztslunsTzUIgATBuIINNsUanUdRuANSauTRIRIATTUATEUgnaTIailes

a »

ffimsszuneauieuiideutish (nwd 29)

mstheneandanuluaninwinden (Mwil 25) Tnasionisidsuuvasuesgumai
maFsuifisunrudeuiiisuainnszuaunisfingn sswinsiumaudsuasiuitunagy
sefivwssa lunsdifle Sundauannisunsadvesuasariinduaznisus Ssdnaueniain
Fosihvhifumuhmsussduazmaniauouresitufaiiunaaudsfitnssasiniiiunin
uia oansldanudeulunssuiunssamevesiluitufiunaquésfienssuiidgendiiu
aauds Fafidndu 0 luvazitumaudafuiinistnifuanudou wazheufouluiotan

lagandiununaqueneens s AUUNEIIuAINTBUImMABIINN1TUNS YRR iR
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FNNITNUAIALTY (W}'S’Nﬁ 5)

40% evapotranspiration
30% evapotranspiration

mm N 10% runoff
P5% runof!’ B |
= o i =
10% shallow
infiltration 1 5% deep 25% shallow
infiltration infiltration 25% deep
infiltration
o ) £
ATNN 24 LEAIANWUZWURD LaZNIZUIUNITANYTELAY
d
31 : Wong (2008)
‘ evaporation
e o terrestrial radiati i
radiation e

refiected solar convection

a |

= a =
SwaremsidguLUawesguurgiionneiles

=b.
o,
S
=
=b.
=0
D
-

ﬂ’lWﬁ 25 LLEARINIZUIUNIS
i1 - Robert (1995)
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Thermal
Substance Volumetric Heat Capacity
Conductivity
Air
Still (at 10°0) 0.025 0.0012
Turbulent 3,500-35,00 0.0012
Water
Still (at 4°C) 0.6 4.18
Stirred 350.00 (approx) 4.18
Ice (at -10°C) 2.24 193
Snow (fresh) 0.08 0.21
Sand (quartz)
Dry 0.25 0.9
15% moisture | 2 1.7
40% moisture | 2.4 2.3
Clay (non organic)
Dry 0.25 i)
15% moisture | 1.3 1.6
40% moisture | 1.8 3
Organic Soil
Dry 0.02 0.2
15% moisture | 0.04 0.5
40% moisture | 0.21 2.l
Asphalt 0.8-1.1 1.5
Concrete 0l 95185 iNg)

i1 : Marsh (1991)

a1



¥9L¥6E89LL

=
G
c

[1 PRl §

:na0ex ¢/ Tesodoad L00ZOE6T8S SISHIH

:bas / GQITZ:0T T95ZF0S0

re

a2

3) mslUselovtiiiau (Land use)

madisturesiuaulsznsludos dwaliAnmavenefonios vl
fuitddouaziuildinglunies gnudsusi@ueinisins 4 eagends uagmdive-
nITIINTY ﬁﬂﬁqmwgﬁmaaﬁuﬁamm'iu,azqmmﬁwaammﬂma’lmﬁmmnﬂﬁlauuﬂa&
dleainmsgaduuazaraumiusouduinnunn saubdimsaieanuseuannsazaunim
Souvestaslunanansiusengusseimeaegns sawdsmnseuiignudessenainvietdeves
grunIvuzLen1sdyesiiiswavuinluiles aufeuiivdesesnaindanssusiiu
gRaMNTIYN wazAIFauINIATesTueINIA HudundinunnuieuiignUdsseeng
ussenneluliodlaense (A1525500,  2554) Tud 2009 Kataoka uazAme IAANYINT
Wisuwasgamgivesdlemauariuiilansouideduniviede tasresaal 100 T 4o
5pEEIa7U .. 1901-2001 wuitguuiingluiiissvuialng laun ATUNNUUNIUAT
WUszwalve), Wewniiar (WsswmaNaulud), Wesnsna (Useinadulaiiide), dedlnw
(Wszmeldvi), Wedniuaziieslani (Ussmadiw) wagngalea (Ussmeinivals)
wnliuganiiuiilasseuiilosedisdoeu ) fammainmsmiududuvesianssu uas
AavLiuiunslEaaliAnUsslemigeamlaanisaisenasiigeaueive dewals
\in ﬂmﬂﬁ'ammaqa’mgwmﬁaa (Urban morphology) vi3agusuuiilas(Urban form) finad

PNHANTLNUIDINTHAILEBS (Urban development) atinssaniiauazlaifintsanauny

(a)

275 1

30

| BANGK K

25 4
1 Y R
o & :
el R O o
-
125 1

10 +

A S D 75 i i i ;
1861 1881 1901 1921 1941 1961 1981 2001 1901 1921 1841 1961 1981 2001

Al 26 uansgaungfitadsdieszezinat 100 ¥ vauiemarsvunluglunivielde
a) gamgiadsneluifiomasvualvalunivieds uay b) gamgiiedsvesiuiilngsou
Wiesarusalng luviviede

i1 : Kataoka et al. (2009)
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AMUBUNAnIINAINTTITENLEE (Anthropogenic  Heat) nsvinianssu

'
= i

A9 vesyudludosdinadenaiudsuwlasguuglionialuiiiosded ledoiduasulil
AueunInianssuosyws oy 4 Vsenislueg) feil

3.1) AEMUIMULYesUTErns luuinaudedifiussmnsuiuy
wngumpinnianssuesuywdseudaniniu 1nmsdnwives 213 wazauz (2557)

wudlodlvgiegringamnaniuas Flanunuwivressevugiulzdnaioninuiou
¢ 1 =N o 0 o I a @ = 2/
yosuywiagaideddguazihluglymnmaieanizsinmeganuiesuiiols

3.2) nistAunedgas mswnluliideimdeeseuniuziily

1 o = o 2/ ‘ﬂl o g o 1 d‘ﬁ! 1 ‘4 = |

widsiiliauadfiv wazanuieufidfyuedies Ae uazduazossiiloyniasiieg Mlufivi

wussslylusglusmeamiiadesdiviinagainitluiufivuunuindy 10 wh (M., 1995)

LaNMELazUTINANMIANIOUNTLIN NANILIINTALUN N1TNBATILTINUAAMNTTH VI

k4
1A

USinufanrfueulaeenled fawesludes Sadsiivsuulusnawdeiiauvaiiludo
dnv119 wavazvioummiounduiugusseime dwaligauuginieluiissgsiuiasan
Awdeuliannsosruiseengduusseamediodld delsiAnduusingmsaiideunszan
(sunge, 25a5) ArwdouiinaInnisaTesenasuunidy 2 Ussan auunaseufeud
Wntuannsasasldun armdeufiiamanss wayaudouiiinmades

3.2.1) Aanufeufiiianiinss lunszulunisdueiy
(combustion) TeuA3psBuRIziinTUdosAuIauLazLafivesnge M Alanssdeiifne
Wudumsteeanuidie wu frgarsuauneuuenled Agdaneilaeanlen g
lelasansueu wageymaiiiufiuenag dedsdrnasenfindiussdedudutuannsoniiy
danluussenmeaveadiodd Aufauazesdusenausie ludesilésunmsussadfas i
prwdeuld uasuifidndugusssinadiesdnailudnumeiidaduen Sslausan
uafisuazeymaiidotusglutuusssniamdodions Jsagiioundundnads vihliviiow
puulidunsonszneanufeuiiiatulsfdsmalionmgivsnnnuugstu (Spim, 1984)

3.2.2) Aanuieuiiianisdon Yanlunisieadisnuu 1y
ABUN3A wazueadanlimwannsalunsgaduauiay agviauauiou ANTSLHTE
voanntenfindldluuiunamn usnaniinsdaasvessasusluninuiifliadiaueds
AoliAnnsidundszuintensdesnsud fuituiaouuvinligungiifuiinvesouugstuds

fAaliianswasunUaivesguugiionielsiduieniiu (Spim, 1984)
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(1) Anudeuiivassinaineimsaieg nelueias
wilgunsaline Wy indesharuidy fianudouiiianngunssindrdazesnanenaisg
dundeulnesau (M., 1995)

(2) nsEVIUNITUAIURATY Audeudignuden
ponnINAiTAndas NI HAIYe M TRt Lavdnifonduagluillasfiinansinuse
mﬁL‘ﬁuﬂ%mmmm%’auimmaﬁuw%uﬁuﬁmmsuﬁmsﬁmq efimaideulyadiguuss A
SouiivansoonunfiBannde Tnsnudeuiisunendnesnun Jaidu Metabolic wiewiae
Met Tag 1 Met = 58.2 W/m ndayainsiuaziiuldinsinanssnnsluiiesdinasons

Wasuwasanmginegludloswny (auns wavanse, 2546)

A o o 1 = 1
A19199 6 LEAAIDAIINITLNINATEU WA UTBIT19NN HNQEﬂuﬂ’ﬂﬂ‘i‘iﬂJﬁ’N‘]

fanssy Metabolic Rate (Met)
UDUNN 0.8
Jawnelau 1.0
Aenssuifsegiu (dina, TsaFeu, thuined) 1.2
FUn 1,2
Aanssuiu, By, vnoulugnamnssuu 1.6
Aonssudunans, Bu (ilulsany, auiaiesdng) 2.0
Aanssumiin (RuAdosinsvuinlug) 3.0

37 : auns uazAMy (2536)
- as d ' Y a A & 1

HansyvuveaMsUdsuLUasdanandmaliifiadymussilosdugeuun 1wy A
FOINITMILING R NNTN UTnasaiivniseiniaiiiagawy nswasuulasesausenay
Y039 Al (Urban climate change) 1y gumgianie (Air temperature) A2NY
&J L . = . . . 1 1
¥ (Humidity) m1u39au (Wind speed) firvnsas (Wind  direction) kazn1sdanuad g
FounIaNSUHTId (Radiant temperature) gaulasunansenulusny Bnvisdadanaliiiia
Usingnisainizanuiauiies (Urban heat island, UHI) tduusingnmisainiiuiuiim
Audnatuilesdgmugigandniunvinueiuilismseiunruunlaeseu MsUdsukUad

a & w . o LG A P
sULuuRliasenansEnURsan TR IMALABIANILIYAU “YuiTousaniilas” w3e “Urban
canopy layer (UCL)” #iila713igawesdumuuuing (Vertical scale) wagdszanailifiumnsain
wulagliiuszruaugeuemdinuianiafienis wie Tuignaseunsadlaeuywd (the

Layer of human occupation) (Oke, 1995)
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2.2.2 anwazYaIMsiausINgnIsalin1zANTauies
anvaurvaInsiinuingnisalimeanuiowdias (sunge,  2545) aw1souen
w15ty 2 dnwez Ae
1) Unngnisainizganudouluuuads (Vertical patterns) wie Usingnisel
wnzaNdeuliasluussennia (Atmospheric;  UHI)  @wnsauusesntduasssesiu
Usznausie
1.1) inzanufeuuinaussemaiaiiu wefausseanaiieglu
ssfuiuRugstiulURsyAuvdiauesainis Bont vssemelufuFeuseaveuiies (Urban

O = v oo
Canopy Layer: ucCL) ‘UTSEﬂﬂ']ﬂ“ﬂumauEJQﬂ“U'ENLﬁ@QQﬂﬂ?UﬂﬁJﬂqiLUﬁﬂutLﬂaﬁﬂ?ﬂﬁﬂEmgmaﬂ

= =

Nufnwasderoadns iy wiin 3unss Avasimgituiy egluiuiissiudnsyuinsaimsans
913 lUfsnguorasiisilaifivds

1.2) inganufouvdnausssmaludumiedouseavenies
(Urban Boundary Layer: UBL) ﬁamiEJ"umﬂ'i?'iagjmﬁas3ﬁwé’amfﬂaammﬂuﬁuﬁﬁuw bR
ldsudvBwananmasnaquituindamtuianssunslifauluiui vieasulfenmed
omalusziviumilodousenvonilodmamanussenatudeusen (uiiy uavany,
2553) Tagialuduiiariiannugeiululuussenmaldde 1,500 was aniuialan n1s
nsr93nUsIngmssiimzanufevluuufa ez fneamgiivesernalagliiniernevesanid

MIIVINDINNA

a) Mesoscale o el

8 .
[ — -

Wind direction

Rural Urban Rural

b) Local scale + H

c) Microscale

N

’—“ : Inc:tial
E 1 Sulf'acc sublayer

layer

T = ¢ -

‘. Rollgilnrss
- sublayer .

—  Surface Heat Isiand

= ) ¢ o O a & Ao oA =
NN 27 aﬂ‘l&l’mgﬂi"lﬂﬂﬂ']5ml~,ﬂ73f’n']1]iaus[:u‘?juljaua@ﬁLLab’iu‘UULWUE]L'i@uﬂaﬂ‘ﬂ@ﬁlsll@ﬂ
=
3 : Oke (1982)
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a6

2) Usingmisaiinizanuseulunusiu (Horizontal  patterns) %3e
Usngnisalinigarsseuiiuiia (Surface: UHI) fousingmsalmeanufouiiintuiilessn
Snuuzmemenweeaiios AuguLTzuUTABUlUALgg Woewnnsidsuutaes
Hadeduanmuwanden Iiun mnuduvesnasaneiefing Asnaquiu uazan1neinie
Hunaldusngmsahmeaudouitiuinfniuuniigelutiggieu iesnlumifey
vioslUsuazayay %’a?{ﬁmm&mﬁméﬁwzqsﬁu%uussmmﬂaaﬂ‘swuiﬁuﬁ’ﬂﬁmn%’inﬁ’:ﬁ
lufinszuaaudiawipnusausanaindissluguuun vildanuLana19e99uuNlsEnINg
domasmuuniiiugstulunihiou (fuiny uazane, 2553)

nsasaiaUsingnisalinzaufeuluiuisiu awnsavinldlaglduuuitasts

1

fiav waznsuszaauuiuguventsveass Unidediulngldnisiuiainseeslng

(remote  sensing) ieUszuIuaMungiivesiui Jeyantuiinlansainainimeunie

=l Vo s = - a = ¥
M3 Wenaglasunsusuiiiey LWBNﬁﬁlL{IUﬂ’IWL%&ﬂ'J'm‘SE]U

[

Tunsdlvesusingmssiimearusouluiuisnu e1afarsaungduuule il
2.1) sUsuuimMzANNSouiouTINUN
Oke (1987) sdunganwaurguuuvvesaumgiiliilu 3 dnvaginiui

=

< a o a ad A & Ad - oy & & & A
?qu'ﬂIﬂUiau%ﬂa@ﬂgﬂﬂmﬂﬂumqﬂﬁﬂLM@LWU‘Uquﬁ'}uaU"-]GUBQLN@Q PWUNOAUTDINNUNTUUN

q Y

Wuvsnaiduweiasossvitmuuniazyuiiondugamaiiaviidnuargumileuguvin
. =& a a o o 1 o a P £ = =
w1 (Clif) Faduudnamgaumgfiiutiu/anaseg1esindd uiunsndisadiluautisunidios
v a aw & v osw = & o v a
uguungilaziidnvasdudulAiuuunsuas (Plateau) uaziuilulvaiisuduguvgiioz
& A = a A A4 @ & dAda T
gewsens awiitngean (Peak) Tuuinalanaruilesdaiuiuiniiinuvuinduidslgn

2 a ] a = 4 = = @ i 2/ | < d’l’ -==
as1suazfanssusneg Nduasuligangiluviudinaniioungn (e 28) Wu

1 W & ]
aa o P Al

auasrsuzlulesazuanilidiuing gamginanitfuiiiasseugetnsdaiay nsinns
Wasuwaswesgumniiazusnssedisdaay J1e1minni1 4 esrwalduasienlawns
(USayay, 2553) ’Lumzu::ﬁﬁa;gamnﬂﬁiﬁﬂmwu*jﬂmﬂmmncshwaﬁxﬁummqwmuaxmm
L%'wﬁ'wuaaﬂﬂﬂgmifﬂlmzmm%’auLﬁa&ﬁwammﬂﬁwﬁwamamwéﬁﬁ Howssns uariuilas

davilanmadluuinalneseuduniifuiiilesialy (Oke, 1987) uas (Yarmashita, 1996)
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District
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|

i ot s o/ = < &l P
AN 28 LERINNANYINIVBILDILAZANBY LﬁUﬂﬁ’IWQNWQQJTQQLQJBQ BASWUNTUUN

a1 : Oke (1987) $19fislu Wone (2008)

(o |
e as

ad o w a o v e i 2
LﬂJE]u']‘U'E)ﬂ;ljaﬂJ'lLWHHLLNUWLE’{UQWWQNLVH (Isotherm map) QﬁlﬂtLNu‘ﬂ“ﬂuﬂﬂEmgﬂa\'}

Wugamaiivin wileugu“lan” vi3e“ing” (i 29) (WuUsEauasuanIwIn1TInguvgi)

Modified from Voogt, 2000

d J 2/ :5 o 1 o = L3 1 =
AW 29 unufiidutugaumailivi waasliiufsusingnsel UHI Tuussenmalugaenansfiu

flan - Wong (2008)

2.2) JUuuuimezATeuilodaian
1 a S s d'nl :i' =
ANUUANFNYRIRamMaiilosiuruuIimMaUasuulastUlugaia
a ) P ] Y] | Y
anusnesuelaly 2 dnway Aa msavunyaalutian 24 Taluaveaniasiu wasns
o o = @ o v oa a -

wWasuulasnuggnia lneddadenludidmualiifian swasuulasfie anuaunaves
wasnuafousitadlosiuruun dnhldanuuanesiurednsnmsiounasdnsims

\Humasituialutiaar 24 49109 (Oke, 1987)
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22.1) mswasuulasgamgiily 24 Hlusvesusasiy
Usingmisaiiniganudoudesazduduluannzeniad vesilusaazlifian leld
gamgivasiiuiinuuniiutoyagiu fasurnuusnssesgungivigiluiios Gutulunou
dndiwszariindduauisanaiideuiiaavesiy Fondndutisnaiveanssuiunisi
mnudeureadlos (Heating Process) uavnssuaunmsiludavosiuiia (Cooling process)

Nntundainfignyniiteggaresiuuignmgiiszisuanal vasnnszafingandeiiio
TUuszanm 2-5  Halus Tngiuiiveniesdadinuantfluniseaduauiaulifzeaen

i
=l at

UanUdeendsuauiauiigadulifiugusseiniavendes (Tuiey wasamy, 2553) @9

U

=1

o 1 1 = ‘J o 1 g ‘J
thlugrmnusnievesgamaiiluslesiisigamaiiginiiuillagsay (il 30)

9 U

Sunset Sunrise

HEAT ISLAND  AIR TEMPERATURE
INTENSITY
~
g
-

12 18 24 06 12
TIME (h)

AWl 30 wrugiiuansnsuusiudsuvesgamgiiseniheiuluiuiiviesihuaseluss
i3 : Wong (2008)

282 n’ﬁLU%"EJuLLUaamuq@maimaam’mmmﬂLﬂuﬁaﬁa
NANNISAMUARIZIGATRY TEAUAUNTUVBUNIEAIINTOU (Jauregui, 1997) AW
uanssasguiigeaaesiudouasruunmulugguun anvniididyfonuuansis

VIFIUNARUAY
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M990 7 N15IATIERUSINgNIINIEALTaUIlBvegamniiuR s e ieInA

AENEIE qmwgﬁﬁ’uﬁa UNNLNINA
(Feature) (Surface UHI) (Atmospheric UHI)
mswAsunlas | iatusaenviaainatsuues anvvztioenialifloglusening

(Temporal naepu Taeagguusaly Ju
development) | Faanareiuuazluyigg
Sou
AUTULSIGIER | ADIUUANANA AN YUY mimﬁauuUaagﬂuuuﬁaa:

(Peak intensity)

i -
NA9IU : 18-27 °F (10-15 °C)
AAN9AY : 9-18 °F (5-10 °C)

AANIU : -1.8-5.4 °F (-1-3 °C)
AAN9AU : 12.6-21.6°F (7-12 °C)

BMsIATIEN
(Identification

method)

N1530M19994 (Indirect
measurement) : N1TIARIN
svuglna (Remote sensing)

Falgannamaienigu

N153AN190159 (Direct
measurement) : #011ASI9
21N1# (Fixed weather
stations), \ARBUTA1I
(Mobiletraverses), LUUA1aD4
AuiudiuunaEn (Small-scale
modelling) #38n1591889
ARUN A3 (Computer

simulations)

NISUARINARNG
(Typical
depiction)

ANAUSaY (Thermal

image)

unuiinslvavesgamail
(Isotherm map), N3UsELEIU
anz1aue (Thermal
comfort indices) wagnIIN

gouundl (Temperature graph)

U1 : gA30 uazAMY (2558)
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2.3 Usingnisalinizanafouliasvaaiiondusi

2 '
=

= = -5 [ <4 = o d 1o a 1
ondudlnaidsagnianiamievesdsamalne usumsuduuidildsivadule

v a a _d a1 = =

nataindluwuawmield femuniidensd 25.4 ssrnwaldea leeliaaunniaianiad

% Y 1 u u |

31.8 aerngailiva uavauungiinnanads 20.1 ssawalea Lasudninasinauusay
aziunnidesls wazauusgunsuesniBeunies Wullesnidugudnanninuaiyues
neamliavesszmalve NsduATegna dunsfing dunseuway Snnuduundies
= dad o i v a = vy v o 8§ v a Y1

Wieandveidss nelifnendwuazseld duiluanvgitlvilie nnsenewusanuiigiilo
Wedlvinauvenu Aedewin wazyaned dealiideadeddainiswmnuiies uay
AUVUIRUNYIIEUgNaT A UINUTEYINT IR NABIN TN IENE I ULNINNNTY

fg (AW 31)

RTSD Aerial Photo 1954/2497 KEOR QuickBird Satellite 2008/2551
d U 1 =
AN 31 wEARIANDNENIEINTAYBL paiealvd U w.A. 2497 — 2551

P - weld (2553)

23.1 Usingnisalnearuieuilendsiuiivenileade sl

Srivanit (2012) AnwiFeskansynumsidsunainfomatudnuusndeiuiients
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2.3.2 Unngnissiimeanussudisadsianvesdiendesi

mmdudugeanvesan1izsinizauieu (urban heat island intensities) luiiios
Feslminulugisnan 20.00 wvesdgeuuT? wazgary Fudunamdninnszerindan
Uszanas 2 Halue deenududugegawiiu 2 uag 1 esmiwailiea auawiv Tususiiny
Y e [ a -
Soudimanuidutugean 1.5 asrigadea wulunaiuseanm 02.00 . Feinsaniainsy
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2554) uaz9Iau (HUIAL-NH¥AIAL 2554) WU WUNTRANUTUTDINTIZAIINTDUETDS
(Urban Heat Island Intensity; UHII) lndegegafionuuginm dwiniu 1.56 asivaidus
WANUAIAUTNVBLNIZAMNTBUTBIgIgAUTINAUNEIIAaIL AU 4.32 Bafn

=
LAY E

d 1 i 1 o =1 1
A15197 8 LanIARALATAIZIEATDIANNTLTRANEAINTBUBIvD LilD N TV

auuTNNURILY DUUEINW auUYIIAaIY
Average 1.35 1.56 0.91
Maximum 3.23 2.5 4.32
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mnan’iwﬁmxawmnuﬂmam%maaLﬁaq EULmuamwmmﬁiuﬁm'ﬁ'u msmﬁﬂuuﬂaagmwu
AanssuTesyyd g9ma warn siauLilaIUUNTEATE (Urban  sprawl) nsiiistuves
sanpiiliinanusngmsaiimeanuieudiossziivuinian wu Weadusiediwesnis
Lﬂﬁ&uLLanaquﬁmmﬂﬁmﬁu mam%ﬂmmmamwmmﬁﬁmﬁuﬁﬁm’mU'iﬁngm‘mi
imearadeudies fifuguusniennmadsuwlasanmgiionnalan wanssnuiiAniu
220NI1AAlLILIATBINDIALUUALAIINTULTIDLARAIANTEHENNVDIUVA@WIN N3
wWasuwasanmgiienelan (Global climate changes) iy fiaarnnisiiuduvesaany
JULSIVDIANDTIndusamiuduvesitniaunszan (Greenhouse gas) azlullddnrinag
Winafiesiuvioginie nisiwasuudasaningiennia gy gaumgll Wy ay a3
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1) JadomesTaund wu mardsuulasmnuidivesmeeniinduianisii
wUsrenlavsvedlanseumeiing

2) nszwauMIIETIIAMElusEUUgTienne 1wy mswAsuwUadunis
Inadsuveniwzialuumanms

3) AanssuvesyudAsuwasnadUssnaurasiuussena Wy n1sda

lelvihaneta ﬂﬂiLN’]‘UEJBléﬁNE]EJ waznszuaumsdudio (Urbanization)

4 @ = a d J @ v » 1 Ql'
n13WaguLlaesanimeInalingnisenunuiuda1dn “anglaniou” uanud
v a & ' a " 2 e 1 » =

an 1IN IMaAn3LaA (Nation Academy of Sciences) A1d1 “n1siAeuLUaIvBIANTIN
giioma”  demhanldiSen“anglanden” lesnasdetinisivisunlasaug
usnmiaannisiinduvesgungll dgmnnglanseufenisiiuvuresguugiiagelng
&’ = Q.:’ 6 d! o 1 d. =
wuilan warludumgavasusseimagsaninsailugnmsiasundadduanmgiennielan
anzlansauiavuldannateaimevianissssumdwaziinainnisnseinvesiyed Tunsly
o 1 14 o = QA 4—‘?; ‘:I ¥ < o
A “anzlanfeou” dnesvunedtenmgiingsdu WunainannmsfivduressSunuing
= a a o L3 v = U1 [ 1 a!! A
Bounszaniininnsnsgviwesyed anglanieudieliinludiunilavenisiasuuua

anmeo1nielan duniunisiasunuadudiinamy seaudmeiauazdug (eyeai, 2554)
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1) HANTENUReguNTWYRIUsYYITY
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ﬂuﬁﬁuﬁu%ﬁmag}mﬂimﬁmé’uﬂ'a’LﬁLﬁmwaﬂizmu%awwaﬁwuqmﬂﬂwiwaﬂﬂaLLaxqﬂumw%m'La
ymnfinrsanannzUnAgamgiistsnenysdazegiiseninasyana 37-39 san-waidea 3
utnAudrsnsmeasinuneamaivhinsauamilasasassouiiiiutunu
nstivelva ﬁaiﬁaqmwnﬂﬁsauﬁagﬁu ANNAINIRTasIIMElunIsAIUANEUUATiveY
Miesazidenasuaryilisreneegluanmiiliannsanuauaunald inldanensidulae
#ne7 maan (013l wagany, 2556) Iaslawganddluiinuastgeeny kuanlusfnndy
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AlnuvadediiEdedIngIn 465 A qmwgﬁﬁqﬁu‘iuq@%auﬁamﬁué’umswmﬂﬁumﬂ
anutuluemafige Fadunneiiwuteslulszmelng Guny, 2556)
dosmnuszmdlvesseglundoutu Sudufiuivesdrii “fousudn® auugiia
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yaonafusasloloy @udufoie) snntu (ayFan, 2554)
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2.4.2 wansenusaszuudaml

msiiguugiluiaiiosfeutuilimudesnisiundinuduinndulasanis
ogadanslftedasuiuameiiievinlioniaduas. anuanisAnwiluilesuadveds wuit
N 1 ssrnaaidoa Tistuhliarudesmanslindanuiniu 3% nslindsmmntu
uennagmneiimsgydsiunsunnuuds navesnsiiueiasiuinliihedlsslnih
Tiwdnuamirtuniedwiuiutu viilddesinsudosasdenaiveangduandousin
FumalusheTsBsnidudigmuais Tuemaliquussnniulugn venandoumgivigedu

LY

ganaliiianansenusesyuuiliaine luwiasviziilsauiia Wy geo19iin1sunsiug

11nTu FafagylilsaszuinuiiaaruauldentunienraasinlilifUlsuasdedin

Wiadusie (auenad, 2554)

2.5 #n122AMUEUIELTIAUNEBU (Thermal comfort)

HANIENUTDIUTINNIIalNIEANSauTasIufuNsAnwanzuiauianieuen
91A15 (Qutdoor thermal comfort studies) anﬂm'iL‘Uﬁ‘auLLanqmwQﬁmaﬂanﬁﬁmqﬁu
wlinsldiuiineuanainisanas Uszynsiiundawesdseuinslaneiduegluiiios
Tnslanzedredduiiuiignlanaraiios (Downtown  areas) fmudssdeanimeinaed
suus nanunseivdrdddianudidusenmsAnuideiieainsesdamilunisuy
LaZADNIUULLBY (Urban planning and design) ﬂ%’uﬂ‘qqﬁuﬁmehﬁ’iﬁﬁqmmwﬁﬁﬁiamiag
ordeluiiuiidios dnfunisAnunanimermeianisiiosiiu (Microclimate) fnupamidnaus
Famnudouvessvanrudaludeiidfy Troewivedsdaileduuneinadoutu (Hot
and Humid Climate) #ifimsAnwUssdiumeantitosann

ANAVIBLTIANTOU (Thermal comfort)” lelArdenmuainainauiFanssuns
Usua1n1auiawin (American Society of Heating, Refrigerating and Air-conditioning
Engineers, ASHRAE) A31111@5§7U ASHRAE 55-92 (ASHRAE, 1992; asmil, 2550) nunedi
annzvesinlauansiennufianeladeaninzeniauindeniinzasuiigaivilviaudiu

gy Fanauieiaanuiou
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ANAVIBLTIAIINTOULTUBYAUAILYT 6 AauUs laun gaumgiiennie (Ar
temperature) ANNFUFURNS (Relative humidity) A21359a% (Air speed) gaunIn1TuR
598 (Radiant temperature) szAuAanssu (Activity level) NAINAADENTINTITHINATLY
WA uazsEAUAWILYRLEBRT (Clothing insulation) (Fanger, 1970) TasawUsinaniitin

@ < L7 a, as du o o ¥
'J’NLLN‘ULLﬁ%UﬂBEﬂLL‘U‘ULﬂJ@Gﬂ"]ll'ﬁﬂ‘l_J‘iULﬂﬁﬂULLazﬂiUﬂiﬂquLﬂJﬂﬁlﬂ Tagn1sanuLay

=

ponuuuilsiivnyauieliaudiulngfnaviedanisegends luiuilneusnuasi
MEUBNeIANS  91NAMSANE1YY Johansson et al. (2014) wuan delaidiinaeinisusyiiiu
ﬁgﬂﬁ'muﬂLﬁa”[,%'ﬁﬁ’manmzﬂ’lamﬂn'muaﬂamﬁ filnwnnsineaniizdiauie
aeuane1ms inideussendldfainisssiiuannsinauiivenuuuiiiodsanelu
g1malundn wazlul e 2008 1195 IuRLIMIIAWARINTSNYSEINALEDSIIY (German
engineering guidelines VDI 3787) léWannduilauauisideniuiouiisunin “guugil
AUAANI9E3ITINET (Physiologically Equivalent Temperature, PET)” Fupld Tullagiu
Ft Sadmsunsussdiuannizdiauis (Thermal comfort indices) lusuideneuanains
lHnusinsusadiu “Annuaunavetaungiisninie”  (Physiologically equivalent
temperature, PET) wniian s fafignldsesasnde “Agumgiidauny”  (Standard
effective temperature, SET) Wag “@msimeaiadsvesanuidndanimdou” (Predicted
mean vote, PMV) msiU3suidisuaauansndlunisadadin PET uay SET fidfavisees
annsarundldndeuaugaeNdeuTsTMeiuaN NIAGDY uRAsTUANANaTY
Tunsvessiinansiail Ae

1) M3AnTsEMETaLvten IR Iaz N sEnewmAL ouliims lasd
SET 970 Gagge two-node model (Gagge, 1971) PET 370 the Munich Energy-balance
Model for Individual (MEMI) (Hoppe, 2002)

2) dnwaranimuindenadeiildlunisairanasgrunisaninwindon
anmuandeussaildiuandadialy SET  wainnissuiveeavionazaInIsaewm
anudoumsinvidaduddienfienududuing 50 % lusasiidnissanevenvie Ans
m'wmmm%’aumqﬁfmﬁmasﬂ'"uqmmﬁi'wmaﬂuﬁ“l%'ﬁwﬂuﬂﬁa%"‘a’mlu PET fiehilunnsinaify
ToArauduvesanmundendldly PET auufianuduveslod (vapor pressure) u

811A7l 12 wnlawaana (hPa) (@an3ntd uazaniy, 2558)

nransisuiisunsihimiavaesinluldlssfiumanunusuniuvesgungil

4
aaa o s s o

‘:'iQ L2 dl dy s s ‘d 1 1 1 1 Ei. o =
‘V]N'}]‘Vi‘uqLJJE]ﬂ'JW%J“UUﬁiJW%DEIUE)']ﬂﬂﬂ‘ﬂﬂ’)ﬂ'\ﬁ"] WU ANGEUNHUNRINUIATNIURIYIA SET %

ee
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finnuudsusugainiangaumgiiiavidwesdidia PET Weanuiudininsiiangelu dwiu
APMV 1 HuAldussifivansiiauiedgumalilaeianuidnanisitaviegnuiadu
] W Y] = v d = 1

drensinduszivaneg Jgminulunislien PMY iefnwaniiziiauienigueneians
Ao A1 PMV Tuanmuduiusnlianesianisiuzuesau (Chen et al., 2012; Hoppe, 2002;
Johansson et al., 2014) uanNIFITIA PMV Uazan PET gnasretiunielitiauluiinig

a o ! < { @ Q’j oW gu a 4 = ]
wanasundnueassIneanEasidalun1maga i inanandslimuanly

msulUusedivansdauiglugeseraidu Johansson et al, 2014)

City and Urban area Season Survey method Thermal Analysis Behaviors Factors determining  Levels of Source
climate comfort method comfort consideration
assessment

Cambridge. UK: Open spaces  Spring. Interview, PMV/PPD  Regression,  Attendance Environmental Physical, Nikolopoulou,

Temperate summer, attendance frequency stimulation, thermal physiological,  Baker, and
winter counting distribution history psychological Steemers (2001)

Montreal, Plazas, public  Spring. Observation, No Muitiple Sitting, Temperature, sun Climatic Zacharias,
Canada: squares summer, presence counting regression, standing, Stathopoulos,
Temperate autumn ANOVA test  smoking and Wu (2001)

Gothenburg. Urban park Summer. Interview. PMV Regression.  Stay and Microclimatic Physical, Thorsson,
Sweden; autumn  questionnaires, frequency rest condition. thermal physiological. Lindqvist. and
Temperate vote distribution expectation psychological Lindqvist (2004)

Kassel, Open spaces  Spring. Observation, PET Regression Attendance Temperature, solar  Physiological. Katzschner
Germany: near a bistro  summer  presence counting radiation. wind expectation (20086)
Temperate speed, expectation

Satellite city of Park. square Spring Interview, PET Frequency Various ‘Weak relation Physiological, Thorsson et al.
Tokyo. questionnaires. distribution. social (2007)
Japan: unobtrusive regression
Temperate observation

Athens, Greece: Neighborhood Four Interview, No Regression Presence, Temperature, solar Meteorological, Nikolopoulou
Temperate square, seasons  questionnaires, sitting radiation social, and Lykoudis

seashore place observation (2007)

Gothenburg, Square, park, Four Observation, No Multiple Attendance. Clearness, Meteorological, Eliasson et al.
Sweden: courtyard, seasons interview regression various temperature, wind functional, (2007)
Temperate plaza behaviars speed psychological

Taichung, Public square  Four Observation, PET Regression Attendance Temperature, solar Physiological, Lin (2009)
Taiwan: sgasons  questionnaires radiation psychological,
Subtropical behavioral

AN 39 LaRIIUIdeRItNaENIsUSEENANEANMNAUIUTIAINS PUABUBNEIAS T
Wl =) =, - 1 A ]

Ipsudvisnaningunsusviadiagios lugimms st

=

31 : Chen et al. (2012)

ASANYIANTIEUIEUIEAI8UDNBIATHAINNTULDULINATIINITANTIEN 1T UIEUE
melugians iesnannziauieneueneimsiiedesiuiadeduaningiiennia fn
AASaRu LasmnsUHSIEeInateiing uanaind nMdendudsiiRnsaesosislunis
aiaan wenAmseiienistiesiuliliededleldsunanaviolaudulaenss A
%’auaWﬂmqaaﬂﬁmémmmﬁqwaﬁiamidmﬁwaaﬁ”aLﬂﬁmﬂnaiﬁ‘h’ﬁ’mqmwgﬁuaamm%ﬁq
AeliinAueanadeuvestoyald 1O 7726 (1998) fvumssozaugsiifndniasile
miagjq@mnﬁxﬁ’uﬁuﬁuﬁ 0.6 WASAMTUNISITY wazfisyiu 1 wnsdmiunistiuvesau
(Johansson et al., 2014) A1gauMQINTULHTEAIMTBU(Mean Radiant Temperature, T, )
dusuusiidAglunms@nwannziiauie msmmgamaiinisuisidninuiou (T, ) &

ADTI5 A
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1) N13AIANNENTUGVDIQUNYINNUHILAYTOULALAIYNDIAIVDIAUT
nNIEYINUNURItYe wansluaunisy 1

1 d‘ = ot q’
2) nmsAnanNsideSesiiadn Globe thermometer wandluaun1sh 3

= v

Tuaunsi 1 MIANEMUYINIUHTIEAINTEUMLARINAINAIR UG VRIS 8 Y3 UBIM

d‘ o a & a i add a & = v & a Ve v 1 l
Paunsgiuiuiole uasrgumglinivuiaty Tesauiieglndnuiuiiaazidniouniiaud

| I ¥ < A 1 i J =y 1 a q‘ L w e dw - lﬂlﬁd U
guﬂ%%ﬁ@ﬂqﬂﬁqu IUﬂiﬂﬁ‘Wigﬂg'ﬂqﬁig‘ﬁ’]"NﬂuﬁUWUN?EWWﬂUﬂUWﬂQTﬂaﬂUW‘NW'JWN?‘W

ungiigeasianiauninduedlnanuiuifiniliguvginindt msteArgumgiiniuin

U U 9 U

o]

anansoldndesdieninainudou (Thermal  infrared  camera) ilold3ias1evinaAn
anuduiusveseumnfianminadeuderuidnauisvesnuluanwuindoutu (Kataoka
et al, 2009) dAmsumsinArgamainisudisdainuiaulaaly Globe thermometer lu
aun1s 3 @ globe AdiilunisAngaumglinisun¥adannuiou (Tmrt ) (Johansson et al,,
2014)

4
T, = J(Ssrt/(epo)) — 27315 £q. 1
Sstr = O Yo KiFy + 0, X5, LiFy Eq. 2
4 ' 1:335x108V271 128
Tpre = [(T_g +273.15)* + 2220 (7, — 7,)|  —273.15 Eq.3

= T = 1 = T = bl K_4 S =4 1w oA 2 P
b Ly B mqmmummmsamwmau( % str A ATNAAINNIDUNGN

aadunsiands (W.m™2), &, Ao AN T oUTI@RIINSOUTBIT1INBAY (HATWiniy

U

' i -8 -2 1w 2
0.97), 0 #e A1AsA Stefan-Boltzmann (5.67x10° W.m ™~ K ), K;  fie Amdsdauiou
1 | & '_ -2 =y 1 = o e -&I = ',
Yepdudu laedl i = 1-6 (Wm”), F; fie Aguasmiiaunseyiduiuialen aeh i = 1-6
-2 = " w a £ ) %) ° as to o 2 | 4 & A
(W.m"), ay fie Ardudssdnsnisgeduanuioud miunsunisdanuioutismaudu (e

Wiy 0.7) (a3l uasaay, 2558)

o

wonanaamgiin1sun§adanusou waraniiay WudadedrAgranisine
AN1ZUNEUIEATBUANDIATT  N1TIAAIAIULSIANAIBUENE AT SIS BI8IANIINTT IR

AnsSauneluems Wesnavasnsaasufirmauas AMasalanasnian Aeduns

o

AnANIIaNAISITIATR AN s TaR A azA NS anlalusyeu 3 TRnaziinslwen
4

o as o w 1

$oua (Response time) 881359157 insasdlefiliinanudanlutlagtuiided fnvetas

q

awna (Scale) Tun1ssruateutitanvinlvnavesriausrauilediaiarnuwdsusiu
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(Uncertainty) g4 FailiiAnaauianata (Eron Tunisiesgsiaaninzdnauieds
ANLSauNBLENEIATTUENIINIENsILATaso T AR A IauluAn LTS IuED Ay
mATellUsunsunswamansvesiva (Computational fluid dynamics, CFD) Liiafnwn
auSianuasfiemsaunieludlosiidmarananuinaute (Blocken et al., 2012; Yoshie et
al., 2007) mslilusunsy CFD asnsatheUssudanauaselidnslunmsdeniosionm
audiadluaniuiiada wanguddelangailiiiuitnansdiaeswedusunsy CFD el
InafssiunannsnasslufiasBansosensuld (Huang et al., 2005; Mochida et al.,
2008) dwsumsAnysUuuuuaziiamsauiiintuluszduniafiugi (Pedestrian level)
Ranolds-Averaged Navier-Stokes (RANs) fiu kK — & turbulence INLﬂﬁQﬂI‘%ﬁﬂﬂﬁE}ﬂ
(Moonen et al, 2012) sghelsimumssrasdaglilusunsu CFD aiidasafnlubees
AIuEN (Accuracy) 19aHanTsIass tesannnsadadeuludmsunsaeanluluma
Fatunsld CFD iitodiasevinasdudestinisududmnsiines (Calibration) vaernsady
warvhnisw3euiiou (Validation) nanissrasslilaailndifesfuradiiuainnisdisaslu

FuilHue3e (Chen et al, 2002)

2.6 MIANBIENNYTDINIAEIBIAIBUUUIIRDINIABUNUADS
msfinwanimgiioinadiesemsasiundnyaziaududeunn eswintade

a0 | a & al w & A [T & de =
mﬂdwamaaﬂﬂwQNaﬂﬂﬂﬂimaauwaﬁﬂﬂ?uﬂi ANNIUILATUN LA TWVBINUNANET AU

= I = = = ot = =1 L 2
bABNHBVINERULUINYTUTTATLN ﬁﬂﬂUuﬂﬂiﬁﬂHﬁﬁﬂﬂWﬁﬂ@qﬂqﬂLNBQ@?Uﬂ?iﬂiWQ

o aaaa

WuusIaee (Model) nspaufianes (Amfield, 2003 ; Santamouris, 2016) LU
Uszavdmnuarlasumseansuluvatsquszma Tnsiawizdsumalunaunivglsluasniu
8uian1 wuusaesuargnadtunnseinusreninesilisaneiiumadinmand
(Huttner S., 2012) quwaja'gwm%mmmﬁwam1J,ﬁﬁ%mmNLﬂﬁﬁiN‘]ﬁdqwansxwﬁia%’Su

USTHINIALLEY YD MU WIS AILNTNINABIANINUSTEINIA Nan1ae visedwnaeuly

as

| % P = a )

seaugulel (EPA, 2015) Lednwinisilasuuiasuesusseinia wazsianiuuiniedesiu
wsermsmsuilelymanmusisinmauasdnssunmeludotetamngausely

nnshusmnudgmnisivisuuasesanmgiiennia vinlilulaguiinisaing

gasnusiNeAnwan maIntaluseAuinILas TEAUE LT UIUILLNN Y9N rUI8UR

9

Suiavaumudsndenlunatsqgusziva UndrnsnaneiniunisiUdsunuauesaniu

] v o <

1ANA UIDUINTLIIUTENLONTYUY AN IRTDSNUISHARZFAITAIIUAIUITONLANITAIU LG

|7
(Y]

s 3 v s ot a e =
TrgUsgasdvasian Fan53deluasaliil

s

nOUIEAIALEANYI8RTIEIUAINEIVRIBIAS
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AaAuNIauL wazsUMUUNISISeavetnms ilBvdwaregamgiionnaluiuiigiudig

aaulagldhuuiraemisreniunes fIdedldnsiaenansiierivgesiwisnmungaiie

Ttlunis@nun fatl

2.6.1 Tusunsu ENVI-met 4.0

ENVI-met Simulation model @a5Ww591809@1485 ENVI-Met (Bruse et al,
1998) L‘%Nﬁ’ﬁuuﬂuﬂ 1995 1m® Michael Bruse fu. Ruhr-University Bochum, Germany
ENVI-met ifumuad (efdu 4 Beta) vihauuuszuuUfinag Microsoft Windows 32
bits dnsunisAnwsuanUnenssy nsesnwuuaimsalislnl alianrtaenssu uasdinaes
anmenAyanaendio (ENVI-Met, 2015) safausingmsainiggiesineiiniuly
svfutuSousenvaaiiesUban Canopy Layer : UCL) wazduwmiloidousanvauies
(Urban Boundary Layer : UBL) lapgnsiiusz@ndniw (Erell et al., 2014; Huttner S., 2012)
Tu®l 2010 ffammeidoudldany ENV-met annndn 1,700 Au lan wazgnliluauised
;ﬁmﬁ’ugﬁmmmﬁaﬂwmﬂﬂ Usewne Wy Wesvses Ussivewasiiu (Trier, Germany),
Wiosdaveau Uszinaluaina (Lisbon, Portugal), ngslals UszmedBus (Cairo, Egypt), Hiag
wUla Useineusi@a (Sao Paulo, Brazil), Yszinadaalus(Sincapore), waziiladlaguly

Uszwnarsaen (ColomboSri, Lanka) Wudu (Huttner S., 2012)

Tusunsu ENVI-Met viaulaglivdnnisaammamanifiugiunasn1saomaingsou
(The fundamentals of thermodynamics and heat transfer #38 CFD (Computational

=% %/

Fluid Dynamics)) (Ng et al, 2012; Shahidan et al, 2012; Wong et al,, 2007) #ios

=

Usznauseuidideyaanimeiniavesiuiiluiuuazdiniaindne Usznaunle gungd

U
12

81077 (Air temperature) A23L578L (Wind  speed) fiansas (Wind Velocity ) A2ty
&S (Relative humidity) gaungiiiu (AI1MEN 3 5¥6iU) (Soil Temperature profile) Uay
Snuazmun muesiuiiine Wy 81As (Building) 7@n®1m1s (Building material) Hufinun
ARuAY (Ground surface) #uls! (tree) st (Water surface) wargiudeyaveslusunsy
(Database) ifiostassanmgionialimieunislndidssiuaninaiuiduaiawiniian
(Chen et al,, 2012) wimntiuasihdeyaitldianmsdaesnuiuiisuiuadeyaiingain
WAInRUiAne (Site  measurement) Tasaunsaldiinisadfnendulszans (The
coefficient of determination), Aaasrds@as (the Root Mean Square Error), A1 R2 (R-

Squared) wazn d (The Willmott’s index of agreement) WiaiUSsuiiisu (Calibration)
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WAZA5I9@0U (Validation) A1ugndesvasuuuinasme wagaunsmhlulinsgiaaniy
AINAUIEEIAINSeU (outdoor thermal comfort) la

2 2

Tusunsu ENVI-Met Teiuseanidu 2 astu fe nestudmsudleingy (Expert

@
2/ ¥

version) duiudiRnuarmMagsie SeeiiAdvansiunslinulusunsy waziesduiiugu
(Basic version) Faiunduag usiazdrfinnisldanuluunsdds
1) MIATUIANUANIULANANYBIAN NN ALUTUNTY ENVI-Met
Tsunsu ENVI-Met  Tdnisintesaguikuunia (Grid) 3 87 uagldinaila
MTUUU Arakawa C-grid iieduaan maImArasusiaznialutuuiiaes wasudluaunis
e uRUEUI9EILYBILUUTIABIYIS the Finite Difference Method (FDM) (ENVI-Met,
2015) (nwii 40)

= o ' o = 3
AIWN 40 LLEWNEULLUUﬂWiﬂWU’Jﬂuﬂ’NﬁJWWQL%QU?N?W‘&I@QQNQWHLLUU Arakawa C-grid

i - Arakawa et al. (1977)

Tusunsa ENVI-Met azUsznaussuuusasities Wavua 3 wuusiaes e
fimsuszananafiielosdatiu Useneusie vauuuusiaes 1 3@ (1 Dimension: Boundary
model), Wuud1aasanmeina 3 36 (3 Dimension: Atmospheric model) kag kUUTIa84
A 381#/151® (3 Dimension/1 Dimension soil model) (AWl 41) YoUWUUSIaes 1 fifiay

TdmiulumanelIndosiBuAuYaIMUUTRB AT TMUATRULIRYBITULULUSTENNTA 3

2
o/ = (=3

aa =a' al &J a a = a’( d‘
3R LIUINTLAUNUNIAUY (z = 0) A9AUEs H = 2500 WASIALDTEAUNUAY  LA8NUT
o aa o & a & s 4 A w o
LmumammumgﬂmwumLﬂuﬂ'smsuaam'mamaﬂmum (I x J x K) @9gun1s Ax x Ay X
dn‘: -:sl ) U qi = (3 ] o
Az Teediudlunuisu Ax waz Ay LWUAIAINYBINSALYAT LAYTLHEMISLUIUDUYDINGA

wad Az aunsassalswuunsiivssuuy telescoping 1 Tubwasianniaeadasiianugs

2/
- L2 o Qs

winu Az sniduniawadanan Feezuieendu 5 nIawaddes duuniawadtasiuing

€ s

wiantdazdauvindu 0.2 - Az Wfisswinnawadsinania

s

AANULUUINADIAU Y992l

ASLUIUNITHANIUATUNA1IUTENIIUTTINALAENUAY NilBvEnasg1aundeniieina
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gania ieliuuudiassdinnuudugiunniu lunsdlveanin telescoping ifinAIgIveY
n3awad Az Fedsmaliuuusrasslimuguiodu (1wl 42) (Huttner S., 2012)

Mo

-

F 4 upper boundary of 3D model

AWl 41 uamsgunuUMsSIaRsan mgliemevaalusungu ENVI-Met
i : Huttner S. (2012)

=

J b= 3 - o = v L = L3 L=
wuudiaesfutuazgnldiierwingamgil n1sagviousduaseniing ninadauil
iy | x J x N Tag N fie n3a telescoping 41uau 14 n3awas anadluainszeu
J a a = ¥ ar o o
WUNIAU 1.75 LUAT NN waynsazviouiduaseiing azAmuinluwuunu Z (Z-

aa = v

axis) Wity 91nmawaninanil wudaesiuignivualiidu wuudiaes 1 88 Huused

=

Snwauzidu 3 TRfanw

b

][]/ N1 A | g

AT 42 UaesFULUUNIAWASIULULIAY a) N3AWaA telescoping b) lBAYWIAAIN
=
9141 : Huttner S. (2012)
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2) miﬁﬂL%’ﬂiau“aiuiﬂil,t,ﬂsm‘i’nam ENVI-met

msadsuudassanmafionnelulusunsy ENVI-Met tuagUsenaumeteya 3 i fie

JoyadnuurnenMNUeIiundnw (Area Input File), To3ian13AsAaNINIIARDULTUAY

(Configuration File) LLasgﬂu{l’aga (Database)

o LE g d .
2.1) nsdveyadnvuzn e MYBINUTANY (Area Input File)

68

° v 9 & A & v & 2 o
nsinddoyadnvaznennuesiuiifneiuszairaluuulugd Space mlunisaing

d’" A 1 o ] 4 a
ANNVDINUNANE 19U BIATS(FUNTI LazAIUEd) aUURNNNIN Layian) vliafuR-Un

agw saluAeull Tudumeulianunsathamaieniserniavsenimateaaiieusnldlunis

9B LMUINSAS 1 UUINERale (Huttner S., 2012; Salata et al., 2016)

A15639A7 (File header) WuUTUMBUNITAUUATUIN AIIUNTIIE AU

817 WASAINGIVDINIAAG FITNIVUATUIATDIUUTIARY ANTNTOITULUUTIADIGIER

U9 250 X 250 X 30 N3ALUaa kagivuaknuRnauunulan (The coordinate axes) (NI

a i o = &, P A&J P
9N 43) "ﬂ'1ﬂﬂ'!’iVIUVI?‘LJ’J3‘imﬂi‘iNW‘U'}]'1LL‘U‘U’iﬂﬂ@\‘iﬂ’ﬁuﬂ?i?JUWEJWUWIﬂEJiE]UWUV]ﬂﬂ‘HTﬂE]ﬂI‘U

1 4 1 A =) o a L3
2719UDH 1 1V IWOAAAULUTUTIUVDIUSIUVIULUUINADY  LALILATIZHWHNANTENUIN

& -l v o Ada a | W - w o [ | - :
#uilndlAssildnSnaneiun@nwsie ielinisuszananangniesiign (Srivanit et al,

2013) (" 44)

| Number of grids and nesting properties
| Model type: Concept Design
Main model area:
| #Gide 248 | pGride 208 | 2Gids 25
Nen&ggs‘dsaardm&\ufa_ -
Nr of nesting gids: [0
Set sol profis for nesting grids
SolA [ [00]Delaut Unseald Soi [ dono v |
SolB: [ [00] Defau Unsead Sod [~ dorc |
Gnd size and structure i1 main area.
Size of gaid cellin meter
dex (500 | =500 | dz<[600 | oase heigh)
Method of vertical grid generation:
* equidistant (al dz are equal except lowest gid box)
telescoping (dz increases with height)
Telescoping factar [} [w]
St telecoping alter height () (007 |
Defaul Wal/ Raof Properties
WalMalerisk |1 [00] Concrete slab (hollow block, = |

Rloof Materiat | B [R1] Rodling Tie =

Model siea description: & brave new area
|

Geographic Properties

Maodel rotation out of grid north:
prem——

Name of location:  [Chaingmai/ Thalland

Postion on 88t | atiude (deg. +H, -5} [53.00

F W .

Longhude (deg. W, +E} [700

Reference time zone:
Name:
Refetence longhude: (1500

[GMT47

Georelerence

Cooidante of lower left gid  xvalue 1889

Relerorco system. | cplone>
Reference level above sea level for DEM=0: (000

Wi 43 LLaNﬂﬁﬁzdﬂ"](File header)
a1 : ENVI-Met (2015)

A v ow & A
L‘W@ﬁ'ﬁ’ldaﬂ‘l&}ﬂwﬂ’]EJﬂ’]W"UENWUVIﬂﬂH’muIM%ﬁ Space
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AN 44 FredneniIsInasan waailed Tuluswnsy ENVI-met

i3 - Srivanit et al. (2013)

2.1.1) N15ATNEANHULNINIBAINYBILUUIIADY (Model
physics) lunis@nwan ngieinialaslduuudiassneuiiames idudsiilovinananis

Uszanana (Bruse et al, 1998) Aan1n# 45 dgmsuiuusisrazimuulannisgosnonis

mwInAsBiasiulungnaead

«—p transfer of heat = it S5
and/or humidity : ]

= o I
AN 45 LARIAILUT wazaunsepevaslusunsy ENVI-Met

4 : Huttner S. (2012)
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(1) 91ANTLATLHINANGLLES (Building and Facade)

N159188980 M0 T0IN1AAN 1AV

2
v = o

wuudnaemspeniinesuuiiduludetiinssisvinaveseasiidwansenusiagiainia
(Ali-Toudert et al,, 2006) YWIAKAEFUNTIVBIDIATIEITBVENARBNIS AL IBUYBINTELARY
Tuwnidias Mmslasuuasoindlugiaiuveiauy uardmastgunnseniuauiodisniuiou

3’; l&’ = st s s } 23 =3 L3
EUENQJH‘UET uaﬂmnuuﬁuazwummmmmsaaﬁmi@mmaﬁmwsaumnuaamwma bbE1

(|
a a1

UanUasuausausengiundiafesae delassainuarTanvesunanarsuaniudiidana
AoUSNUMIAZANAINTEY wazaeweUSauIEIaneluwazAIBUaNEIATS

=

Tulusunsy ENVI-Met 1nastu 4.0 thinsduingumgivesiufinueneias aumad
fuRandean Uu‘ﬁugmmamu@awé’wm’luama3ﬁﬂa17’i(simple steady-state  energy
balance.) lngWa1suanAuauTRvadRIdIuTd@azviou (albedo) an1wnsiaesed
(emissivity) wazAn U-value Tunsdimsanemenuaiuiousewineenaisiveinidlagsey

AsUwuunmsanailudnuuifedty daaunisi 4

abs abs 4 w Tw—=Tw+1 Aw
sw,net + Qlw,net > EfJTw g CPPth a

Dx d(Tyw=Tw,;) =)0 2ok

fan - (Huttner S., 2012)

' 2
L s

Qabs o WaE QUES,, AR NsgadudidntuduLaziEniue)
[W,,-2], & D anmnsiaessd(%) vasadumtnvese1nns
= 1 s 1l o b2 ¢=ll L3 L g
o Ao Amdumwnsidanuseuluaniizai vasngawu-luanduiud (The
Stefan-Boltzman constant) iAWy 5.67 x 10~ 8w/m2. K* (Ruviity wazamy, 2555)
TV fo gumgiivesdumiineins ity wadu (Kelvin : K)
a a [ o < ) = : -
Cp D USNWANUIATINIBUTNNIZVRIDINIAVIAIINAUAI (1200[j(kgK)~])
= | - ! v
Pw B ALY [kgm~3] VadiuntNeIANg
=] 1 s = ar A v =) o at
Ky fie AndudseansmsuaniUasuaiuseu [m2s~1] usanilionmsiaynainn
= o= 4 a & as 1 o
T, fio aunniIoINA (K) NNTAwadtnaInduninueionals
w+1 3 &
D, #® szez(m)sewinsdiuvinenanstiaudnanueininadnntu
Ay, Ao AduUsEANENISAEmMAIINGEY [W(m2K)™1] 1esHiunine1nIs

Ty,; A0 9ounni(K) veswuivluveaws

mswanasuanuiousenineivinuuenuagiululzgnauANisAdIUsEaNS

oy e

nmstewmenudou A,,.4,, Felelivindu U-value (nsuaniasuninuioussnineinie
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1 8
/ s

meluduneuen LaLdITINIAINNATUNIUNNSENEMAILSBUSENIWNNURINAANUTUBIN A

= 1 s

6’: v @y a1 tJ v =
visnelukazneuenme) lnggaumaiinieluenaisagiinng wasndinulgungiivinu

U

1
1 =4 =

ot gj A v ﬁ’{ " oas Ll s =)

pnAnslue1nts Asduniswanideuanuioulziiuegiunslassaugumniisswinsiuiia
ATUUDNWAZ AU UYDINTIVS DA UVAIAYITNY

P w1 a | 1Y P I o = = | wa [

inalildranmgivesdiumtinenasaniuguiniu fupantRvasnisinfiu

%) w ' 0 & o e b abs = o W
AnuSouvesTanaz iondnanluauns Jiinsvawaaiadraud Qdy ner NONAATULUILN
L | Y Fl Y Y

grenil WA UAS Mo IR TLTASe duSundenndaiinanuaiuisalunisiuniy

v GJ I; 1 L% = tal 1 s o = ﬂl gj
i’e]'lJ‘VlC‘ﬂﬂ’ﬂN‘l.Nﬁﬂﬂ%ﬁluﬁﬂﬂﬂ??@‘ﬂU‘iﬂﬂﬂﬁUﬁu

bS 9 @ s = o
wnet SMSUNTINTBAIUNY d10150

n1sUsuImnsATwugaduidadue Qf

Aualansaun1sh 5 4

1 i
Qlabe,ilet = Ef ((1 - Svf) (§ Qlw,ground oy § Qlw,buildings)

1 1
+Svf(5 Qlw,sky o+ 'Z"Qlw,ground)) ECF- 5

WELVAIAT AIFNNTITN 6 U

abs

Iwnet — Ef((l = Svf)QIw,buildings + Svalw,sky) Eq- 6
fian : (Huttner S., 2012)

svf Ap Yadunsuesuatavioadn (Sky view factor) @nunsalsaindnarunisuats

ypse1msaonsnyunesdvisailuihumiseadninaisenineennns

'
=

Quwgrouna 710 S1dRAUEMITIgNUdBBRENNIIINAGAY
a4 oo A o] ' =
Quwpuitaings F® NapAUETINgNUABLEENUNAINGIAITONT

Quusky F9 T9ERAUETIINTUUITIINA

dwsunsewinisdriugnignudegeaninanniuiiunAguiluuaze1n1s @1W1se
wildan Anedesimvesiuiiunaquiu / gamgiiesdusenavdiuntivesenans aelu

o ﬂu d‘d v A
LL‘U“U’QI’}aBﬁ‘U‘ﬂ\‘JWUV\F!ﬂ‘H’]ﬂ']MW?ﬂI@ﬁ]Wﬂﬂllﬂ'li*ﬂ 7

_ e.oTE s = g aTh
Qiw,ground = &€g0Tg Wd¥ Quypuildings = Eg071f ERL Y
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war$IdARUEINUIINTUUTIEINA (Qpy sky) ANNTOAUIUIINGUNNTDINA,

AMUIUTUANS LaLIINNISHIAT Parameters TBIBUUIIADS

nauNsANAINIYInUATsAuLY SalitaunansasluuisUsznis 1wy 91013
AU SHIUANATINFIUTRINTINTENEIA SULLDINNAINADIAIMA AD L ilBUALAAFLE
Aunianasnase avlasuisdnaudulaenss dewalvigumgiivesnduasnaeniiugduuin
wiuld

d o a 1 = 1 ﬂ! 1 L

dlemluasnasnnlignuaangaumaniiiszanaiad 19590157 Gn1suanUdosnas

|:$ = ‘3! ar d o ¥ a

ne1aseengtuusseindlunainaisiu Wunislademiliiisusngniseiinizainy
V¥ = = ] o o s ' £ n’.}' o
Soulesdelslanunsndiansla lunsudlatiymasnanesstansniuaiuisevialalaenisnis

ISuUsinasdaiudu Q25S,., nuaARLiEs 50% iy

(2) n3zudau (Wind flow)

mainaukarnisiedeuiivesauiunaunanam
LANANIRIAIINNABINATIE TS UEldTaenguineiiAng venandsuisatestu
ATUIMTIFAVDIANTNOINA ATUUANANTBIUNYE BRI UAZANINAILTTYIEVDIRD
Hun1ssiassiiemiauazanudian Tulusunsy ENVI-Met aunsolagldaunis The three-

dimensional non-hydrostatic Navier-Stokes aludl

du du du du B

E+ua+v$+w5—
1dp 6( au)+6(K 6u)+6 % du
pdx adx\ M™ax/ ady\ May az( maz)

B FePv,) A5 TG

16;§+6(K 6v)+B(K 6v)+a(K 61;)
pdy dx\ M™ax) ay\ ™ay/ dz\ "oz

+f(u — ug) — Sv(x,y,2) Eq. 9

16;5_'_6(1( aW)+a(K 6W)+6(K BW)
pdz dx\ Max) ay\ ™ay/ az\ " az

=S.(x;v.z) Eqg 10



¥IL¥6EBILL

=
an
al
=1
|

H
a5}
53]
42}
pu
[92]
w
@
[
e}
w
(=]
[}
o
o
|
g
i

o

o)
(o]
w
]

=
~
K

0]

(9]

<

*0T T9SZFOSO

TE

73

p feo anunaeinaluiuidnw way K, fAe Ardulszansnsuanieuniely

2
=

WunfAne ug wag v, Weaiurenisiiudvesadlussiulnafiuiauaynsdumniuainuss

! ]
=l a

981N INARTUA LTI IUYIFINAITUYUYRLLan 138nd1 LsiAe3eeda (Coriolis  Force)
11150 UANNITUTIVDIABS00RA LAl f = 20sing e Q0 =7-10"5s"1 @9
ANSIVRINTISLYRIlan Lay ¢ A suntiasign (Latitude) vasuuuinaes lagly

a

Tsunsu ENVI-Met n1sepeseedaszgniamslinuiuibusiuvemuudiaes

SwS, LAz S, Snwarnienmvasiud Hivenanenislvaveay Wy Aunsse
fn39 viseAenIavIsTiomeanansasuliud Weemalvarudsiareiiivesinmg
dnaruneenalaszaulunuiianig i nsinavesay w (W = w v, Wues i = 1,2,3)

gnimuaty BvwanislaszauanunaenAvasatautsnaduiela fail

91
4 _P s
Sy, (x,y,2) = 23, = capLAD(x,y, z)u;W(x,y, z) Eq. 11
the
& i v 2 &
LAD @8 aauviuiiuuvestulsl (m'/m)
Cap Po dudszAvbussudnaveslulil (@niwuae = 0.2) Tngldngufinis
s . A~ i
Uszanavesyadiua (The Boussinesg-approximation) LWOaAAIINAUILUY Tdiein P 7N
gun1suius-aland (The Navier-Stokes) Wnunldiiu The Einstein summation 16 fla@un1g

deluil

Py i Bl ,f, _
at+u‘axi £+ K (x1)+f(v V) — Sy Eq. 12
> il ‘ax =—-—+K ( )+f(u Uy) — Sy Eq. 13
dp 2%w 8(2)
+ !ax ——-5:+Km(5-;2—)+gm—~sw Eg. 14

Wasnnemeadureslwarionsalila(incompressible fluid) Feindusoaiiannis

oA A s
ADLUBIEWHLRN AU
dy B Bw

ax+g+a—zzo Eq. 15

W(x,y,z) fio Anadsarsdianluniawas odulalanannisi
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W(x,y,z) = \/uz(x,y, z) +v2(x,y,z) + wi(x,y,z) Eq. 16

(3) gauuQiluazaIuTUdURMG (Temperature and
humidity)
ay € 1

gaunnddngn(The Potential Temperature) 6

aunsalulAlagaunis The combined advection-diffusion #4il

2 2
2g+ui%£=Kh(3 9)+‘—1"m+Q3 Eq1?
3

at axiz cpp 9z

o ,
Qg 7D NMILaNUABUAIINTBUTENINDINIALAZHYNT T

= g o =) Q{ y 1 A ./
K, Ao manuszansanuluthuresnisuaniuasuainusou
1 JdRpy

= = a = ' o o A
op @ A ﬂ"l'iLUﬂEJ“IJLL‘LiaQqm‘tﬂﬂuiJ‘tl?J\‘ia’m"lF?Luax‘iﬂ’]ﬂﬂ’é’?ﬂltLﬁlﬂﬁ]'N‘?JﬂﬂixiﬁﬂﬂuEJ’l"J
P z

(Long wave radiation)
-:’A’ LY L) o " - - @ ﬂJ
ANUTUFUINSEUNTaAM UL LABENNTS The advection-diffusion #9aun1sn 18

il

d'q - d%q
at+ui 5, q(axiz)-t-Qq Eqg. 18

- a & i PV
Qq A8 NSLANLUABUATIUTUIZMINDINIANUNT NS T

=
g
[
&3]
|
=]
-5
5]
%)
—
1%
w
@
=
o
w
o
N
<
o
-~
o/
o]
o
o
o
wn
W
ol
™~
[t
0}
0
<

@ =)

| £ VIR ei ¥
K, fla ArduUsyanSautulauresnIswanilasuninudy

0S0

Taeluluswnsy ENVI-Met  Laifinsniswasuaatugvesvalrnninluiduled i

TnavamuuTandiaAnuRuduRnsA1nIan AU

(9) parutudiuvesusseania ( Atmospheric

turbulence)

:bas / G0:TZ:i0T T1962ZF

ve

Wsunsu ENVI-Met T 5UnuunsAuIinIY
PuthureusseInIALUY 1.5-Order turbulence closure model lngdne8391nnsAnyives
Mellor et al. (1974) uag Yamada. (1982.) uwaslfifinaunissnaesaunisdviunisfiuan
audiuthuE) uaznisnsyatefvesusseinia (€)
%’§+ui%=xg(g)+m—1‘h+oe~e Eq. 19
i

I
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at laxi 2

de ae d%e € € €?

_+u :KE —_— +C1—PT—C3_Th—CZ_+QE quo

ax E E E
i

ARl ¢, ¢, WAy c; MBuAfsRuvesiuudianslulusunsy ENVI-Met 910

MM3AN®1Y09 Launder and Spalding (Launder et al,, 1974)
C,= 108N =N 97 Ga— 1.44

1 @ s = = o o o = = 1 i q”
ag1slshimuanwuznsivaisuluuiiwdilussdinisiUfsuwlasamatil 113
o U 8/ v ] L7 L A
MuunA Pr waz Th Tduaninalazn13nsea1en Iyl ureana i usuioauIann seu
ANUVANUNTELANTIANULANANSAIUALLTY D19EAULANAIIATUTIANI9AA8(Wind shearing)

Pr wazn1suusduvasnamnil (Thermal stratificatio) Th Aeauns# 21 uag 22

aui aui au[
PR= Km a_xl-ax[-) ax; Eq %
- 9o
Th= o Eq. 22

0,0 (2) fi0 pamaliiiinduiiveulwnmslvadivesnszuaauiiniugs z uazlunsi

v !

fanzermansilusduiiagdemnen Th Ala

] w v ado w4 ' y | s o
Howssaudululladenddgndwmasomuiulivveinszuaauluszauaniiennea

L U

Fapnududuiiinniianssu (Qg) waznisanszauamuiuliuesusssnImaniun
yualngdiuiivnadnuiealuld Qo) (Liu et al, 1996) annsadouduaunisld s
AUNISN 23 uay 24

Qg = cafLAD(z) - W? — 4., LAD(2)- |W|-E Eq. 23

B

Qc = 1.5¢47LAD(z) - W3 — 6., LAD(2) * |W| - € Eq. 24

Cd,f

s

AduUsEasMsunsnszaneazlauian E — € 21nvgui] The assumption of

the isotropy of local turbulence @nsale il

EZ
Km = C‘u?
K =Ry = 5K,
— Km
Ky = 2

Km
Ko =
€



Y9L¥6E89LL

=
g
&

HHI-H

:a081 / Tesodoad L00Z0E6T8G SIS

SO0:TZ:0T T9SZFOSO

3

vz :bess /

76

1 5 ! JQJ d v o s L
Cy= 0.09, Og=1 uaz 0¢=1.3 lavrwsiumariifaiuieadedinisuiudlid

AUENTIZNS AR UU LAY UUINADINIE

(5) A15u59d (Radiation)

NN S dvR kAR Rl utdTdsnalaunsade

" 2
<5 U

Jagiiomeales n15nslesuadaduduincoming shortwave Radiation) wagnandveadsd
AAUE1(long wave Radiation fluxe) Tulusunsa ENVI-Met Tngldndnmsduanuuy Two-
stream approximation $21AUANNTITTIUTEINYAINATNAABIYY Taesler and Anderson
(Taesler et al., 1984)

msldsuidvestuussona esuelilnensaaduiduasduysavinisvantaon
fevestuussemaiisnety nodrdudseansmddtuegiuanunevosuaaneludy
ussena Useneufutladedug wu  USuinvesduazessiiaeslueinia (Aerosols)
Uinadleth (Water vapors), fingaisusulaesnles (Carbondioxide), 1oleu (Ozone) La
fei3aunsean (Greenhouse gas) Wienisiurandndss@iuiugr Jssududemsunis
nszaefvesuazans uazfeiFeunsanieglutuusseina essuismsidnsonuaznis

U

AANAULAIAZANUISEIN walUswnsy ENVIEMet  T9nnsussunmandudautiaunit @99z

Y

o

Awamnzlauviny
meluwuudiaes fuaugs n (Guveniawadiuusasduanug) Usunumsiusd
4 : kO 2o .
AR (Incoming long wave radiation) ¥AugeInsAwaa Z (G. W. Paltridge et al,

1977) @wnsabesieaunis 25

Qi (2) = IN_1 6T*(n) [e,(m + Am) —€,, (m)] Eq. 25

m fio Yianalethlutuussomasswieanugs (2) wevveudrswesuuusans (n)

m+ Am fe Vinaledluduusseiniaseninemiiuga2) wazvevuuves
wuuIaes (n)

€, Ao duUsEAvENIIUKS Erdeu

£
Qs L3 @

T e gaumgilduyselvedduninuas n

MSAMINN €, 819899 INgRsLoNEAR (empirical formula) Sudusaslidaya

Uinaslevuiteldlunis (Kuhn, 1963)
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I

N5 WESIFAFUAUNUILIINVIUA MUUUVDILUUINADIAIUITOAI LI LA LAERASIY
AMUTNVDINIUASIVRIN90HRY [y 31NAINETIRAULES A = 0.29 um §i9 A = 4.0 um
FIAUNITN 26

Qi = [ I,(A) exp{—ap(D)m + ay(D)m}dA Eq. 26

0.29

HIADIMANINKES T YUBEUANEIURIN9817RE R Asaunish 27
4

_ sinh if h>10
He= 1.0144 if h <10 Eq. 27
1.22 (sin(h+1.44) i 0'49)

az(1) = 0.00816 - 1% uay Ay = A~ 3B,r 1\Wuaduuszanddwsu Rayleich
= £ a0 1w a £ = = o oo A O
uaz Mie scattering kagdlAn 0.004 < B,r < 1 \JuAduUsz@ndanuiiu USuasdnaudu

duysallaensIRINLaIR I InEvInUa RY, 4, 2ldlavaunts 28

Qsow,dir = Qsw — st,abs- Eqg. 28

W
)

Qsw,aps A9 SedrauAuNgnandulilaslounlueinia (Liljequist, 2006) @1u130
AuIlaneaun1sh 29

Qsw,abs = 70+ 2.8 3y *m Eq. 29

€ym A0 ANAUleUTlY [hPa] teNuAuUszanm 2 s

9/
o o/

T ) v oo v ¥ i a a ¢
nsukssdrfuauluiuiviesihusminue Juegividndudulaunsainuaeiiing

HAZAINENY 29m297%ing h

Y(h) )

Qdw.ais = Row.air SiNA (T(h) Eqg. 30

L

1
1+8(sin h)07

Y(h)= Eqg. 31

lunsainvisavhiilwaunagu nisAuIndIuIunIsuRs B uazsusdlaensaain

waseiing Fednludeanmsussendldannis 99nn1sAnw1ves Taesler and  Anderson

(Taesler et al., 1984)

N

Qow,air(clouds) = Q2 4ir (1 = g) Eq. 32

) | -
Qaw,aif (clouds) = (ng'd”sm h) ( 4571 ) — Q0 4ir(clouds) sinh  Eq. 33

1-Y(h) agac—1
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N Ao wainunaau Tu 1/8 dw
a,. fv ANsazviousdveuLe

ag AD ANTTAZYIDUSIEVDINUAY

L4

& o @ o = i
meluiunuuudiaenand (fluxes) veasedaggnuilelaenisusian (L1edn) a0

91A1TWASHINSIN Fan15UTURNAITIdRAURAUE1Ikas T @R uduTiatu Y s laeTde
o = Q‘ d 1 i L2 L dﬂj L2 “’j = s 4 L2 A 1

fuszdvs o filldszning 0 (Wandvesisdngnuataianun) fa 1 (Wandvasivdiilignua
1) Yadeiiuadanisusaiiuviaaih (Sky view factor) Og,r aunsainaldlaedadiuviosit

a ! a A o g
MnAuInaBINIAwad luusasnIagad 3naunish 34 dail

— _1 $360
Osvf = 55 Zm=0 COS w () Eq. 34

W 7B YNARFIFAVRINANATINUN TT

ar o

dﬂll = nl’ 1 = L) d 2 as =5
uenantAd@uuszansou 1y andwalaensafilasuaniawssn ogy gir, N3

[
s s

NIYALUBITIAAAUAY Ty gif, NILHNUY Jﬁ.‘, uavanad oy, vessedndusT

Osw dir = exp(F * LAI *(z))
Osw,dir = €XP (F - LAI(z, zp))
o, = exp (F - LAI(0,2))

crllw exp (F : LAI(Z, zp))

=S =

LAI fia sviiuilulunuifsvesianssannnsediu z fesgdugeanuesiuliiz, viie

fgatssyiuiuiy z = 0 dwmfussdadudu LA™ Tdunuen LAI laevrdn LAT* (g

q

e

gUAmsnlvessidmseniindnlaiu) Wluauns

o =2 o =i § :j A
mMImunUIasEnauauIn @solalaeaunisi 35

QSW(Z) = Osw.dir (Z)ng,dir + Osw dif (Z)O’SOW,dif 3 (1 B o'svf(z)) ng,dir a Eq. 35

4 & 4

0 - o vas P 0 o to =
Qow,air A9 Fe@RAUAUTLATUIREATININUAIRIING WAy QD 4ir AD N1TWHTIERRY
dU o UUAAYRIUALUUIIaeY wag @ Ao ANAdENITaYiBuTBINTIianuan eluNud
wuudaeY

WaNSad@PFULMANTOLAMIANNTT 36 uay 37
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Qin(2) = 6, (2.2,) Q10 + (1 —a;,(0, z)) € opTfy + (1 - asvf(z)) Q5 Eq. 36
Ql,(2) = 0],(0,2) € 05T3 + (1 -, (0, z)) € ofTf- Eq. 37

T# uae T7, Ao Anadegamgilulidandiusign uarldsedulgiuuugn

Anuansu anulel

&
s a a 1

€, WaY €7 An duUTEAVENITUHTIERNNTauvRINUiLasTuly

[
=

T, fio gumgivuiy

u

=

R}, A9 Wangssdmdusnlusuiveuainuddamunsluuinulassey

ag D ﬂ"\ﬂaﬁm’luﬂ{] The Stefan-Boltzmann : o = 5.67 - 10~ 8Wm™2K~*

(6) wuudnaesau (Soil model)

WuUd1aeIAuYedlUsunsy ENVI-Met  9zAIUIN
guviniunzamtuvesiuatluiinrudn 1.75 wes dwivauluduanadinunnni 1.75
wRsty eausUsIuTegumvgiiararmduliinansenusousssnia uiazniamadly
uueuazUszneulumetufiu 14 $u Tummudniluand1eiu wingtuazFesiantuuug
Fudrsuaziienudniiuanniu Ineduvugraziinnuvuniios 1 wufums Sussgaiiany
wun 50 Leuins Tunuudaesiuszdaewizgamniazastulusdavingu(1

& ¥ o 4
model) gaunaiiiu Ty wazdSuimsih 1) anunsedwanilelos aun1si 38 waz 39

T 92T,

o Nsoz Eq. 38
on_py 0, oKy _
5 & D, & N S,?(z) Eg. 39

K fa AIN13052918ANDUAITIVRIAY

N fie ANNYLTUYRIRWIRlULUUTNERY

(7) wuvdnassnsnisad (Vegetation model)
wuudnassnenssaunielunuudiasdlusunsy ENVI-
met tadlmudiusiulnensetuusssna WuieafuiuLuUsaosRy LasLUUSa0esE
TuTusunsy ENVI-met 3.1 wuusiassiuldiuiidnuas@uwis (Columns) Tnoduls
axUsznaumegIuteya 2 @ Usenaume 939augaesiulil Z, wagauvuiuiuues

I3

#uilu (Leaf area Density : LAD) wusgasoanilu 9 u (2wl 40) Augveusiazduy
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= Zz = = 1
ﬂ?NW?ﬂL?JEJUL‘TJHﬂNﬂWi Zpi = '-92, ﬂ??ﬁiﬁﬂg&ﬁj@‘ﬂﬁ]ﬂ‘ﬁﬂ?\l‘ﬂ —Zp LA EAITHAULLUUYBDIINN
ﬁq) o

W% (Root area density: RAD) Afidnwugn1sinassguiiensiu

wandausoulaunse Jry,  WANDNITT2MEVOUN Jf epgp WBEWNANDNTANUN

Jf trans AVWEIRUSSTRIRTmUATUSTEINMAEIN T su vl il

Jin =111 YT = T,) Eq. 40
Jfevap = 17 'Aq8 fy, + 171 (1 = 8.)Aq Eq. 41
]f,trcms = 8.(ry + Ts)_l(l - fw)Aq Eq. 42

T, #io gruugiienna, Ty o auvgiilulsl, g, Ae mnududumzeima Aq fe
AULANAATUTUENINS, Aq = @'T, — 4 *q° #0 Usinmuenudusinues q ARaluls
8, Ao nsmeszmenuauinaziu (§, = 1) vie (6, = 0) waz 1, Ao AUAUNIY
ananasansnuduiaudnarsedluld D uag W oarmisiau (H. Braden. 1982 £14i
1 Huttner S. (2012)

D
n=4/(2) Eq. 43
A1sfees A avildsunlasniuyinvoaiugld dredne gy duau A =

&

87 s*Sm™1, nguazsulindalu A = 200 s*5m =t uay D Ao Anafeidusiigudnans
o do o d = o o v o o
JadeundAgyimununmsmesemevesity Ao Unlu (Stomata) Mviwthiuaniufoy
o i ] o 2 s e ot =
fgsgninaimasazlu asaanudmumuvedlull 75 awnsadalaainszauvesnlui

e 35n15A1wteaNsunIuvedlulisnidaainnisAnwives Deardoff (1978) (8n9falu

) 8
=4 dars

Huttner S. (2012)) waddnas Ty nAuduRuSvosisdndudy Uunanilufu sufu
ANAIMIUTBITINTTRATAN WA LUTaIT 1N

lukuushans ENViEmet 3.1 videluniosduiiganin aumsiinaiundrsiuazgnunui
fwaunsuUUSIass A — gs Adudeusnndu 91nn1sAnwITes Jacobs (1994) (Bnsfisly
Huttner S. (2012)) wuud1aes A — gs l98nsINMIALATIZALET (4,) FUAUNITAIBAIY
Youaninlu (gs [mms=1]) vesiiy Wilan1seessme (M. Bruse, 2004) Hapiuduus

Nugureawuuiassaansoasuld dail

An
Cs—C;

gs =16 Eg. 44
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Tow Cg uaz C; Ao mduduvesfingmsusulaeanled(CO,) vinatilukay
Aelululyl wazanuduussswinansmumusazn1saeanuseutasiinlu asuislasa
aunsi 46

r, = gi 1000 Eq. 45

Red Maple (15 m)
(i) Plant profile (ii) Leafareadensity (i) ENVI-metvertical
diagram '(Lﬁlz)pmfiles grids of plant

15 0

Height(m)

085
15
18 1 lo1s
015
06 ]:015

0 1 2 3
(1-2 ft. of growth per year) LAD (m?/m?)

= W o [% 2 o
AN 46 Lananisasrawuudrasseulyl nelusuudiasdluswnsy ENVI-met

a1 - Srivanit et al, (2013)

1%

(8) WuR#U (Ground surfaces)

msgungdl Ty vinaiiufwuudiass dududesli

% U

' [ '
@ s @ - T TS {

ANUAF A UANNTENARNAINUTITEAUN LAY Teanunsalaangunisn 46

A 1

Qswnet T Riwmer(To) = G(Ty) — H(Tp) — LE(TO.qo) =0 Eqg. 46

| v
o e A

Qswnet 7D SIEAAUAUGVENNURY, Quyner AP TIEAAUETIAVENNURY, G FD WAND
AnuSouveay, H Ao anuseududa (Sensible Heat) : udsunaniuiouivinlvaansd
samafideuudasly uianuedinadu uay LE Ao Wandvesninusouusls

U5ENoauiU Ryyair (3 = 0) a2 Qgyair (7 = 0) fie SsdndudulasnssuaznITUNS

YpefadrRuAuUTIMREILUUTIaeY A1y Qg ner WAWNIALIRIANNTTN 47

Qswonet = [COSﬁ* * Qsw,air (3 = 0)](1 — as) Eq. 47
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B fe yusgvinedidnenfindlagnsaaziuia 910 Lambert's cosine law Way g #9
&/ é{' = M 1 s ] LY d' éy.l at o €
M3dziouLaATDIuR (Albedo) Mhigaduueas dmsuAuUIzunBus vun AUANUS
seninauuaIn e indivuiinanilufvuutuuugavesiu
LY o o o = & a [} [ ! [ o
AUAANSINUYRITIERAUEIUTIMNUAT WUseanilu 2 dau Aeaunisi 48, 49 uaz

50 faid

Qlw,net(TO) = Usva[fp;ieet (TO) ” (1 - asvf)QISMC::gtnEd (TO) Eq- 48

Qpey . e SidrdusmanuisdiuvewiaeinillfiFunde

gereened i Sydntugniandngnualds W ushungnuatanaulsl

= = & v oo &
I 1NI1I ﬁ'm"liﬂL?JEIULﬂuaﬂJﬂTﬁlﬂ [9N}P!

Quiomer (To) = 01 (0,2)(Qly — £0T3) +
(1 - oy, (0, zp)) —= (T} — oT3) Eq. 49

Ep+Es—EpEs

screened T.) = EwEs Ea. 50
Qlw,net 0) EwtEs—EweEs g.

EsEp WAY &, AD NTWHNTIAVDINURD, NUNTTUUALHILIDIANT
T t:f = =
Ty f0 QuNUONURIVDINTWT T
=4 q&‘ = =
T,y A9 QOuVINURIVDINT
il ) o = "W a £
anudutiuvesdndauisaduanliles H uwaz LE Faduadudszdnsnag
wandeuautud e Ky, Ao Amuvesiiui uay K, An US50INAYRINIALEaatY

d19an anunsnteuluaunisle Asaun1si 51 waz 52

To—Op=
H(T, )8 pcpK,EO_”SA—;; Eq. 51
LE(To, qo) = pL(To)KG grtt=t Eq. 52

uar L(T,) = (2.501 — 0.00237(T, — 273.15)) - 10°
Awandaugousniiuiu (L) awnsaruanld saunisi 53

To=Tg=—
G(Ty) = A,(k = 1){).:?;::-11 Eq. 53
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PMMIUMIUITTUNTIUTLI wudilusunsy ENVIemet idhilusunsudiaasann
nfioneldegneiivszavsam Tneiinifelfifednvanwgfionmeaveadesialan s
ivauisn-ausnle vivelsy vivede nivesawside lUsunsy ENVI-met WUalvisinas
pilvanuerieseunsldomludow SnisadonAdelilusunsy ENVi-met wauws

Wudnunnlugiudeyaniideesulad

~ 4000+ simulations

145+ Countries
20+ vears Pxpenence

erica

Australia

M 47 nsAnwgiionnadlesinely ENVi-met vialan

ol y
U1 - www.envi-met.com

=

49f : lUsunsu ENViFmet  aunsadiaesaningieniaiisslusedu Localscale -
Microscale lnaenadiuse@nsnin wanswaveatassaninennidlananedads saufeauanenis
21077 Bnviaduniwas (ENVI-met 1395%u 4.0) Walminddeanidlnanunlgdnele

o o 'Y o @ v ' ) o

daide : n1sUsEInanavakUUINaasnatuIuLnn s dudaadliunasndsaulndag

=i LY s 2 = &
EINET WaEABINIININGINTVDUATDINDUNIIADIEN

2.6.2 WUUI1a94 Screening Tool for Estate Environment Evaluation (STEVE)

STEVE wiaiulag Department of Building, School of Design and Environment,
National University Of Singapore iJuin3asiiefilfiamziulasesnsedamdansng gn
Wantuiievhausufurenduasnmsadrswuusias 3 37 Tsunsu Sketch up Taw STEVE
mmmmmﬂsma}mmﬁﬁhqﬂ, Qmwgﬁ&,aﬁla wae gaunnilgedn vosgeiianwineluiios Ing
pnuvnilugnduazldsudvinannanimuandeuuaraunsnfinuauuiusy (Buffer zone)

° v %) ° W a 3 P 2
wan1sAwImann STEVE sxgnldidugnudeyadmivssuumsaumagiaans (GIS) wiveadns
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a oA

wiufigamgdl Bndsaninsnduntadsanubauiuanmetuieliiinsamanisalgumnd
Auaiudwy wiltiaunsouanwadndsuanuiaule (Wong et al., 2009)

do# : Huedesdlefimuuniienenziugumgiiiufiemzgaiiauls angdwmiy
1ATINTORIUNSWE

do1de : uanwmadwsldanegaumgiviiy

2.6.3 wWUUIADY MITRAS

TUsunsu MITRAS gﬂﬁwm“ﬁuima The MeMi group develops and applies
numerical models (Schlinzen et al., 2003) 1uamﬁuqaﬁwﬁwm UM INeIRYFUYSN
(Universitit Hamburg) Ussinagasuil saudumissnumasy Tneilfugiunisiaunnan
TUsunsa METRAS TuUsunsa MITRAS (Hudaunilsvasiuusiansszuu M-SYS ifidneamly
n3draeInIsUNINsTatETesantiavise nalusedu  Mesoscale luvaizilusunsu
MITRAS fanuanansalunssnassanmennialusesu  Localscale - Microscale faus
100x100 A1T9RT asnsagnisivaiisuvesnseuaausauanntsniods Tuaudeiiud
Yu1A 1000x1000 115196195 TUSUATH MITRAS  H5UwuuMsAIUIMENNISwUY 3D non-
uniform vertical grid fannsaviuanuandsvoindaadluiuiiise uazuuanay
avdunvosnsawadiuiuiisaun 16 Wsunsu MITRAS @nnsosnaswiuusanmenna au
il ATy we-UTinaely uazaaduduvesiaviune Tududnumenisnimees
dlos nsdivesemsuazdsugnasrsardnnlaenisUatuiiansmslvavesaslagligunss
gas1715 daudulialinsfuamnuviladwmiuiy luduvesdvinavesiiuii o, fu,
) inaronisasieuisduaswand dilifimsuivgudllunestutiogiu luiuiiseu
YBULWUUIIADY (The lateral model boundaries) @1u1sanAUATIANIINIS ATV INTLUA
au saunsamsanwaniunsainisuassuainvneeneald @y NOx, 03, SO2 , NH3,

Pb, nitrate, sulphate)

d s s L3
NINN 48 LLﬁﬂQﬁﬁy,aﬂHmﬂaﬂIﬂikLﬂ'ﬁll MITRAS

a1 - Schlinzen et al. (2003)
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dad : Julsunsunianansodassanmgiionnialaegdivssdnsnm waedl
anuazlauluNTIBRINITUNINTEALYBIATYYNIBINA

daide : MITRAS gnitmuvwiveldnuluesdnsuazgsuimuimintuy

2.6.4 WuudNaed SOlar and Long Wave Environmental Irradiance Geometry
(SOLWEIG)

TUsunss SOLWEIG gﬂﬁmm%ﬂu Department of Earth Sciences W3 University
of Gothenburg Uszineaiiau (Sweden) Inenguilnide The Goteborg Urban Climate
Group (AWl 49) SOLWEIG emﬂiaﬁﬂammsLﬂﬁa'u‘LLUaaL%qﬁuﬁmmqmmﬁmnm%’aﬁ
Wdly (Tmr) wazndndvesdidndudunas SHidrdusiuuu 3 Siluanmzuiadeailosd
gdududou FIuTagULUULNY8901A75 (Building shadow pattern) ¢agefiuszansnin
(Lindberg et al,, 2011) dwsuteyatindrdmiunisiastgaugiinisudssdiadeuaendnd
vassvindudunarsvdniuemuu 3 if Uszneude deyafdndu (Shortwave radiation),
guvigfionnta,  mududuing fldannsmsiaianieau uazdeyamanimans
(asﬁgﬂ-aaaﬁgm), mwuamm'quwaagﬂmam’mmﬁmﬁm (Urban geometry digital
elevation models (DEM)) ANaziBERgY i muansmugeasiuliuazionssn
(Vegetation digital elevation models (DEMs)) A sasiBungeiduisieniu

9NN5ANWIYEY Chen et al. (2014) Wyl SOLWEIG Wuldsunsuiisiaasdi

o Iy 1as

v o ol o - a a a
namsasvieuvesdadld 6 fievne (i 51) uaeiilseAvsamlunisfnwgnmgiinisusssd

2
s

o v ¢ o o Al o A a
LaaHLLaxwaﬂQﬁJaﬁ\‘]ﬂﬂﬁuﬁuLLax‘iﬁﬁﬂau&ﬂ’;ﬂﬂﬂm’jﬂ

m‘wﬁ 49 The SOLWEIG team. Fredrik, Bjorn, Sofia, Deepak and Rogardt

flun - Karlsson (2014)
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SOLWEIG

- SOlar and Long Wave Environmental

Irradiance Geometry model

Wil 50 wansdaudnualvadlusunsy SOLWEIG

a1 : Karlsson (2014)

Vegetationscheme

Vegetation Vegetation
DEMs Y

Eq. 7)

down (

Ground &
Building DEM|

Meteorol.
data

AN 51 wanaunuis (Flowchart) nsenuinweaslusunsy SOLWEIG-model &1 W fig
amwastadenlilutoyahdieldluaunisAuinndndvosssd vis 6 Aianng
11 : Lindberg et al. (2011)

= s

dof : WulUsunsuausodnaesgumin1swHIage (Tmrt) wagndnduasssd

=

Aauduuazdnausn Mdunaaindsneadrenmeluliosuayfenssunegludosldiogid
Usgdndnmw ﬁmmmmmLLamgULaUUL\maﬁmm'5 (Building shadow pattern) la
daidle : SOLWEIG lilanunsadnaesiundsgiionniadu wu nislvaiouvasay,

8

PUNANHUNT UazsaiANI90INTe
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2.6.5 WuUU1ans Single-layer urban canopy model (SLUCM)

WUUIIaRI(SLUCM) gﬂﬁ’@umﬁﬂma Kusaka et al. (2001) uazmmy fe Fluid
Science Department wia@n1UuI8 Central Research Institute of Electric Power
Industry. Uszinadiu wuudass SLUCM unuustaasmsgaiievivelussdudubon
vonvadiies wavansoldifofinuiluseiu  Mesoscale 18 usziisreazidonlunisns
A ilmesvesuuusasnniy wuusiaes SLUCM fisduuumsduumsuaniUasy
wasuLarlusErsiuRlowarussemakuueredul Fssauiidnswanndnuas
yuLwdies(Street canyons) Aidiufunuressuvsasnadndes Tasuuusassiianunse
WAAINATBIFULUULIYBIDIATS WAL NS AEYIBUYRS EIINLasRind vili SLUCM anse

Uszanumsgnmgiinasndndainuiouvesiiuin #din1e1a1s wus waziuinauuls

Single-Layer Urban Canopy Model
(Proposed Model)

Ta Ta
I, T T
|
<
/
|
Z e “ | ~
b | Hw |
| >
e < Twe—\\\9Ts
/'//
e TG HG

d o L - s o u o
Al 52 sUkuumsAwaidnduazonmaiivemdudmiuwuudiass SLUCM
31 : Kusaka et al. (2001)

a dy a = a o
log Ty Ao aamgiioiniandnedeainanugeeins Zg, Tg A sungivdenives

ndo

= = s = -:.J a A
a1ans, Ty Ao onvigiintlsenans, Tg fie aamafiufoouu waz Ts Ao aaumalinduan

o

<

a = £ v v dv a
vn Zp + d, H fe nsuanidfeunnuieududansndannmnugennsz,, Hy fe

@ a

Wandanudeuduianniinuiuuudemmnemlugusseania, Hy, As Wandeu

oA

Joududaannuisguinayuivndes, Hg fie wandmnudeududaanauuguinmumuie

u

s

et way Hp fie idndamuseududannudinguinamuiniios
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A SIMPLE SINGLE-LAYER URBAN CANOPY MODEL FOR ATMOSPHERIC MODELS

(1) | < W > W

shadow (i) \shadow

W

|\|mduw

A:‘ o @ € i =y = aa
AIWN 53 u,aﬂagﬂu:uvm'ﬁmmmwaﬂmmmsauummwummm LUU 2 46
9111 : Kusaka et al. (2001)

INMIAUMIUITTUNSTUNVTY UULUdIaes SLUCM aeldlunsdnedumnueaunga

WANIU NIAIBNAMIUTOUTENINNGIA W9 UWaznUY 09NgUTIVINA (Xuan et al,

]
=

2017; Zhao et al., 2014) Fuduanuaunsofilansuveuusiass SLUCM

faf : 1fulusunsuianinsndaesanandenu waznsasmALEoUTINeNAS
wagimnssnneludiesldegnaiussansam mIasvieudidniudu/eduen vadanse
WanIFULULLYB481A15 (Building shadow pattern) la

daids : wuudians SLUCM hjam'ﬁmhaaacﬁ’mﬂsqﬁmmﬁﬁu Wi Aslvaliou

Y9981 WaZUaNANIDINIA
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2.6.6 WUUINa83 Surface Urban Energy and Water Balance Scheme

wuudIaes SUEWS gnwmuwInnen The urban water balance model Faduwa
N13ANYIYBY Grimmond et al. (1986) wag The urban evaporation-interception scheme
(Grimmond et al, 1991) SUEWS iduuuudaesiifiaruanansalunisiraesnisavas
wFsuanufeu nMsazvieuisdvosiiuiniles saufsnraunaiivesiuia Jani et al,
2011) MWaun1s Penman-Monteith uugilunisuszananavesuuusians fimdnns
hlvivesituiuvszgndld win1samnuanunsalunmsuandsuthsswinstuiaiudu

a do v o = 6 wa ' e a £ ° o
U?ﬁﬂqﬂqﬂtﬂuaﬂﬂwaﬂﬂqﬂ bUUI18899 SUEWS "ﬂﬁl“ﬁ?%ﬂ'ﬁ‘ﬁqﬂqauﬂian'ﬁwﬁlﬂﬁqﬁiu

17 =4 = - o ot ‘o’ = o L
ﬁﬂﬁWLL'&ﬂﬂBMIUL&JEN (Jarvis, 1976) L‘WEJ"U’m’eNEillCﬂﬁ‘WEIN’MLLaSUﬂULﬁJENﬁ’m'ﬁﬂﬂ’m"JEulﬂﬂ&

@1UN159% 54 way 55 U

=
[}
%
=
1
i
i
=

1o

P+I1,+F=E+R+AS[mmh1] Eq. 54

Wio P fie Ysuandnely, [, Ao dnlszihaiwusnszuy, F Ao nisvanddesinann

2 ‘ﬂ' L 1 = &
Huwd (Mg, wieelsuaine, nisvaesledeainnismela), E fAs nsszwe (@9

£

safamsaied) R fe diafiu, AS Ao mawdsunlasanuzvasigvslunisiniiu (ms
ANEANTUTDIAY WTBUBIUIRIRL) AeluiuidAny

Oke (1987) nd17d1 Mssemevasdwilviaunavesiiinnuieulesiuiuvauns

ta0ex / Tesodoxd LQQZOEETRS SI

L & A =
waw"mluwmwumum

T95ZF050

Q"+ Qr = Qg + Qy + AQs [Wm™2] Eq. 55

O

=

5 (mnganuemea), QF Ao nswisidmuiouninuywe,

Lz

IA = e =
Wa 0 fa Sedaw

%

S0

a4 2 o ! — < 2 1% o =
QF fie anusaunuse (Qg = Ly, E; L, fie anudouusvainisseme), Qy e

/

:bas

Wandanuseuduia, AQg A msintiundndaudouans Gssmdaandanuiouniniu

Fe

wazAIUSIU-AUEUTBIEIUNARUNUR B IR

wuudnaes SUEWS filassadneainisnisuseyanauuudnasy Anmi 54
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L forang data

CJ nput parameters
1 adiation balance

I energy balance

water balance
atmospheric
controls

] surface resistance

FOLYEERILL

dry conditions
: § . =0 wetconditions

WIS, L O<r,, «r  partially et conditions
I, P Tl | 221 1

Al 54 wnuianandlasassaunisuuustaas SUEWS anelundawad
i1 : Ward et al. (2016)
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=

P o 1 B y .
Tne C; fo Usinanhuuufvewsaziuiiy I, S; fe Usunanisifiuannuduraus

e

=

aziulla, T Aa The boundary-layer resistance wae Zgy, A8 Roughness length va4ngY

o

1 4

=

1
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Evergreen Deciduous
trees trees

Paved Buildings Wwater

= o & a & & a °
AT 55 LAAIANWUZNURIIEDM 7 WURY V99uuUD1a9 SUEWS

ﬁm : Jarvi et al. (2011)

INANTAUNIITTUNTTUTHIUN WUUUUTIaee SUEWS (udilddnenmsazay
wiauenudou maasvouiidvesiuiauies i’;uﬁdmmauﬂaﬁwmﬁuﬁa \iag UJanvi et
al, 2011; Ward et al., 2016; Kokkonen et al., 2018) Fsuuusrassaunsald@nuilusesiu
microscale fi4 mesoscale 16

Fo : Hulusunsuiidnunisazaundanuanuiou anudouuls n1sasvieudvaves
Aufaifies warilauarunsaduie n1sdrassanuangativesiuiiniasddedied
Uszansnn

faide : wuudaes SUEWS hiawnsadrassiuusgienniadu wu nslwadey
U998 LAYLARWYINING WaTNSReAINNSned (Parameter setting) fiAnudugaU

Hn

2.6.7 Wuudasd TEB (Town Energy Balance)

U 2000 Masson (2000) ﬁ'wmLzuuﬁﬂaaagﬁmmmﬁaﬁa Town Energy Balance
model ‘TTuTmﬁm@jgﬁ (Toulouse) UszinarSama o Centre National de Recherches
Metéorologiques Gsanunselddnmluiuiiffanumuuiugs viefuifiujduiusssung
Unaiuiniy suussemawagdinu warluusnansedndes TEB agiinswiansnad
Aiennituiina s 3 Wuia fe v il wazouy e uamATIAIgATBINE RIS
Ypaufasiiui sauden1smsRndued (Radiation trapping) veessdnausILaTAaudY,
TULUANNaNG (The momentum  flux), Anuseududauazaiuiouns(The turbulent
sensible and latent heat fluxes), M3fintAvuazUaoaAIILSoU(Heat storage uptake and

release), W1 (Water), msananuyasiing (Snow interception) @uauseuiiinanuywed
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AW 56 SULUUNMIAIUINUTTIINAYBILUUTNADY TEB Auansduiusseningmudsan
A1RTIRTALAZ LU a9 Tuseau Local scale

a1 - Masson (2000)
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A ~ Zero flux conditon T
T i aa -~

= o q.v»’-’.“’v A - /’o a a o
AR 57 JULUUNMIAINNGRIUANLTaLRURITeIMUUTIaeY TEB USausuadiniles
Taeds1eanSnaninaNNURD 189N N9 kazauy Tusyeau Micro scale

i : Pigeon et al. (2014)
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ke (Lemonsu et al., 2013; Pigeon et al., 2014) SvEnavefiuivesenAsHofiusIeINA
(Hamdi et al., 2008)
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Model Tenh, . 3
Model Type Scale £ 2 £ = Other. ]
reference Air  Surface = 5
Bruse and Fleer - Pollution
ENVI-MET V 4.0 CFD p-a Free
» VAl WaANNA LY B
plug-in On
STEVE Wongetal. (2009)  p-Q  4f - N B .
Sketch up
Schlinzen et al.
MITRAS M - SYS. " Vv N A - - -Polidtion -
(2003)
ESRI

Lindberg and

SOLWEIG ASCIIGRID- el ./ NoL Jasly - & Free

Grimmond (2011)
formats

pollution, carbon

SLUCM (WRF) Kusaka et al. (2001) @ -B 4 V v vV ala i
fluxes, etc.
- Pollution

SUEWS Jarvietal. (2011) d-p - Vv A Y . )
- metabolism
-energy balance

TEB Masson (2000) u . v " o oot )

- building cooling

YIRURINLTITL I aufULUUSIa0e U= micro (1-100 m), = local (1-2 km), R= meso (>2 km)
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2.7 nsdsuiisunaziuduadnugniovaduuudnaes (Calibration and Validation of
simulation model)

msluuuiaomseauiameslunisinwanmeagionmailes Lieagneies
vasuvuTIaasazfasitunaunisuiuiiiey (Calibration) Audeyailldannnisnsaaiama
onilningnnipauIunann sy ey a1RINTaasanmaInia eldduduninugnios
(Validation)veskadiléainuuusiassvesifuidny dsdursuiisgdunsuduiouiiou

Jayanisinlamsaianmainanlanuuuitaasdenau (Montazeri et al., 2013)

2.7.1 msusuisukuudans (Calibration)

msUufsuLuUTaasan eI AasiuiiAnwAIs S uRudIen s A1 g
917791 (Air temperature), ATMTUFNS (Relative humidity), gaumgiimsuiadamuiou
(Mean radiant temperature) LagAINULIIaL (Wind  velocity) Alsarnnisnsraianis
gnievinermaaunanldlunisdad Parameter Tunfausn uazaisaniwmanigninues

2 '
4 o at &

78 a1 NtwdloliNaIINNITIRDIENINDINIALAIFEABNIN IURFINAMULANAINAIY
as a ¢ aa & & & v A o a ¢ -1 | v
FBn1sdAstginiatadely MadnisidenldAinaziilufiaadaanuunnsisueg iy
TagusrasAnaziuUsvaisazanide dAmnwanlianuuudiassdiannnimseteeniy

MINTI9IANAAUIYN AYSUTUAR/ATRY MSAATaYanE@n we A (Parameter  setting)

inoex 4 Tesodoad [Q0Z0E6TBS SISHHI-T ACW

YaaLAaEAwUs N9979981099N1591809dN NBINNA

2.7.2 nsdudunuudnase (Validation of simulation model)

T96ZF0S0

'
ol

nstudiunugnAssvasiuuinaetanine N Unidetenldisnisnisaifiive

0T

IZ:

= 1 a dy . . . 2
W’sjilﬁﬂ'a'lul,mﬂmﬁ MU The coefficient of determination (R'), The Root Mean quare

Error (RMSE) waz The Willmott’s index of agreement (d) (Erell et al., 2006) lnga1 R’

tbes / 60:

Ad5HAENLNA 1, RMSE aasiimdilng 0 way d masiantitng 1

24

FaM15197 10 91NUITANLANUARIAIINNNTILASIZR The coefficient of
determination (R2) {15133 0.69-0.96, The Root Mean quare Error (RMSE) ifi

SEWIN9 7.98-0.66 wag The Willmott’s index of agreement (d) HAngs1314 0.78-0.98
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96

= | o 5 . . . 2
15199 10 LAAIANRINNTTILASIEY The coefficient of determination (R7), The Root

Mean quare Error (RMSE) waz The Willmott’s index of agreement (d) MNITesy

Study City Variable R’ RMSE d
Lee et al. (2016) Freibureg, Germany 11 0.85 0.66  0.95
The 0.86 549  0.95
Wang et al. (2016) Toronto, Canada T 0.69 - -
Duarte et al. (2015) Sao Paulo, Brazil il - 1.61 0.85
Acero et al. (2015) Bilbao, Spain Ta 0.96
Turr 0.71
Ghaffarianhoseini et al. (2015) Kuala Lumpur, Malaysia A 0.96 - »
Taleghani et al. (2015) Netherlands Ty - 1.00 -
Chanegwon City,
Song Bonggeun et al. (2015) 1 0.52 483 -
S. Korea
Janicke et al. (2015) Berlin, Germany Ta 0.87 1.39 -
i 0.95 7.98 -
Conry et al. (2015) Chicago, USA i - 087 0.78
Wang et al. (2015) Beijing, China i 0.81 - -
Al-ameri et al. (2014) Putrajaya, Malaysia Ty 0.69 1.82 0.60
Middel et al. (2014) Phoenix, USA Ta - 1.74  0.98
Hedquist et al. (2014) Phoenix, USA T 0.89 29 0.79
Maller et al. (2014) Oberhausen, Germany Ta 0.97 - =
Chen et al. (2014) Freiburg, Germany v 0.25 - -

‘ﬁ‘m : Salata et al. (2016)
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2.9 yiteiineades

2.9.1 Numerical study on the effects of aspect ratio and orientation of an
urban street canyon on outdoor thermal comfort in hot and dry climate

Ali-Toudert et al., (2007) Anwdndiugunsusunadiniiies (Aspect ratio ¥ H/W)
uazfiansveseniing Midwansznuseanizaruauednnmioulussdumaiiuiiilugg
$ou 1lpsnsne Ussinaneadise Swegluuagiienniauuunziansie (BWwh, Koppen
climate classification (Peel et al, 2007)) fiflgnugiigauazuislugnieu Melusunsy
1009 MeINIA 3 IR ENViEmet 1ae$9u 3.0 WeiSeuiisudadiugunsasuiadngios
0.5, 1, 2 Wag 4 Aumnsnafus JULUL Lagn13iiAM1anT51iIueseImsHauang (E-W,
N-S, NE-SW and NW-SE) (nwi 65) Tngllifinnsanaaantfisnemiuieuvesianeinns
&Laﬁﬁgﬁﬁmﬂi’liﬁﬂﬁﬂﬂ“ﬂiﬂﬁﬂ’lﬂ Wethdeyaluimsizianzanuauieidniufouvswyud

=y dl" nt'ﬂf dl ) v o -
USaauuvasiundane wavivernlulediassaninenieluluswnsy Envi-met

g
g i

street geometry

H/W = 0.5 H/W =1 HW =2 H/W =4 plan of the street canyon showing section for
SVE = 0.87 SVF = 0,71 SVF = 0.54 SVF = 0.37 which analysis is made

rd

=0 Mob o/ | N\t

streel: 8x 1 m

street orientation

E-W N-§ NE-SW NW-SE ENVI-met vertical resolution at street level

= a oA ) - - @
AW 65 JUNTATVIRALLDY WAzAT Sky view factor LAENIHIANIINITINAIVIDIATT
foudIR7Ing
= 5
U1 Ali-Toudert et al. (2007)
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General conditions for the simulations

Location Ghardaia, Algeria. 32.40 N, 3.80'E,
469 ma.s.l
Climate type Hot and dry (Saharan climate)
Simulation day Typical summer day. st August
Simulation duration From 7:00 1o 20:00 (13 h)
Spatial resolution I'm horizontally. 2m vertically
Street width 8m
Building height. H 4. 8. 16, and 32m
Building length. L 6H (= urban canyon)
Building width. 1 12m
Wind speed Smyjs at 10ma.g.l.. constant
Wind direction Perpendicular to street axis
Air humidity VP = 12.5hPa
Heat transmission Wall: Uue= 1.7 Wm'K
Roof: Uyue = 2.2W/m°K
Indoor temperature 293K (20 C), constant
Albedo Asphalt road = 0.1
Brick walls = 0.3
Rool = 0.15

[
[

AT 66 NIRAAANINEINFBILUTTIABY TUTUTH ENVE-met 1asdu 3.0
flan - Ali-Toudert et al, (2007)

=
g
(=}
=
|
3
]
]
0
H
93]
v
o]
=
Rt=}
{o%) . 5
2 Ghardaia, Algeria.32.40° N, 01August, E-W streets Ghardaia, Algeria, 32.40° N, 01 August, N-S streets
= PET,H/W = 0.5, East-West PET, W = 1, East:West PET. HW = 0.5, North-Sou PET, HW = 1 North-South
3 20:00 20:00 20:00 +—— 20.00 +————r
19:00 19:00 = 1900 + %S
,g 18:00 18:00 18:00 1-M%c—
,g 17:00 17:00 17:00
Q 16:00 16:00 16:00
o £ 1500 £ 1500 1500
= < 14:00 = 14:00 14:00
~ 13.00 13:00 13:00 &
H 12:00 12:00. 12.00
L 11:00 48 70°C 11:00 11:00
<4 10:00 86°C 10:00 10:00 70
L 200 62'C 9:00 900 Ll
= 8:00 I - 58°C 8:00 L 800 ) 62"
g Om 1m 2m 3m 4m Sm 6m 7m 8m Om 1m.2m 3m 4m Sm 6m 7m 8m B 54:c (s) Om 1m2m3m4m 5m6mTm8m 4,  Om1m 2m 3m4m 5m 6m 7m 8m [ 58 °
E fay  feeeeeee street width oeeoeoee| b | street width e { 50°C | street width | |-eemeeees StrOOL WACHD ——eemeeee | 54
w PET, H/W = 2. East-West PET, HW = 4, East-West 46°C PET. HW = 2 North-South PET, H/W = 4, North-South g
ol 20:00 1 .00 + . 46
= — 20:00 _
19:00 19:00 M€ 42
Lot % 0
o 18:00 18:00 :
= 17:00 .
e 17:00 j
o 16:00 16:00 *
o T £ 15:00
w = 14.00 = 1400
- € 1300 £ 1300
% 12:00 12:00
o 11:00 § 11:00
‘9 10:00 10:00 4
) 2 9:00 4
P o ) 8:00
Om tm 2m 3m 4m 5m 6m 7m 8m t¢) Omim2m3m4m5mBm 7mBm (5,  Om 1m 2m 3m 4m 5m 6m 7m Bm
() Jrm SlrEOT Wit I L S T | R | |- street width -———| o R | R——

awil 67 msiAsunlandiiuiiuarnauesgaumgilifieunimsadssinen aufienenis
Mesvatnsuaimmie -Aidld way Aangiuesn - Aanziunn vesgunsusIAdinges
05 1,2uaz 4

#l7 : Ali-Toudert et al. (2007)
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HAINMIANINUIFILUTTUNTUTIARALIB A NTAANIINTI1IYBD AT SHE
wee1fing TBvSwasgunndeanizAnuauIBIdinNTeuveywdusInouY deasy
=4 ! [ a 14 & a 4o v & dda v
Ussmaniauinisuiulgsenuaunaisanudeududhlaenluiuinienasounay
Wiy wianuisavilelnenisangamgiionneadanias NN SiNAINER A TIIABIRS
= ' v o A B a T s
oul 9rdwmalvinisunssd (Radiation fluxes) 91ngaunniinsuiadiafe (Mean radiant

temperature) geuiduiu. wanIINUULUUTTaRdLandl AN 158 a ILaYTINIA V0

a =l

uililgaungifisuinneadsyinengsganulugunsasnadindiosiifiangs
Tuwngionnaseuiawndou nsanmiueioaanaudeu (The heat stress) iin
vilden TasawigluwuinuuiianzTusen-iensuny Fegamaiifisuwiinisaiseine
dmugunsasuadeaidies 0.5 (H/W 0.5) fidanumassnanmiuieugeiign veset
gnpsTeslusafinngSusen-frmeTuan wwamensudledgmansiivsundiseduouy
WU maduiiiivdean viedulsl vielunsdivesgunsasuadnidies 4 (H/W 4) Awifsenens
s UAUIAIEInduaz T USINOUN (Ali-Toudert et al., 2006)
TumsiSeuiieuiirn1en1sneihveseiashiniugunsasviadaiiies wuigunss
svadadies 2 (MW 2) wieannnd1 Aguvafifisumimisaissineigeaeiitesndy
sunsusvedadiosdustaiulddn dmiunsdsunsastndndosiivinfuluiienams
MesnfianzJupenideunie-angTunnidedld vieiangiunnidesvile-finngusandesld
fufiannzauavisdanudeudaty esnldfuinvesutunsduiivaguatislally
wasinddsasndivnuouulagnse feermsinsiluiienidananiamwesanigl

UauIedeaduseu (Thermal discomfort) g’uﬁqﬂ (Ali-Toudert et al., 2006)

2.9.2 Impact of urban geometry on outdoor thermal comfort and air quality
from field measurements in Curitiba, Brazil

Kruger et al. (2011) dnauazUsuiiunansznuuonsuadadiosfiiauduius i
Jagfioniediosuazanneauauisuinumudui leeld Sky-view factor (SVF) 1lu
el lunsIkunIUNTIsIAdnEeY TuaudnanaiiadnIful Usemausn@a (Curitiba,
Brazil) sﬁaag”[,ummqﬁmn'lmuu%’au%u mﬂﬁuaymmﬂﬁamxi’umﬂ‘lajﬁmmﬂLLﬁQLLé’a 210"
avgulugasow gamgiivunany wazemeeuguluggyuil (Subtropical highland climate
. cfb) Peel et al. (2007) lalguuudnasslusunsy ENVI-met 390AUNISN15ATITAN AU

NUIAFANIINITINHIVBIUUAULTVIALALLDY AAMUFUNUSAVANLALANTTEUILDINA

(Ventilation) T9a9HaADN1SNSEANLRVBINANENI@INAALNAINNITITITT
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= Point SVF H w HiW

= 2 02 30 18 17
@ 3 032 19 18 1.1
8 4 0.34 4 " -
0 022 28 18 16
a; 6Ga 026 32 25 13
*® 6b 027 3z 25 13

7 019 20 25 08

8 037 y by

9 029 33 30 11

10 0,30 12 30 ]

13 oz 21 - | 23

4 055 : .

16 0.38 :

17 o re 18 1.6

18 03 20 18 B}

& : 7 ¢ Estimated height, obtained from Rayman results from fisheye images
=~ LE § j A ::lr:::rfmmng
d s - =y =4 4’ = o 1
AN 68 a) MINTITIANNEATELIMEINIAAU WHBIUAY 1.6 AT b) ALNIIYaLR
MFITANNEANELINGT ©) T IIUARIANBENIINBNINVBIPARTIDIAN AU

fan Kriger et al. (2011)

Marechal loro Street

pz :bes / G0:12:0T 1962¥0G0 :a091 / Tesodoad LQQZOEGTRS SISHHI-I NIH ||" ”"““m

P & A o ¢ P aa a
AN 69 uansuuIANUTIvBILUUTIae lugudnanaiioniiul Ussmeunda
9131 © Kriger et al. (2011)

2INANNIN130ANDY (Regression formula) 3nauMs? 56 titernuidnmaaniu
$ou (Thermal sensation : TS) fil#iflunausilunsussidivanwennie Taglddeyaduys
nMsasianegalissinenninauiy Usenauaie gauvgilennia (Air temperature :Ta),
andian (wind speed :Ws), AuBudivng (relative humidity :Rh) aduaseiing (solar

radiation: Sr) Lzazqmmuﬁiﬂau (Globe temperature :GT)
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Ts = —2.31+ 0.13 % Ta — 0.27 * Ws + 0.0006 * SR + 0.001 * HR + 0.001 * T, EqQ. 56

InggaumgiionmeafiugumgillnavasgnArwisludn gaumiinsunssdiade (Tyg)
waranmaiionefuanuliudinsazgniuanduAisnsidiuninui (Humidity ratio ;

g/Ke) munmssunuduuslelasuvian (Psychrometric relations) 489 ASHRAE

]
1l = =

9In@un1sT 56 Kriiger et al. (2011) wudnAgamgiinisusssdiadelifiddoymis
A0 F9IAINTITIUAUAISIRLAIDITIAE LAZAIDATIAIUAILTY FarRfasvisantannll
AIALNITN 55

TS1=-23140.13*«Ta—0.27 * Ws + 0.0007 = SR Eqg. 57

L =

Tagaunis TS1 ﬁmam"lmm':ijﬁﬂmamwmawamumu AnsanUsdasy tawn
gungiennie (Ta) AnuSIan (WS) warisdn9e1iing (SR)

Kriger et al. (2011) wWuIMsAsERANURUSTEINgMV o ALaLgMNYil

2
e

msusSadnbeiinnuduiusluguin Sgumngiinswdfedindeduarlasudninalaenss
a adaa

W ) ™ V-] o A @ a fv a
Nnisduaseindlasuluiui diuluiunfonmagiigs Auiilidwatuaieiinddosnse

Y

a0

as =3 ¥ - = 1 o v a ' a
firnadenisueadiuviasiy (Sky-view factor) ige azdswavinliiinaniielaauiuidanai

3
$ou (Thermal  Discomfort) luszsumileiuiiu 2.1 wasmulse ogslafnaluiui
punpiidhiuiisinaniaunsalianmgauauiodmmudouldituiu
lunsiivesgamgiiuaznisszuisemalusziumadurin wudwnTduluiuils
nanudlosiiuedn fuilasdos msfinisusudssnenwieadelianiaauiiiniu

v

dmsunisinaldsuresenauiumaiuliedu Tuplienmawnseuluulssmausida

=

dudesn1sauIanamasaiitivessuigend  widmsuieniavinigieniauuy

13 -i’ 1 o L4 ¥ a‘ = 1 a b4
Soutuanusiauaslurisggrunovhinuineueneimsiinan e liaviedenuiay
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2.10 NFOULUIAAIUIY
PNMINUMILITIUNTTH NUTIMTABULUAIEnYEMIMen mysadlaaiiiinain
asiawesuaznszuiumalulies (urbanization) v lviiinusingmsaiinizainuieu
des Tneftaduiiduasuliifnusngnisaidang1y 3 Jade Ae  junsusvadaiies
(Urban Geometry) AsUnaauitufi (Land cover) uaznisliusslonifiau (Land Use)
MNNMENUMIITIUNTTH WUTIMIAsuuUasdnwazInenneeailesiilinan
msRmuileamaznszuunsiluiiles (urbanization) ilbiiAausingnisainizaauiou

I = Al = 2 o 6 W ! s L= a =
LB If?’lElllﬂ%'i]EI‘V]ﬁQLﬁ‘iiﬂVILﬂ@‘lﬂi’m{]ﬂ'ﬁmﬂﬂﬂﬁ'n 3 U378 A gﬁwialﬁmﬂmmum

Faa

i £/ ”
(Urban Geometry) #sunaauiuiiy (Land cover) kagmsidusloninnu (Land Use) 910

wwaResIna g sliauaulslulssiugunsssvndediaanidvinarenisasunas
a ¥ o ] o ° a -
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3.2 VDULYALYINUN
3.2.1 NSLABNNUNANY
= A&) 'a o s =) g}; 45‘; = v &’ o L7
aaideniunAnedmsulunuiduased Rarsanveuasuilamnielanannis
P v aa o w v vea a a
Usingnisaiinizanuseundanvnain 3 Jadenan Usznaunie nslenau dunaquinu
o= g A = Jl v =f
WAy FUNTUIUANATDIWUN (Oke, 1982) lasluns3detidatiunsfinenansenuangunse

a =1 P o v & oo w & A o &
Li“U']ﬂﬂJ@“UaﬁLll@ﬂm@ﬁﬂT]Eﬂﬂﬂ"lﬂlaﬂuqﬂﬁﬂ ﬂﬂuuﬂﬁ&lﬂ'ﬁ@lﬂuﬂqiﬂﬂlaa@ﬂwuﬂﬁﬂﬁ'] AU

'
=

1) wunfnwiienuvainuanevesvipdadeidudnvaguiuiiies

(Urban Canyon) ag13daLau

a &

2) fuiidnufidnuarnsliusloniiinu uardsnaquiuiiadiondauay
Tn&idesiu oldunsauaudvsnaduasinandnuaenislivssloviinu uazdnagu
fiu deannrendluiinagaiieneingunglenmaliintuliosiia

3) fudidnuiiouuiinilunuifiamie - idld waziinnziusen - fin
pzfumniionnaeudnsnavesnisivadsuvesandifiieaniizeinialuusinagansiaia
PRV HIERLRT

4) ufidnwmsiideyamsaumagiienans (GIS) dmSumsiuniesyd

ANWUENIINBANYDIRUNAN Y

=4

& & & d o g v o & A o v o o T
nnsnsdeniuiinliiideideniunigrudanau Jamdadedlua 1Wuiud
Anen asainiuisena alian uaInvatevednd 1uANEIRIANTHBANNAINAI LY

(Aspect ratio) fifanssunislanunnaaiendaiu andadssnudsnded nuinteyaids

wuilugrutanau Jagiulidnsrdruiuneinssuneiiuidu (Floor area ratio :FAR)
a 1l & do 1A & = o o &
fifngegmegi 1.110 : 1 Wuidenaniinsdatugnaivenn 1u

Y

o 1l
Lﬂﬂﬂaqw 0.104 : 1 wag
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3.3 Bmanusunuteya
Tun1s3deaselasfiusivnudeyamuiiulseineg Tdwasegagiennimies lay
2 L% o ] ﬂi L as L3 = e
lhunanmsmumunged] wénns wwafaifeates wazasimuinguizaiAveanside
Usgnaumetoya 2 @ Aatl
3.3.1 Ueyaugugil (Primary Data)
¥ av v oo ° & a a 1 &) ] =
Fayafildvhnisdrsannaaunluiuiinseendu 2 du fe
@ 4‘ i 2/ G‘l o L3
1) dwazneniznmaesiui mafutegadnmiall uaznisdunnnisol
& 4 ¥ o1 a v v W v
Turtuidnw lowa Aanssy nisldungudreranuy gunse JaRems Anuninevesauu
a & a v ' ° ]
AaUnARuUURT A21UEIBIAIT TWIRAINEY ANNTIINTINAILa AUV YeIunssaily
& A & oda ow Ve ar & A & ' )
wuAdne Tun1sasiuiAvdeya Fideudsiufioandy 4 da auuwinuuaendn auu

o P o
YNAATULALDUUFDHLATIEY (NN 72)

& A o a
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nididnwdwdheeary JavimBasll
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2) mInsrvianggiisuinervesiundnegr nsnsadinaningieinia

]
=i

ilea (Urban climatic parameters) Tnoasiuiifuil 20-25 wwnew 2560 o U3naauines
aoulye Lssniutinarfinasendindsaaniusmindodul (@oduideansiemnans
Wwhswnd, 2560) wazSuitivosiiniinnasaieiu (Clear sky condition) Wiietlasuwmunts
wasaniind Tneflszezinatlumsifudeya 14 47Ta (6.00 u- 20.00 w) tilethieyawds
anmeinAvawiaaesiy WUl dAn Parameter setting Tuluswnsa ENViemet wasiiteld
dwsuseuiisuiiedudu (Validation) rnunhidefiovesuuusiaesdie

3) msenenIw sky view factor #e Fish lane tusdosanelagliiduuy
gesnmiuluneiiamiiovesgadionniane ielildfianisnivyuvesniserinduay

F31a1N5 IR TULAUAANIgNFDY

3.3.2 deyanFugdl (Secondary Data) Feyailéanmssiusamenansdadudeya
shaluiAeafuiui doil

1) doyaguumpiedsnefounnguigaioninernmamioniawmie nsu
galleninen a auuduuInAlsdll mmqammm"uﬁwma 314.00 14H3 ARAVLRAY
Tan awign 18° 47’ 24" aeafign 98° 58' 37" Tunsfnwnilaglddoyaaninernia 2 dau fie

(1) feyaanmgiioniaseiiou veuslonduddwinauiounds 30
U (@ .71.2528-2558)

(2) Yeyaanmgiiemavesiloudsslniluifounweu U wa.
2560

2) Tayalduniuaanfing (Sun path) AMeT9TU (Day length) uas
FULUUW (Shade pattern)

3) gnusﬁaaﬂaaﬁaummqﬁmam% (Geographic Information Systems: GIS)
nddnnulesisnskaziudes nsulesisniswaziuiies Jamdadesivd U 2558 uay
U%’Uﬂ§aiaya’lﬁtﬁuﬂafgﬁ'umnmiaqﬁﬁw“ﬁuﬁmﬂaum dmiunmisihuidsznaunis
Ak Uszneudae nslivsdlenienais Yagenens swaudueias uvdad dumg

deyas

= o o fala
4) ngwinedeafunsmuaunsliUsyleniviny uaznguuneniunueIas
nnwnaneatunisruaunstiUseleviniu loun

(1) ngnssmswlvldderuladiessudminidesivi w.e. 2555
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(2) ngnssnsnlilddudadiossuslantedlval wa. 2555

NVNEAIUANBIATT LAk

(1) ngnizwiaaaﬁuﬁ 33 (w.7. 2533) aenauaulunszssUy s
AIUALIBNATT N.A. 2522 SlansiiBafiunnsmuRue ATsgILATeIAIsTUA gy waxil
nsuflufiuifslng ngnsensasatuil 50 (we. 2540)

(2) ngnixm'ﬁ’maﬁuﬁ 55 (w.#. 2543) eannA1uAI Ny
wsvsdnydRarauauanas WA, 2522 faszifgafunismuauiidng szuzsu uazuuIBnANs
wagimsudludisiulag ngnsznssatud 61 (w.a. 2550) Tuassiieafussogsusening
81A13

(3) wadydRndauriauasidodu Ses fuuaunaiudeatne
Fauvas niewasunislderasunsain vieunwssian luvesiiduanigd duagmn
Auatiases duanszdnt duatiseaiu wazdvames luwawmauiauasideo

Jwiadodduml w.ea.2557 (Ussmalunsesisfiaanguuney) Weiui 10 nuAMus 2558)
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Usziandaya

unastaua

anwnuzvestoya

=

Audenileuingrnmawmile
AAALe NssRtieNIng)
AN uu@

waealuad

aomgiionnasedalas U 2540 -
2560

Aansaausedalug U 2560
fievnsausedalus U 2560

l-‘-?l’ a s 5 s
AMNTUFUTINET I8 IU V2560

dinaulesSniswazes

= s @ 1
Was Jewinuelml

FuloyanIAIs

g
a9

YUVBDHANUU

e

v 1

Pudayaunandl wWunan

Ce
=

s

BUYBUARAITNA Y

U

(4

2 =

Futauanislauseleviney

Y

vulesdians Joyaldunauaseniing (Sun path)
iz, (www.timeanddate.com, | A11181%3TU (Day length) SULUY
)
e 2560) 11 (Shade pattern)
&
am (] =
e T¥0RLTUYBIANLY
= SLHTVNTEMINAMIVRIANULY
Wiz URRRILANEIANT N .
ANNIIAUNENDIANTVBIANLAD
W.A.2522 \
AN TIVBIRANLEY
sUsuuanUnenssuaun
o A - W ' & o | A& da
ngnsEnTIEAiiosTdles | ensidmituiienasnudeiuinu
Weslyd w.m. 2555 (Floor Area Ratio : FAR)
L% LY o A ar 1 g i 1 1 li’ dl
WsgwUlAnsHailes ansduiunlaweiuien s
W.A.2518 (Open Space Ratio : OSR)
1 : {39y
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3.4 \A3asilensAnen
wisdislunsinungunsusyadiniiesiidmasegagiienmeiios wiseenidu 2
du e teFesilelunaifiutoya uasiedesdioiisesitoya
34.1 iedeslslunsiiuiioya '
wsesilelunsifiueyaiiounanldlunisiesest Usnause
1) indesinsvuziawes Leica DISTO Ju D210
MaNUTaYaANBULININIBATNTBIBIAIS UTENBUMIY AITNGIBIANT AT
A$1997815 BUM ML TSk usresivnssaluituiidnudeiadesinses

\aLe3 Leica DISTO 3u D210 (Accuracy + 1.0 313.) #3073

Leica DISTO 34 D210 (60 31.)
AN 73 wARNLATDIINTEELIAWET Leica DISTO Ju D210 (Accuracy + 1.0 3l.)
= e @
I : {398
2) lzawaopt KSW-4 Fish lane 9119 @ 24 mm. A14NI13 180 8961
: : N : £
NSEN8AMN sky view factor 893UnNsusVIAlaies luusiayanvosui

e A v o @ vas = a & - = v v 2

AN LWi’ﬂ’ﬁﬂ'luqmﬂ'ﬂllﬂﬂqﬁlﬂiULLa\?@iwmémaQU'ﬂqmWUN?ﬂuuW'ﬁ@W’NWnW?E] Fish lane
i'iiiiliili

iliilliii'

Al 74 uassdnues Fish lane lzawaopt KSW-4 4u1@ @ 24 mm.

fININ 74
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3) YapsasiinInnnegnlisaing) (Micrometeorological measurements)

yinTesleinvngnionive) Useneudieiaies LUTRON WBGT-20105D

v

el ingumgiionnia (Air temperature) AIUTUANINS (Relative humidity) gaumniinig

e

Wi $9dA71u50U (Mean radiant temperature) 3gnA1IMAINMTLG Globe thermometer

Ao v ¢ - a_ a ) " . o .

nfldudaugnanen 75 faduns wazdnaananiiay (Wind  velocity) lagld Hot-wire
P T ) B o e w

anemometer wuuwﬂmm‘;aaﬂutﬂiaﬂ TESTO 435-2 data logger Uuvnyayaasuu SD card

NNY 1 Wi wivuyAvIAs Aann 75

LUTRONWBGT-2010SD Hot-wire anemometer

AWl 75 amnanaaesiteTavisenieniven a) LUTRON WBGT-2010SD uaz b) TESTO
435-2 data logger

N : 535

3.4.2 \AspislumsiinTgideya

1) Wsunsudiaaanin ENVi-met £395%u 4.0

ns3deluasalildignisadrsuuitaesdaninenia (Simulation  model)
gglusunsy ENVI-met 1astu 4.0 fanunsassriduwlsanineiniesudulaeldteyaain

as J ql = A = = = d‘ 1 1
nsiaaninenialuiiuiidinwads iednwidninaveszunssenarsidinadeanin
a 4 o v v o & o va o ow & _a

piiemea fednduazdesaiiuuudnaesvesiui waranmramalilnairgaiuaimluase

v A s v 1 1
Tiuanfign Uszneudugiudeya (Database) voelusunsy azuvsesnilu 3 diu e 1)

=]

dayafiuwssn 2) giudeyaiu 3) gruteyasinvamnasu lunnqlwainanuidred

U

Ee%

8 =

UEuSlauni1svssLuUIIasm i dndidsndaians nsndudanisuszuianaann

I971ANA ASANUMANNSBUTRILARENIAAA L ULUTHNTH ENVI-Met

(e I o=
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2) TUsunsy RayMan Model

&

mseTeddsiinTuauiodenaudou (Thermal comfort index) M3enin
gaunilaunan1eaisinen (Physiologically Equivalent Temperature, PET) 9833Unse
suadadiadluanindagiu waznisuiulgesunsasnadadielasdisdaainngmune
AITUANBIANS

3) Waunsuinsnentoyanisadi

nsaseRiinnslnszvIunTeTziveyanieadd teldlunisuiuiisuuay

o/ a o "

d EII o = o o/ ] @ A
PufuAULTedureUUTIa8Y LAENITIATILRAUFNNUTTERINAIUTNLBNE WA e

anmeAMNALIEITIANTBNLTNAMIAUWNYEIFUNTIIIANALTBY

3.5 NSTUIUNMINIMATIANISIF

2
a < = e

nsAnwgUnsusTIRdaiissdianeganionialiesfifunounssuIunITNIe

ja g
wadinn3de fail

351 mufudeyaninauy

msiiudaganiaaumsznaumeteya 2 du fa

1) doyadnumznenieamuesiiuiiuazeinis nisiiudeyaanimiialy

warnsdanansafluiuiidne ud Aonssy nsldfuiidnmdiudneeaiy sunss Yan
915 ANUNTeetIuY ATUNARUIURY A1NEIDIATT TUIAAIINGE ATTNTINTIL
wagsursvasianssaluiuiidnw aunsuwdsiuil 4 @ Taslduuaouuaevdn ouy
FRARTULALOUNRDELATIEY

2) Aanssuluiunfny) 9290981 5.00 - 20.00 w. nMsivdeyaianssuly

1

& aeg Y o v d & 4 a ¢ %) ¢ a
NUNANWIMIENITNITELAANITA LUULE 16 Tj?IﬁN Lwa'ﬁLﬂ'ﬁ']%‘lﬁﬂ'ﬁl“ﬂﬂ?ﬁiﬂ‘?juuagﬂﬂﬂﬁiﬂ

'
= a

nadulugaananfangny

kel =

3) deyamsgailesinevesiuiiine a. uiuainsaeute ielddy

a

Y o a s 2 d & a a
ﬁl'JLLWH%@N@@V}UUN?“EJ'W‘UE]QWUWﬂﬂU"] ﬂ’JEJLﬂ%ENﬁJ’eJ’MV]N’q&{]uEJN’W!EJ’l

U

(Micrometeorological measurements) UsznaunleLAos Globe thermometer uag Hot-

wire anemometer IRARIGIIINTEAUNUALT 1.5 Wwns uaziln1sdesuniaTemsiainuuin

32.00 x 3..00 Wn5 et udssunIunIsATeInsIadn (N 76)



¥9L¥6E89LL

:a0ex / Tesodoad L00Z0E6T8S SISHAHI-T NCW

pZ :bes / G0:T1Z:0T T95ZF0SO

135

=

= 5 = A o a . i
AN 76 a) NNIAUATDUDIANNYAULNING (Micrometeorological measurements)
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eEEE

3.5.2 fuwungunsasuadiadisduaniniagiu
° a A &4 @ A aa &
Tuungunsusnadadeduiundne leedneuznenmyeuilaminiutugu
W4 (Urban street canyon) HuasHia13a19INAINGITINVRIDIANTVIADIE VBN UUAD
AunTevednuy lnernugvesoimsielsresilu 6 WveInwgIeIATT U
o wa o o v o v o
wseswUydiRniuaNeas atun 55 (w.a. 2543) Yo 34 lAinvuaaIe198491A1T930
= 1 - ) 12w & A | v & ' a
Anuwaaliunniign 40.00 wasyiniy uatudenasluiuidnsuidignaiiuninausl
. o P ] Ao i v ¥ vmw = o
mivsduldnguanednanilifeiaslandanuen 6 wvesrugs daludidededuun
_— A o X .
sUnsasvndiadlasnuaninvesormsiutdagiuvesiundne aruuwInuuagluium

Ainw Ieedisseeinaseninegunsasundinidownassaeg1a 20.00 - 30.00 RS

v o - ‘&’ Ad
3:5.3 ﬂ']'iai'mLLUU"Q']aENQaQNa']ﬂqﬂﬁBQWUWﬂﬂﬂq
o w 4 o ¢ ¥ . \
ﬂ’ﬁ‘u’}?lmluaLwa%’kaa\‘]ﬂmumimaﬂﬂwaﬁﬂﬂﬁﬂadﬁumuiﬂikl.ﬂiu Envi-met 4.0 U3

1 L7 é’
aanu 2 du A4l



LT

:aD91 / Tesodoad £00Z0£6T8S SISTIHI-T NPW

ibes / G0:1Z:01 1952F0S0

&4

136
1) Msund1deyadnuuennIenIn (Geometry setting) vasiuiigg1

ARTU

]
a0

) A = ) o aa " : v 1
U UL UUN15ES19MUUI1889813086 (3 Dimension) 28981ut19Aa1Y FaTuiuneu
=y A ] s 1 0‘:" ] =) L2 1 204 =) _= l
WitlvenIsuLaENagaAenuILLIN fatnfidny IunnuasuaiihUe uasmeiiAny Juan
= - ' [x7) A doe ) )
vosguloadedivy loeldtoyaainnisasituidrsne Useneunie Unsiems Tanennns
auu dwnaguiiu saufieiundsiazruinvasienssu lagldnmaigniseinia (Aerial
a Y a o | aw & . r &
map) U 2560 wagn1589198asunusidiauuiiulan (Geographic coordinate) TN uAfne
289aLd8A SUDUURLET (Time zone) armnmﬁu%gamﬂaummmsucﬁas‘ﬁ'uﬁﬂmuaa
= & e P a a )
3 weslasnde lulunfnwiiennsnganian 70 wng (5ausugusnsn aemedu uaglsausy
sadaaruun) NN5IVBUAMNUATUIALUUTIAaIENTREIUT19AaY T9un 248 x 248 x 25
a ' ] | W o | ' ~
N3 wiaznIafluuin 5x5x6 wns (A1 77) Tngasswuuinaosnsssuaanty 1 w1 Wenns
o = o L2 7 o g o o = = =
FraafiAn 1IN IFLUUIIaeY HukuuTaesd 1.2 asnilawns wazll Nesting
area AUAY 50 LAT AINIMT 78, 79 WaasluuIaesanBuEnIINIEAaNYSIaN MY

@ =
AINTINY 80

| Change or create mode ) _
Fﬁm—nm PR E oI T e flWOTITY, < i o aE]
Nuraber of grids and nesti ties : \ ==
i I m neﬁnnp:ooet wﬁm g . : Crealenm-!:l‘
i Model type: Concept Design Model iotation out of grid north: oo |
] M"‘"“"’*“"ff‘__ o, i fodstononesth . ~ || Al changes
Gids: | 248 ids: (248 | 2Gnde: 25 | =B S, )8 L = ===
* L | ¥ st 2 PR e [Chaingmai/ Thaland ~| 1} m £
Nesting grids around main atea g a —
Niof nesirg gids: [0 Posiononestft | uide(deg .5} (2300
Setsolpofistornesigoide Longitude (deg. W, +E} [7.00
SolA [ (00] Defaut Unseaid Sod [~ dono + | b g
e —_ — - Reference time zone: —
SoiB: I [00] Defauk Unseald Sol (" donc | Hame: {GMT+7" y
Grid size and structure in main area Relerence longiude: @wi i = ,—]
Size of gid cellin meter: X
a-@"); dy=500 | w.rg'_ﬁ?_ (base height Georeference
Method of vettical grid genatation: Coodante of lowerleft i~ wvale 1883 |
* equidistant (all dz are equal except lowest giid box) yrvahe: W =
9(dz ol foeet | Refetence system: wplane> ] at
Telascoping factor (%} [oca] - e
Stait telecoping after height (m): [0.00 | Reference level above sea level for DEM=0: 0,00
Default Wall/ Roof Propetties -

Wal Malerisk |15 [00) Concrete slab (holow block. ~

Roof Matesiat | B [R1] Rooling. Tie L

Model area descriptionc A brave new area

d 5 1 o o e é’ i 1 2/
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@ A irainoudy

] ) 1 v ° aa i v
AIMNY 80 ANEWULNIBATWIDIETUY NARTULAL LLUUI R DIFEIUUAE UL INARTU
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2) MIRIAYaLaRNYUENIENNEINTA (Parameter setting)
A1AIATRUUIIADIE U T UNITAINUARILSUAUNIANTNDINAY D
RUUIIEDY SAUDITTEELIAIN159180IENINBINTA TUN1SITeTlTIan 14 F2lud Sudy

WUUIIABIIAT 6.00-20.00 u. wazduiinfiianiwe niann 30 Ui

msssAnanmenielivuudaestuariideyainn 2 unaseya fsll
o u\lw [y & de & P &
2.1) deyanilsnnmensiainluiundnm mssseludiunassilag
e1dayailaannisnsivina1pauIunasne Configuration File Tulugd Project Wizard
P = E . o & v 5 = 2 W a
9L UUNTAIAENTNIINRDNLUDIAY (Parameter  setting) BIUTENOUNIBVBYAYUNA
g J o et & g B = a T =
91N (Air temperature) AUTUFUNNT (Relative humidity) F9U099UNHUNTITUHIIAAIY
§ou (Mean radiant temperature) AA1339au (Wind velocity) (A9l 81-84) waz#iAmnis
. . . o i3 g 7 = o o
Y9981 (Wind Direction) 18498UKkUUY1884 (Boundary condition setting) LUB491n1UIRY
& s Wi A = o & ¥ %Y & A =
lu msfinwanimenievissduamy Jxindudedliveyaanmoimealuiuidnuasly

o o ; : = =
ANAIALUUINEDY (Forcing simple) (NWN 85 LazN WYl 86)
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-+ Temperature
= rel Humidty
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AN 85 NIIRIARUMHUDINTA (Air temperature) HAEAUYUTUAND (Relative
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%--- ENVI-met V4 main configuration file-

generated with ProjectWizard
Fileversio -
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2.2) Yeyailldananiidnsiaiaanimernia gudaaiouing
meawile naugaiienive a andaunduunnvfdedmi iemugndeuazuiudwes
wuviiaes Tnsteyadiuil Ussnaude suuglienmanetu § 2558 anuisiauuagiianis
auade (Ags 10 Wwng wilehudu) eturesiuiidnw uazguugiidu (wdn 3 seéy

U52Naunie MNUEN 20 WUALAS, 50 WUALLAS way 100 WURLag)

3) MsUsEIIaNaLUUIIADY

ﬂsumauﬁaxﬁwL@ﬁ%’a;gaai’ﬁaaqé’ﬂwmzwmnflEme (Geometry setting) way
MSRFNANIMEINA (Parameter setting) 3Uszananalulugd ENVI-met (250x250x30) &
adpafinisusuuilumalyitianimnianig nmuazan we nimmilouseuniian a1unsn
nvaouldlasldrgumgiieddluiuudiasesiuiidnu dedafuagumgiiedugan-
shge vesiuitafunndeyaanmennirnanuinsiaineinagudaaionineiniamile

 andauntuuuvAdeslr

Select ENVI-met project: “NewSimulation_calibrate_plus18percent05solara

Load Simulation.. Vo R e R
ChemghhavE eSS Ofaon e “NewSimulation_calibrate_plus18percentDSsolara

ENVI-met® V4.0 Public Preview III @ EMG Mainz and ENVI-MET GmbH Essen, Michael Bruse and Team, 1997-2015
Welcome to ENVI-met.

ENVI-melf® V4.0 Public Preview lll © EMG Mainz and ENVI-MET GmbH Essen, Michael Bruse and Team, 1997-2015 Build

This version: 250 x 250 x 30 Grids maximum
www._envi-met.com

ENVI-met is i d under the Creative C Li BY-NC-SA 3.0
Commercial use is not allowed with ENVI-met. if you have doubts about your personal state, contact office@envi-met. com

am ENVinode_SEKSANPC
mm«:mﬁmﬁ-mmm

%% Reading "D:\Envi-mefiChang_khlan Model\Charsganar;_ensang_coudbonWwSamm calibrate_plus 18percentl5solarad)_pari SIM" ...
** Enabled simpleforce for T and q. Reading values..
Gaﬁ)gni::: input file: D\Envi-metiChang_khian Modef\ChangKhan_existing_condition{Space\Chang_Khian_Existing_ConditionilINX

- Maodel
[— INKFnle contains Raceptors
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3.5.4 AsUsuLALUUANaes

n1snaesdnyaen @A meINIA 3 UuAaIin1TnTI9aUANYNABILAZAIN
Ferureswuudians ileliuuudrassiianuaiiouanzviloufiuiidnuaienniian Ty
TUsunsy ENV-met 12854 4.0 duanansadduufainisdasanimuandoudosdu
(Parameters setting) musLUsTidsHARDANTNEINIA AINNTATINBAATNUTIFILUSTIN
danlfilieuiisuszniuuuiasstuanmeimaiuiiinw fe gumgioonia anuiy
FUWNs LLaxqquﬁmms\i%ﬁﬁLaﬁa (Mean radiant temperature: Tmrt) 29A35A15AT1EH
\F9a8p (statistical  test  Validation) 4 A1 iflens9aeuAITaiuTaILUUSIaEY
Usznaumee Root mean square error (RMSE), A1 The coefficient of determination :
Rz), A1 Index of agreement (d) wagA Significant INNIINAABY Paired T-test
TneArrudenAdemnadae R wae d Aasdnlngd 1 due RMSE Aasiiadilng 0 uag
A1 Significant 91nANSMAABY Paired  T-test  AasilAnannndn 0.05 wiloupadu HO &

AUUFAFIY

HO :Sig > p value (0.05) wneia gaumailneluwuudngss = N15A593A
AAFUY

H1 : Sig < p value (0.05) vsingds aamgineluluuinges # MsnsIvianAaUY

JUaININIIAUINMIAT Root mean square error (RMSE) g

n
i, (Pi—0)?
RMSE = \/—ﬁ—rf-——f—— Eq. 58

P a I e 1 4 th a VW ' th &
die P; fie Avinevieveaesit i ,0; fie Ardunemieneass i way n Ao

UIUNUIBNARDY
SUANNSNTIAUINMNAT Index of agreement (d) A®

Y, (Pi—0p)? ]
pD=1— ND=d=s1 Eq. 59
(P 1+10" ) ‘

= o I = I o ' o Lth o e
e n ﬁ@ FIUIUNRUWEYNAaBDY, P,.: AL AVNUIENUIENA[DI N1 1, Oi A ANEILNA

' a4 th — a | = | w I — ! —
wiheveaes i, 0 Ao Anadevesrdunn P’ =P, — o uaz 0'j==0; — 0
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v
=

WoAULBN UYL UTIaBRReiin sBuduamgndes Tuanuddeiaylden
9un)INITUHTIEIRAY (Mean radiant temperature: Ty Juswlsildusauiisuniny

wideiinvowuudnagd JUANNINSAUINIAIRMNAENSWHTIERRY farunsi 60

Ture=[(Terome + 273-15)* + (Tgrome — Ta).-(11° 108 - ¥6) /(e - DO4)]025
Eq. 60

dl QA al 1 9 1 a

W0 Tsrope AD qmﬁguwmi'smmlmmﬂ Globothermometer probe wiretlulpaia
(Kelvin: K), T, fie gaumgiannmamieduaaialKelvin: K), V, fia aaisiau (m/s), £ fie
AINANNTOLUNTALYIBUSIAYDY Globothermometer probe uay D g LlduNUANENA

989 Globothermometer probe (mm.)

—e— Site measure_Tmr

—a— Simulation stage 1 solaradj 1.0

qmﬂnﬁn‘ﬁu&f‘%’aﬂtaé‘u —a— Calibration stage 1 (Ta+20%) solaradj 1.0
E —a— Calibration stage 2 (Ta+25%) solaradj 1.0
T Calibration stage 3 (Ta+30%) solaradj 1.0

100.00 - )

—a— Calibration stage 4 (Ta+18%) solaradj 0.5

90.00
80.00 -
70.00
60.00
5000
4000 -
3000 -

20.00 -

10.00

0.00 —— T T ; T T T W - 1 B3AN

6.00 7.00 800 900 1000 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

= = = T a 1w o A ° s
ATNN 88 LLEWNﬂ']‘iL“L;'iEJ'UL‘V]FJ‘ULLU'JIUJJﬂqquﬂ“NﬂqﬁtLﬂix‘]atﬂaEJ‘U’E)\‘]LLUUT\]"IﬁaﬂﬂUﬂTi
ATIVINAAEUIN U 9ANTIVIRANINEINA
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o i o a lw | o @ W
A1919N 12 ﬂ']3L‘UT&‘UL'V!FJ'Uqm'ﬂfq]llﬂ"13LLN?QﬁLﬁaEJ‘UE]QLLUUQW@@ﬁﬂUﬂWi@i’JQ’JWﬂWﬂau’]ﬂ tu

9ANTIVIRANINDINIA FETBNTIATIIEERA (statistical test Validation)

Model R RMSE d Sig.

Simulation stage 1 solaradj 1.0 0.567 10.087 0.348 0.000
Calibration stage 1 (Ta+20%) solaradj 1.0 ~ 0.711 20.496 0.462 0.000
Calibration stage 2 (Ta+25%) solaradj 1.0 0.684 20.928 0.410 0.000
Calibration stage 3 (Ta+30%) solaradj 1.0 0.692 21.457 0.376 0.000
Calibration stage 4 (Ta+18%) solaradj 0.5  0.760 6.106 0.909 Q25"
Calibration stage 5 (Ta+18%) solaradj 1.0~ 0.704 33.549 0.086 0.000

* Significant (Paired T-test) 95%

@

37 ; /4Iv8
U

|
tasr & =

InNsNsTsURguknlduAeuiinsunsidnfsvesuuitaesiunngiain

@
s =

AU B JARTIVIAANINDINTA WUUUUIABIATIN 1 (Simulation stage 1 solarad)

'
= o 1

1.0) fimgamginsunisdiadesiniinisianiaauindeutiann Jsdimsuiuunaden 1, 2

b

v

ey 3 lnemaiiugumaiiisudu 20% - 25% uay 30% MNEIAU A1 Solar adjust 1.0 WA

'
= =

Usingirangamginisudsdinduainiimnsiinnieauiusaenneiy Jsuiuninien 4

v
=

uaz5 lneguMisuAULRALTY 18% wavAl Solar adjust 1.0 uaw 0.5 ANEWY WU

WUUTI809A3IN & QuUATMALTY 18 % A1 Solar adjust 0.5 fuwaltsilnaiAssiuAgamai

o

v i 1Y = = 4 a a aa i
ﬂ'ﬁLLN‘N%L’ﬂgU“Uﬂ&ﬁ]ﬂﬁ]i’lﬁ]’ma'mﬂﬂﬂﬁﬂﬂfjﬂ (N 88) Wadnseiidsananulnuuinaad

o 1 s

ana ilAn R2=0.760, A1 RMSE = 6.106, A1 d= 0.909 dsilmnuduiusegrsdidudfamis

@

'
<

afd fausinen RMSE Taldnlng 0 wnnidn udegluinmsifiilenFeuiisurivaidedug
wagA" Significant INNSNAABU Paired T-test #lA1 0.125 Fannnd 005 Fauwuusias
i3sanunsaseniuan@gu(Ho) Ae Argumgiinisuiiediadsainnisuuudiassiiani
aonAdaatfunsasIeianiaauL (51eil 12)

HAINNISUTULALUUTIARIUIIAY NUTgMNYHINIA & ANE 1.8 Lunsivile
fudu duivnliulndifesfudiadeguuaniiennavesnisnsiainan neinianiaauny

d' a £ = = e 1= at (%] L4 1 = e o as o=oa qi
(N9 89) LAaZHANITIATISHLTIANFNUIIUAIUFAUNUTDY 1NUULEA AN SN (M1579% 13)
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asAnwaldes (°C)

50.00 -
45.00
40.00
35.00

30.00

25.00 4

20.00 - —~  Site measurement_Air Temp MAX.

i —a— Site measurement_Air Temp avg.

—  Site measurement_Air Temp MIN.
1000 -

—a— Calibration stage 4 (Ta+18%) solaradj 0.5
5.00

0.00 - T T = - 1 — = 1 1380

7.00 u. 800U 9.00 4. 10.00 ¥.11.00 W.12.00 1. 13.00 1. 14,00 u.15.00 w.16.00 w.17.00 . 18.00 1. 19.00 1.20.00 u.
{ = ° Q!:l CJ ] @
WA 89 UNNUDINAVBIUVINRBIANN 4 LATRUVYNDINIATBINIIATIVIAAAN

2IN1ANIAFUI

4 e
N : 5398

d = =i = o a a s
M19199 13 ﬂ'ﬁL‘UiF}‘UL‘VIEI'UQNWQNTQGLi‘U‘Uﬁ]’]ﬁE}ﬂﬂﬂﬂﬂiﬁli?'ﬂ’lﬁﬂ’]ﬂﬂuqu . YANTIVIAANTN

1INF FEIBANTIAIIEILTIERR (statistical test Validation)

2

R RMSE d Sig.
Calibration stage 1 (Ta+18%)
0.868 1.296  0.908 0.645
solaradj 0.5
* Significant (Paired T-test) 95%
131 : 633

3.5.5 MsUTuUIgUnsLInAdadledlnge19899INNMIEAIUANDIATT
= @ wa o A4 o oa v oa
AnwnguueaIuANeIAINIEITURER wasnginedulisaiiieadesiunisugn

1 & e - 1Y) e o v
asomsluiundnm ien1svaaeIliuugsunsweems wWullTenguuIeNe v

9
a o

fatl
L d s Qe
1) NHNIENTIAUUN 33 (W.A. 2533) aaﬂmumm’LuWisiwuzy:y,qs:muam
91AN5 WA, 2522 HanseiieniunsAIuALeIA1SEILaLDIANS VLAt LAY wazilinswiby

Wiandulae nonsznsasatiudl 50 (we. 2540)
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Y

2) ngnIENgHatUT 55 (w.a. 2543) sananuAalunsesvdygRaiuas

9115 W.A. 2522 fanszifieniun1sAuAuiiinesaueAns sEeesy Laziuie1As waglinig

QI = L5 { ‘4 | ot 1 U
wiluiudulag ngnsevsaatud 61 (w.a. 2550) luanseiinefiusees susenineems

3.5.6 waillfnmsUsznanauuuaes
NAYDIUUTIaBINTUsUNTH Envi-met 4.0 983N 3AnwIASal Usenaudie wa
msnwld 3 sUuuy Feil

1) wanisdaeuuy 2 H7 THun wuiinadeu wiuiisuuuunisivavesay
u.asmwéfﬂmw(Section)LLamq%umaaqquﬁawmﬂ (Air  temperature), A MUANNS
(Relative humidity), gaumpiin1sunssdninuiau (Mean radiant temperature) UagA213LT
a1 (Wind velocity)

2) wamsiaeawuu 3 88 laud wuudnaesrnuduiiusseninsgunsienms
setladuanmgiionnia len gaumgiionnia (Air temperature), ATMIEIAN (Wind velocity)
wazgUuuunsinavesay

3) founideTnvesiiadeaningionmaedssediludutinan 6.00 -
20.00 u. Tuiuil 24 ey 2560 vesnsdigunsusvedndioduanmilagdu uaznsdlins

USuUsegunsasnadiniiedlage 19849 NN mnuAIuANeIAIS

4.5.7 TuneunTiasginansAng agu uasiauauusLuINLATy
nnfmguszasduaansideluadeifionsiinneidndiunimigiveseinsiendny
NI90UU UargURUUNISISBIYede1aNs ﬁﬁﬁw%waﬁiaqmmﬁmmﬂiuamwﬁumui’]%ﬁgﬂ’u
uaziinseigUiuUYese IS TmIEaL faninsaangaugiivesiufigunuudiseaulfiie
Thduuumuausuugnsiauniuiindeenssuguouutralusuandely
1) Fesiesinnsliusslontionans Wuniadyes wazanwnienmesiui
Anwiluanmiaguy
2) Answiianssuluiiuiidnwgiudismaiu $a3aan 5.00-6.00 u.
3) ARNNEINLUUTIA0ITIEA1GIN A1RER WazAERY Y81 4 fuds
e gaumgiiennia (Air temperature) AIIBUEUIMS (Relative humidity) aaumgiinisusd
$4810d8 (Mean radiant temperature) WazAi3aas (Wind velocity) vas3UnsssAgin

Wiasluanmdagiu uasnisuiulisgunsasnadinilodlag 819899 NN reNuAIUANeIATS



v9L¥6E89LL

Ml

OrW

:a0ex / Tesedoad LQ0Z0E6T1BS SISHTHI-

:bas / 60:T2:0T 19527050

FZ

149

4) FA51EUASUAINUAUIELTIAUSEUY (Thermal  comfort  index) A3
UV iaNnan19a3TINgT (Physiologically Equivalent Temperature, PET) v843UN5

werdiadiasluanmiagiu waznsuiuussgunsusnadaiiiaslagdnideainngmaneg

muaNeIA1stagluskns RayMan Model

FINAITNUMIUITIUNTTUNUI 1UA wazaniy (2558) leRnwswdiauauieideion
Tuggfou wattufidosdedmi wuidanniswmaiguesiineiaied o1y 35 ¥ mnugs
1.6. wn3 unidn 57.9 Alansu suilinanie (Body mass index ; BMI) 21.76 WaZAITUAY
N8 0.56 clo figrsAnaeanivan1EANauIBlnIusauNIBuaneIAITiuggTauY
(Thermal acceptable ranges in summer) %Jgjﬁ 23.10-31.00 PET (°C)

Tuduwesnmakaniilined 1y gaumaienna (Ar temperature), ARG
(Relative humidity), A1a§3aa (Wind velocity) uazammgiinisussadiade (Mean radiant
temperature) tuldAiildannnisiiaesanmgagioniaiiowiielusunsy ENVi-met 409
sUnsasvadaiiesudazietenedilu HaLA1981 6.00-20.00 U, veTuil 24 wwieu
W.A. 2560

% RayMan 1.2

File Input Output Table Language ?

Date and time Current data
Date (daymonth.year) [24.4.2017 Air temperature Ta (*C) 323
Day of year 114 Vapour pressure VP (hPa) E;-
Local time (h:mm) [2246 | | Rel Humidity RH (%) [s65

Now and today Wind velocity v (mis) {047
Geographic data Cloud cover C (octas) o L5 R =
Location: VB

Global radiation G (W/m?®) |38.3

Mean radiant temp. Tmt (*C)

|cniang Mai (Thaitana) -

| Remove Iocaﬁonl

Personal data Clothing and aktivity
Geogrlongitude (."'E) |9°59" gy [16300  Cioting(co)  [05
Geogr latitude (~.0N) 18747 Weight (kg) [57.87 | | Astivity [0
Altiude (m) P Age () ® 3|
time zone (UTC +h) o Sex l“"_Ll
Thermal indices

¥ PWV % PET v SET*  Rgose |

d -] k73 2/ ﬂl o =
AN 90 mammwayaiuiﬂsu.nsu RayMan model iWaAIUIUENISAIIUAULTIAINL

Saus1adalug

- va o
HT ;. WIR

U
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4.5.8 pTwvinisanasenyan (Multiple Linear Regression)

L ! %

a o a . & v w
WeymAudNRUS SIS gamglena (Air temperature) ATNTUANNS

a 1

¥ 5 g o a .
(Relative humidity) Qquummmqﬁmaﬂ (Mean radiant temperature) wazAmL5IaY
" . a ' a o a . . .
(Wind  velocity) Nilnansenusinamumpilannaniea3sivnel (Physiologically Equivalent
Temperature, PET) ¥@3gunsasviadimiledluaniniagiu uaznsuiuusagunsasuada

dlodlepdBaninngvaneniuaueias esaunisi 61
Yper = X1, + Xpn + Xws+X1,,,,
(R? = 0.958) Eq. 61
Tnofl Yppr Ao gumpliaunamseisineiniousnainns (°0)

X7, o gamgiionna(*C)
J st o L3
Xgp A9 ABUTUNNS(%)
Xws #9 A1adaau(m/s)
Ws

e a ter o A o
Xt ., 09 guuin1suusdiane0)

Urban microclimate

Relative humidity(Rh)

Wind speed(Ws)
Mean radiant temperature(T )

ﬂl o ar ! s 1 = =3
AMA 91 aduiudseninsauusanimeiniARegunaliaunaneaiTine,

o Ve as
T W39

nszvIuNIIWAtiANsITevasnsAnnFUnsusnadadiasidwadeganiionnia

= = vV as o a o
Wiasaunsaasuialanawnuianusinglunmi 92
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|24 Wy, 2560” Huitdnwrgutrenaru 9.8l ] i

nsIvindnY !
Izawaopt KSW-4 Fish lane @ 24 mm. |
&

doyadrunrenmiuiAnyIAzsUnTusyIAdALlas (Geometric survey)
A8 Leica DISTO ju D210 (Accuracy # 1.0 u.)

f319 iRy LUTRON WBGT-2010SD
TESTO 435-2 data logger

- Updnnisuaaiiuviaswn

: 4 - ANWEIAN (Wind speed : W)
- fiAneau (Wind direction : W)

TwungUnsusyinanides vavun 8 guuuu

Input.

|TayadnwuznisanmaIniA
Parameter settings

dayaanuwusnanen
Model geometry setting

msdaesganiionimiies
Urban microclimate Simulation 4~

-

VA Fit with on-site Data

(Sky view factor SVF) - goumgiiana (Air temperature : T)
& b, ¢ : s
- | - AnutudAunWns (Relative humidity : RH)
2 N15d192901AAUIY - ‘
I (Field survey) Fit with simulated data . |
Bl , nrUiuuiuuudines
b R seressesesasenaarrananet P - sneee Model adjustment
< b
RayMan |Refuse|
Suduprudadiuuuusiaas
= Model verification
Hoyaaisine o

Personal data settings

ToyaanuuENIENTNEINIA i

- rw =
- gumpiin1suniidinde

A 4

Parameter settings

anmainAnaninagunsiTnadniio

€ [y nadade duanmilegdy

ainmsUiugigunsssadndos

Mean radiant temperature (Tmr)

- gunQiieINA (Air temperature : T)
- anududuning (Relative humidity : RH)

- AwuE7Au  (Wind speed : W)
- Sky view factor (SVF) lu/z2:fowsan

Hoyadneasmanien v grudranaty 9. Fudlmi | Ingdrndannngmuausueini
Model geometry setting 3 i
e 2 . ‘ ) _)‘ mivusgunsssnndndoslasfrudseanngmnunauquoins
s Awmsdnnanaunvan (Regression analysis ; ;
Output Edit the urban geometry base o Law and Policy

& AJ . -Aspect ratio 1.0 -Aspect ratio 1.3

T e -Aspect ratio 1.9 -Aspect ratio 2.4

fuiianuauiuBmnuiau J ¢ Conclusions y -Aspect ratio 2.9 -Aspect ratio 3.3

Thermal Comfort » | Understanding and Findings | ‘ * lisauite s

- gaunilannavaiTine (A Pet)

e

Recommendation for design

I
) T =

Google Cloud compute engine

161
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4.6. a3UTunaUNITeFUNTIRliasdwmansenusisguuiiinansiifineauutig

AR 9T B9 I

mMeifeUnswenilesidmansenuregamgiiilonsdifinmouuininaiu Swia
ety annsnagiduduneuntsidels dalelud

s E RSN I UL SMn s RBIRuU T ngnIsalinizaL e uliey
Usingmanimzanufeuiiistuluiiuiiiiondedl wazeadediierdestunansmy
Nngunsssadadies Uszneufunguunenisldusslemifitusazngmneniuaueimsiil
uataduldluiuiidnwszrinsgasnaniiviinside (e, 2560 - 2561) Tuduneusioluifu
msfudeyaninaunndaazuiatu 2 diufle Foyadnuuzmamaninesiuiidnugudns
Aau Waduungunsasadadiosluanmilagiu wasdeyannagndeuine &Nty
szuinglusunsudassaninennia ENVi-met Leddu 4.0 Tngazfimsuiuuiuuusiass

o

wazdudumueiuwuudtaed (Calibration and Validation) uagnagnsiliazgnimn

'
=

Ainseianingionialuilagtuvesiuiiide Suduinqussasddeil 1 vean9ide
udniulzvaasusUnsusadadies FSBstengunemuaueIAITIAYN BN
Tuselomififu dwaildninseianmaiienmeailssudnsnanngunsasvindaiiadu
wiarieg1y  nslenevianimgiionnimazuseneuludie 5 Uade laun gauvgilennia (Ait
temperature: Ta) AT UITMS(Relative humidity: Rh) @157 (Wind speed : Ws)
NEn19au(Wind direction : W) qquﬁmﬂwﬁ'ﬁmﬁ'a(!\/\ean radiant temperature: Tmrt)
aun)iiaunani13aisingn (Physiologically ~ Equivalent  Temperature: PET) 1¥u

s

TagUszasAven 2 8ImTIe awInuuIniveyaniaveisdensiinUIeuiiey

= — = d = e
HANTENUANINDINIAIINBNTNAFUNTUIVIAGINE DY INBaTUMITonaziausluLIUnNss
snadadieimnzauivganiionmadesudueaudmindednl AduingUszadde

s

IHI a e g o e Q‘:’ = = d 1 1 = o
N 3 VBIN1TIVUU AN UNILAANYURBDUNITI E}EﬂﬂidﬂBQLQJ@QWﬂﬂNﬂﬂi%WUmﬂQmWﬂvﬂJm@ﬂ

s W o @ o ' =
AFEUANEIDUUTINATTIU QQ‘W'@]@L‘UENI‘MN Iu(fn'w% 93
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nvnsuazdaimuaiiisides

Aumsainaens dgnadng

Usngnisninizauieudlos

usingnisalimearndoudios dandualmi

ayu dd v oo =
ﬂmwmnﬂwaqnwani:wumn;ﬂmavsmnmmﬁaa

o & oo a _a 4 -
ANWUENIINUNTNYDINUN ﬂ'ﬁ‘?ﬁr)'i]’Yﬂﬂ'NE‘lF]UUN?Vl!ﬂ'Uﬂw‘:“'li'l’lﬁﬂﬂ"l

Fuunguvswnadadiasuanniegiu

FOLYEERILL

= o

NIEUIUNITNUNAUANIIIREY

=

YiuuAuvuiiasuastufiuanuilistisuuudians (Calibration and Validation)

wansEuaMweIMAnIndninagUunswsnedadotluanmiloady

#

L -
4 X w ¢ ° %
- gaumniiennTa (Ta) - ANUTUELYWS (Rh) - Aaadan (Ws) e
- fimmaan (Wd) - gaamginsuiadiede (Tmr) - gumgliaunayea’sine (PET)

'S

. o - ¥ - [V - v ow v - ¥
|| ﬂﬁUU?QEUﬂ?QﬁT}'\ﬂmmmﬂ\i Tﬂumaaamnngwmuuaz'uan’muﬁmnm'uaanumsas'nmmﬁ ﬁx‘lﬂ@ﬂ?ﬁ'\ﬁ

-

:n091 / Tesodoid L00ZOE6TBS SISHHL-Z NLH

o~
- - » - —'s
HANSHNUANTHEINIAININENAFUNSASTIAGALAL 198 an N UL
T

a & w g
- gungiionn e (Ta) - AN (Rh) - mreiau (Ws) €
- - - - - a L
- fianiean (Wd) - aamgiintsunidsdiads (Tmr) - sungliaunaneadsine (PET) 2
&
i

yz :bas / 50:1Z:0T 1952F0S0

Snqusvasidion 3

= & aw & A | a ey v
NINN 93 ‘UUW’EJUﬂ"ITJ‘ﬂﬁEUWN‘UaQLﬂlﬂﬁﬂd@waﬂigﬂﬂﬂﬂqmﬁﬁﬂlmﬂﬁﬂimﬂﬂﬁqﬂuu'ﬁq\?ﬂﬁqu

L2 L = 1
JawinTe sl

= Ve @
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AspIUNIAMATAMSiTe annsousnesueli

fumeuil 1 misifivdeyanirauiy Uszneusedoyanianioniw eun unse
9113 fufaunagy AundeuasfiennanissdavesnuutesiuiiAnw uazdoyanis
ontoninen finsaainlutuil 24 wwieu 2560 Usznaufedaduniennia léun gumai
0ImA ANBudS anuien devnseu oamginisuiediads

funoufl 2 noudoyaiiteldindlusunsudiassanwgiionnimies diui 1
Fuungunsasvadadessuuuanisnsiivesuy dwil 2 duedsvestafugiennis
sedlus ndsnduirdoyaiildainnisnsanianiaauiuia 2 dau iiiglusunsudrass
gfimedies ENvi-met  Tutumeudaluagfonimanisiasgionniamdiaesilld unfiga
mudeiulaslinszuiunamisada eviliuvuiiassdinugnieadefiold uasiing
msfnmitlndtAssiuaandiueie

funeuil 3 Uuudsunsasnadasioanslusuudiaes Agedslnsléngrane
MUANDIAT Wagngranensliusslmifiau vianiuthdedisgunsasvindiagion
siovun 1dnsUsssnanauuuaeinionnimiies

fumeudl 4 Tasludureuiidunsiinsieianganuauieidnuiouneuen
81715 (Outdoor thermal comfort) MeAvlguvalaNAan1sEITInen (Physiologically
Equivalent Temperature: PET) Iagldmnugeusvannzanuauisdniiuiouniguen

gIAnsvasiunlendedlvi wasnnuuanihveyagamgiiaunaviaisivelutianaie

U

UBNYILBUTUANITANUAUIBITIANTEU Msean 1z liuauIe (uncomfortable ) 31
TAThaIen1sanneunvAM (Regression analysis) 1ag38 Stepwise Tun1swimaudusius
syvihwulsiidssaliiAnanngliiaunsreusazsunsasuedniios

fumaudl 5 asluareiuTernansdnm wieuiaausuuzkuavnslunseanLUY
sunsasvadadeduiuiitiudineau Smindednl feanmmududuresusingmsal

WNNEANUSDULIDY
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ilomdndgluunil 3 L{‘Jum3@@ﬂLLUU%umaum‘iﬁﬂ‘mmaﬂixwumaqgﬂmwauﬁmﬁ
dwmansenunoungiiiles nsdlfnwiauudienaiu Ywmiadssind Tuurazdunoulng
awiBun Fannseanuuunszuauneseiluuni laviinstmuanseuuasiuamislunis
fuilunns Tnaiduainnseungued wasuaAsfitisadesiuyngmsninizmiuiouiiios
ns@nwanmvesiuiiifouagnisaiisuvudiaosanmyagiennimiios aasnauns
USuiiisuuazasisrsunuidesiuvesuudiass enanisAnwifigniesasiuimsgiu
sullUfsnslieseideinismeada nslinsedonnesnman iielvvsiuadauysis
nansznudeguuafiaunanisaisinerandninagunsausviadaies eilugnis
luBLUrgUNTLIvIAdnosivanyay fia1unsetisanal UL BIUIINGNITAILNE

Ausauiles warluuni 4 allumsuanskanisAnwisanansaiu
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NANSIY

mlnnginsSassanmgiienniagiuiisnaiu selusunsu ENVI-met Lot 4
Fuil 24 ey wa.2560 Fududisgeieu Taslddeyaninmsasaataanimennasily
fuiidnw Uszneufumaifiuieyanieauy esuundnsidiunugveseimssenniu
neauy (Aspect ratio) uazgUnuuMsISEsTTeseIms fisvisnarogumnionmalufiud
gunanau AifiBvswasenisszuiseIna et lugnsiausuusuuomalumsangamail

&J = v ] a A
VRIWUNTIUTNAR U aﬂLﬁiﬂJﬂmﬂﬁ‘W@’]ﬂﬁﬂ'ﬂa

a s =Y xg ﬂll =3 &' 1:‘ ] b7
4.1 Fsrieianndenud wazianssulununfAneigiudnsaanu
o & e
4.1.1 ANWTINUNVDINUNANE
R ' e L X @ £
NAIINNTTAINUNANET NUIANINTIRN UV IR UNAN T aUUa BUaNABAULYY
AANY HAUAIY 14.00 WAS AN9AUYIN9E0%lN0U  LAYOUNE1YSDIADAUUTITUN
o v P P as a P a EY =
P08 1 1AIUNIE 8.00 WA TeaeslinAnIanIseRb L Aavile -Tiele wazilauui
N luiiangiuesn- iregiunn Ao auuasLATIER JA1IUAT19 12.00 WAT LAZOUUITHY
Uszinewas 6 94 2 auuldiiniudiuin wasiiregiuanvesiunfnwifnnasaudan f9il
ANunie 12.00 Wwes ludvesiniswasdsgnaing wuiriundnwiionaswsivduag
gnanslsasuvuabngogidusiuuann leanguenasiinsednuuuInuuty 91a13
widvdmuwouutnea dulsusurualvgavsegindiuouuaeseadulsususeda
auun Tsawsudusnsinneesiu uazlssusuasuassifoy vuauuansAsIey uasziings
| = ) & e Y P v A
91eENsIsUNM TN hiAlive s AnK Usznaumelsaisumauagusuinasaoulyy
wazTarsnauless UanINTUSENaINTIMUISRUAILAZEIMIT 2 AR ABRAIANILA UL
1 1 y -y L2 %3 &
FuazAaInaYaIsaENIUE ARy TueonvaInuutIAaIY (AW 94)
d = s 1] ﬂu d‘ =3 AI dl 1 1 = ﬂ’l A
dlafindadiunuiiennrsunaguinwariuindng Usingirinuneinissiu
i & e o & & A a o
89,328.66 NUINNUNANWITINIIEY 173,469.00 a5 10mas Wuiiufianpsaaufunmun
& 4. = 9
89,328.66 M15195175 (51 %) LavfiufIng 84,140.33 A15uuRs (49%) (1w 95a) taansly
(3 -&' t:vld 2 o [y 3
Uselovdeasluiundne Useneumeeinswidsenssukazlsawsuvuinlng Andu
69.94 % (69,944.78 M151UUAT), BIAISNNNDIAY 9 % (7,601.78 M151UAT),  BIAT
) o
@191304UN1T 8% (7,112.39 m11519LUAT) WaEdIATTINY 15990A90 WazdUY 5% (4,669.69

M5IUAS) (mwﬁ 95b)
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1.1) sunsusvadiaiiesdnsndin 0.8 (A-A)

UsenaumeaIasnmd 3 Tu Havnvesnuug 13.00 wWns 81A13
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ot

wiglvd 1 9u Hede g9 5.00 WAT aUUENAAIU 1319 12.00 LUAS NIELAUNIHIUININS
5.50 wes Bed1endne 2.2 wes fien Sky view factor 0.44 wagggiouvsnmuauuazlaiy
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LATINERAILALIAN 8.00-14.45 U.
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1.2) sunsasnadaiiiessnsidi 1.2 (8-8)

Usenoudoemawidud 3 4u Henvesnuu g 13.00 Wwes 81A73
g 3 $u Heievesnuu g9 15.00 wms auuteaaiu e 12 wms uazmaAunils
121 5.50 WA {9g1e 3.30 was dlAn Sky view factor 0.40 wazggiouvsANUUILlHTY

WANDTIREAILALIAT 10.00-14.45 u. wazbifduldlununaiatng

ATWH 108 ANUARIANIMNIINNENNYBIFUNTUIVIAdIneY BRI 1.2
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AT 109 a) Sky view factor UslInNaanuuYBsgUnsAsIRdinLiasdnIdIu 0.40

b) Hranalesunataingveyasunsusrndnliednsdiu 1.2
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1.3) sunsusvediadiasensiau 1.0 (CO)

Usznaudheeenswidied 3 du g9 12 1ums 9977 Tsausuae wos
TRU @ 13.50 wnstladnevesouy auuderauning 12.00 wes Maduinienniag
3.50 A5 Hed1e 8.00 A A1 Sky view factor 0.30 wazgpieuusnaaULILlzY
LaseRndRaLAan 10.00-14.45 U, iesannlduinannenansseda auun wasiuudlsl
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AT 111 a) Sky view factor USIIUNANUUYBIFUNTUISALIAERISRTIEIL 0.30

b) Frananlasunateiindvasynsunsusundindlosdnsnaiu 1.0
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1.4) sunsusvadiniiieadnidiu 1.3 (D-D)

Jsznausgorasniua v v1e1s Bawanvetauy g9 13.00 1. 91A13
AUGNTA Hedevasnuy g9 15.00 3. puWtNAaIUAI1e 12.00 1. Tnefimaduwiilan
319 3.50 1. wazilede 2.80 u. i Sky view factor 0.37 uazggiouUIAAUUALLHTY

LAIDREFLALaT 10.00-14.45 u ludiguldluuSuiun
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1.5) sunsusuadinilesdnsidiu 4.5 (E-E)

Usznaudiga1nslsasunde USuiea 29 19.00 3. Msilsvanves
ouw lsausueumn s asngdudesinl g9 19.00 4. Hedhevesauy auuvitunges 1 030
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1.6) junsusvadadiesdnidiu 2.3 (F-F)

USUAUMEIIIRUGING wanen Usenaumgsmueinaa 91a19
WUGHnE Wa1en g9 13.00 (AT WATBIAITIINTLNTIUA g9 8.50 LuAs Mamudne wag
ouwvuwees 1 N3 8.00 wns lifivafuwisiiaosilevesauy fifn Sky view factor 0.28

wazluggSouvsnnuuatlniulaefinddausdiaat 10.00-13.50 w lifinulsiluusimitun

AN 116 MWUARIANINNINENHYBIFUNTUSVIANAEIBY dRTId 2.3

=l va @
Vi @ WYy

© 00 Ryl 1.7

AN 117 a) Sky view factor UIMARMAUNYRIFUNSLIVIANAETBIONT @I 0.28

b) HrnalaiunaefinduesgagunsusnaliaiiesnsEdm 2.3
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2.1) Unsasvipdiniiesdnsdn 1.8 (GG)

UINOUUTYUTEWA 908 6 Vhauimathaiuiuemsi 2
Hanuu g9 4.00-4.50 1ims wazauundi 5.00 wes donsrdaniu 1.8 wazien Sky view
factor 0.38 USnmnuuldFusaseniindnaenistiadwesiu esndistieegldtuanan
aanslswsuseda anwn Lifiduldounlvg fdewiulinszanvuindnieguinume

UINT NN9UY

AN 119 ATNLEASANWINNIBAMYBIFUNSLIVIATiEes dns1dIu 1.8

- Ve W
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AW 120 a) Sky view factor UShimnansnuuvasgunsusaiindiednsidiu 0.38

b) Franailasunaterindvesyagunsusuiadndiesdnidiu 1.8
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2.2) gunsasnadiaiiadnsdin 0.7 (H-H)

UTIMIEWINLIWTUED WY wazlsausuasnd lnseans
AUgEEe 16.00 AT DIANSAUYIN 19.00 LA UAZAUUABLLATIZY N1 12.00 WA Ly
fimapuriuasiufignumineiasmedudievesauy 53 9.00 WA @UNEIUYNYDS
suudumadnlsausuas wesdifou wasiuiiau nie 2500 was Sesrdudu 0.7

a i a & & | Ay M
WaZHAT Sky view factor 0.35 Uinmwuwﬁ?ﬂﬂ'mﬂlﬂulﬂ ﬂ'ﬂ']ll%\'] 10 wng

A o = al 1
AN 121 mwL,LamamwmamﬁjmwwmgUmu‘s*‘ummmuaa 2MI18@u 0.7

< Vo o
3 : 598

© 20 P 1.7

o : s - o w
NN 122 a) Sky view factor UinruﬂmamuumaagﬂmdLimﬂmmmaamﬂmu 0.35

b) Fralasuuaterindreagunsusuadinilassnsdu 0.7
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INATNN 14 Lagm15199 15 wuiwéﬁaéwgﬂmas,?mﬂmmLuaﬂuﬁuﬁﬁwwumuu

Mnsnluwuaiiauile - Aeld uazfianeTuoen - iAnyiunn sliAn Sky view factor @@

0.33 - 0.36 WagA1 Aspect ratio \8y 1.25-1.85

a‘ ot o Y i s 1 =
A13°99 14 wansladenisuntiesniasin (Sky view factor) wazdnsid@iugunsusuadingies

(Aspect ratio) vosutnauuwmile - la

.
Huiisogng Sky view factor (SVF)

Aspect ratio (h/w)

—

W) 0.44 . 0.8 \ L
|

B-B 0.40 . 1.2 N } . P
C i 0.30 - 1.0 \T ]

l .
1 0] 0.37 . 1.3 y A L
E-E 0.19 o 4.5 | |
F-F 0.28 . 23 -
Mean 0.33 1.85

b
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EJ s LY » ol 1 =
A13199 15 wanstadenisuntaviaadn (Sky view factor) LLazamwmugﬂwNLiﬂummmﬁm

(Aspect ratio) UBILWINUUAZIUBDN — MLIUAN

T o
NuiiFaaE19 Sky view factor Aspect ratio
G- G 0.38 1.8 |
G G
Aspect ratio 18
H-H 0.35 0.7
t\i‘._\-lmhr:-'f' i
Mean 0.36 1.25

NNsIMUNFUNTRsUAdaLlasluNunAnergutianaIu nuIdnBmuENIg

- ot 4 o ) & = a 5 X
AenMYBLiiadwuy Compact midrise ladnuunamuanemziuivesdsnoadulies (Built
type) warUszinnuesdsunAquiu (Land cover type) (Stewart et al,, 2012) HsWunANY

=3 =

Usgnaumeaansitlssloriuuunay Janeinsneuninuazivan dd1iutunieniun 3-
9 9u Wuthunegududlngilureunie Bguiu wagliulinuilas wuNswssalunud
W@ndes  Bnviadinisasnasiivuiulugiwansiiiuwesiy warainnisfinwives ganshnd
1 ﬂyj 44 1 WV = o 1 ﬂil d 1 &? dlﬂ
wazAe  (2558) WUMNUNANEIEIUTIIAAIU UBATIEIUNUNBIANTTINABNUNAY (Floor
area ratio: FAR) 0.561 : 1 uagansndiunuieimsunaguiuneiunsu (Building coverage

ratio: BCR) ¥1nn731 31.464 %
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4.1.2 anmyagiiomeadisindvinasviatiadlosluaniwiagiu Tuilufigudng
AaT 2iTedlnl
mslesesianmyanionnmafiesandvinazunsasnadagioidmansenuse
anmenme TnsarfinnsananmonielussiuiuFeusanvedlas (mileftuin 1.80 ms)
Tuga91a7 6.00 - 20.00 1. IINMITWUNFUNTATVIANATWALNITINFIVBIUINUY AD
auutera1y auuviwnges 1 Tulwiwmile-1d uavouulasyUsema 908 6 aUUABELATIZY
Tunueriusen-nziunn mensilSsuiisuiulsvesanineina 5 fuus laun gaumail
91MA ANAALENS Amdaan ienaay wargnmgiinisukssdinde il
1.) guuqndena (Air temperature)
1.1) gaumgilonaandnsnazunsusuadiniiies wwiauuiimnie
- Tieildt
nmssiassanimgagiionmadiesesiufl 24 wweu 2560 Haugl
17a1 6.00 - 20.00 u. WuFUNsIsMIAdAETasToguuauuiiseau Tiud sUnsusuada
@908, 1.2, 1.0, way 1.3 7fdnvasnenenmiiadioadiy Tneflonnnsnidveni
Augdliuandnatusnnidesilietavy iguvagiiads 35.45 - 35.57 ssruwaded lag

sUnsusvindindies 0.8 (AA) wargunsusuadiagies 1.2 (8-B) vinmeimsmidivdnia

=l o

AunteaIneyans dgamgiindenigalugiaan 6.00 - 20.00 (35.45 asfiwalided) uay

Uihuiillgumglionnimedsgeigafejunsusviadaiiies 1.3 (D-D) 35.57 ssmiwaided

q U
UIWATUNTIDIAINIME Tuiunigrivetnsineaudnsa waggunsasuadagies 1.0
(C-0) vSnulsausuiae wessipeu dgungileneafe 35.47 sariwalded daugunse
T T ' 1 a ey a ¥ [V
svndadioseguuauuinunees 1 Ynngitgunsusuadiaibes 4.5 (E-E) usnumumas

91A1515051n AN UTuiwauaya1AIlsausueunis aengiy dgmngilainia 35.32 aef-

=

= 5,} 1 el It') a S = 1 4 LY
waltea Faduanadendnan wazlugunsusvindaiiios 2.3 (F-F) uSadUmamig

Il
= =

Wusiing wane faampiionieade 35.47 swrivaided

EULLUUMiLUﬁUuLLﬂaaqmwQQBWHWﬂnﬂaiuL';aw 16 9lag dgUuuuiii
= w a al a ' o = & v a O w & 4
Wendunnunsausvngiaiiasnini 107) uandnsiuiisaantdes anvisluggiouiiuy
USuauuLazmaiuinassdagslutuinuumie - 19 aglasunasenfindilunan 5 - 6
Falas Turnanatuszanad 10.00 - 14.45 u. laeea9d 6.00 - 9.00 azlAsUaINLI1vBIR1ATS
HamzTuseanvadnuu wazaie 15.00 - 18.00 9¢lAsULI19INBIASNSHe AR TuANYBIn UL

F991ANSNIA IR ULLBUAT IS IEAINS DUIINLAID ARSI UT IR INET



vIL¥BEBILL

bz :bos / G0:TZ:0T T95Zv050 4993 / Tesodoad L00z0ge18s siszHi-Z arw ||| LI

179

CI 1 o o b el 1 =
A1919N 16 LLﬁﬂﬁﬂﬂquﬂuﬂJ?J’lﬂﬁﬁ{]’ﬂ"\;Uu U‘mmﬁgmmamqgﬂmmmﬂmmﬁea AL

auuwile - 19

Geometry Max Min Mean  SD.
FUNTUIAAINIBITRTIEIL 0.8 (A-A) 38.13 3011 3545  2.65
FUnsasvAliadewnsdw 1.2 (B-B) 3813 3012 3545 264
JUnsausnAiingiewnsEdm 1.0 (CO) 38.17 2990 3547 269
JUnsssnAdnesdasd 1.3 (0-D) 3832 2959 3557 274
sunsusmadindlesdasidan 4.5 (E-E) 3804 2984 3532 270
sUnsasvatindiesdnsidi 2.3 (F-F) 38.16 3009 3547 268
Mean 38.15 29.94

i3 : {3

gaungiiennia (°C)

40.000
|
38.000 -
36.000
|
34.000
—e— JUnsaTAdingesdnITd 0.8 (A-A)
|
| —a— sUnsnsviadadesdinad 1.2 (6-B)
Y —a— JUNIBINIAddiowATE 1.0 (C-O0)
—e— jUnsusviadindlesdnindiu 1.3 (0-D)
30.000 —s— JUnsisrAdndiodnTdy 4.5 (E-E)
—w— JUnsATMAdINERERTE 2.3 (F-F)
000 W A e —_ ; ; T T ; Ty

6.00 7.00 800 9.00 10.00 1100 1200 1300 14.00 1500 16.00 17.00 18.00 19.00 20.00

Al 123 wanaunugiiaamgiionniatagiu ushnagamegigunsasviatiaiies anu
= 2
wwInuuwile - 1d

i : 698
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1.2) gumgiiennAnnavdnwagunsasnadiadies Luinuudie
nziueon - Nrngiumn

nnmsdaesanmyagiienmadieswesiuil 24 wwieu 2560 aus
1981 6.00 - 20.00 U. WU jUnsasadiadeduluiouuniueen - axiuan 2 et
Ao sUnsssvatindieadndi 1.8 USHMABUNA1YBINUUASYUTEWA Y8y 6 Hgnngil
91Nelde 35.45 asrwaliea didigsaaluinan 16.00 u. 38.14 ssrnwaidud wazsunse
sRdadied 0.7 USNMOUUAELATIEN S¥NINLTITUED WesAREY LaslTIluasAl
oumailennelede 35.47 swnwaldea fldgeaelunan 16.00 u. 38.14 ssrniwailied G
gaumnfiomeaiiiusis 2 Hufidhedns il 17) Snisgumpiionniavesisansiiegial
sUsyumsasuuvasmiglunan 16 alus fuwaliudivindisufusedisgunsasmads
diodluwurouumile - 1§ (nmdl 124)
M31efl 17 uansingaumplioniatiagiy vinagasiegngunsasviadaiies muuwn

AUUNZIUDDN - AZIURNN

Geometry Max Min Mean SD.

jUnsusupdinllewwndu 1.8 (G-G) 3814 2979 3545 228

sUnsusnndladlesdnandu 0.7 (H-H) 3814 3000 3547  2.28

Mean 38.14  29.89

s

o e

Yidn Q td}
psAaaded (°C)
40.000

38.000

36.000 -

34000 -

|
{
32.000 <|

30.000

—— sUnsusvIAdinEeSRIIEIu 1.8 (G-G)

——— JUNTLTIIAdALETBISRTEW 0.7 (H-H)

|
28.000 -+ — — T T T T T T T T T T T onan

600 700 800 900 10.00 1100 1200 1300 1400 1500 16,00 17.00 1800 19.00 20.00
A 124 waasgamgiloinatagdu vinagededisgunsasniadiabios aununuy

REIUDBN - HLIUAN
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Changklan existing air temperature Changklan existing alr temperature  Changklan existing air temperature  Changklan existing air temperature
g ]

g £

24/04/2017 B.00 (Z=1,8 m.)

Min 28,85 'C. max 3141 *C

Min 29.97 *C. max 30.85 'C Min 31.58 *C. max 33,13 °C

Changklan existing air temperature  Changklan existing air temperature  Changklan existing air temperature
24/04/2017 10.00 ( 8m) 24/04/201 0

= smrdmgpelh ="

Wi

- = - -
Min 34.40 *C, max 35.06 °C Min 35.18 °C. max 35.79°C Min 35.95 °C. max 3651 °C Min 36,64 °C, max 37.17°C
Changklan existing air temperature  Changklan existing aif temperature Changklan existing air temperature  Changklan existing air temperature
24/04/2017 14.00 (Z+1.8 mJ) 24/00/2017 15.00 (Z=1.8 m.) 24/04/2017 1600 (Z=1.8 m.) 28/04/2017 17.00 (Z=18 m.)

Min 37.9% "C, max 38.50°C Min 37.96 *C, max 38.38°C

Changklan existing air temperature Changklan existing air temperature
24/04/2017 19.00 (Z=1.8 m) 24/D4/2017 20.00 (Z=1.8 m.)

Min 37.25 °C, max 3759 'C Min 36.55 "C, max 36.93 'C

181
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2) ANNAUFUINS (Relative humidity)
2.1) ANNPUFTINSIINENTNATUNTATVIALAEDS wuInUUTiA
wilo - fieilst
91NN13918893a0H0INAEEY HanIsAnwIANTUFUIMSInTe
ANEINUAY 1.8 wWnT TuuiisegenuuuInuwmie - I wulnsviagaideiuunuutig
a a 9 | a & dw v fa o a
AaU LsnAdaLiasdnsdIu 1.0 (C-0) UTIMNUNAMUMIlTIwsuIae Wwasangy de
¢=‘ll o @ § = d‘ o = L] = 14
AUTUANMSIRRENINTAR 45.95 % A1L17D1LDIRINANGUNRYN T TUATUULIN ALY
AUEBTBIOUUUTIIN TOIRINIABLTUIANALITBITATIEIU 1.3 (D-D) USIMAIUNLI®IAIS
€ L3 U 1 g o s 5 A =
nua lwi uiens uazerpnsaudnisidianurudumnsiade 45.81% lagusiaeinudng

1 =4

21ATAUEN SATInAUNINTTIUAEITY dIulsuAdialednsidIu 0.8 (A-A) wae 1.2
(B-B) Henedudsividiads 38.25 % uay 38.24 % deisassuinallaiiiiowssa wasiufn
Tnvsouiduiiuinreuninuazieaila

dalusUnsasnadiadosuuauuvinunges 1 Unsasvindiadion
4.5 (E-E) Huflaaaiuduivg 45.02% iesannszuaauintmAsuduividinainngy
fmssudnamuiumilsusias weshidiou Ussnoufueimsgatidesimosmuusiil
Anududiimsanastiniiuiiinunidy Turasfsrtuuinusradedes 2.3 fidawuiy
Hinsiady 38.15 % (3797 18)

gtlam‘um*st.U%uuUaaﬁqmm%um'm'*ti'mnawﬁé’nwmxuﬂsﬁuwﬂﬁu

& 1 =

nugaun)iiainia lagdrudiat 6.00 u. ANUFLIVSIzAREY anas waviamgaty
| = 1 A4 do ' v a 1 d o &
391981 12.00 - 15.00 u. Fudugranariiunserldiuuateiindosuhui ndwiniu
d‘l’ A T ! a -:? = = ; v o ed a 5
ANATUdmSIrAseNTY lneligunuunsidsuudasauiiuduinsivilouiunaeniia

$u (it 126)
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d I ﬂ!id" . o L3 o = . 1 = =)
f1919% 18 LLﬂﬁﬂﬂWﬂ?Wﬂ‘UUﬁﬁJWﬂﬁﬂ%’i}‘Uu ‘USLQNQQWQQBWQEUV}NL’TH’WINQLEJE]Q BT

ouuile - Ta

Geometry Max Min Mean SD.
JUMSLIYIAIAEBIRTIEIU 0.8 (A-A) 44.24 35.15 38.25 2.57
sUnsusnedindlesdnsdu 1.2 (B8)  44.22 35.14 38.24 2.57
sUnsasvadiniiewnsndn 1.0 (CO) 45.95 35.16 38.41 2.87
sUnsusnadndesdasd 1.3 (0-0) 45.81 35.03 38.53 3.20
JUvsusvadindiewnsidu 4.5 (E-E) 45.023 35.35 38.55 2.74
EUw‘sqLimﬂﬁmﬁmﬁmwﬁm 23 (F-F) 44.30 35.04 38.15 2.57
Mean 44.76 35.15

i : {33y
AUAUFINE (%)
50.00 -
4500 -
40.00 -
35.00 -
30.00 | —— Relative Humidity A-A
. | —{f— Relative Humidity B-B
—a— Relative Humidity C-C
2000 - —@— Relative Humidity D-D
—3#— Relative Humidity E-E
15.00 A —— Relative Humidity F-F
10.00 4
500 -
000 A ; : 1 . = ~ .
6.00 7.00 8.00 9.00 1000 11.00 1200 13.00 1400 1500 1600 1700 1800 19.00

381

20.00

ﬂ‘ ﬁy e A & @t = ar 1 = =
AN 126 WaRIANAUANG U0 UTINRARIRENTUNTATVIAGIAIDY ALLUINUY
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2.2) enumuduivinnavswagunsusmadadies uuanuuiie
mziueen - irnziumn

anududuRnsus nasuadadiesuuauuesyUssinages 6
sadadies 18 Tuluiidnwiueinsifianugs 4.00 - 4.50 wes waviiufueaita i
A wdudiMsiade 38.51 % wassuadaiies 0.7 e wituduindiade 38.51 %
Uihastwindlsausuias wesddeu uazlsausuaiasd (5197 19) Tnefidrgeiigaluna
6.00 u. kazsigalulaan 13.00 v, vudesuinaiistiuunadsuwasimiuteudivg
witeuiusaeaiety Snisdisuuuunsdsulamiudnafimileutusetasuiads
wadluwwauumie - 1§ (1wl 127) awvmerailosnandnuusisadaiiesdidnusi
Tsiuaneafunn waradomsmeamluvinalndiAssiuorvdmalimautuduivsien

wan@afuLNeadnoe

M99 19 uansAIANTUEIIMSUagtu. Uihagafisgesunsasuadingies muwun

AUUNLIUDAN — ALIURN

Geometry Max Min Mean SD.
JUnsusuptintiawnsd 1.8 (GG) 45237 35237 38517 2920
sUnsssvndiadiewnsdm 0.7 (H-H) 44.670 35167 38367 2777

s

N ; {9

ABUELTNS (%)
50.00

45.00 4

40.00 -

35.00 4

30.00 4

25.00 4

—— Relative Humidity G-G

20.00 —==— Relative Humidity H-H

15.00 4

10.00 -

500 -
0.00 —r— : _

T T T T T

6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
MR 127 uansnududuinslagiu uihnagediegguvswsvadadior auwuiauy
AYIUBDN — ATIUAN

1 @ {39y
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nnmsAnndadennuudiing wuienuiiluusseinavesusaziunvuegiu

Uadumamunm Sadnaquituiauasiionssa Tinleanmgiennialagseuvedudasiiui
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Changklan existing Relative humidity ~ Changklan existing Relative humidity Changklan existing Relative humidity  Changklan existing Relative humidity

24/04/2017 6.00 (Z=1.8 m.} 2a/04/2017 7.00 (Z=1.8 m.} 24/04/2017 8.00 (Z=1.8 m.} 24/04/2017 9.00 (Z=1.8 m.)
2 | — : 1

et

Min 38.31%, Max 39.58%

Min 41,768, Max 44 96%

Min 43415, Max 48,138 Min 42.87%, Max 48.60%

Chancklan existing Relative humidity Changklan existing Relative hurnidity  Changklan existing Relative humidity  Changklan existing Relative humidity
2a/04/2017 10.00 (Z=18 m.) 24/04/2017 11.00 (Z=1.8 m.) 24/0472017 12.00 (Z=18 m} 24/04/2017 13.00 (Z=1.8 m.}

Min 37.07%, Max 37.84% Min 36.27%, Max 37.00% Min 35.78%, Max 36.40% Min 35.02%, Max 36.60%

Changklan existing Retative humidity Changklan existing Relative humidity Changklan existing Relative humidity  Changklan existing Relative hurmidity
24/D4s2017 14.00 (Z=1.8 m.) 24/04/2017 15.00 (Z+1.8 m.) 24/04/2017 16.00 (Z=1.8 m.) 26/04/2017 17.00 (Z=1.8'm.)

L e T ="
Pt e

Min 35.36%, Max 36.72% Min 35.65%, Max 36.86% Min 35.19%, Max 35.96%

Changklan existing Relative humidity  Changklan existing Relative humidity  Changklan existing Relative humidity
24/04/2017 18.00 (Z=1.8 m.) 24/04/2017 19.00 (Z=1.8 m.} 24/04/2017 20.00 (Z=1.8 m.)

Min 35.36%, Max 36.72% Min 38.48%. Max 39.92% Min 40.06%, Max 42.90%

186
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3) A§aN (Wind speed)

3.1) AuiiaueIndvswaguvsasnadaiies wunuufiamile -
il

MnuuuIaeagiiennAvinaiuiinyluwouumie - 16 wa
nsnwnuuifes v uuutenauananmieiufuaiugs 1.8 wns
UInasvndadiednsdn 1.2 (8-B) ﬁmmﬁuqaﬁaﬂ Taei3ua1niaan 6.00 u. Asiay
0.28 Wwns/Aundl wazABETUZsEAIAY 15.00-16.00 U, firmi5aan 051 wns/Aui
Tnefuiisunsasvadndioadnsndau 1.3, 1.0 uas 0.8 fanndaangean 0.48, 0.45 uaz
0.45 wAs/Audl awdiiu Fegunsasmedadents 4 Snsrdiufisunuuauisaud
willeuffy (A3137 20)

Tuvaizideaiuuinagunstisvadadesuunuuyiun 9o 1 usausvadadies
Sasndau 4.5 (BB fiarmiiiaugean 0.46 - 0.53 was/Aunit fanusadeudnee
iosmnfianmmenmueinisgs 19 wmssaesiliesnuu wazouuniie 8 wes Ssaniw
fnanfidnuazifureuey viildnnuauedsluiatisiniuinedy wazlufedis
isviedindios 2.3 (F-F) frnmi$aau 0.15-0.20 wns/Aud Swhilannasavieiu (nmdl 129)

Mnravasnsiassgienniavesiudl 24 Wy 2560 sUnsusundaiiodinaste
audaveanszuaay Tasawigluiiuidusenivemsiiuaueuiianasgeiudnies
wnndluituiididandie Tasmnuianvessrudnananluggoudinuisaudeudnac
dwalinsszuienuiouseniniudildenduinuazuannsgninfveganeluiiodu

(=1 vV a L3 v IS
Wuanuugiiiausngnisalineanuiouilas

ﬂ‘ 1 s - at ) = <
M197199 20 LLﬂﬂﬂﬂWﬂ’J’]ﬂJL%’JﬁM{j%ﬁ]Uu UiL']m’\mC‘]’J’EJEJ'NEUWNﬁ’U’]ﬂmﬂLEJE]Q ATHELUINUU

wile - 1@

Geometry Max Min Mean SE.
JUNsSATVIRAIRLIRISRSEIU 0.8 (A-A) 0.45 0.23 0.38 0.07
sUnsssnadndesdnid 1.2 (8-B) 0.51 0.28 0.41 0.08
jUnsuswpdiadiawnsdn 1.0 (CO) 0.45 0.27 0.38 0.05
jUnsusupdiadiasnsid 1.3 (D-D) 0.48 0.25 0.38 0.07
FUnsusIAinewnsE 4.5 (E-F) 0.53 0.46 0.48 0.02
FUNITUsIAAIAERISRIEIY 2.3 (F-F) 0.20 0.15 0.18 0.01
Mean 0.44 0.28

i« g3
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AEIaN (m/s)

0.600 -
0500 -
| x_#-.;{
0.400 - —o— JUnsusvadadiadngdiu 0.8 (A-A)
—i— JUvsnsnadadiesdnsdiu 1.2 (8-8)
—a— jUnsnsviedadiosnsidau 1.0 (C-0)
o —o— jUnsisIrdadinens1dIu 1.3 (0-D)
—x— gUnsasvipdadiadnadiu 4.5 (E-6)
A —3— Junsasmadiadadnsdim 23 (F-F)
0.100 o
1387
0.000 ™ 1Al F 7 — = v L TlEEC Sl LT T = Tar s & T T

600 7.00 800 900 1000 1100 1200 13.00 1400 1500 1600 17.00 1800 19.00 2000

d ﬂy o s o = ot 1 - =
NN 129 LLﬁﬂﬂﬂ’JWN“ﬁuﬂNWVlﬁ‘{jﬂ’i}‘UU ‘l_l‘iL’J‘{\J’ﬁ;ﬂﬁn’é}EINEUW?\‘]L‘J‘U’W\ENG]L;JBQ ATHLUINUY

Witle - 1a

]
Il

M : {33

3.2) AIILTIANAINBVENAFUNTATVIALAEIDY Luinuuiiamile -

NS IaNvesnegsadniiodulauusr uoon-nyiusn %9
A99M19819L5UALAEIDY 1.8 (G-G) USLIunuuISYUsEmATaY 6 wag 0.7 (H-H) uSunuu
'3 i fa = s = L4 = < a
ADBLATIZY SxWindlsausuae Wweshwey Aulsusugied  fmnusuedeysyaim 0.18
o o = ) a ) s = £ =
wns/Aud Wesnuwisuuiineyiuean-fidariunnanwmividianisanlugaiou (M50
& | = v oa & o ~
21) #slugi199a1 6.00 — 12.00 U. AIUFIANTUWITINLETN NE99INEIaT 13.00 u. &

P P = 1 Sl o
ﬂ?qﬁJL%?ﬁifaﬂﬁﬂLwaﬂLﬁﬂ\j 0.17-0.12 WU LazAINIUDITIIIAT (AN 130)

d 1 o =) s 1 ]
A197199 21 LLﬂﬂﬂﬂ']ﬂ??ﬂJL%’]aﬁJﬂ’iﬁ)‘Uu UiL’)ﬂJQﬂWJBU’NEUVl‘NLi?l']ﬂﬂJG]Lfl’eN ATULUINUU

Az IUDDN - AYIUAN

Geometry Max Min Mean SD.
FUnsasMRdadiadnEm 1.8 (G-G) 0.230 0.120 0.179  0.049
FUNTUSVIARNEIDBNTIE 0.7 (H-H) 0.257 0.170 0.214  0.021

! e s
I : {9
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A2735283 (m/s)
0.300

0.250 -

0.200

0.150 4
——
0.100 -
—4— Wind speed G-G
0.050 -
Wind speed H-H
0.000 o —— — : —fek B i ]

600 700 800 9.00 1000 11.00 1200 13,00 14.00 1500 1600 17.00 1800 19.00 20.00

AWl 130 mem'm%uﬁuﬁwéﬂagﬁ'u UuaMag s Unsusnadinges aulLauY
Agiueen - ayiuan
fian : {33

PNWANISANYIE196Y wansliiuigunsausvindindiodidvinadonnuda luws
idles Tawenansinnesaumiuiiameay azfinudiuinuiinesgniteasfiuinni
ormsiealuwnsfiamean Madmsduiisssriseasuaraisgeeiasiiinade
ANSANuAL WY Unausadadednsidi 4.5 (E-) seninsenanslsusingn UFu-
wa AuenAslsaususunIs MR iy vunuuviunees 1 Tuggieuinseuaausinuniy
wwInuufirmile - Adld suianisivauuy Venturi effect lnonszuaanazgniuliluasiiu

ABIINUUIAENTENINDIANT I WALTISRSUSWNLLINTU Tuvangunsusnatinidies 2.3

(F-F) USLIaUATUnaI81A1sIvuging wanen dufinudandoudidn a1wmnens

3

8

Wounanduiiufisuay szauiitauiannmsuiidmi o siiuiidnlamiedumii
T5ausuanns yilianusiauanas z’hulﬁmmﬁmLﬁaauumuwfﬁaﬂmuﬁﬁmmqwmmmifﬁ
aosilevasnuulndifiostu Snvteildn SVF 5291919 0.30 - 0.66 Aaasavddinadesii
mnalndiAnaiu sauflsguuvumsdsuulasmuganaffidnvaesifioniu warsunss
sadadlesuuauuiinediluwuaiiany fusen - faseTuan AUUABYLATIZLAZ AULLIT LY
Uszina vy 6 Tionmsiimugavingfuisassiliauy vilsinssuaaui waumsdamiosiu
Fraundiusnuiuiiouurugiansias Snesienasiivansiamsasyin i ssansam
MSITUNEEINALSNAauUARaNtuRY uenantudeduduionssuaznsldnui wunns

2 2 [

AITIUAT WRITNUUNIBAUAT SIUDINTTREUNINULSUOUY Auvardduilusdassan

L

TRPININITILUILDIN AU EAUN AUV LY
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Wind Speed

g < 0.00 m/s
ﬂ 0.10 m/s
e 0.20 m/s
0.30 m/s
0.40 m/s
0.50 m/s
0.60 m/s
0.70 m/s
0.80 m/s
> 0.90 m/s

Min: 0.00 m/s
Max: 1.00 m/s

= o & A i o o
AINN 131 LLamm‘smaaqm’mLéaauﬂluwumnmmuﬁwﬂa'm Tuduh 24 wweu 256
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Changkian existing Wind speed
24/04/2017 6.00 (Z=1.8 m.)
B ol ey
"

Min 0.00 m/s, Max 0.64 m/s

Changian existing Wind speed

24/04/2017 10.00 (Z=1.8 m.)

Min 0.00 mv/s, Max 0.81 m/s

Changklan existing Wind speed

24/04/2017 14.00 (Z=1.8 m.}

Min 0.00 m/s, Max 1.04 m/s

Changklan existing Wind speed
24/04/2017 18.00 (Z=1.8 m.}

Miry 0.00 m/s, Max 0.96 mvs

Changklan existing Wind speed
24/04/2017 700 (Z=18 m)
.

Min 0.00 m/s, Max 0.68 m/s

Changklan existing Wind speed
24/04/2017 11.00 (2=1.8 m.)

Min 0.00 m/s, Max 0.82 m/s

Changklan existing Wind speed
24/04/2017 15.00 (Z=1.8 m.)

Min 0.00 m/s, Max 1.02 m/s

Changklan existing Wind speed
24/04/2017 19.00 (Z=1.8 m.)
. s

Min 0.00 mvs, Max 0.97 m/s

Changklan existing Wind speed Changklan existing Wind speed

24/04/2017 B.00 (Z=1.8 m.) 24/04/2017 9.00 (Z= m.)
i - " . e

Min 0.00 m/s, Max 0.76 m/s Min 0.00 m/s, Max 0.80 m/s

Changklan existing Wind speed Changklan existing Wind speed
24/04/2017 12.00 (Z=1.8 m.) 24/04/2017 13.00 (Z=1.8 m.)
- L = =

Min 0.00 rm/s, Max 0.83 mvs Min 0.00 mv's, Max 1.05 m/s
Changklan existing Wind speed Changklan existing Wind speed

24/04/2017 16.00 (Z=1.8 m.) 24/04/2017 17.00 (Z=1.8 m.)
g

Min 0.00 m/s, Max 1,00 m/s Min 0.00 m/s, Max 0.99 m/s

Changklan existing Wind speed
24/04/2017 2000 (Z=1.8 m.)

Min 0.00 m/s, Max 0.52 mv/s

191
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4) Mirnvay (Wind direction)
msfnwilazeudiiaimsluadouresnszuaaumioiufiuniiugs 1.8
wns Tugieaan 6.00 - 20.00 U. WUUBIANBENN (Degree  azimuth) lasfiFniiaasiian
Winu 0 way 360 29d1, ARz TusBndANAU 90 a3, RALAIAMINAU 180 B9A wazHia
ayTuandAwiiu 270 aen
4.1) fiAn1eaNINBVEwazUNIITUIAGALTeY LunuuiiAvile -
ile
9Inn1s91assgagienniauinaiuiidnem wuiwiiuiaegis
sadiadesluuuiouumie - 16 nssuaasinanainmsiimmie wae 11.32 osm naen
viefulunng suvsssmadaiies (1 133) awmdsanniiemmonszuaauluggios
yosuiAnwEuEea UL LLIIuLINARIY LazauYIuNTes 1
319l 22 uansiievnsantlaqiu USingediegissunsasyadngie auwwaaumie

19 (mhodusm laefiawile = 0 way 360 p9en)

Geometry Max Min Mean  SD.
sUnsusuAdiadladnsdiu 0.8 (A-A) 18.053 13.300 15.852 2.097
sUnssIvIAdinilesdndIu 1.2 (8-8) 12747 9.483 11079 1.345
sunsasnndiadesdnid 1.0 (O 12350 8483 10207 1.626
sUnsusnadiadiewnsid 1.3 (D-D) 11617 8963  10.466 0.802
JUnsusIARiae R 4.5 (E-E) 9.197 8690 9.035 0.155
JUnsusIIAdiniewnsIdIl 2.3 (F-F) 14210 8550 11.338 2324

‘17'11.I’l: I

=

HiFimneau (a9en)

NGO Cr— Jan S0 . R H R B W N a0
—@— Wind Direction A-A

W 270 - _._Wmd D'T'f’“‘?”.'?‘?..... 12
—a&— Wind Direction C-C

g 180 - —@— Wind Direction D-D
—— Wind Direction E-E

E 90 - : e B ) e ) —3¢— Wind Direction F-F

o A e el S

600 700 800 9.00 1000 11.00 1200 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

AN 133 uansiieniaaudaqtu vinagedeggunsasuadiadies mukuinuwmie -
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4.2) firmeaundninazunsasvnliaiies winuufiangiuean
- fiAngIunn

21nMsdiaesgagiionniAuiuuiiuiidnm wudusiudiedis
svndiadiasludulouuiiasziusen - Aenziunn UuOULABBLATIZ LasnuulaSyUssIne
%oy 6 AAMsauRANINTidezTuaen Wae 90.36 891 AULLAIUL AR Ty

(mwﬁ 134)

d a a o L 1 =
A1319N 23 uamwmmqauﬂ%quu ‘UiL’Jmﬂﬂﬁ]’]EJEJWQEUVINLTU'W’]NG]LEIEN ATULUINUUY

peYuon — axdunn (Muheluaim laefidwile = 0 way 360 99A7)

Geometry Max Min Mean SD.

sUnsausuAdlndlosdnsndiu 1.8(GG6) 100100 100.100 100.100 0.000

UNTHTVIAUMILDIBATIFIU 0.7 (H-H) 83.583  76.870  80.635 2.729

3

Y
4‘ e @
N : {338

#ianneau (a41)

N 360
270 - { - 0 ", S/ v w oY . U U |
W —+— Wind Direction G-G
—=— Wind Direction H-H
S 180 - 4 s
E 90 e~ B B . T —— S— AT =

K 0 Y - M
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 17.00 1800 19.00 20.00

IJ = s = Q 1 =
NINN 134 LLaﬂﬂVIﬁVlNﬁﬁJ{"{l‘i}‘Uu ‘U3L?N‘Qﬂﬂ’l@SWQEUMNL‘NﬂﬂﬂJG}LﬁBQ AU UINUU

AYIUDDN — AETUAN

]
= Ve W

;639

= o = d a =] v & 1
mﬂwammﬂmLgamlmﬁummmepnmmmna’1ﬂﬁwqﬂUQﬂasmf}uqﬂaﬁﬂﬁami
luaisursenszuaanlusziutuisousenvondios (Urban Canopy Layer) denalvinssuaau
AN3150 VAT UNIUENIZNUNIINSENTINDIANS AL OUUYINTY  InenTehaauntlafuRn

1.80 a3 degnimualisifianinisivaluauwansinsivesonmsdudeaiu
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Wind Direction

< 0.00 deg
45.00 deg
90.00 deg
135.00 deg
180.00 deg
225.00 deg
270.00 deg
315.00 deg
> 360.00 deg

Min: 0.02 deg
Max: 359.91 deg

= 1

° a & o v o
ﬂ'\“ﬁ 135 LL’c‘imﬂ'ﬁﬁ]’laiNVl_PWINaﬂuwuﬂﬂﬂﬂﬂmwﬁ’ls‘lﬂa'm I‘U'Ju‘ﬂ 24 1wgu 256 L1Ian
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o Va o
AT W98

Changklan existing Wind Direction, Changklan existing Wind Direction. Changklan existing Wind Direction, Changklan existing Wind Direction.

24/04/2017 6.00 (Z=1.8 m.) 2‘/04/2017800 (Z=18m.)

24/04/2017 9.00 (Z=1.8

20'04/20177@(1 18 m)
5 13

Min 0.01 deg, Max 359.95 deg

Min 0.04 deg, Max 360 deg Min 0.24 deg, Max 355.97 deg Min 0.01 deg, Max 359.90 deg

cwmmm Ditection. Changklan existing Wind Direction. Changklan existing Wind Direction.  Changklan existing Wind Direction.

24/04/2017 10,00 (Z=1.8 m.} 24/04/2017 11.00 (Z=18 m.) 24/04/2017 12.00 (Z=1.8 m.) 24/04/2017 13.00 (Z=1.8 m.)
Min D.18 deg, Max 359.93 deg Min 0.02 deg, Max 359.96 deg Min 0,02 deg, Max 360.00 deg Min 0.10 des, Max 359.96 deg
Changklan existing Wind Direction.  Changklan existing Wind Direction.  Changklan existing Wind Direction.  Changklan existing Wind Direction.
24/04/2017 14.00 (Z=1.8 m) 24/04/2017 15.00 (Z=1.8 m.) 24/04/2017 16,00 (Z21.8 m.) 24/D4/2017 17.00 (Z=1.8 m.)
Min 0.04 deg, Max 359.93 deg Min 0.02 deg. Max 359.97 deg Min 0.02 deg. Max 359.91 deg Min 0,01 deg. Max 359.96 deg

Changklan existing Wind Direction.  Changklan existing Wind Direction.  Changklan existing Wind Direction.

24/04/2017 18.00 (Z=18 m) | 24/04/2017 19.00 (Z=1.8 .} 24/04/2017 20.00 (Z=1.8 m.)
Min 0,02 deg, Max 359.96 deg Min 0.00 deg, Max 359.98 deg Min 0,12 deg, Max 359.97 deg

ANKARITANIEN §1UTeARTY fuﬁ 24 w1y 2560 11 6.00-20.00 .
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5) g iinsuHisdadey (Mean Radiant Temperature)

nsAwIngMvin1Tuksdndeluidesldiudsanimermealunis Aa

DUVATDINIA LALAIILULSIAN FINUATBURAINISWRSIARALYTBILRazdIangaulaS U

3 U q U

e i3
a a A A

dndwanranan meINIAYEINUNAIe19tuYg $I0H3A19INN159529 TR A LA lUNTS
dxaus1dv09 Globothermometer probe @39z l@5UBNTNAUIIINKAIDIIAELAZLINVD
5 y = o = 5 1 dy [ i a lar =
91A1ssaesilivasnuuuatiuaseiing lagnanisdnwiseluiilunlgungiinsudiad
a o & A ' % v o |
1RABIINNSTIARIANINBINIATUNUNANWILIUTNARIU TUN 24 LWWIBY 2560 BI3I87

6.00-20.00 W.1lABRINTUITUUSTEINIAUSIUOUULAENILAUN IILDNURT 1.80 AT

5.1) 9NN ILHTIFREEINBMBNAFUNTUIVIAMALIBY WuInuY

Pewile - Arla

o = - ¥ ‘21 =1 1 =
Nﬁfﬂ?ﬂ?aBQQaQNBWﬂWﬂU3UﬁUﬁuWﬂﬂHW WUITUIFIULIVTIATURLU B

i ¢

vuauutIRaIu laun suiataged 0.8 (A-A), 1.2 (B-B) uaz 1.3 (D-D) idlenasnidivdaa

]
- 1 = =

13.00 - 15.00 w05 agasddlsvasnuunuiiagum)iinisunidiaieniiguuuuiaganu

U

\losnnguuuvresdndiueimsindnliunndeiuuin ivaneiasilduneunin uay
MuRaunequasunImudeafufy dsldfuuasefindlunanfertunaoaioly Tnd
AaduvosgumaiinisuTidieAsumauuLarMEuWY s 37.81 - 38.91 846
wadea lusagiisnadndes 1.0 (C-O) vnmszwiwuinmedsusuae wessifeuiy
91A1sHI@Ye Tuilsuuuvresigumgiinisuifidiadetuidsafufunduismadaios
drafu fpausitisavesgumginsussidiadefistu-anas dandnussana 60-90 unit
awvaidloananfiuurdulivsnaumaiurindme Suanvesnuu dusviadaiiosuauu
viunges 1 svadiades 4.5 Uinusywivermslsusunds Uiuwatulssmeunns

1
Qs =i

Angdy ildnvauznienmlue1n1sge 19.00 wns vivaeiavesouu dA1gunninisun

] '
= o

v = i a4 & w - = P =

Sdaganingunsusuatngus aaeavisiy lagliAeie 31.00 earwaided (nwi 137)
-l a @ ' 2o a & s ' ] ' ' v oa
WWosnnusnusinanlasukaiefnddsy Ysenautuludratriinszwaaylraniuaautied
< o § wa a“ = a oA a o v v W Ca
Juiivilgumiinsursadiafesi wazisvindinkied 2.3 (F-F) USRMAURRINNTUGTING
WA ile1ANsEd 13.00 WA 1eiAng IuRDNTBINUY La¥eIAISIAEY 8.50 LUAT uATUY
NI9HAEY 8.00 AT uAAIRMUYINITULHIIFIRY 38.40 DA lwaltea FellAnNINUIUNs

. - W o P @ ad a

IsvIAdnin U UUEIIAAIY NaULiAI1UNTI 12.00 1WAS WDRIITUIAIUGUDIDIATT
U51n431AUFIVB981ATHS 2 Eiwamuuﬁmmqﬂﬂélﬁmﬁ’u fFanunusiuouulasu

gvsnanuasamindlunanfeiu dwalvguvgiiniswididinaelelnalfeiu
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M13°99 24 uansAnaamiinsuisIdagy Uungafiet 1 gUnusTIAdines AUk

UMl — 19

Geometry Max Min Mean SD.
FUNTUTVIARINEDIEATIEI 0.8 (A-A) 54.447  19.417 38916 11.018
sUnsssUAtndiawnEl 1.2 (B-B) 54.023 19.263 38.041 11.258
FUNITUsUIARINEEWRsIEI 1.0 (CO) 54457  19.650 39.400 11.809
sUnsusIAiniiosensEw 1.3 (D-D) 53740 19.143 37.814 11.236
sUnTsTIAtnEiSnTEw 4.5 (E-E) 45653 17.830 31.006 7.111
sUnsusadindlaswnsdiu 2.3 (F-F) 54.040 19.283 38400 11.266

i : 3%

=4

a 1o 4
gungiintsudsdiaie

("0
60 -
|
50
40
|
30 4
; —@— Mean Radiant Temperature A-A
20 —— Mean Radiant Temperature B-B
—a#&— Mean Radiant Temperature C-C
0 —@— Mean Radiant Temperature D-D
—3%— Mean Radiant Temperature E-E
—3¢— Mean Radiant Temperature F-F
0 e = | &3 gl e B N B B ) B A | — 981

6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
A = las = A s = 7] 1 =Y r-}
AN 137 uwansguniinisusSidiate gl uihngedieggunsusuatingis Ay
= 2
wuauUWle - 19
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5.2) gauunfiinisuesdiaduandvdnagunsasuadindies wuinuy
irnzTueen - ARz iuan

HAINANTINADY WUINSVIALMEDY 0.7 (H-H)  UShuouuasy

¢ i o

W98 SEINLSILTHIGe WesaIiey Aulsusuaiaed dAade 42.75 ssreadea agd

guNNINISUHTIARRLNZ I TUAIUA 8.00 Y. JUNTEIT 14.00 U. F98ARY UANAI9DIN

q U

| a Aa a 1w oo d <
LIUNANALEBY 2.3 (F-F) UUQHULgﬁmﬂﬁngﬂ‘ﬁaﬁ 6 WﬁﬂqquQuﬂqiLLNS\ﬂaLaﬁﬂ Lage 32.70

DIATAILE FINININSVIALALEI D lULLINULTE — 1@ R InUSnMouuRIna lasuLIn

I3
=

1ne1msissususeda auwn dulumsvualvgmesudield nsziuidnulugadou

A9 TIngaLeRuNNIeld (NI 138)

- ' a T =l i a a i A oA
M13799N 25 LLﬁmmqm‘mgummm&amﬁ&} U'inm’ﬁﬂﬂ?aﬂqﬂzﬂmﬁﬁﬁﬂﬂqﬂmﬁuuﬂﬁ AL

DUURZIUDEN — ATTUNN

Geometry Max Min Mean SD.
FUNTUsUIAAINLD98RI1EI 1.8 (GG) 41.517  17.967 32704 6.464
JUnsasvnliadlownsidm 0.7 (H-H) 54.710 20630 42752 11.030

o [

i ﬁg'}ﬂﬁ]
qmwgﬁmmﬁ%’aﬂmﬁsj
60 (°C)

50

40

30

20

—tj— Mean Radiant Temperature G-

10 G

0 T [ 0 T I v 3 O WmE O’y T L2a1
6.00 7.00 800 900 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
=] a v o o ™ a Y ' o
A 138 uansgaumainisunisdnie g Umﬁugmmama‘gﬂmaL‘amﬂmmﬁa@ bV
LUIOUUREIUDDN — AEIUAN

Ve et

=
Viun : gI9
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Changklan existing Mean Radiant Temp. Changklan existing Mean Radiant Temp. Changklan existin,
2017 6.00 (=18 m)

ean Radiant Temp, Changklan existing Mean Radiant Temp

28r04/2017 7.00 (=18 m)

Min 1651 °C, Max 23,61 °C

Min 19.23 °C, Max 35.49 °C Min 27.60 °C, Max 49.99 °C

Chancklan existing Mean Radiant Temp, Changklan existing Mean Radiant Temp. Changklan existing Maan Radiant Temp. Changklan existing Mean Radiant Temp.
28/04/2017 1000 (Z=1.8 m.) 24/04/2017 11,00 (Z=1.8 m.} 24/04/2017 12.00 (Z=1.8'm.} 24/0472017 13.00 (Z=18 m.)

- %
Win 30,57 'C, Max 52.09 °C Min 32.76 °C. Max 53.85 'C Min 34,06 °C, Max 58,93 °C Min 31.64 °C, Max 55.24 °C
Changklan existing Mean Radiant Temp. Changkian existing Mean Radiant Temp, Changkian existing Mean Radiant Temp, Changklan existing Mean Radiant Temp.

24/04/2017 14.00 (Z=1.8 m.) 24/D4/2017 15.00 (Z=1.8 m.) 24/04/2017 16.00 (Z=1.8 m.) 24/04/2017 17,00 (Z=1.8 m.)
. - . B

C I

Min 33.65 "C, Max 56 80 °C Min 34.13 °C, Max 5544 “C Min 33.19 *C, Max 53.50 *C Min 31.17 °C, Max 49.79 °C
Changklan existing Mean Radiant Temp. Changklan existing Mean Radiant Temp. Changklan existing Mean Radiant Temp. Mnavy JRoNaAE Fhewr

24/04/2017 18.00 (Z=1.8 m.) 26/04/2017 19.00 (Z=1.8 m,) 24/04/2017 20.00 (Z=18 m.) < 20.00°C

Min 27.86 °C, Min 23,74 *C, Max 30.31 °C Min 22,65 °C, Max 29.33 °C

o a oo a i o o d
AINN 139 ﬂ’TWLLHWQQWWQ&JﬂWiLLN‘J\‘IﬂLQaEJ HIUTMAAU FUN 24 LweU 2560 Lan 6.00-
20.00 u.
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4.2.3 Jwnevinviinnuauieiierinuieu (Thermal comfort index)

nnssraesanmyagienniavestiudienanluanindagiiu Sud 24 wwiey
2560 ¥4 8 JUnsusmadiadies §Afeddldhnannmssiassanmianienmauiingie
dudanuauneilsauieu (Thermal comfort index) fiiSondn gumgiiasnanisadsingn
(Physiologically Equivalent Temperature, PET) vesjunsasviadindiadluanindagiu
TnelUsunsa RayMan Model iiletSouLiivugnmgiiannamsaisine mugianaiuas

ANUALNUSTILRAZFILYS ATl

[

1) dydaruauieidniiuiouaindninaguniasvindaiiiosluanin
Uagtu

\dlefansangungliauganisaisinervessnadaiissanmiagiudieg
Tugrsrnueausuidsainuiouluggiou(Thermal acceptable ranges in summer) wWuin
sunsasadadiosuusuuinwhluwniiewde-ield dgunsusnednaiiodnsidu 4.5
(E-F) fisnanfleglutisanuseniudsmmmiouluggieuinniign Tradhdausinan 6.00-
9.00 u. uavTIAIRUANEAT 20.00 u. \usiuly Turasiisunsausuadeiios 0.8(A-A),
1.2(8-8), 1.0(C-C), 1.3(D-D) uay 2.3(F-F) Iluaiiogludrseusesiudmuiouluggiou
Tuan 6.00-8.00 u. wiliu drulutasmaurvesszasiaaniiviinisAnerdulaifisunss
snedadledlafifiguvniauganisaisinefieglunasivivensuld dugunsusvinds
diasuunuuinnsflunuafiangfusen-nyiuan wuiigunsasuadaies 1.8 (G-6)
Frnaigamgiiaunanisassineagludiinnuseniudanudeuluggiounan 6.00-
8.00 . Warndaniniaan 19.00 1uduly uazgunsusviadaiies 0.7 (H-H) fidaaaani
pngiaunaviaisineneglutiseusoniuisnuiouluggFouiles 1 $alug e
6.00-7.30 u. (nwil 140)

MnsamsAnsssunansiiiiuviigunsssuadadeduanmdagfuiitananii
samgiaunanvaiTineregludianuseniudnnuieulugadeuluseudi 1ian 6.00 -
8.00 u. Wiy nsdivestudreaau Siiadedal fasnafinaniufivinuouudild
Aanssumaaswsie ieeiuusemsiiwas Usssauidgesiiuouudisrauiios
wiiy efanssumaasughavesgiudrnauagBudulutisnaiuseana 10.00 - 24.00

u. Fadutranaenmaliaunanisaisinerdeaninaueesuiulenuioulugaiou
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A3199 26 gungilaunanivaiinevausuasindiesan gy wunuuiinmile-Aeld

600 7.00 800 900 1000 11.00 12,00 1300 1400 15.00 16.00 17.00 18.00 19.00 20.00

sunsusadadiodndn 0.8 (A-A) 2490 27.00 3040 3580 4310 4440 4550 4640 47.00 44.20 3830 3890 3690 3270 31.90
jUnsusviadioileosdnsndiu 1.2 (B-8)  24.80 2680 30.30 3560 4270 44.00 4500 4610 4680 44.00 3820 3690 3500 3300 3190
sUvsasadadiesnindin 1.0 (CC) 2090 27.00 3060 3330 4040 4420 4540 4620 47.10 4690 4610 3940 3500 3450 32.00
gunsusvadindesdnidiu 13 (0-D) 2450 2670 3040 3570 4300 4420 4510 4600 4670 4400 3820 3690 3490 3290 3180
sUnsasiadndlosdnsndiu 45 () 2390 2560 2870 31.00 3350 3500 4080 4170 37.70 3760 3700 3590 3420 3210 3100
sunsasadiadesdnsidn 23 (FF) 2490 2680 3030 3850 4320 4450 4560 4650 47.20 4420 37.90 3650 3450 3250 31.40

* Thermal acceptable ranges Thermal unacceptable ranges

[

U7 : {398

M15197 27 gaumgilaunansaiTiverveasuiadadissdnmiagiu wnouuiraziueen-ayiuan

6.00 7.00 800 9.00 1000 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00

gﬂmth'\mﬁmiaaﬁmwém 18(G-G) 2410 27.80 3460 3490 3410 3560 3670 3760 3810 3760 3680 4030 3560 3150 3040
junsusrpdallondndn 0.7 (H-H) 2540 3140 3830 4180 4370 4480 4590 4660 47.60 4450 40.70 4410 3860 33.00 3200
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45.00
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3500 4

30.00 J
- Thermal acceptable ranges in summer
20.00 -
i —o— jUnsuiviadindiodnidi 0.8 (A-A) —— jUvsusviadimdlesdnsndid 1.2 (B-B)
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D & L L — e ey A\ O e —— e

600 700 800 9.00 1000 1100 1200 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00
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Aspect Independent Standardized

Geometry Adjusted R
ratio variables coefficients
0.8 ] Trrt 0.99**
2(0.99)
(A-A) ‘ Ta 0.16**
A A
Aspact ratio 08
I e ﬁ Tmirt 1.00%*
| ‘ . 2(0.99)
(B-B) EJ [ | i Ta P
T Trrt 0.94%
| — 2(0.99)
(C-Q) | L 1 0.17%
1.3 —l—m Trort 0.99*
2(0.99)
oD Ta 0.15%
4™ TN 1 Trort 0.98*
] 2(0.99)
(E-B) ‘ & Ta 0.26**
25 Nht/ o L EEa Trort 0.97%
(F-F) ' 3(0.99) Ta 0.15*
: Ws 0.05%*
*Significant level 0.05, **Significant level 0.01
el Ve o
I - 9

o v W i = S a ) a
AT NN 29 LLﬁﬂQﬂ'}'\Nﬁuwuﬁﬁgwqqﬁ'E‘]‘mﬁﬂull ﬁi&ﬂﬁﬂ']\?ﬂ'i'i?%ﬂ']LLﬁ%ﬂ'] LLﬂiﬁﬂjWﬂaQNaﬁﬂqﬁ

vesgunsnsvndaiiesluanmiagiu uwnuuiianziueen - iangTumn

Aspect . Independent Standardized
Geometry Adjusted R
ratio variables coefficients
. Tmrt 0.86*
I | 2(0.99)
GG) - - Ta 0.41%
Aspect ratio 1.8
0.7 - " Tmrt Q.92
L 2(0.99)
(H H) H ' H Ta 0.22%*

Aspect ratio 0.7

*Significant level 0.05, **Significant level 0.01
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3) NYNIENTH atiufl 33 (n.a. 2535) panAuANluNsEI U YRAIUAN
91A15 W.A.2522

WuIENSAMUART FAR (Floor Area Ratio) ¥8491A75g4M3I81AI5UUA
Tnjfimuspsiidngugauessnaauiuiiennissutunndudefuiliuuesermaynudsi
reafiuluiimuuuasdeafuluiiu 10 de 1 Tudwresdandiuvesituitinwofiuiienas
523 OSR (Open Space Ratio) 184815088 RbFDEifNsSuUTImIINGUnAGY 30 % vod
fuiiiu wazenesmidies 1y omsasisuskazretmsouilildlduiiogody aeed
fhnsduusandsunegulauosndt 10% vesufiauudasiu lunsdifiorasduldegends
Felvazdosfiinnadulsmanndalnaguy 30 % vesiuiinu @ wiudi BCR  ( Building

Coverage Ratio) dnsnaugasiufionAsaguiusoiunveswUasfiduildiduiidsenans U

Lifidmualilaensslungmuneniunueinis
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1) W5ES19UNAAIUANDIANS atufl 50 (w.a. 2540) panatuanly
Wir1BUYIAMIVANDIATT WA, 2522

NNSNUMIUNTEBURIRRIUANDIATS atiuil 50 (w.a. 2540) wudndlnas
uhludnsdrunesiuiiinseiuiionn1ssan OSR (Open Space Ratio) VBIDIATAINTD
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87A15574 OSR (Open Space Ratio)

5) NN3EMa atuil 55 (w.a. 2543)
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auy fediegunsusviedadies 1.9 luwnauuiianyiueen -  fiengTunn awldsu
LB Tndeus 8.00-18.00 v. uazwanuuTAmite — Arld axldSuuaeniinddous 11.00 -

14.00 1.

Aspect Ratio 1.9
Sky view factor 0.42

© 200 Ryt 1.3 © 200 Pyt 17

P ) Y a a
A 145 Lanen15UTUYT91A1TlRgE 19BN INNY INEAIUANEIATT @) SUNSUSVIAN
199 1.9 b) Sky view factor uSLnanuULUIRAnIuRan-anzIucAn C) Sky view
factor Ushanatsauufieuile-vidla
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4) sunsusuadindie 2.4

sunsasvadeidies 2.4 Usznoudsarswidud 4 $u g9 14.00 s
$1uu 10 g1 nTeRMIaE 4.00 AT FIATIULIIBIATIIAAY 40.00 WAs waziutesing
58131991075 5.00 Wes lngeimsnsimukwinuuluiiamvile-field Auiineyiueen-ia
aziuan nFUNTHINIAdaies 2.4 lunuiouuiiangiueen - Arnyiuan axlau
uase Mingaus 7.00-17.00 u. uasuunuuiivile — fidld agldSunasenfingdous 11.30 -

13.40 . Sky view factor ¥@aL5TIANAIEIBS 2.4 IAWNAU 0.36 NIEDIAMNI9YBIUUINUL

Aspect Ratio 2.4
Sky view factor 0.36

- . - c)

d o 2 = =
AN 146 LaAIN1TUTUUT101ATlABa NBINNNVINEAILANBIATT a) JUNTUTVIALN
\193 2.4 b) Sky view factor UILIUNANOUULUIRARZIUDEN-TIARzTUAN C) Sky view
factor USaNaRUULUITATD-TAlA
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5) gunsusnadindies 2.9
sUnsasvedngies 2.9 Usznaudieeimsnidied 6 4u ge 21.00 w3
MU 10 /M1 NINENIEY 4.00 WAS SAALENIBANSIIEY 40.00 Wes uaztiuTeIng
53UIN01A75 5.00 Wwes leaweirrsnssiaukulnuuluinmie-iiels duiirnzTusen-iie
yiumn luwd Sky view factor waasuadiaiies 2.9 dawviaiu 0.28 MadeafiAmn e auLn
oUW INNSUTUUTIgUnSIITIAdaes 2.9 Tuwunauuiianziusen - Armgiuan avldsy

@

WANDRER LA 7.00-17.00 U. LaswiunuuiAmile — Aals aglasunasenindsaus 11.20 -

13.40 u.

a)

Aspect Ratio 2.9
Sky view factor 0.28

Db i gV . ' c)

= 'Y ¥ a a
AR 147 wanensuulseeaslagdeamunguanenuaneIns a) JUNTUSUIALR
1939 2.9 b) Sky view factor USHMIMNANAUULUINIARZTUBEN-TiARZIUAN C) Sky view
factor UShainansauusfrmuile-viels

o Ly
3T ¢ WY



216

InMIUIUNgEIETERaiuneUnsasvadaileduiui@nyguteaiy

) a o« o PN
ansaUTulTIgUnsasadindioslafannse N1 31 uag 32

A19°9% 31 wanstadunisuatisviaa (Sky view factor) wasdnsidiugunsusvniindes

(Aspect ratio) RMNMNIUSUUTITUNIATVIANALETDSIAEDBIIENGVINIY MUULIDUUWiD -

o1
i= W .
g= AWufiR0E19 Sky view factor (SVF) Aspect ratio (h/w)

= ; B P
. N-S 1.0 0.69 | B 1.0 S8

é‘ : Aspect Ratio 10
= 1 &ym‘aunmrﬂv
A . :

&

v 4

@ :

= N-S 1.3 0.46 T 13 .,

w : ’

= § 4 i ¥

N o i Aspect Ratio 1.3
= =

3 h 5 Sky view factor 0.46
el e

R .

o .

s) 2 <

: : Rer

= N-S 1.9 0.42 7 ] i 1.9 ) [

et " \ [t =
3 ¥ . ; Sky ":f::::ﬂ n‘-:

0 .

% 4T ;

g N-S 2.4 0.36 y = 24 8e

= 3 X""' =" " Aspect Ratio 24
I = . Sky view factor_ 0.36
> =

u -

o B .18

o N-S 2.9 0.28 T 29 ;

g { ) L : Sky view farm(. 0.28

Mean 0.33 1.85
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d LY Qs U . @ 1 a =
A15199 32 uanatladunisuadaviosih (Sky view factor) uagdnsdiugunsuIvIAingies
(Aspect ratio) 1INMsUTUUTIgUNTUINIALRALTDIAED1NBIAIBNYNNE AIUWWINUL
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Huffnatng Sky view factor (SVF) Aspect ratio (h/w)
N-S 1.0 0.69 e 10 i 5N ’
Y i e
N#1:3 0.46 T o fid
N-S 1.9 0.42 PRSI o 19
N-S 2.4 0.36 --7-‘7. aEes -_ B! " Tl 24 : "".‘_ :“_‘-'EI -‘ ’A .
' ot o i
N-S 2.9 0.28 s e g8
Mean 0.33 1.85
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433 wansevuveusadaidiostoanmermaluiuiiwineeay

nnnsSreesanmaglienavesdudienaiy Swimdodmi lugg¥eu Juil 24
wwey 2560 lunsdanmisvadaidiosilagtu fis 8 sUnsusuadaifies uaznsdinig
UTuusagunsasuadagies Ingg198annunguuneniuataIng 53 12 Junsasvindadies
WAZNI5INFIVBIRUIOUY AD aUUTNAATY auuLngas 1 Tuuunuile-ld wazauuasey
UseinA 998 6 auuassiaTIzy TuwuaneTusen-ng funn vamun 12 Unsasviadaiios 89

danansznuioan weINAYeIE U AATY IneWa1sm1aIn 5 fauUs liud aumgliennia

J ar s o = o o 4 Ve = ¥V o
AUYUEUNNS mwm%aau NANNAL  LASDUNNUNTTUNIIALRRY Q'saamlmmwamﬂmi

9 u

§180980 YA HRINANY 2 NTH UNUSHUBUNDYI BVNTHALAZAIIULANGIYBILAAY
U39y 520099ANI19N15INAIVBINUY Al
1) gauunniionnia (Air Temperature)

1.1) gaumplisnaAvesgunsusnadisiiaduiwinuuimnile — e

nnmsduunsvadadioluanmiagtiu suwwiauuwmie - lang
6 fag1e ApFUNSIIVIAMAIDIERI @I 0.8, 1.2, 1.0, 1.3, 4.5 uaz 2.3 muaisiu i
gaungilenimaNnnIsInassanImIanienadies AawelIa1 6.00 - 20.00 u. wululaal

6.00 u. frguvnienAady 29.94 asMealles UMMM IMIanfe UNTRsvIAe

=

Waednsdiu 1.3 (7I9e19 D-D) 29.59 ssmuwaldea wasgigadegunsusuindadios

U

'
a =

Bn31d7U 1.2 (A29€19 B-B) 30.12 29A9aldiva na19nUugMu)iiagiiaaady e,

Y

=

' = = ) o o =
16.00 u. Lﬂum?ﬂﬂamﬂﬂuaqﬂ']ﬁgﬁ'ﬂ?jﬂ‘ﬂ@@?u qquuﬂqﬂqﬂlﬂaﬂiﬂﬁaﬂ 38.15 a9A DAL H

1 U 1
]

vihuguviinnganulusunsasviadindesdnsidiu 4.5 (§1e819 E-E) 38.04 a6

waldua guuniigagenulugunsausuiadiniiesdnsdiu 1.3 (fheg1e D-D) 38.32 aen

4 U Y q
v 1

Wwalpd vasnluguugiarAsqanavdmszeiindanuazsduuunisidsuntas
gaunniiennianigluiaan 16 93lus jvuvuivindleudunngunsusuindados unneneiu
- 8 w a & v & do ' P w v a &
Wisndndes dnvdluggiouiundiegrsluiulnuuniie - 1d ssldfuuaseiindidunian 5-6
7l Tugranauszanm 10.00 - 14.45 . asanazlasudninaainunvesanasii 2 de
= £ 8/ 1 = IS L 1 @ 1 :‘J’
VOIUU  PINHANTANIINAUNUNFUNSUSVIAdIALIBIAT A 1.3 (Freg1e D-D) tu
\ v = a s " e oA W ' = a &4
Tugradiigamalisnniidiegaaug dndes uslunan 16.00  u. fguugiigendtiud

al 1 ﬂl o L 1 ¥ dﬂ ‘ql Il L
MetNdu vesuInufmadiundnyegluauuwmile-16
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HaINNTUSUUIgUMSLsAdialies wulnguugiennimviloiuiu 1.8 s 210

svdnasunsusvAladismmuaiialndifiseiu lnegunsusviadniiiowdnsidi 1.9 Al

v ilanan 1afy 35.009 9IMIYAITEE FRIRMIABTUNITLIVIALALITDSRTIEI 1.3 uaz

U

o)

'
a =

1.0 graunniiiade 35.038 uay 35.152 asmwaidanudinu lurueizunsasuadaiio

9 U

dmsndau 2.4 waz2.9 fimenmglismamadeiiuanduiuiondntosvity Tuudivesmnis
Wasuulasgamginadisial wuiiaan 6.00 u. fgaugioniadiiian udsandy
gumgiiavAosingatu Tnegsfigalunan 15.00-16.00 u. uaravaniiasdnasslunaia

HavInNsiieuifisugungienniaseninsgunsasadadiodluaninidagiu uas
nsUfuUsgunsasuadingies Tuuwiouuiimmile - #eld wudnsdisviadedioly

anmiagUuiigumaiisingn 29.59-30.13 sarmieaidua Tuian 6.00 u. aumgiigewn 38.04-

o o

38.32 prniwaided Tuan 15.00 u. uavgamailladiesiu 35.46 ssmwadea yiallgamngl

U

omrgeaanuluuinasunsasnadailes 1.3 dslguvglienia 38.32 ssriwaidea Tu
1381 14.00 u. dwiunsdinsuiuugagunsasundindiesiigumgiidnan 29.50 - 29.95
osrnwalod Tuan 6.00 u. guwgligean 37.58-37.84 asrniwaidea uazilguvniiadesau
35.19 svrwaidea Suniiliinoumgliemmedesunngunsasnadiiioweaisans
nsdluandnedu 0.27 ssrwadsaniniu  efinsangauugiionniauiinugunsasuiads

ilesdnandiu 1.0 veswiaesnsal wudtlunsdinisusuususnadaidesgumgiionniafiaiem

1
o =

ninsdisvadadiosluaniniagiu Al gumglinigaanas 0.25 ssreaitea aungl

9 Y

geananas 0.50 asAuwalded uavguugiilafoanas 0.32 ssmugaldea BnNIFUNTS

9 Y

sAdaLlodndu 1.3 guuniiingaanas 0.07 ssrgadios guvgilasananas 0.74

9 : |

o a A = P~
asrnwalud uazenmgiedvanas 0.43 ssmwaided (M5197 33)
' ' | ' = =
Tuudvosruuanarslugaaan 6.00-20.00 u. nuirguuuunisideuulasanmall

enAluinasnadadediinvuzieniy Inglugieimn 6.00-13.00 u. gamgilvesis 2

=

N3t uAnAsAuLiee 0.3-0.4 seriwalda ndaINtu 1381 14.00-20.00 . gauugiionnie

U
=

193n5UMIUTVUTIgUNsUsAdaiiasiuwilduanasiinitegnuiuladn Jallgumngi

9 U

' a al = v ool 1 =
LaN®19nuY 0.3-0.7 adAaLgeE ’U\‘]E]"I"\]L%juwﬁlﬂﬂﬂﬂﬂ’]‘iL'TlJW}]’NS%W'J'NB']ﬂ'ﬁﬁﬂl]%ﬂ{]‘lﬁll']&i
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d = = = J o = o
A5 33 wansnsSeuifisuaamaiionniaseninsgunsasnadadeduanmiag iy

wazUFuuegunsasvadiades luwauuinwie - Aield vesgutnaiu

Geometry Max Min Mean SD.
sUnsuspdiniiewnsidu 0.8 (A-A) 3813 3012 3545 265
%- JUnsasAdndiewnsdn 1.2 (B-B) 38.13 3013 3546 265
2 sUnsusAdndiewnsdu 1.0 (CO SEE, 25 SRR 0 69
@ FUnITusAdiRAlesnsEIL 1.3 (D-D) 2892 2058 (8587 215
‘?'1 JUnsausvplinilewnsdw 4.5 (E-E) 3804 2984 3533 270
: FUnsusAdialesnsdl 2.3 (F-F) 3816 3009 3547 2,69
38.16 29.95 35.46
g sunsasnadiadiowdnindiu 1.0 37.68 2965 3515 262
8  unsusvimdadlednsdu 1.3 3758 2952 3504 262
i FUNIuTIARINTIEIEnIIEN 1.9 3759 2950 3501 262
r? sUnsusupdiadlessnsdiy 2.4 37.86  29.87 3530  2.60
a FUnITusIARAIEIEnIIE 2.9 37.84 2995 3533 258
<

37.96 29.85 35.19

P [
U Q’J"’UEJ

gaminiianiA (°C)

45.000 -
43.000 -
41.000 -
39.000 -
37.000 -
35000 - 3
e
33,000 - —+— sunsusniadindieadnidiu 0.8 (A-A) sunsasvptindiosdnsdy 1.2 (B-B)
R —¥— jUnsnanadndiodnmdie 10 (0 —x— gunsasvndindasdesdn 13 (0-D)
. ‘ —a— JUvsnTnAdindiednindiu 4.5 (EE)  —i— junstisviadndesdnd 23 (F-F)
29.000 - —o— JUnsusmadiadednidu 1.0 —A— Junsusmadindesdndn 13
27.000 —o— jUnsusadindesdndiu 1.9 —— juvnsvirdadiaadngdiy 2.4
—— JUnsusmadadioadhdn 2.9
25.000 . : ‘ ‘ N T R ‘ 1 J e oA

600 7.00 800 9.00 1000 11.00 12.00 13.00 14.00 1500 1600 17.00 1800 19.00 20.00

*

paunpiionanngunsasnadadioiluanmilagtu guniisnrnnsUsuTusTAdingdes

A7 148 wanansiieuiisunsivasuuasgumgiennia Tugiana 6.00 - 20.00 u.
sgwingunsnsadadisduanindagiu uazuSuuegunsasvadandes Tuuwiouuiie

Witle — Aelle

as

91 : 138

eZE
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1.2) gaumgiloineavesgunsasvadindadluiwinuuiinng fusen
— fiFmy Tumn

nnMsaeRagiiomadissnisnadaiioduanindagiu g
WUIDUULLIAUUAETURDN — A¥TUAN 2 MBENe AD JUNSUTVIANATDINT AN 1.8 uaY
0.7 wudwaan 6.00 u. gaumndionAady 29.89 svAiwaLdea wdtntugnmgiasAosn
Wingetu uazguvniionmadogeanuesiu 3814 ssreadea lunan 1600 u. Fail
gaumgilannaviiui 2 #uiidedns Snvisguugliomeavesniiassiiagiefizuuuunis
Wasuwasmielunat 16 Falue fuulifuivinfenduiesgunsasnadaideduun
awuwnile - 161

M) I91NIAINNANTUTUU ISV ANALTDIVUDLUARELATIEN Az
ouuaTUszvA 9es 6 Tuuueziusen-aziuan wuhgumglionnmamieufuuiim
sUnsusvadadiesdnsdiu 1.9 fgumpfieniaadedfian 30.952  swAmneaides
sesaanAegUnsIsTIadiailiesdnsidn 1.3 was 1.0 sumgiionnieade 35.085 - 35.170
oariwaLied Ay tazguuuunsuAsunUasgamgiluing 6.00 - 20.00 u. tud
sULuuFgITuAuAet s IANRTBIUANLENARY

nswisuiisuaamgiioniasenitean miagiueediugnepaiuy
wazn1suTulsesUnsusvadaiies Tuuwinuuianyiueen - Aangdunn wuiigunss
LsmﬂgﬁmLﬁaﬂ,uamwﬁﬂqﬁuﬁuﬁmmﬁﬁé’ﬂwmmﬂugﬂmaw‘uma’?:mﬁﬁmﬁm 2 9ns1dU
wiifu Teefioumniidnan 29.79-30.00 asriwaden guan 38.14 ssmieaiioa uavguud
\ade 35.45 samiwalTua %a‘luﬁumsﬁm'ﬁJ%’UU@&;U%NLWmﬂimﬁaqﬁqquﬁﬁﬂqm @857 -

a

29.88 asrniwalfua guvaiigean 37.62-37.86 ssrwaldua uazgnuviniiady 34.95-35.34
asriaifiea (ins197l 34)

ofinsanautanamuiinmsuiulsasuadeiiesdnsda 1.9
fionmnTidfiannaeatietu Tasfigumgiigean 37.62 ssrigai@ua luan 16.00 u. gamgil
#am 29.30 aseLeailiva uavgaumgiiiadenis 16 9alus 30.95 ssmngaiea duaa
uAnsnsvesgugionnAvesiis 2 nadl wuirguvglienniagsgauandnafy 037 o
waidua Ssnuuananswesnmgitanituluna 14.00 - 20,00 u. vestuiidnw uay

9UNNIIRATINYDIYINIAN 6.00-20.00 . UANFINY 0.27 Barwalliva (2w 149)
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a =l = = ' = = s
A13199 34 LARINITUIHUW YURUNIUDN ﬂ’]ﬂﬁﬁiﬂ’l?ﬁgﬂﬂﬂﬁ?ﬂﬂﬂéﬁlLQJENEL‘U?{H’IW‘U%E!UU

wagUTuUsegUnsasvIetiadios TuwwinuuiiangTueen — firnyTuan vesgudenau

Geometry Max  Min Mean SD.

Existing  jUnissvindiaiioswnsidin 1.8(GG) 3814 2979 3545 2283
Geometry JUVSUsUIAIAEIRSRsEL 0.7 (HH)  38.14 3000 3547 2.284

38.14 2990 3546

. JUNTAsVIAGIRAEDEnsIdw 1.0 3L 28574 Bodi 24682
8 JUnTusuAdiadiesdndm 1.3 37.72 2955 3509 2.643
m = ol 1
o JUnsusvIRdAinwns @Il 1.9 37.62 2930 3495 2694
m = = s 1
® sUnsssnadindionid 2.4 3786 29.88 3534 2595
3 FUnIAsTIARiRElDIdnIEIu 2.9 3783 29.82 3530 2.605
2
3177 29.66 35.19
3N : 633

gumnniiome (°C)

45.00 -
43.00 -
41.00
39.00 -
37.00 -
35.00 -
o —— junsnsvadadlesdudin 1.8 (GG) —h— jUvsusvipdindlesdnindan 0.7 (H-H)
3100 4 —o— pUnmsnsmadadesdnnaiu 1.0 —A— gUnsasviedadiowdnsdin 1.3
29.00 —o— junsusvndindiesdnd 1.9 —— JUnssnAlindedhTdy 24
27.00 - —— JUnTITIIARAIBIORTIAIY 2.9
2500 -— : ; ‘ N = =m B W B ; : : -
600 700 800 900 1000 11.00 1200 1300 14.00 1500 1600 17.00 1800 19.00 20.00
% qmwgﬁmmﬂmngﬂ‘w‘idLi'tl’lﬂEEmLﬁaﬂuaﬂ’mﬁwﬁ'u gaumiinIN1AInAITUTUUT

o < a |
AW 149 uansnsiIeumisunsasuwlasgumgiionnia Tugwnal 6.00 - 20.00 u.
serigunsusuadadissluan wlagiiu uazusuugegunsasvndngies Tuwuinuuie
nziueen — irnzuan

- e o

3N : 639
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2) mswisuiisumududning (Relative humidity)

2.1) nwisuifisuarutudiivsvesgunsasnadadioduu
auuiiawile - fials

nnsTaeganiionmiiedluaniwdagtu wamsdnwdadediu
AuBudiivsaugaviionudu 1.8 wes luituildesimumuouumile - 16 wuindas
dwesuTnmiuiisredadiesandiu 1.0 (GO ffputudivsunilan 4595 %
sosmunABIsTIAdRianT A 1.3 (D-D) fidaaduduivg 45.81% anmeridosnn
faaasuinaiagadinduivwssanuuuamaduiidudevesounuiion Tugunss
snndiadiosdngdiu 4.5 (E-E) dulanuiiuduing 45.02% 1osmnnszuaauiaing
AuBudininsunannauiionssuuinsunilsusuee wesaieu Ussnaufuainsgs
yiaaostlsvesauuilimnududuimsanasdinifuidnwdy Tusnsdeatuudin

SUIAMALEIWDASIEIN 0.8, 1.2, war 2.3 JA1AUTUAUWVSTIIWNTsuiY a1ty

Aduduivdasaony anat warilemaalutaaaa 12.00 - 15.00 u. Fulutrananiiin
fhegdldunasenindegiaiiuil wdsnmfuariuduivsazdeniisiy Tasiisuuunis
Wasuwaserutuduivsimileutunaeanaiy
nmsUfulsausnadindeaiiouiuugagiionniaguinnaiy
Fidelddnduysiuiivnesn wazundaheenaniuiivinanuuiianaiu ouusesiasz
uazauuIQUsEINA woe 6 LiteWinatildainnsdaespionnmiunasindviwaainilade
frusradadiosiniu wannuuudasmuinietrasredadiosuuutieaau fis
Autuduivimilonuiu 1.8 wns Senady 36-81-36.95 % sdianulndiAssiusan Tag
e 6.00 u. Wunafiimududuinsgeiian uavazdesqanasiniaslua 15.00-16.00
u. tazndenntunududuinseziuiy Sailfnvmrauduiusuvusndufugmmgd
1M (1571991 35)
nan1siisuliisumnududuinsessunsasvadadeduanin
Jagdunazmsuiuusegunsasundiaiiie WUTGILAIEAT 6.00 - 13.00 U. A1ALAY
duninslunnqdegrsgunsasviadailoadlmivinieutu Tneaududuivinos qanas
wdaantiuna 14.00-20.00 u. Bufiaamendsiueghednny sxiildiiedusadn
Lﬁ@ﬁf\]’}ﬂﬂﬂ‘iﬂ%uﬂ‘::dgﬂﬂi\iﬁ“mﬂiﬁﬁLﬁ@&ﬁﬂ?ﬂh%ﬁﬁuﬁ%ﬂﬁﬁﬁaﬁiﬂﬂﬂ’j’lﬁ’JE)EJ'NEUVﬁGL‘i'?ﬂﬂfﬁﬁl
dedluanmdagtu Jwendafu 1.47 % anuusnesdsnariinantadenismenin

wastinmuesdunmguiuuaytawss TINtsan miionAvasusiaciui (nmi 150)
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o = 4 o o e ' a A w
M990 35 LLaﬁNﬂ'ﬁLU%U‘ULVI?JU@'J']QJ?jUﬁNWV]ﬁi%WQ'NEUVﬁQL?‘Uqﬂmﬁkuaﬁiuaﬂq‘w{]ﬂquu

warUuUeguvsasnadiabies lukwinuuiinvile - ald vesgudieau

Max Min Mean SD.

sUnsasnndindiesdnsdiu 0.8 (A-A) 4424 3515 3825 2575
g oo ou
9 JUnsusvAdinuiewnsEIu 1.2 (B-B) 4422 3514 3824 2.575
E - = LY ]
S JUnsusviruawBensE@u 1.0 (CO) 4495 3516 3841 2871
w - = o 1
g UnsusvAladiewnsE@ 1.3 (0-D) 4581 3503 3853 3204
% FUnsusvIRlmdesnIaIu 4.5 (E-E) 4502 3535 3855 2740
sunsssvndlndesdnsd 2.3 (F-F) 4430 3504 3815 2570
- 44.76 3515 3836
‘.Ql o < at 1
N > sUnsusvndaEliawnsd 1.0 4493 3212 3682 4.034
;IE E jUnsasvadindednidiu 1.3 44.72 3217 3685 4.008
7 8 musnadadednidiu 1.9 4472 3217 3686 4.006
= T sUnsusviedadlesdnindiy 2.4 44.7¢ 3221 3691  4.002
3 E N T
S T guvmsasvedadesdand 2.9 4475 3225 3696 3.993
= =
~J
¢
S 44.77 3219  36.89
g o U
B W : WINY
H
1]
g prRUELNE (%)

50.00 -
o
wu
= 45.00 -
v}
(8
o 4000 -
o
e 3500 -
o
I 30.00 -
e
o 2500 | —— gUnsasvirdindlesdnsidin 0.8 (AA)  —ee— jUnsnIIAdaleaTE 1.2 (B-B)
w
- », —¥— jUnsusmpdadieadnTidin 1.0 (GO —x— gunsssviadadownsdi 1.3 (D-D)
u —a— jUnsasnadadiaadnidiu 45 () —a— gunsnsadadesdsdn 23 (F-F)
15.00 - T o e w
' —o— JUnsnsnedadiosdnadiy 1.0 —a— jUnsnsnadndosdadi 1.3
e R —e— gUnsusnadindesdnsd 1.9 —+— gunsnsrndadesdnadi 2.4
500 - —— JUnsusmadndiednsdiu 2.9
000 -+ : ; T T —r—t . T — ‘ L@

600 700 800 9.00 1000 1100 1200 1300 1400 1500 1600 17.00 1800 19.00 20.00
E TR o o A o owoe =, o o
AnuAuduivsngUnsnsyadadioduanmilagii, AINUPUTUNNEIINNTUTUUFFUNTUITIRLAL DY
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2.2) nmﬂ"%’ngﬁwmm‘“&‘ué’uﬁw%’umgﬂmm’mmﬁmﬁmluuu?
auufiARzTueen — Nirngiunn

minmsdaesyanietmadiesduanniagtu wuienududuing
Uinadegusuadaiiasmuniauunziueen - aziupn wudnsuadades 1.8 da
Aududuimsiade 38.51 % wassmadiadies 0.7 Sretudivieds 38.51 % o
Argafaeluian 6.00 u. uagsngaluaa 13.00 u. fgtuvuimiteusunaeniiaiu Snviad
sUwuumsiasuuaswmudnnainiieutusesasmadndeduwunuunie - 16
awmenadeunandnuvansnadadedidnuasiliuansstunn uazdadenianionin
Tuvinadndifestuoivdsmalirnanutudiivsiieuandstuiednios (asnail 36)

luvugiAgafuainnisusulsusmadaidssvunuinsiueen-
pziuan Toglifitadeduiivnssa wuhemnutuduimsalndifestulunnguinaiet
isadaidies Tnefismudufiivdiade 36.89 - 37.08 % sUBUUMIUABL AU
e 6.00 Studuimsgsiigavematiidanuuuiiaes winduszdes janasd qn
Tunan 16.00 u. wazaziiingstu Taona 20.00 u. Srdudinivs 37.00-37.27 % (M3l
36)

Lﬁaﬁwéwmm%ué’mﬁwémmgﬂmaL'imﬂfﬁmLﬁaﬂua.ﬂww{]wﬁ'uuaxﬂ%’w'gqgﬂmq
snedadouniiouiisuiu wuirlutiandina 6.00-12.00 u. AArwdudMS SN
fethegunsastadadiesmugaviioiuiu 1.80 was voutsaasnsdifirnviiiiontu dau
aa1381 13.00-20.00 u. Megagunsasvadadiodduanmilaqiuimeautuduinggands
indesamil 151) Suidlennamnuuuiasinmsuulpsunsasoiadndedifitiadedny
fonssaluuinuiuifnw Fedsmalidmiududaimsiansiing TasAadeanudy

@ W § 1 e

FURmsTaudANLANETY 1.45 % 91nRaNISANWITRURAR LI oA UN YN SoU

o & I

finanennududuimsediataau uiluvauzideriuiwssuoaluguassaremsinaiou

2
e ar

voanszhaauluszAutuTousanvadiod (Urban Canopy Layer: UCL) saeiguriy
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qi = = Egl a u ! = ] L5
A9 36 LanINISIUSEUMEUY F!']W%J‘UU?%&!WVI‘S?SW]NE‘UV]NL‘i‘?J’]ﬂmfflLiJ’é)ﬂlu’é‘m']Wﬂﬁ]’ﬂuu

warUiulssgunsasnadingies Tuwwnnuuimuile - firld vesdutnma

Max  Min Mean  SD.
Existing  jUMsusvndinidlesdnindi 18 (G-G) 4524 3524 3852  2.920
Geometry jUMsusNAdAMeERTIEI 0.7 (H-H) 4467 3517 3837 2777
4495 3520 38.44
5 sUNsasvRdisilasdnsidu 1.0 4489 3220 3689  4.012
E sUnsssMAdindednEm 1.3 4480 3224 3694  4.017
é JUnsusuedndewnsdn 1.9 4480 3224 3694 4017
3 sunsasuadiadiowdniadi 2.4 44.97 3226 3701  4.063
% JUnsusIAdindewnIdm 2.9 4512 3230 37.08  4.101
=
4495 3226 36.99
i : §3de

2.

AMUTURLTNS (%)

50.000 -
45.000

40.000 |
35.000
30.000
25.000 -
20.000 -
15.000 -
10.000 -

5.000

0.000 - — T T

E L
—— jUnsusvadadissensid 1.8 (G-G)

—— jUnsasadaiisdndiu 0.7 (H-H)

—o— JUnsusmadadiesdndi 1.0
O
—A— jUnsasadadiownsd 1.3
—O— JUnsnsvadadiesdnadi 1.9
—— gUnssradadlesdndiu 2.4

—¢— jUnsusvadndednadiu 2.9

6.00 7.00

*

800 900 10.00 11.00 12.00 13.00

¥ v owo o a o
mwmuﬁuwwmﬁngﬂwmwmmwmae‘luamwﬂwuu,

T RIAN

1500 16.00 17.00 18.00 19.00 20.00
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= = =l o d’l’ o e 1
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3) msSsuiisuasiay (Wind speed)

3.1) maeuiisuanuiaurasgunsssnadindieduiinuy
ienile - fiele

mnLL‘U“Ui'haaeﬁganuﬁmmﬂu%nmﬁuﬁﬁwﬂuamwﬂwﬁmmmuu
fmwile - field nan1sAnwmuuiideg Ui naauuisna ARy
Mg 1.8 wns Uinausnadadlessasdiy 1.2 (B-B) fmnuiiigedian lasiduainom
6.00 . AMEIAN 0.28 WAs/AunTl uazdes iaTugeaana 15.00-16.00 u. A
o 0.51 wes/Aud Tnefuiizunsasueadndiesdadiu 1.3, 1.0 uaz 0.8 fmuiiau
gaan 0.48, 0.45 uay 0.5 Las/Aui auddy Fegumsausmadadiesis 4 Sasdand
sUtuumuanfiiiouty lurasideafuuinaugunsasmadadosuauuyinum ses 1
vinausuadiadesdnsndi 4.5 (EE) fanusiaugedn 0.46 - 0.53 wns/Auril il
AuFareuinanet osmndianmmenimiiueinisgs 19 wasisaesilivesnuu uazauy
i 8 lwms Feanmdananiidnsausiduteany vlianuiauedslutiadugand
Wondu warlufegiusvadaiies 23(F-F) famifian 0.15-0.20 wns/Aurd Je
flannnaariiy

HaRINMIUTUUTIgUNsUsIRdialiessuuuaeganiionna lu
sudaduanudranluuinuiisgigunsusnadindouauuiiinaiuiidnsnsiluuu
finwde-ield wurnuasiinnudalndiAsstuin dmnuifueds 0.30-0.360 was/
Hunit (15737 37) WeRarsantsgUuuunsiasuulamurananaiiuldingisaa 6.00
- 18,00 u. Amudraniiuwiliiniugstu Inegunsusradadiesdamdu 3.3 danuisaas
gofian sesaunAegUnsusadnlowdndiu 2.4 uag 1.9 AudRy dugUnsuITIAGe
ipsdnsdau 1.0, 1.3 uaz2.9 fmnusauiyiniendu (ami 152)

ilevhnansnwvesfaaesnsduniouiieuty wudaanuudian
vasgunsusnadadloduanmiiagiuiaruiulggunsasnadadosiamnudiauaisly
winzgUnsusvadniiosiilndidsafu sewing 0.36-0.38 lwas/Auwi fifesdesgunss
svadadiosluanmdasgtuiifianuuensainsnedadesdu fe Junsasnadaios
2.3(F-Fuaz 4.5 (E-E) fu7nmamaqmaﬁl"waaagﬁawmmaﬁuﬁ 24 ey 2560 JUNTY
sadadiesinasennuiivesnszuaan lnsawrlufiuitissewieansiivauauds
auvzgaiudniiosuinninluiuiinilaniis lnsanuiianvesgrutrsraulugasoud
mmLfﬁaauﬁau%’wﬁﬁqwa’lﬁmﬁxmEJmm%’auaaﬂmnﬁuﬁiﬁmﬂﬁwmﬂuasuamfsxgﬂﬁn

vagnehudiesduluammiladinebitinusngnisalinizainuioudies
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o = = [ ' = <4 o
AN 37 LLﬂﬂ\?ﬂ"liL‘l.]iF_I'UW]El‘Uﬂ'ﬂﬂJLi?ﬁﬁi%“ﬂ?ﬂgﬂ'ﬂiﬂﬁ‘lﬂﬂmm%NE]\?I‘IJ.&JT]W‘IT]’%EUN 3b

YSuugegunsasnadiniies luwwinuuiimvile - Aidld vasgmipany

Max Min Mean SD.

sUvsusnndindlosnsndiu 0.8 (A-A) 045 023 036  0.071

% jUnsusvindiadiodnsid 1.2 (BB) 051 028 041 0079
§ sUvsusnadadesdnsid 1.0 (CO 045 027 038  0.052
% JUnsusadindlosnsndu 1.3 (D-D) 048 025 038  0.074
::% sUnsusvedndlowndn 45 (EE) 053 046 049 0,019
sUnsasmadndiewndm 23 (- 020 015 018  0.011
. ' 044 027 036
E s FUnsasAdinEodnsEu 1.0 041 024 035 0056
% E’ sUnsusnAdiadlesdnsdm 1.3 040 025 035 0051
a & gUmwsvadadiodhd 19 040 025 035 0051
@ 3 JUnssvIndinilesdnidiu 2.4 040 026 035 0.045
g 91; JUnsasAdiadiednidiu 2.9 040 027 036 0041
g =
5
% 0401 0.257 0.353
5 fian : {330
é O.:;“iﬁmﬁ —— jUnsusmadndiosdngida 0.8 (A-A)

' —=— jUnsATALATlD AT EN 1.2 (B-B)

(&

o o —¥— SUnsasmadindiasensndn 1.0 (C-C)
o = i

5 % o

o —— EUwsaﬁmﬂmmﬂmamﬁmv 1.3 (D-D)
%

5 0.400 | —a— JUnsasnadadiednd .5 (E-E)
o

N , —a— JUnsasnadadisdnidm 23 (F-F)
L 0.300 J s A

< —o— gUnsusmadiablesdinindin 1.0

i —A— JUnsusmaialesdinadiu 1.3

% 0.200 -

2 —o— JUnsusadadiesdnidiu 1.9

9 0100 | —— gUnsusnadiadiessndi 2.4

S,
| —¥— JUnsasnadiadlasansidim 2.9

D000 R N _EuE W _ AN

600 7.00 800 9.00 1000 11.00 12.00 13.00 14.00 15.00 1600 17.00 18.00 19.00 20.00 a0

* ArsTasIngUnsasvadadieduanimtiagiu

AnLiRRINMIUSUIURIgUNsIsTAdndies
= = - o |
AN 152 wanansilSeuiisunisiudsundasainudiay Tugianan 6.00 - 20.00 1.

sevingunsasnadindioduanindagiu uasusuusegunsusvadades Tunwiouuiia
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3.2) mawFsuifisuanusianvesgunsasvadaiiioduuuinuy
irnzTueen - iAnziunn

ﬁ]'mLLUUﬁi’ﬁaaaqaqﬁmmﬂu%nmﬁuﬁﬁﬂwﬂuamwﬂwﬁu ALY
auUinuouuiideeiusen - finmeiuan wulenuiiaumdeiufuniugs 1.8 e v
aowhegusvndaiio 1.8 (G-G) waz 0.7 (H-H) fmnudaadeuszana 0.18 was/Aund
losmnuunuursiiaveen Sdlutasnan 6.00 - 12,00 u. Aradiauiulindiugeiy
wAIINAY 13.00 . Saruiiauanaundeifios 0.17-0.12 wes/Auil uazasiiaufist
¥

waﬁmnm‘ﬁi"}am'«qaQﬁmmm‘u%nmﬁuﬁﬁﬂw’mé’amnmiﬂ%ﬂ@a
sormmadies Tuladuanudian vSnasyAdnEisIvLOULABYIATITALALAUULIS 1Y
Useine mow 6 Tiluluifieasfusen-ianziunn wuiluuinagunsasnedadios
ynnhegaimusauidnnuaziirlndidssty Taogunsasvedaiiesdnadiu 1.0 &
anushauedngegn 0.233 Was/Auni sesaunfe sUnsusnadailessnsidn 1.3 uay
1.9 finnuSrauadeuinfiondu fe 0.216 wns/Aui sUnsasvedadiossnsidiu 2.4
mnuiSiauedy 0.195 WAsAui uarsunsusedadiedasdiu 2.9 uay 3.3 Tauviniu
0.179 WAT/AUi (57991 38) JURVUATIWABULYAIAIMIEIANEIAT 6.00-20.00 .
wuhgunsusnadadiesdandiu 1.0, 1.3 wae 1.9 anudeuiuunliuiugduuazasd
Tutdaiorm wluwmuzifeafugunsasvindadiesdnadu 24, 2.9 uag 3.3 avuniaaus
wnltianeadutisnan 13.00 u. (Mwil 153)

ynean1sAnsdsukandliiiuinsUiuUsgunsusadnges 1.0, 1.3 wag 1.9

fimnusitaningunsasuadingiedu osnnlugasaidaust 15.00-20.00 u. praidiau
fafiaaunsd Fainagunsusviadaifiosduniaiuiiauanaseersdaiauudfansedu
Aurauasuinagunsasnadadecfmunifudunudauiiiun Wesinlugg
founruiaulutiuiiudeeaudoutie venaniumiiauvasgunsnssadn
Wasluanmiagduuarysuussgunsssuadnges USIIMOUUAREIATIERLALOUWLISY
Uszing gae 6 M9 lunurfiangTuson-fenyTunn 5uﬁﬂ11uL%aauﬁﬁﬂﬂi13UWi@
isnadadiosuauuiinilunniiamde-fdld auvmunaindemsiaunmisinaes
nszudauvhlRAISaumilonuAy 1.80 was tuduseduiidfanssunslénuilugiudng

pauiANMSIaNanad
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= = =t < ! a < .
A197199 38 LLﬁﬂﬁﬂ’ﬁL‘L]iEJ‘UL‘VlEJUﬂTmLi’]ﬁllig‘ﬁ’ﬂ\‘izﬂ'ﬂﬁﬁlﬁﬂﬁﬂmmLN@Q’LUﬂﬂ’lW‘Uﬁ]'{I‘UU el

USuusegunsasuiadiodion luwwnuuiimvile - firle vestudenau

Max Min  Mean  SD.
Existing JUnsusIAdindewnsd 1.8 (GG)  0.23 0.12 018  0.049
Geometry  JUVIUSUARIAIBSATIAI 0.7 (H-H)  0.26 017 021 0021
0.24 0.15 0.20
2 JUnsITIIAEREaEnIEw 1.0 0.26 17 QY028 052
g FUNsUsIARABRTIEN 1.3 0.23 017 022 0018
8 JUnsusnadindiodnsdn 1.9 023 017 022 0018
T sUnsasadiailownsdu 2.4 0.21 0.17 020 0012
& a @ Sl
kS sunsasneialiowndiu 2.9 0.20 0.16 018 0012
=
0.22 0.17 0.20
P Ve o/
N : 39
KA/ AU
0300
\
—o— FUnnuanAdindesdnidu 1.8 (G-G)
0.250
—a&— JUnsnsradindiasdnsidn 0.7 (H-H)
\
0.200 .
‘ —— EU'I’I?\!W'U'I\"'IW?]UJENDWTT’S’{?& 1.0
0.150 —A— JUnsusvndadiesdnsdn 1.3
—o— jUnsnsnadindiasdsdiu 1.9
0.100
—— JUnsnsnadindesdnsidiu 2.4
0.050 By e
—¢— JUnRsALaElBIBRs AU 2.9
0.000 L ’ . e

T T T T d
6.00 7.00 800 9.00 10.00 11.00 1200 13.00 1400 1500 16.00 17.00 18.00 19.00 20.00

*

=3 - - wr
anaiaunngunsusrpdadioduanmiagiy,

L8N

= = = '
AINN 153 LLﬁﬂQﬂqiLUiﬂUlﬁﬂUﬂqiLﬂaﬂuLL‘UaQﬂQ']QJﬁ'JﬁﬂJ ‘LU‘U?GL'Dﬁ'] 6.00
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4) ieimn9ay (Wind direction)

4.1) maeuiisuiieniauvessunsusvatiadisduiuinuuie
witle - yiela

naNNTIIaeaniionAinatuiiAnuluanmilagiiu wui
fimvnsaumiofuiunugs 1.8 wes Vinumediasmadaiieduwnauudiamie - fe
W nsvuaauinuannsiimmile wis 11.32 s maenvistasaa 6.00-20.00 u. Tuyng
sUnsasadiades Tasflanmnduidownaniianisesnssuaauiinuiniuuuinuudig
ARL UAALUYIUNTDY 1 (151971 30)

nnmsUiulsssUnsasnadadlonfiednassgiieniAganingu

o A

F19A81U WaRasuIHaTe IR LUsSA1uRANI9aN wuIRAn1ensinavesnseiaaunie
Aufy 1.8 wns esUsnafesthusradaliosuuauuinay wnouuiamile-idle) Tu
gaIauiRINVIsTiAmile \lesnnszudauiauIInAageIinesEinge e Tugunss
I5Y1AdALEDIeRAsIdIU 1.0 nsruaaudianiiuinnidng Iueani@eaunila LANRINAIN
fegngunsasmadaiiodudntos Sndsiimmanslvadeuiinsiinaestaan 6.00
~ 20.00 u. (il 158)
Mnuansaniteduanddifivinfiensnisivadouvenseuaaumieiuiu 1.80
wns Tugg e vesuingunsasurdniadduan wlagiuuaznsuiulsssunsasvindna
Wiesuuouuiinednfirmie - field vestwdpauiiirmanannefinuieveswesitud
Anwn FenssuaauRz AL NYeTINesENINe1As TunsaiiwauaLLwInuLERaIY
Roeuiuilunisiield dwaliiaesnguiodrusadaiosiianisnsivaisuves
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o =l =] o 1 ] =4 s
AN 39 LLH(’Nﬂ'ﬁLﬂ'ﬁEJUW}EJUV]ﬂV]’NﬁiJ'i%VI'J’NEﬂWiQL‘J‘U"lﬂﬁiﬁ]LNEN{LUﬂﬂ'IW“UT\]@UU el

Uuugsgumsasuadaiiios lukuauuiiamile - field vesnug1anaiu

Max Min Mean SD.

sUnsusnAtndadnsE@ 0.8 (A-A)

18.05 13.30 15.85 2.097

B e
B JUnsusvediaiieensE@u 1.2 (B-B) 1275 9.8 11.08 1.345
E = =] o 1
g  JuUnsusvadialiesensidiu 1.0 (CO) 1235 848 10.21 1.626
LD < <4 ar 1
o JUnsusTIAMALeNeRTIEN 1.3 (D-D) 1162 896 1047  0.802
%’ sUnsusuedindiewnsidn 4.5 (E-E) 9.20 8.69 9.03 0.155
sUnsusvndiailesdnsdiu 23 (F-F) 1421 855 1134 2324
13.03 9.58 11.33
2 JUNsHIV ISR SIEI 1.0 20.70 1681 1890 1565
: JUNsAsTIRRIRBYERsEIY 1.3 1816 JI330 ) 1251 ke
§ sUnsusediadiesdnsidn 1.9 1416 133007051 (e
T sUnsusuediadlesdnsidi 2.4 1266 791 10.65  1.084
nt:_—— = = as 1
T JUNTISIANAIDIERTIEIY 2.9 12.61 BT 07 10.51 1.196
=
14.48 10.32 12.60
i : 33
AN (24A1) Sy
N 360000 - —— JUNTLINATAEIBIBATIAIY 0.8 (A-A)
—— jUnsusnAdindiosdnsdu 1.2 (8-B)
! —x— JUnsansnedisdiasdnsdiu 1.0 (C-0)
W 270000 i —— JUnsusvadinilesdnsdu 1.3 (0-D)
—a— JUnsusvrdadiownidi 4.5 (E-6)
—a— JUnsusAdiniiowdnsdm 2.3 (F-F)
S 180000 - —o— jUnsnsAdindlasdnsd 1.0
—A— pUnsnsvIAdindewdnE 1.3
—o— jUnsusvadindioadnsdiu 1.9
E  90.000 - —— jUnsusnndiadiosdnsd 2.4
—¢— JUnsusvndindiesdnsidu 2.9
N 0000 MWT—# L m am  om o~ WM 901

*

600 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

fiensauangunsasnadadaduanmiagly,

wiavsaunnliudssunsnsnadingies

d < ‘ﬂl = 1 1
AN 154 nsidSsufisunisidsufienisanlugianan 6.00 - 20.00 w. ‘iS‘WMGEﬂ“ﬂN
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4.2) nswisuifisufirmeauvessunsusniadadasiuwuinuuin
nziuean - NragIuan
Namﬂmiﬂ'hamQanﬁﬁmmﬁu‘%nmﬁuﬁﬁnwﬂuamwﬁwﬁ’u du
firnsanvesusamsgnsnatialadunnouunzivesn - aziuan WaLINde
nfuoen 1ady 90.36 DIFN ATLLLINUUADEIATIZY WavaULLISaUsANA Y88 6 Aaonveiy
Wuldenfu auvniinainenaisiignugnasiadnunauarifuslassasenisivaiounes
nszudaulusyiutwdeusanuauilos (Uban Canopy Layer) dwalinszuaanannsn
Inadousdmildiameiuiinssrinseessasuwiauuyiniu
Ha3INN1TTIa093aTie1NIMIINNITUTUUTITUAdnLEDY Tuviiaiuiifodis
srediadleIUUaULABEATIEY UarauISyUTHMA Boe 6 Tnsdluluafiangusen -
fiangTuan wulusnauiisegusadniiont 6 fegheifienainisivadouesay
wilofuiu 1.80 wins WasnaInfiane Susen SaRANIIAINTEINeTERIN901AITANLLLY
puudwiAety Bnaguuuunsdsuntasiienisenlugiana 600 - 20.00 u. i

NS IaANTiARE TUaaNAaRAe 16 9ILu4

= = = = v a oA LY
A19719% 40 LLﬂﬂ%ﬂW‘SL‘UiEJ‘ULWEJ“LJW?WI'N&&J?SWJ'N;JUVINLi?]'lﬂmmﬂlﬂﬂuaﬂ'mﬂ'{l’ﬂyu e

USuugagunsusuadindies Tumnouuiinngiueen - firngiuan vegiudenaiu

Max Min Mean SD.

Existing JUnsusAdiniawnsdl 1.8 (G-G)  100.10  100.10  100.10  0.000

Geometry syysusvedediowdnsidi 0.7 (H-H) 8358 7687 8063 2729

91.84 88.49 90.37

% sUnsusALnEinwnIEL 1.0 99.55 9860  99.14  0.329
‘g JUnssAiaiinwnE 1.3 103.21 10093 101.28 0.614
§ JUMsIvIAdinidiadnadu 1.9 103.21 10093 101.28 0.614
3 JUnsusvAdndiesdndm 2.4 103.40 10043 100.90 0.793
% JUNSUTVIRIALIBIBRIIEIU 2.9 103.20  100.05 10054 0.834
=

102.63 100.16  100.61

M : {3RY



¥9I¥6EBILL

vz :bss / GO:1Z:0T1 19GZF050 4931 / Tesodord (00ZOE6TRS SISHHI-I AW |||||||||||||||||||||||||

234

AN (2967)

N 360.000 1
i —e— JUnsusnAdindiowdndl 1.8 (G-G)
[
| —a— sUnsasnadiadiownsdn 0.7 (H-H)
VV 270000 eim o —e—FUnsusnndindiasdnnidi 1.0
—a— JUnsusnadadiadngdiu 1.3
—o— JUnsusnatiaiosdnidiu 1.9
N  —— Unswsniadadiesddiu 2.4
—x— gUnsusvndindlesdnsidiu 2.9
.
N oo +—or—— —— ——

600 7.00 800 9.00 1000 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

*

fesauanunsasmagndeduanmilagiy, fiemeauannsUiulssgunsnsnadiaiies
=] P a a a ' '
A 155 nsildsuiisumsilasuienisanlugaanan 6.00 - 20.00 w. FTUINFUNI

wuedadeduaninlagiukaruiulsegunsasvadindies Tulwinuufinnziusen - i

AZIURN
al e Qs
i : 6338
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5) gaumniiniswHisdaie (Mean Radiant Temperature)
nsiwINguniinisuwHTdindeiudndedddiuusaninenialunisde

gumgiennia wazausIau deduatgunginisukiidnisvesusaztiaiaidenldsu

q U

= = g dlw 1 n‘j = 1 s
BNTWAUIIINEAIMNWDINTAVDINUNAIDEINUUE FIWHANINNITATIVTRANELNTALUANS

axv9uTId09 Globothermometer probe FsazlasudnswauINLaTRgLAZLITD

215 IAR DI UUNUAT LAY IRE

5.1) mswIguiiguaamniinsuissdiafevesunsusunaindies
Tuwnouuiimwile - fiale
v 1
Han1sInasegagilenniavIuiundnu luanmlagdu wui

Usnadsvadindioslumuinuuiiold lawn 1591A0inEio10.8(A-A), 1.2(B-B), 1.3(D-D) way

'
A

2.3(F-F) duiligaumgiinsuiisdiadeniisyuuuineiiuiesainjuuuuvesdadiueinns
o 1 1 1 s s g e = [ e 3 s
aananaldunnsineiuann Idanetrsilureunin waziuRaunAauasunsamiiouy vl
o = = s 3 s U A
Insunasorfindluniaieanunaeansiu IAnadedszuin 37.81 - 38.91 serwaided
= = q‘j =l { = tas = o ' “l v oW 1
WazlIvIAMALLBY 1.0(C-C) UUHFULUUTIAIMUTHUNITUNIIFLRA LT ULALINUAUNGY
suedadesdneiy saddisnaiveguuinswiideiofiuiiu-anas 41niausennu
60-90 W UANANANLSVIREALIBY 4.5 TA1QMMYINMSUHTERAEAINIRIBE19BYY
nv) s [ d = = =) s I} Vas - &
aaenvieiu Tnsfiduads 31.00 eswnwalea (Hoswnuinudinanlaiuuaseniingles

warlurntniinseuaaulatuAaudn

MnmsUFuUgUnsasadnlouiiednasegiienniaganiasutanaiu e
fnsnavesulsiugamgiimsuididindsvesuiazgunsusundadiosiinuunneig
fu lesaniianugerasemsiassisnuuiinadedanaainisléfuanufousiniea
uasornduansnety lugunsasmeadadesuunuuirsaadineiluniamie - Aals
wuingUnsasvindaiiesnsndiu 1.0 fdnedgumgiinisudsidiads 42.42 °C wargean
55.65 °C lunan 14.00 u. sesaunAegunsusiadadiosdnsnd 1.3 uaz 1.9 Milduode
winiu 38.33 °C waziiFngegn 54.37 °C  jUnsaswadindlesdnsdu 2.4 fiAuads 35.07
"C uaggean 52.3¢ °C Fegendrgunsusnindiniilosdnsdiu 2.9 uas 3.3 fiauedsgumy
nsudsdiads 30.13 uay 34.03 auddu isudndesiviiy Tukdvasguiuunis
Wasuulasegumgiimsukdsdiadonutaana faudiaa 6.00 - 20.00 u. wuiigUNss

L5UANNLLBISAT I 1.0 9xTA1MYINITUHSIFRRLNUZITUAILELIAT 7.00 U. B9
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Wutusdaniigunsusmadadedu geaeluna 14.00 u. uazasashuia 16.00 u. 41
niedgunsasyedndedutuiy dugunsusnadaiiodnndiu 1.3 uag 1.9
aaumgiinsust¥diedsar Guingeiuluia 8.00 u. gegaian 14.00 u. udmnduazanas
og1959n15luan 15.00 -16.00 . LesaniuiivTnmouuazlfsusumnainenisil
pefunn warsunsasvadedio 2.4 uay 2.9 fisuuvunsiwasundasilndldssiy Tneinan
6.00 - 10.00 u. guugiinausSsdadoazAsqiaty wdnifunm 11.00 u. BEUNNINTS
wifsdinAsoniintuagnering gegalunm 13.00 u. iesnusaauudulasusidai

3 = 5 o a ‘o o a 1 T =2 I
SOULAIDINAE IUNTENLIAT 14.00 UW. QquumiLLN‘NﬂLaaﬁJmaﬁaﬁaEJ'IW\BLUEMEN‘U’NWJﬂ’l

= ' ) 1as - i a = o
M99 41 memqquumaLLw'5:1?1'Laaassmwgﬂmmmﬂmmmaa‘luamwﬂaa}w [k

Yudsssunsasvadiadies Tuwwnuuiimwile - idld vesgudeeau

Max Min Mean SD.

JUvsusadialiesdnsidi 0.8 (A-A) 5445  19.42 3892 11.018

*E sUnsusvediadiesdnsidiu 1.2 (B-B)  54.02 1926 3804 11.258
q% sUnsusadiadlasdnsdn 1.0 (GO 5446  19.65 39.40 11.809
Lén sUnsusmadadlesdnsdn 1.3 (0-D) 5374 1914 37.81  11.236
:*;3( sUnsusnedindlewdnsdin 4.5 (B-6) 4565 17.83 3101 7.1l
- sunsusnadinidiesdnindiu 23 (F-F) 5404 1928 3840 11.266
5273 19.10 37.26

. FUnsasvIAdiadiewnstdi 1.0 55.65 1958 4242 12.481
‘GE? sUnsasuIndindiewnsdu 1.3 54.37 1915 3833 12.333
§ JUnsssAdinillesdnsndu 1.9 5457 O 1%15088.334 12355
T jUmswsmedadiesdasidin 2.4 5234 1886 3507 10.529
% JUnsasvRiindiednTd 2.9 5187 1872 34.13 9.843
=

5329  19.05 = 37.05

=
=
=3
625
EE
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a P —— jUnsusnadadiosdnadi 0.8 (A-A)
guupiimsukisdiade (°C) E—
60.000 —e=— qUMsAITNIAdIALDERTIEIY 1.2 (B-B)
—¥— FUnsusnadiadisdnidn 1.0 (CO)
50.000 —¢— FUnsuTadadlosdnd 1.3 (D-D)
(

—a— jUnsusmnadiadieadnmaiu 4.5 (E-F)

40.000 - —a— UnsiTnadindiosdnnd 23 (F-F)

—o— jUnsasnadindlasdnidi 1.0

30.000 - —A— JUnsasndladiednsd 1.3

—o— jUnsusnadindioadasidiu 1.9
20.000 -

—— jUnsnsvedindesdndiy 2.4

—— JUnsasnadiadedngda 2.9

10.000
0.000 J—,f e e e e e TN
8 (=] (=] (=] (=] (=] [= o [ (=] 8 (=] [=] (=] (=
S ads & 8 & & oh & &g (8§ 69
el ~ a0 [} (=] - o ™ =3 wy 0 r~ ==} (=% o
— — — — — — ~— — — — o~

= 1o, = a a @
f gamglinsuwiidindsnngunsusneadadoduanmiagiu

gaumgiin1iuniifindisninnisdiudsgunsasvadadios

d =i = = e GJ 1 !
i 156 nsilSsuifisugumgiinisunsediedelutiimn 6.00 - 20.00 u. sendnegunss
sunadadiesluanimlagiuuazUsujagunsasundadien Tuwunauuiismile - fdls
o e
1 : {38
= = a | a -
5.2) NIIUSHUMBUGUNHUNSUNIIARAETBIUNI IV RMInLB Y
TuwnouuiiangTueen - fianziuan
o = N o 14 = lor = A
HavINNIsIIaBganiendiiies Jadesnugamalinisudidiaie

yausvIadiaisluan miagiuuunuuuuniiang ueen - fenziuan wuisunsusviadin

" '
= =

Wiee 0.7(H-H) fiAade 42.75 asrnvaidea IneA1gauiinsuds@nioiugauiue

8.00 u. JN3¥I 14.00 u. T9anas wansannisadaiies 2.3(F-F) AfiAngaumMaTinIsus
$ididn WAy 3270 ownwaldea duindnsvedadeduuouumide - 1§ dhaan
Uinausuedadies 2.3 tuldfulnmneimsTsususedaaiuu wazluggiouniteriing
IrdaunTiele

MnnsUsulssgunsasadaiies wuirguuaiinmsuiisdindvesgunsasniade

WDIUUANUABEIATIZY WAZOUASYUITINA 908 6 MHAANIINNTINMmIlULLRrnz Tuaan

= =l

- Wiemziuan dewaligunsasuadndiesdnsidiu 1.0 dguuginisudiidiaiegean
46.88 1adL 35.23 °C luvneiigunsusviadaiioadnindiu 1.3 uay 1.9 agganiniy
32.68 °C \ady 38.52 °C  daugunsasviadindlessnsidiu 2.4 frrgeaawiniy 37.46 °C
\afy 3132 °C uazvogagunsasvedadiedndau 2.9 fduedugega 37.13 °C Tuu

vosnsivisunlasgumgiinisuniadiade Yiaaan 6.00-20.00 . vesgunsusvIAdiniles
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Haa @

VUUUNINANIaNIselukidnsiuaan - Aeasiuan Tudlasuanswalasening
WULAEIAY LHDINLUA UL I UAIDIRNEINTT LAFTODUAIUIMNNAALS  denaliAInla
PnuuuIaedlurniigamglinisusTdiadeingunntugunsusvindndieasnsdiu 1.0,

Lo =l 2/

1.3 4ag 1.9 WSIgAaLmia 6.00 — 9.00 4. UShnaoudlasusIdmnusauanwasening

@
e alal o =

Inenss ndswneian 10,00 uwilusuldmeamaiinmswissdiidanasiuanveuianlasuin
d 1 oa gw & P 3 " o & | s

ga90nsegiiirlivetauy ntuIsLiivtueg11t1 uazanasdnasslugimaun lu
a i a = o ! q’j = & to = o 3 L. '

BN UNTNIVIANAIRIERT AL 2.4 Uay 2.9 TullgangliniswiSedndaniniiiietig
ludnmdnusgafiuvesiwinuuiinviie- 18 Wes1nANEweI91ANTTIgIsuntikaseiing
iiAnusnaouy Tnglutiadiasusdiog 6.00 u. gaugiinmwissdindeszhoyiy
g9y geamluniaiusyann 14.00 - 15.00 U 1993u wiRnUuguugiinisunssdnde s

ADYARAIIUNTZYIWAUANTUREAUNUMBENIBDUY

ﬂ. U ] e = A 1 = = L%
A197199 42 LLEWNﬂ’]Qﬂ.mﬂuﬂlﬂ’?‘5LLN‘NﬁLﬂﬁEJ'iﬁ‘l/i’JWﬁgﬂﬂ‘i\‘lﬁ‘ﬂ’lﬂﬂ.iﬁmaﬂ‘mﬁﬂ’IW{]‘Q‘-\E‘UU bbE1 Y

Yiuusagunsusunadndieduwuiouuianziuesn - inaziuan vosgutienany

Max Min Mean SD.

Existing gﬂmmmmﬁm@mﬁm?éau 1.8(G-G) 4152 1797 3270 6.46

Geometry  sunsasvndiailessnsndiu 0.7 (H-H) 5471 2063 4275 11.03

48.11 1930 37.73

sUnsusvadiniednsd 1.0 4688 1949 3524 1.27
&
)
£ sUnsusAdaiiednd 1.3 3853 1812 3268 594
o - = @ 1
& JUnsusvImUALBIRRT @I 1.9 3853 1812 3268 594
E FUNsNITIRdlaERIEnTEI 2.4 37.46 | '17.93; 31.33 556
é FUNTUsTIRLAERIERT A 2.9 87,13 _glificoaesiiCi 50l

S 1829320
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a o a0
guuniinsudediage (°0) —o— jUnsnsvadindioadndiu 1.8 (GG)

60.000
—— EUwimmmﬁmﬁmﬁmﬂd?u 0.7 (H-H)
50.000 —o— Unsuimadindasdasd 1.0
‘ TEIHGELTRE IV
T —A— jUnsnInAdindiosdndn 1.3
—o— Unsnavadaiiaadnsdn 1.9
30000
—— sUnsusradaibiodngdau 2.4
20.000 - a4 o
—3¢— pUnsnsndindosdaTein 2.9
|
10.000 -
0.000 N N N - B0 R TEE e —
o o (= o f=} (=] <o o o o (=] (=] (=] (=] [
S BilE jEm 8 5 & & [g\siile W 2 85 &
< B\ feveTe & o ¢ (8 \BHEE 2 2 8
.2 gamplinawifidinionngunsasadeadioduanintagiu

gruupiinsuifidiefeninnsuiulsagunsasviadeiion

EI = = a lw d' 1 1
A 157 nsilSeuiisugamgiinsusisdadslutiial 6.00 - 20.00 u. 5enINgUNT
snadadisduanindagiuuasyiulpgunsusuadniies Tunnouuiamile - fiald

= 2a @
AT - HIY

9nmsAnenUeuuinluwuIngfusen — ngiunn aldunaenfingeniunu
ndauuineiluuuamie - 16 dwaliufisvesouu Taserassagléfuisdanudouain
waeRfindunndt nnsAnwives Fuaty  (2557) wudiwansenuvasguuuuiiiesns
annamuaisdinnufeuluggiou Huiingamwimiues wuiguuginisuiiidiade
wazamraninisldsunlanilefinsiiuarugietmsuazanvuiniennis dawals
gaumgiimsuiisdedeiuunlivanas Tnguwouvuinlusuavie - 16 gumgiinisus
fdadvanannniigadlefimsiiumiugeenas 125 was wanisdvuiawindu 17 w3
uazLInuuRzTueen - axiuan samnlinsudidndvanasgiqn NdndiumLgenms

6.5 AT LAZAMUNTIIANINANNY 17 LUAT
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4.3.4 Jpeviniianuauieerusau (Thermal comfort index)

silmnuaunedsmnudeunndvsnagunsusnadnidesiiusuusilauinade
NVIBAIUANDIANT

Wofusangumgliaunansaising1vausviadaiiesainnisuiulilaeseds
nvsnemuANeIMsTuLuLismie-firld eglutsauseniuBirusouluggou
(Thermal acceptable ranges in summer) WU L5UIAMALLDIDATIAIU 1.3, 2.4 waz 2.9
fifanamgumpiauganaaisineieglutismnuseniudemiuieuluggfounniigadu
a1 3 Falus Tugaenan 6.00-9.00 u. luwmgisviadadesdnsid 1.9 e
Uszana 2.40 $2lus 1Dan 6.00-8.40 u. dausvadindiesdnsidiu 1.0 fvaagumgl
aunameasTineaglutisrnueensuidinnuieuluggieutiesiian s 1.30 Falus 6.00-
7.30 u. Wiy (a1l 158)

luisviataiieninn1susul jelage1adangranealuagueInislukulauuie
nyTupBn-anyTuan JUnsusnAdaiiewns 2.4 uay 2.9 dguvgilaunan1aisineisy
Tughsmnugensuidsanudeuluggiou 2 49l 6.00-8.00 u. drugunsusviedaiiiesdng
1.0, 1.3 uag 1.9 fgampliaugannaiTimenaglutismusensufsmiuieuluggeu 1.20
#aluawindu Tuan 6.00-7.20 u. (il 159)

PET (30)
50.00

45.00
40.00 -

3500

30.00 - 4 '
= i / 'lhermal acceptable ranges in summer

20.00

15.00

—o— JUnsusmadindesdad 1.0 —— FUnsuTvAdiadiodisdi 1.3
10.00 P , )
—— JUnsasvpdadiownsidin 19 —e— jUnsasmadadiasadn 2.4

5.00 ‘ —Q—EUwsuL‘immﬁmﬁmé‘mﬁdw 29

0.00 +

T T T T T T ——— T 3 1 T 1 1781
6.00 700 800 900 10.00 11.00 1200 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

* graanusauiutinnuisuluggfeuluggiouiioadusl 23.10-31.00 PET (°C)
AT 158 LaR4QUUNIaNnaN a3 TINe1INavEnagunsLsuIAdinianInn1suTuUse
lngdeBanguineauauainslusnauuiaviie-fals

- va o
i WYY

U
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PET (°C)
50.00

45.00
40.00 -

35.00 -

30.00
= "hermal acceptable ranges in summer

20.00 -

PILPEEBILL

15.00 4
—@— jUnsusnatindlatardau 1.0 —o— pnstsnadiadlesdndiu 1.3

1000 - —&— pnsasrAdindlesdAden 1.9 —— pvsnsadalesdnadiu 2.4

500 - —— pnausnnadindlasdnTdu 2.9

000 +——v——————r T T w7 s TO ¥l o T T Laged

6.00 700 800 9.00 1000 1100 1200 13.00 1400 1500 16.00 17.00 18.00 19.00 20.00

* gaspnueeuiudisnnuieuluggSeulungieudiondesly 23.10-31.00 PET (°C)

o a o a a a a )
AH 159 LaRQUM)NaNRaNIEITIMEIINBYENAUNTUTUIANAEIBIINMTUTUUR
laadadanguineeuaueInIslulauuiAayiueen - Adnziunn

= U @
L URRA LS
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A19197 43 gunnlaunan19a3TIne1vesNavisnansUSUUTIsUNsLsRdiailasuuwnuuiaile-inla

600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.00
sUnsisvadadiodnsdn 1.0 2470 2920 3680 4020 4300 44.80 4560 4660 47.60 47.50 4590 39.50 3510  33.00 3230
JUnsnTrAdindlesnadn 1.3 2450 2650 3010 3590 4230 4400 4480 4580 4670 4420 3820 3690 3480 33.00 3150
jUnsssadadiewdnsdm 1.9 2450 2650 3010 3590 4230 4400 4480 4580 46.70 4420 3820 3680 34.70  32.60 31.40
sUnsausnadindisdniaau 2.4 24.60 2650 2980 3340 3440 41.00 4450 4530 4380 3890 3810 3670  34.60 32.60 31.50
FUmsasAdindiedRTIdm 2.9 2450 2630 2970 3320 @ 3410 3810 4420 4520 4110 3870 3790 3660 3460 3250 31.40
x Thermal acceptable ranges Thermal unacceptable ranges
N A9
A1919% 44 gaunilaunaneaiTIvne1vesndvsnan sUTuUTIFUNsusTIAdaEiasuuLwInuUiAny Tusen-Tirny Tuan

600 700 800 900 1000 11.00 1200 1300 1400 1500 1600 1700 1800 19.00 20.00
sUnsasmadindlednsidi 1.0 2470 2970 3680 L4110 TLOuTae. 360064 37,30 0 58200 3890 3800, 5810 [SGBONN. SEEGNERT0  31.20
Unsasvadadlorsdiu 1.3 2410 2870 3560 3470 3380 3540 3660 37.40 3800 3810 3750 3610 3440 3220 30.80
sUnsusvndindiesdnsdiy 1.9 2390 28.60 8540 _3450.9 33.80 “obAUNNNBEK0" 37.30 38.00% 381070 37.400N3600 A adEd0 L5420 30.70
sUvsasnedeidlosdedm 24 2410 2870 3150 3180 3370 3520 3640 3710 37.90 3810 37.40 3600 3430 3210 3070
Unrusnadndiownsdm 29 24000 2770, 3180 N 8160 #5350 3500 3620 36900 WHL.M NS790 BCA0NE5E0NS AP0 32.00 30.60
g Thermal acceptable ranges Thermal unacceptable ranges
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4.3.5 msigealauduiusseningan)liannaneadiTinewaziiuusaninga
Hilonne

nsiganinuduiusIEniguuliaunan el sInewazimwlsanmyagiienna

[
s

9 4 sruvs Toud gaumgiionnia Amduduing Anuilay wargamginisuwddinde de

12

ad s . . o = ' =
FBnsanneenmans (Multiple Linear Regression) lagldmsiiasiangdeyavestiaiaii

U

2 =

guniaunan e TIineeguentdianuganiutinuieulungseulugg Seuiieadsdlul

(23.10-31.00 PET (°C)) #Saan11 ivnduiedininusay (Thermal Discomfort ) vadumay

FUNsuITVIALALiDY Fll

L3

1) awuduiusseninedadeniidniwaseannzliraviodwnuiou
(Thermal Discomfort ) amndvswagunsasuiadingioilisumsuiuuss uauuiinmie -
ieflet
MnnsAnwALdiusssnitaiadenisvinadeanngliiauieds
AU50U mﬂ?m%wagﬂmmﬂmﬂﬁﬁmLﬁmﬁlﬁ'%’um‘sﬂ%’uﬂqqimaé’wﬁqmuwwiwﬁmtﬁ’ﬁ
AUANEIANS AuLuiinmiediald wuiianuduiusserinsauls 2 nadl fed
nsdifl 1 gUnsusvadades.0 uanslfifiufsruduiusues
Hadgnmgiimawidediads wazgamniianna Hdwmareannylivhaviedmiuiou lag
fifin Adjusted R* 0.99 Tussdumaandediu 0.01 §1e1afianvnanain enmsidnaugs
Wigs 7.00 1wns yibiuasanamisndesasiuinumaiuivisnuustiaduily
faanaiu vilipumgfiomatasgumginsundsdiadsluuinafingn g
NS 2 gunsasnadagies 1.3, 1.9, 24 wag 2.9 wuiiladed
fmnuduiusiuannrlithauisdinudeulsun guvpiienna guuaiinsuniidiads

wazaMTIan lasdian Adjusted R 1.00 luszdumnundesiu 0.01 ¥4 4 SUnsaLsvIAN

2
v A A a

et lau1alianiuadulliewnannuaLan a1 5aaI A SanuRInuLLaEN AUV e
lnonssluainaiudwalvligaumalionAkazoaumgiinisukiadindeiiiugaddy  dnviads
mm@a%ammﬁmﬁ’umﬂmaL"mmmau ynlvUsEansainlunisseuieainidanad
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19797 45 auduuSEwInewUs BN naseanzliuautedienusou (Thermal

Discomfort ) :naviinagunsusvadiadlesilaiumsuiulse wnauuiinvie - hila

Aspect 5 Independent  Standardized
Geometry Adjusted R
ratio variables coefficients
Tmrt 1R g
1.0 2(0.99)
Ta 0.19%
T Lt Trmrt il [l
e -
158 g *1‘ 5‘ 3(1.00) Ta 0.07
Ws 0.08**
Tmrt 2
1149 3(1.00) Ta 0.08**
Ws 0.07**
: Tmrt 0.98*
2.4 ,‘ . 3(1.00) Ta 0.10%
iy N TR Ws 0.075
< “ Trrt 0.96**
29 08 .i‘ 11 B g 3(0.99) Ta 0.12%
‘. = : Ws 0.06**
*Significant level 0.05, **Significant level 0.01
P~ [ Y]
Iun : e

as

PMNUANTANHIT190U wudrtladenddny Ndwansenuseantzlinauiedainy

fouvuouuiininluwuiamile-fels uinaniorseiini 7 wes Aelladugungiinig
uiadiade uarquugiionna vdlenadiavnunanUiinauasaaildiuluainalsty
grunungUnsIsTIRdaEieady TnsuasunnannsndesausnfauTnumaiuriuaziui
nuldlaenss dwmalviitneuseuiumuanedsaruiaudy dulunsdiienasiiony
gannnin 7 wnstuly 9INNSMAFOVBTIAI5ES 10,50, 14.00, 17.50 Way 21.00 wims Tl
anudiusTuladuguuuuiiieniufe eamgiionnd gamagiinsuisidiedy uazau
o awvndulonnaingumgiionnauasnisukssdiededlasuavsnamanuaunnildy
Tunanansiu wariladumnuiiay msznsvuaauiiniudan evensiidarmgaiiuuiniu
wdwmalviszAvinmuasnisssuisamaaniias dmaliuiiudnamaduiuayoud

nsAuANAILSaY wardwnansenusiaane liuiauieisanusou
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4.3.6 anwduiusseringumaiiaunanaEiTivennndvinagunsusuadiniied
lasunsusuuge wnouudieesiusen - Airngiuen
NAUNIRanIANENuseIlate Ndwansevuseanzliinavielniuiou

2
oo A

vunuuelulniinnzdueen-anyiunn wudliguuuuanuduiug 2 nsdl fad

s

ad a A da o a
N3N 1 Eﬂ'ﬂiﬂﬁm']ﬂmﬁl.llﬂﬁ 1.0 Vlllﬂ"lflllﬁj\‘]a']ﬂ'ﬁ 7.00 wns AUTLOUUANNT

wiSidats mnudian warauAudnS fiilaauduiusedsiiTeezddytuaniayld
Uavedsnnudou Taeflen Adjusted R 0.99 Tusvsuamuidiesiu  0.01 (5197 46)
nSeIT 2 JUnsusuadinibies 1.3, 1.9, 2.4 uag 2.9 wuihiladedidsmansenuse
annglithauiedinruiou Ae guugiiona wazgumgiimsukssdiade Mslaudnius
pd19lidsezdragivaniizliihaviodanuion lnggunsusviadiabies 1.3 fien
Adjusted R 0.99 uazguvsusviadaiies 1.9, 2.4 uaz 2.9 A1 Adjusted R° 1.00 Tu
sgiumudesiu  0.01 (M3t 46)
MnHansAnsImUInfLUsitauduiusedsiliteddydeaniiglidiauisly
Tnaauvniaunam el Tineeguantanusensuiuieuluggfeusloadedl
inniignde gamgiiennia aamniinisuisidiadouazaiuiian awmeuIINLYINIIINEN

=

yosauuirliuauaniiaunsade i susnaauulalugandr-vreuie ualuganland
nrsfnwilutieggfewihlnszeniindiiianianisiaasdosasnmesnuialdlugisane
Y0y naeduannuiian Awwlouuiifienianisaneiivindianiseusiily nssugani
weananmaguiemieiianuieh vssneufuluggieuesituiidutrseautuiinrds
auAaudneen dafuiamamsuiulgsannsiihauiglianas ielsieglunasinsseusy
\Bapufourioan1izAuauedsnuseu (Thermal comfort) Aasiluanamgiinisus
Sidwdsusnuauy ovlinssalivielassadnfivnyauietisannslasusidainudou
nuasefing wilusasidoafutledomdiionadinadenisinalivuvesnssuaa

LU INY



¥9L¥6E89LL

A TR

n

inoex / Tesodoad L00Z0E6T8S SISTHI-F N

SZ¥0S0

:bes / 6p:1Z:0T 19

44

246

d 7 u g 1 =) a a a =
A19199 46 u,amaumiﬂ’smauwuﬁixqummguauﬂam&aﬁwmmﬂamwagﬂmq

isvIndaEipmlasunIsUSUUSE wwinuuiicayTueen - firnyTuan

Aspect Independent Standardized

Geometry Adjusted R’
ratio variables coefficients

Trnrt < e
1.0 3(0.99) Ws 07757
Rh C 0
e g Tt 0.96**

13 Ty 2(0.99)
-~ Ta 0.80%*
S Trrt 0.96*

1.9 Tk 2(1.00)
'. ‘ Ta Qa2

1‘5-‘5

Tmrt 0.78**

24 2(1.00)
Ta 0.3688
Tmrt 0.79%*

2.9 4 Bies 2(1.00)
el S (e L O

*Significant level 0.05, **Significant level 0.01
44 e Qi
i : WIY
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91NNFITENANATIUUNTINIULT NUIBIAINEIATY LUIRILAA T5N1TIY LAz
v Ay v a g 1 o = v o =
Toyalannwanisiasgiane aasasunsinanlaluldduiuimunsesnuuuiien
1 L LY o =) [ v q’; n’l} A‘IJ ] 1 v v Ao w
grudienar Jamiadedlundudiiy Tuundantunsasuilomludiusiisgdredundi iy
wiauiuAntaiausiuzkaziuInglun1suivlsamsidedusely Fsazlisiwaziden

sasalull

5.1 junsusviadiniisauaguuuun1nneiivesennis niisnsnaregumugiainialy
&J = v
Wuneugepau

MNMsANFUNTLSVIAtadinsdmanseusaganiionnimmiios drudrepaiunes

[T |

Jwiagedlvel wuhgunsusnedademiedadiuaugiennsdeniunitweseuu lu

]
=t 1

Hufidnweuderanuiidnvazlusinmsmded 2-3 4u wazdomrsvuinlng 2-3 91A13
leduungunsasvadndomiiicniansnsivesauy Usnghgunsaseadadosmny
wnauufirwie-field (nuudhananu) 6 UL len Aspect ratio Lade 1.85 wagSky view
factor 1Ay 0.33 wasdinnyusen-fianyTumn (QUURTYUTLVATEE 6 LarOUUADELATIZN)
2 sUuuy fiAn Aspect ratio 108 1.25 wag Svf 1ade 0.36

\lodassaniweinimvesiuil 24 e 2560 vesdrudshau daelusunsy
ENVi-met wudnshuusanmyagfiennamiionuiiu 1.8 wes v 4 dldun gumgdionis,
AwEuEInS, Audaan uavgumniionniaudsdiade denlndiAesiuunn laggunss
L'i‘mﬂzfmaﬁmﬁagjmmmmuuﬁﬁmﬁa - firfld Useneusheauuttenauiislonanswidunssy
fiflnugeUssanm 12.00-13.00 w3 waedAanssuasugha waznsliuiivazusion
VIAFUYN AABATINIAN 6.00 - 24.00 u. lasismadadies 1.2 Aegdumntimadinain

U

oyans HgamgiiiaAsnasatianan 6.00-20.00 u. sitgn 35.46 ssmwaldea Teidnume
Mo mUsEnaUmBIAIIRitdins TusanuadauL g9 13.00 ins wazneiuing Yuan
9 15.00 luns wazlinuniveenuulLagnIuaAuITId 20.80 AT @uaUUYIIUNGDY 1
sUnsasadingles 4.5 dilan 1ede 35.33 ssmuaidoa uiluvundbiffanssuuiio
yadiuh Wuiissauumadioimsiensnveddsusuisums memesiu TsusugdnUiuiga
Tusaifigunsasnadadlomumnauuiiray fusen-nyTunn wuisunsasvadnges 1.8

USUABUNANOUATYUSEINA ¥8Y 6 UazunsausuAdnilies 0.7 USINOUUAREATIEH
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' a o

sEVIalTTIGe WataweY uarlsausuasaed devgungiindeviniu 35.45 uag 35.47

1 Y

! 9
o @ =t 4 o/

pemaldisd muddu Fasmiuldhgunsusnadndewssisaesuinuuluanmiagiy
figumgiienmaadsfiruuandefuiisndnties
lusuyssannmuasnissruisainmavesiiuiidnudaiansananduysaud
au wudgunsasnedadlouauuiinsiiluwufiamie 16 Sanusauganinsuads
diesvuauudianzTueenagiuan Taegunsusuadaies 4.5 IAU5Ia08980 na00
231781 6.00-20.00 U, 10ds 0.47 wmsAund desanlutasggdou arundauluguing
paufinuareudneh Sniiifansesnszuaaunansduiinmiionuuuauy

=

1 o tas ld 1 s o & a o/
1Uﬁ?uQmWQNﬂWiLLNN§LQﬁEJWU']']ﬁﬂ’NEJﬂSJ'WUSL‘NﬁUﬂU Svf Iﬂﬁ]gﬂ%‘iﬁlﬁ‘?ﬂﬂmﬁ

=4 dld 1 5 S ) lar = & a = el =
WBINHAT Svf AI9ZUAIPUUALNTUNIIFRAEE LAz JUNTIIVIALALDINIAT Suf 899

'
= o

Agumgiinsunisdiededn Fagunsusmadadiomuwnuuiinmie - Aeldnioumgl
nMswissdladsmiignfe UuuUILEeE 1 JUnsusvIRdinies 4.5 (sznineermsaen
s0v03l59usIEUNI Ay Tunarlsusundn Usuea) Sty 31.01 ssmisaidea
Turgiisadnsiorunuutianay (Junsasuadaiies 0.8, 1.2, 1.0, 1.3 uag 2.3) i
Anndewiaiy 37.81-38.91 ssmiwadva uazluvaeisviadaiiosuunuuiineiiluwuadia
AL IUDBN-NLIUAN AUUABBIATITYILAYOUNLTSYUSEINA 988 6 WUIWSV ALY 1.8 &
Anaduguvgiinisuissdiafewiniu 32.70 ssruwaldua Fio199¢ldFudvinaveaanan
ormameiuiald (sususedaauun) damaliifideden wazisviadadies 0.7 fidade
ypeguvniinIsuNTIdindegeiigaindy 42.75 ssmiwalda Imaﬁmmqmnﬁuﬁu‘%mm
swedaidosindnldsuuaeiindgnasarisu
luivesannzaruauiednuiouveayssluiuiiuinnesauutazuiio
AU Fanunsaldandaulsgumgfionnia anusaey wazgmnpiinisunsdiade
wugunsasvadaissm s nuuinuie-iald Sgaaaiieglutiinssensuaiy
auleiIANINTauneuanaIn1sTenlanledluni(23.10-31.00 PET  (°C)) LWNedUATILE
winiu Tesgunsasviadaiies 4.5 vasnmfeglutaanissesiuauauisidsamiuiou
sniian Baaan 9.00 u. dutsadaniissdusglurasnisseniuifieanan 8.00 u. i
Turuzigunsasadindiomwuauumuuuiinas Yunn-firnz fusen ﬁaaaqgﬂwmimmﬁm

Lﬁaqf}‘ﬁ'aa4,:1mﬁagﬂuﬁwmiaau%’UmmamHﬁmmﬁamﬁm 7.00 U. WiNUY
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5.2 junsusviedadesiiduaiunisszuiseinia uasihluganuanainsalunisan
anumpfivasiuiigruinemany

N1391889ANINEINIAVBIINTNAIY NHIINN1TUTUUTIFUNIAIUAdindiadlag
$redenguansauauemsifinatidulflunuidiseary ludasnanivhnnsinu 9 wa,
2560-2561 @nnsnasURald il

qmwgﬁmmm%nmmuﬁmﬁwmﬁaﬁvuﬁu 1.8 a3 dauduusseinaiidsaade
AuFAnauIBveILEd Wuigunsusviedaaiauuinuuiinmie -fald uuauutaral
hs1dau 1.9 dgumniindslurienan 6.00-20.00 u. silgn 35.01 ssriealdua dIugunse
lsadiadiosmuuuouuiinng Tusen-fiamy Tuan  Sasidiu 1.9 Agumgiitadusiiige
Wuieatu Saadewintu 35.01 ssaeadea lusugiiduusanuiauvesgunss
isadadiosnuauviiewie-fiald fanudalndiAssiu way 0.35-0.36 wasAui uaz
sUvsusadindesmuiwnuuiinas fusen-innz Juan ff1ede 0.18-0.23 WAS/Au
\esanunuuiiamie-ield auuiuiienavesadlutaggieu WefinrsundFeuiie
fugungioniaserinagunsasvindinies 1.2 vesanmiagiu fugunsusvindiniiio
1.9 fil#Funsuiulss sxviulddngumgionmeatinuuansnaiu 0.564 asrwaldea (1319

o = o a oA P o a1 o ' o
W 47) QQLLNEUWSQLinﬂmﬂLNBQ 1.9 f’ﬂSuﬂ']'u‘lL%’JauLQaUﬂﬁﬂ’]m’]ﬂ?’]LSﬂuaU

d = o = 1 = =
A1319N 47 m‘mL‘Uia‘um‘a‘uqmwgmmmmmmﬂm%’mu szwmagﬂwzaﬁmﬂmmmaq .2

waggUnsLITvIRRiaLEes 1.9

= & & A
guvigiaImAmay (°C)  AILIIRURE(M/S)

sUnsasuAdiagies 1.2 *a 35.46 0.35

FUNSAIUIANALIRS 1.9 *b 35.01 0.41

*a sunsasvndinidledluanmiagiuuunuutieeaiy

*b JUnsaTnadinidiosnnmsuiulsilagd1sdengruanenluaNenAT vunuutIRaY

o v,
YU ET‘QU

1 o lw ﬂ. 1 = = A s o < = 2/
AUPUNHUNTITUNINFALRAY ‘W‘U'J"IEﬁVINLﬁﬂﬂﬂJ'ﬂLJJENVI’J'NF]’JW‘IMLW'W]FTLWUEJ-WPTI‘}‘]

= = a4

= Q. s g—” 1o d I @t al 1
BAYDUUNARSIUDTN-AZIUNN UUIE ﬂ']QMWQNﬂ’]‘iLLNiﬁaLﬂﬁﬁmLLﬁlﬂﬁlNﬂ‘LILLU‘ENHW]?.J@T Svf
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i |

Tnpgunsusvindinglos 1.0 IAnadugdian [ewinlasuiduaieniindeuiuniiguns
UAdaleadu warsunsusuadiabies 3.3 danadesian esnlasuinaneransils
alavesnuurlsuatsisdanuiounnuateiing deladensanunnanisluiniuizdana

Aean1IzANNEALIEBIRNNTauYRyudlusTAUMBAUYLS Y
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PNNTUATIRENNEANNAUIBEIAMNTaUTDINYBE NI JUNSILTUIAdiaLLeY
ukwInuuRmlio-Nala snsndiu 1.3, 1.9, 2.4, 29 uay 3.3 ﬁs&ammﬁag‘l,mhami
gaNSUANAUIBTIANSauvaulaududlud 1181 6.00-8.40 u. @usvAdiaias 1.0 3
ﬁaqnaﬂﬁguﬁqm 6.00-7.30 u. Wity 'lu‘uzuzﬁgﬂmaLsmﬂzﬁmﬁaammmﬂuuﬁm
nzfusan-imnziuan Trasnarfleglusasausaniuavauisdaniuieuiidund
frethusvrdadlosirmuio-fels iWesnfiemesaorfindauiuiuiuiauy dwald

WAILAAABITUTAULIALIN AT DU U AT D-TIFLA LWL

o oA = e & o

5.3 duasuzuuanslunisaunuuazaanuuulissiduasununiwainmana Tuiui
gudnenau

Wesnnanmlutagturesiuidnwigiudinaiy arasuaevdsgnadrsluneud

= = ° Y 1 ]
WA. 2543  MRgNINTAUANMINEAIUANDIATT AMTLIUTEEZUINTENINEIAT ADINGY
o A A a 4 o = & de 1 i v
vsoNufienAsAquAY BadwalvaningagiienniAvesiundnwilad wiludeagiuiinag
Usznmialdnguaneaiuaueasaenagnd aelulusuiaavindnisiauineasieinisluium
Anwgutinauvieluragiionnia uTianunuLiies (Town center climatope) Mduian
#unilesiinuguisgmegumngil (Highly temperature sensitive urban area) Tu
gruidisanfivszneumedsgnainmuiniumeUinuanuiougegn  AITIn1TRRNTNIGEY
ganmuangusnglunisneaiiterns wasnstsdulgnguanedudy Mallalsiinisfiansen
] =) o [ ] ot [ ¢

Taduyanennvesilesbus Usenaume wu Jadevmissnusninainy (Hardscape) uae
gangaal (Softscape)

daiauauurlunisesnuuuiiissfiduasununineinianf Lioana usuLsIves
Usingmsainizanuiouiiesluszautuisousenvaaiios (Urban Canopy Layer: UCL)
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1) AR5 lUNISAIMUARINNUILUNYDI81AT (F.AR) UAZAT1Y
MNWLUTEFTURIAY . JULULLAEAIIgevRteIMS MandsensaisenAsreidosiuauun
auu msfinsananunesauulasmsMaimmaulauy Tunsdiiinsaisouvluily
sunAslvianansnfuaulssdty ieduaiunsmemssemauinamafuiviessiu
ouu fiansntiendndumuseulasuaivaaimaaenuumiilas

2) msituilasiiluvionuiuiidewssn mefrnzunnvestuiidnwgiu
freparutiuieaoiuitn fianisnimnsiamisiamie-field sunufuouudhanan ans
firsanuasmuangueImsnaeakuniitelinssuaainrIuINN Y nsynasnAaes
diatuyanmnisinadvuresit uazimuasnsnisiieatunisudesdsigavedens
Thudeussdeansuiin uinssaitefusinuaziuiiddnlitudes

3) MImUANMINIReLRTAsaEteseTds Tislunsdiagnsenanslual
wazusuUgseeaida lligndndluluiuiieldsdadussossuresonns el
srvsanimdullognadivszdnsam arsiiatsanisguwuuresinitinaseniing(Facade)
yiemsnnussdruminvieufinanens

4) msUfunasunmslsiagililumsroaths msdenldianifinisgadu
Arwioutien oanmsUanUdesmiufeuvestaneasisdiuendlas sevluaaiiam
sdafanifldyfuiianusalirnatuanfivanusossmetuanld astiduannsady
duaslulugulel

5) WuuiiddenNlusves tetislunisnsesfiefiniiiina1nnisnsas
saufanisugnduldmuuuinuy sdauiinisesnuuuniivied wuslsl wagsvezdgn egh
wngaufuiiud dwiiliignugnifueraduguassdrenisinaisuresnseuaauuiiomauy
Ioauiiy
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5.3.2 Wunadgkarnenssadluiog
U a = v a -:Jnl v e
NnMsUTUUsIsUnsasTadinidiadlagdndanguineniuanensdnatesulyly

& A ) a o =l ' A A ~
WUNTINARTUY ‘Lu%’NL’Ja’}W’mm'ﬁﬁﬂEﬂ U N.A.2560-2561 WUQWETJV]?QL?“U']@M@L@J@Q 1.9

2 GI = = v 1 I; dl =% t 2 = @
mmmmmﬂmaﬂummmaLﬂumﬂ,u‘ﬁ’mnm 6.00-20.00 u. AIER  OILHATUAINULTIRY

8
i {Idedslanaasunuudiassvesunsusviadades 1.9 Menisiinnwaiuliuiion

v

yaduiveaesilavesnuutisnaiu Tasldiunsznansuun Ysenaufedunzuun
(Lagerstroemia calyculata Kurz.), auduniiaun (Lagerstroemia macrocarpa Wall.),
Sunilanh (Lagerstroemia speciosa (L) Pers.) leinssuysnay (Round) N4 5-6 WA
g9 6-7 was Wuiuslduidiesvesntauile deudgnlfiduliumanazdulivsedy
esnndinenuazludiansay Tassinandvam s 917 azidueenifeuiiguisunazasuiy
serilastulszana 1 Weu Wimnuasaigdvlng faesugnioanzan 6-8 wes S

annsovuan vl WesiningwisratundunsuguuwiihUuwasaegniivialu

2w
= s =

afn Mailadsiinsdinudansaavesiuliogiane elviduldfinsadyiivinegraumunzay

]
o 2

-1 0 v a P a VoA
nuiungrutearuwasldliiialyminerssviinauuiluowian usiiesainlusunsy
ENVI-met gnitauntululsaweaeesiu viliiuglivnedalulsunsuduiugldvissdiuues
Usswaluunuvvglsy  fadedelamdenldnuiadunta (Acer campestre Louisa.) ifingawy
v o= @ o v P P
wazAugaralnalAssiy anlgluiuuinasaunuiuaziun (M 160 kag N 161)
HaINNISIBUBUAN WYAHoINAY 2 ntl wudtgaungiionniAAsiinnuwaneneiu
0.39 perwalled (N 162) AuFuFNdaFRNEITY 3.65 % lapiial1uuansneiy
' o 1 a ° o
ARBATILIAT 6.00-20.00 W. (AN 163) udnuSIauRABaaiaLdnlas lasgunse
isvIndaLiles 1.9 AR 0.35 wes/Aui uazgunsusuiagiades 1.9 saufunisiiull
) a a ¥ W a A - a
BUALUINANINAUT TRt 0.30 Wwns/Aui WeansansukuunsasuLUamiy
P08 Usnginlugie6.00-15.00 u. Junsusuadiniies 1.9 danusauigni luvue
= | ' ) o vowe v = < s ) o o
Nyunsusviaiaies 1.9 swudunisiuldduiu faasiauailugiaudy vaserniian
14.00 u. uIanduualiuiing@iuuazndeinian 16.00 u. fanusianash 0.41-0.43
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Aunzuun (Lagerstroemia .:a!véu(o!o Kurz.) - Field Maple (Acer campestre Louisa)
-d L &/ 1 k% = o
AN 160 uamnsSsuiisuiugliisenindunzuunuaziuiadunla

= 2 o Y = =
1 : {338 (Fauvasnniannusinglunim)

> 5 E: 2
% % Fmmans
L i M, T AN

AUNNAUN N IADIHIVDIDUUTIIABIY  a) WARS

: ) = a oA a
AINNA 161 LAAINITLWUNTYNWITUUTE

suvtssiullusmnes 2 35 b) uanswhuvtwiulilugmaes 3 46



v9L¥6EB9LL

MM

:n091 4/ Tesodoxad LQ0Z0E618S SISHHI-I NCKW

G0:T12:0T T9SZKOSO

:bas /

Ve

254

gauugiiond (°C)
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A58 (m/s)
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PnMsiaseiladeaiuaniweniauInumaiuynseningunsasuadindie
1.9 uarsunsasviadiaga 1.9 SINAUMSRURINTIMUTINMARAWTN  AIguuUTIaed
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mauldguauuinamasuhiliigaumglineaiseiner (PET) egludissauiuanuauis
= o < =l 1 1, L = < s 1 = al 5
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U
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USIaMLAUNgIsUTulssanmeInalusedutuisousonvaliad (Urban  Canopy
Layer: UCL) lviaaiule (nwh 166)
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Min Max Average SD.

sUNsusIAdaLedns Il 1.9 2450 4670 39.04  7.24
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5.3.2 ururswanagunsasviediadleduiuifnw grudseaiu Jwmingen
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5.4 d3UNan1TIdY
MNMIAATEINanIsAnwInUitgudisearuiidnvurgionaaniudifleadd
AMUTIEUNEIMeMNgH (Highly temperature sensitive urban  area) Usenausig
smsndvenssuiiuasiionnsiignasrstunlmivien. fdimsugnatsdeiilosiudu
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38 Tropical wet and dry climate) LduRgfutuiiieadesivl nansdnswuingumgd
Msusisdiade wazmnudraniinsiasundasdlefimsifiuaugienasiazanuunnies
v dwalvigumgiinisuiediedefiuuiliuanas Tasuwauuiineiluwuamide - 16
saumgiinsuissdieduanasnniigailodinsifiueiugsenas 125 e wanisdlvunn
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Boltzmann's law ". In a. a. @ dumaluladnszaaunddinumnsainnszUs

(Ed.). nyamwamuas, Uszmnelne.
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Al Beumszna, Vinww vyay Lar wsaels quaany. 2557. Hansevuvesdgmaniizing
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Abstract:

Urban heat island is a phenomenon in which the temperature in the city is hotter than
the surrounding countryside. This is partly due to the fact that urban geometry with dense
buildings and less open spaces between buildings reduces efficiency of heat ventilation. As a
result, heat has been trapped in spaces between buildings or so called “Urban canyon effect”.
This study aims to study the influence of urban geometry on heat ventilation among a group of
building at the center of Maejo campus. This area consists of high buildings and daytime
education activities. The microclimate model ENVI-MET 4.0 program was applied to simulate a
microclimate models. In order to establish the microclimate maodel, this program required
weather data and physically environmental data of pertinent sites. The results of the model will
provide a set of spatially distributed data composed of wind speed, wind direction and
temperatures. Meanwhile, the results of this study showed that the area having less ventilation
presented less air circulation and high temperature. The air circulation in the central area of the
buildine blocks can slowly drain out. This area also presented the highest temperature during the
hottest hours of the day (14.00) with 35.21 degrees Celsius while temperature at well-ventilated
area was 30.64 degree Celsius. When the condition of well ventilation was applied by allowing
flow under buildings located on south and north of the study area, it was found that areas of
leeward disappeared and air circulation in the central area was increasing, According to
application of well-ventilated condition, the average temperature in the central region decreased
to 1.08 degrees Celsius with the average temperature was 33.62 degrees Celsius. In brief, it can
be concluded that patterns of building layout play an important effect on presenting of the
Urban Heat island phenomenon. Therefore this information can help city planners, architects, to
understand the microclimate in the city. With the proper measures on the form and shape of

building that promote air circulation leading to the reduction of heat accumulation in the city.
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Site measure_Tmr 24.66 31.01 39.64 42.39 4577 50.95 5335 53.08 50.89 48.07 39.20 34.89 32.09 30.36 3LT5
Simulation stage 1 solaradj 1.0 17.70 25.40 30.90 30.60 34.0C 35.50 36.00 37.30 38.60 39.10 35.90 35.80 31.90 30.30 29.10
Calibration stage 1 (Ta+20%) solaradj 1.0 21.03 26.41 41.76 63,80 69.79 T1.67 73.28 74.90 76.30 7¢.84 69.89 64.20 50.34 32.10 2752
Calibration stage 2 (Ta+25%) solaradj 1.0 22.13 27.60 4288 64.54 70.58 72.53 73.22 73.41 75.24 75.04 7213 65.73 51.03 32.76 29.88
Calibration stage 3 (Ta+30%) solaradj 1.0 2301 28.45 43.65 65.05 71.50 7352 73.88 74.08 75.96 £5.TT 7276 66.19 50.97 34.50 31.35
Calibration stage 4 (Ta+18%) solaradj 0.5 20.84 24.72 34.48 45.65 50.5C 53.06 54.26 55.38 55.99 5691 5182 45.97 38.02 30.24 27.32

Calibration stage 5 (Ta+18%) solaradj 1.0 20.97 26.41 4562 7181 85.61 88.00 90.17 9241 94.18 92.43 85.41 77.93 59.50 3q.12 27.92
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18% LazALNYRLAIRIRRE 0.5 aelusunsy ENVI-met

nan 6.00 7.00 8.00 9.00 10.00. 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1€.00 19.00 20.00 u.
Site measurement_Air Temp avg. 25.250 30.000 35925 35800 36,350 37.525 38.100 39.425 41.350  40.100 35.925 35,250 34.625 31.625 30.475
Calibration stage 4 (Ta+18%) solaradj 0.5 29.87 30.51 33.05 34.86 36.31 37.38 371.92 39.39 41.00 40.12 38.65 36.44 35.19 32.88 31.01
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' Y = s = = J = = < a k4
mILEnAIguMgfioINACC) vesgunsusvadindiaduanwiagiu vinuaumiieiuau 1.80 WA muuauuinvie-neld

1781 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 e
FUnsasedadiodaidin 0.8 (A-A) 30117 30720 32187 33683 34607 35377 36.120 36790 37507 38117 38.130 37913 37450 36820 36.247 35.45

i sunsusvradadiownsidu 1.2 (B-8) 30127 30.737 32217 33703 34.613 35380 36.120 36793 37507 38.117 38.130 37910 37440 36.810 36.237 35.46

]

u‘é gummmmﬁmm"mé'mﬂai‘m 1.0 (C0O) 20000 30613 32357 33817 34660 35410 36.147 36.820 37.547 38.160 38.177 37.957 37470 36.827 36.227 35.47
g EUwsmmﬁ:ﬁmﬁmﬁﬁﬂd'Ju 1.3 (D-D) 29587 30.570 32667 36117 34900 35630 36350 37.010 37.743 38320 38273 38027 37490 36.780 36.120 35.57
=
E gwimmmﬁmﬁaaé’mwéw 4.5 (E-E) 29840 30.493 32033 33563 30490 35263 36.013 36697 37410 38017 38040 37827 37360 36.723 36.137 35.33

suvsssvadadasdnsdm 23 (F-F) 30093 30697 32.093 33637 30633 35423 36173 36850 37.553 38.150 38160 37.943 37490 36880 36.323 35.47
\afl 29044 30.638 32.259 33.753 34.651 35.414 36.154 36.827 37.544 38.147 38.152 37.929 37.450 36.807 36.215 35.46
P~ Ve w
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1 o 1 = = s =) = dv e = s ol @

Gl'ﬁ'lﬁLkﬁﬂﬂﬂqqmﬂﬂ“ﬂaﬁﬂqﬂ(o(} ‘Uﬂﬁz’t‘ﬂiﬁL'i“l!'iﬂmﬂLNa\ﬂuaﬂWW‘U%ﬁEUu VILIUDULMUDNUAY 1.80 tUAT ATULUIDULNANEIUBDN-NARSIUNN
§ | 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14,00 15.00 16.00 17.00 18.00 19.00 20.00 mﬁ'u
“: gwsa;smmﬁmm‘mﬁwﬁﬁm 1.8(G-G) 29.793 30.550 32.363 33.867 34693 35423 36143 36.810 37.527 38127 38.137 37.920 37.440 36.793 36.197 35.452
g
’E gﬁwimmmﬁmiaaﬁﬁﬂfnu 0.7 (H-H) 30.000 30.650 32.297 33.790 34660 35407 36.133 36.803 51T 38.127 38.137 37.930 37.470 36.843 36.267 35.469
E
E I.ﬂ%ltl 29.897 30.600 32.330 33.828 34677 35415 36.138 36.807 37.522 38.127 38.137 37.925 37.455 36.818 36.232 38.137
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Geometry - —
Arydnuol
Time o
6.00.01 u,
Min: 29.76 Min: 29.68
Max: 32.89 Max: 32.89
7.00.01 u.
Min: 30.59 Min: 30.36 Min: 30.39
Max: 32.82 Max; 32.82 Max: 32.82
Air Temperature
8.00.01 u. 4
/ < 25.00 °C
Min: 32.06 Min: 31.97 Min: 32.32 26.00 °C
Max: 33.16 Max: 33.16 Max: 33.16 2
27.00 °C
28.00 °C
29.00 C
9.00.01 . 30.00 C
31.00 °C
W Min:33.58 e Min: 33.57 Min: 33.80 32.00 °C
| Max:33.99 &- Max: 33.99 Max: 33.99 33.00 ¢
34.00 C
35.00 C
10.00.01 u. Priacieie 36.00 °C
g Min:34.52 i Min: 34.52 ' Min: 34.64 38.00 'C
= . Max: 34.73 m Max: 34.73 Max: 34.73 39.00 'C
40.00 °C
41.00 °C
11.00.01 u 42.00 "
gy 4300 C
Min: 35.28 Min: 35,28 Min: 35.36 >44.00 °C
e % l Max: 35.39 - Max: 35.39 Max: 35.43
12.00.01 u.
. mm Min:36.04 Min: 36.03 Min: 36.10
v =l Max: 36,10 L‘ Max: 36.13 Max: 36.16
13.00.01 u. | (RN
- Min: 36.72 = Min: 36,70 Min: 36.75
i Max: 36.77 O Max: 36.80 Max: 36.83

AMLARIRUMYIaINACC) vesgunsusmAdingies 0.8, 1.2 uar 1.0 luanmdagiu Vit

WitlaNuRAy 1.80 AT AIULLIOUUTFMLE- LA 1381 6.00-13.00 w.




Geometry — B
Arudinmni
Time - & o
14.00.01 u. | RS
o Min 37 Min: 37.56
S | =37, Max: 37.71 Max: 37.73
15‘00.01 “. .
Min: 38.11 Min: 38.07 Min: 38.14 Air Temperature
Max: 38.19 Max: 38.19 Max: 38.22 B
—_— —— < 25.m C
26.00 °C
W
16.00.01 u, .C
(&
Min: 38.09 Min: 38.04 Min: 38.11 ‘@
Max: 38.17 Max: 38.17 Max: 38.20 L
‘ "
.C
17.00.01 u. 'C
C
Min: 37.89 Min: 37.83 Min: 37.90 @
| Max: 38.01 Max: 38.01 78 Max: 38.01 L
e
c
18.00.01 u. c
(e
Min: 37,43 Min: 37.35 Min: 37.42 g
Max: 37.63 Max: 37.63 Max: 37.63 'C
‘g Fi > 44.00 'C
19.00.01 u.
@ Min:36.78 Min: 36.68 Min: 36.75
; ! | Max: 37.12 Max: 37.12 Max: 37.12
20.00.01 u.
!
Min: 36.23 Min: 36.11 Min: 36,16
i | Max: 36.69 Max: 36.69 Max: 36.69

Anuansgamgfien1ACC) vesgunsusnAdagied0.s, 1.2 uay 1.0 luanmdagiu vinaou

=4 J = = = ke
UawuAlY 1.80 LUAT WW&ILLH’JGUUWﬁLﬂﬁB-‘WFﬂ,WI 3R 14.00-20.00 u.




ANLAASDUNNTBINA(C)

vosgunsusundialies 1.5, 4.5 way 2.3 Tuanmilagdu

Geometry N
Anydnwai
Time
6.00.01 u.
Min: 29.30 Min: 29.76 Min: 30.01
Max: 32,89 Max: 32.89 Max: 32.89
7.00.01 u.
Min: 30.29 Min: 30.36 Min: 30.56
Max: 32.82 Max: 32.82 Max: 32.82
Air Temperature
8.00.01 u.
g < 25.00 °C
Min: 32.69 Min: 31.97 Min: 31.99 26.00 °C
Max: 33.31 Max: 33.16 Max: 33.16
27.00 °C
28.00 °C
! 29.00 C
9.00.01 u. % 30.00 'C
= 31.00 C
Min: 33.99 Min: 33,57 Min: 33.56 32.00 .C
Max; 34.21 Max: 33.99 Max: 33.99 33.00 .C
3400 C
35.00 C
10.00.01 u. 36.00 °C
LT 37.00 °C
Min: 34.73 Gk Min: 34.51 Min: 34.53 38.00 °C
Max: 34.94 -, . Max: 34.73 Max: 34.73 39.00 'C
40.00 'C
41.00 'C
11.00.01 u . C
Bk, B 43.00 C
Min: 35.39 S Min: 35.27 Min: 35.30 >44.00 °C
vax 3565 | [ . Max: 35.39 Max: 35.42
12.00.01 u.
Min: 36.10 Min: 36.03 Min: 36.06
Max: 36.36 Max: 36.10 Max: 36.16
13.00.01 u.
Min: 36,75 Min: 36.70 Min: 36.74
Max: 37.02 Max: 36,75 Max: 36.82

UStiaautmidsiuau 1.80 wWaT sululIouuiamile-nals 1an 6.00-13.00 u.




Geometry ' o
= dydnuni
Time
14.00.01 u.
Min: 37,71 Min: 37.56 Min: 37.63
Max: 37.97 Max: 37.71 Max: 37.71
15.00.01 u.
Min: 38.07 Min:3g.15 | Air Temperature
-38.37 :38.19 :38.19
Max: 38 Max: 38.1 Max <25.00 °C
26.00 °C
27.00 °C
16.00.01 u. 28.00 :c
2900 C
Min: 38.17 Min: 38,04 Min: 38.13 30.00 €
Max: 38.29 Max: 38.17 Max: 38,17 °
” = 31.00 ‘C
-32.00 °C
—33.00 C
17.00.01 u. 34.00 _C
35.00 C
Min: 37.99 Min: 37.83 Min: 37.94 36.00 °C
Max; 38.06 Max: 38.01 Max: 38.01 B 37.00 °C
38.00 ‘C
39.00 C
18.00.01 . 40.00 C
41.00 C
Min: 37.45 Min: 37.35 Min: 37.48 42.00 °C
Max: 37.63 Max: 37.63 Max: 37.63 43.00 C
4 T >44.00 °C
19.00.01 u.
Min: 36.68 Min: 36.83
Max: 37.12 Max: 37.12 Max: 37.12
20.00.01 u.
Min: 36.11 Min: 36.28
Max: 36.69 Max: 36.69 Max: 36.69

MWLENIUNTINIACC) vasgUnsasIAtinges 1.5, 4.5 uay 2.3 Tuan wilagiu
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Geometry|
\—‘—L&J i Arydnmnl
Time 6
6.00.01 u.
Min: 29.77
Max: 32.86
7.00.01 u.
Min: 30.39 B e Min: 32.09
Max: 32.79 Max: 33.15
Air Temperature
8.00.01 u. <25.00 °C
1 26.00 °C
Min: 32.3¢ = Min:32.09 27.00 °C
:33.21 Max: 33.15 :
o 28.00 °C
i 2900 ‘C
2 30.00 C
9,00.01 . 31.00 C
} 32.00 C
S i 33,84 | Min3366 3300 C
! ‘ Max: 34.06 ﬂMﬂ:lng 34.00 GC
; 3500 C
36.00 °C
10.00.01 . 37.00 :c
i 38.00 C
o ', Min: 34.68 et e Min: 34.55 39.00 C
_I_‘l Max: 34.79 . Max: 34.73 40.00 °C
41,00 °C
¥ 42.00 °C
e 43.00 C
Nl I 4 > 44,00 °C
: Min: 35.39 Min: 35.29
.,_'. Max: 35.50 .. ; Max: 35.42
12.00.01 u.
Min: 36.10 Min: 36.05
Max: 36,22 Max: 36.15
13.00.01 u.
Min: 36.76 Min: 36,72
Max: 36.88

AMUARRuUUATaIn1A(C) vasgunsusvindailes 1.8 uar 0.7 luanmiagdu
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Time

Geometry \_‘_L
’ — L, Agydnuni

14.00.01 w.

Min: 37.58
Max:37.72

15.00.01 u.
Air Temperature
— <2500 °C
B e, 26.00 °C
2700 2C
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
> 44.00 "C

16,00.01 u.

Min: 38.12
Max: 38.21

BRSO O O 0L SN E )

17.00.01 u.

Min: 37.85
B Max: 38.01

18.00.01 u.

Min: 37.43 Min:37.37
Max: 37.63 Max: 37.63

19.00.01 u.

20.00.01 u,

Min: 36.18 & o =Pl ':-; Min: 36.11
Max: 36.68 oL Max: 36.68

AMWLANIYUNYITBINIACC) YoegunItsvIAdiaiiies 1.8 uay 0.7 luanmiagiu

USnuouwrtloNuau 1.80 wns munuuiidas Tuaen-fAedneiuan 1181 14.00-20.00 u.



i tg L = ot P =4 J a = = = L
PRI TUENS(%) vesgunsasviadnfleduan eyt Ulnaeuwvileiufu 1.80 was sunauuiirvile-finld

wuanuuwia-16

"

W

1981 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 e
sumsasviedmidoddndou 03 (A-A) 44243 43550 41953 38667  37.277 36480 35890 35150 35357 36487 35740 36340 37390  38.787 40487  38.253
gUmsusvadediesdnrdou 12 (B-8) 44223 43547 41923 38627  37.257 36463 35880 35140 35347 36473 35733 36343 37400  38.800 40510  38.244
gunssswadadlasdpsdm 10 (CC) 44947 44703 42453 38553 37.307 36537 35937 35157 35300 36357 35633 36273 37373 38863 40733 38408
Unsssnedadadnsdiu 13 (D-D) 45810 45797 42480 38380  37.193 36447 35847 35033 35057 36020 35480 36247 37463 39230 41.480 38531
sususvediediesdnsndan 6.5 (B-E) - 45023 44347 42537 38887  37.483 36687 36107 35350 35527 36633 35883 36493  37.560 38997 40747 38551
qUnsasnadndlosinsndon 23 (F-F) 44297 43420 41920 38763 36747 36377 35783 35043 35280 36447 35713 36297 37300 38627  00.243  38.150

waile 44757 44227 42211 38.646 37.211  36.498 35907 35146 35311 36403 35697 36332 37.414  38.884  40.700

P L as

YIH B;!TF\]EJ

1 . &) o ar (3 > Y = o =) =) éll, = = s =3 o -

FNTMELEPIAR nmuauwmﬁ(%) ?JENE‘U‘V]‘NLi“if’lﬂmﬁimaﬂuﬁmwﬁ%'ﬂuu UFLIUDUMAUDNUAY 1.80 LUMT AIULUIDULUNARNSIUDDN-NARLIURN

an 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 Ll
junsusnadaiiosdesdn 1.8 (GG) 45237 45007 42553 38560 37340 36597 36013 35237 35373 36423 35723 36373 27457 38977 40877  38.517
sunsasyadndiaadnadau 0.7 (H-H) 44,670 44357 42430 38587 37.280 36503 35923 35167 35350 364535 35730 36333 27380 38787 40550  38.367
wadly 44.953 44.682 42.492 38573 37.310 36.550  35.968 35362 36.438 35727  36.353 37.423  38.882 40.713
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Geometry —
dydnuni
Time
6.00.01 u.
| Min;37.59 % Min: 37.59 % ‘ Min: 37.59 %
§ Max:44.33 % Max: 45.05 % Max: 45.32 %
7.00.01 w. &
5 Mini37.66 % Min: 37,66 % Min; 37.66 %
| Max:43.67 % Max: 44,37 % Max: 44,92 %
-' " | Relative Humidity
< 30.00 %
31.00 %
8.00.01 u. 32.00 %
33.00 %
Min:37.56 % Min: 37.56 % Min: 37.56 % 34.00 %
i i | Max:43.01 %| | Max: 43.58 % Max: 43.53 % 35.00 %
36.00 %
37.00 %
38.00 %
9.00.01 u. 39.00 %
40.00 %
Min:37.47 % Min: 37.47 % Min:37.47 %
Max: 38.75 % Max: 38.81 % Max: 38.60 % 41.00 %
(e —————— 42.00 %
43.00 %
44.00 %
10.00.01 u. 45.00 %
46.00 %
Min: 36.79 % Min: 36.79 % Min: 36.79 % 47.00 %
Max: 37.50 % Max: 37.43 % Max: 37.36 % 48.00 %
> 49.00 %
11.00.01 u.
Min: 36.20 % Min: 36,20 % Min: 36.20 %
Max: 36.72 % Max: 36.60 % Max: 36.62 %
12.00.01 u.
Min: 35.78 % Min: 35.78 % Min; 35.78 %
Max: 36.19 % Max: 36.10 % Max: 36.12 %
13.00.01 u.
Min: 35,06 % Min: 35.06 Min: 35.06 %
Max: 35.44 % Max: 35.39 Max: 35.35 %

AINLAAIPIMTUHNMG(%) vesgunsusvadadies 0.8, 1.2 uar 1.0 luanmiagiu vin
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Geometry

Agganuni
Time . '
14.00.01 u.
Min: 35,64 % Min: 34.50 % Min: 36.90 %
Max;: 35.90 % Max: 34,81 % Max: 36.41 %
15.00.01 u.
Min: 35.94 % Min: 36.20 % Min:36.20 %
Max: 36.20 % Max: 36.60 % Max: 36.65 %
= = Relative Humidity
< 30.00 %
31.00 %
16.00.01 u. 32.00 %
33.00 %
Min: 35.33 % Min: 35.43 % Min: 35,43 % 34.00 %
Max: 35.46 % Max; 35.74 % Max: 35.73 % 35.00 %
36.00 %
37.00 %
das 38.00 %
. e 39.00 %
40.00 %
Min:36.11 % Min: 36.11 % Min: 36.11 %
Max: 36,33 % Max: 36.51 % Max: 36.39 % 41.00 %
42.00 %
43.00 %
44.00 %
18.00.01 u, 45.00 %
46.00 %
Min: 36.96 % Min: 36.96 % Min: 36.96 % 47.00 %
Max: 37.52 % Max: 37.58 % Max: 37.36 % 48.00 %
> 49,00 %
19.00.01 u.
Min:38.07 % Min: 38.07 % Min: 38.07 %
Max: 39.26 % Max: 38.02 % Max: 38.69 %
20.00.01 u.
Min: 39.41 % Min: 39.41 % Min: 39.41 %
Mex: 41.52 % Max: 40.79 % f Max:40.38 %

ANUANIAMLTUEIINS(%) esgUnsusuIAdaiilet 0.8, 1.2 uag 1.0 uanmiagdu viw

AUUMTENUAY 1.80 WA MmuLwauuiawile-fdla 1aa1 14.00-20.00 u.




Geometry ‘ o
3 l‘_ drydnmnl
Time
6.00.01 u.
iMin: 37.59 % Min: 37.59 % Min: 37.59 %
Max: 46.58 % Max; 45.05 % Max; 44.36 %
7.00.01 u.
Min:37.66 % B Min: 37.66 % Min: 37.66 %
Max: 46.49 % 5 Max: 44.37 % Max: 43.75 %
Relative Humidity
< 30.00 %
31.00 %
8.00.01 u. 32.00 %
- 33.00 %
Min: 37.56 % Min: 37.56 % Min: 37.56 % 34.00 %
Max: 42.64 % Max: 43,58 % Max: 43.05 % 35.00 %
36.00 %
37.00 %
38.00 %
9.00.01 u. 39.00 %
40.00 %
Min:37.47 % Min:37.47 % Min: 37,47 %
Max: 38.42 % Max: 38.81 % Max. 38.89 % 41.00 %
T TR 42.00 %
43.00 %
44.00 %
10.00,01 u. 45.00 %
46.00 %
Min: 36.79 % Min: 36.79 % Min: 36.79 % 47.00 %
Max: 37.25 % Max: 37.47 % Max: 37.56 % 48.00 %
> 49,00 %
11.00.01 u.
Min: 36.20 % Min: 36.20 % Min: 36.20 %
Max: 36.57 % Max: 36.64 % Max: 36.75 %
12.00.01 u. .
in: 35.78 % Min: 35.78 % Min: 35.78 %
Max:35.99 % Max: 36.15 % Max: 36.21 %
13.00.01 u.
Min: 35.06 % Min: 35.06 % Min: 35.06 %
Max: 35.16 % Max: 35.41 % Max: 35.43 %

ANUARIANUTUELIMS(%) VasgUnsusIndaiies 1.5, 4.5 uaz 2.3 Tuanmiagiu
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Geometry —
| ' dydnual
Time R )
14.00.01 u.
Min: 35.64 % Min:34.50 % Min; 36.90 %
Max: 35.90 % Max: 34.81 % Max: 36.41 %
15.00.01 u.
Min: 35.94 % Min:36.20 % Min; 36.20 %
Max: 36.20 % Max: 36.60 % Max: 36.65 %
e = Relative Humidity
< 30.00 %
31.00 %
16.00.01 u. 32.00 %
33.00 %
Min:35.33 % Min: 35.43 % Min: 35.43 % 34.00 %
Max: 35.46 % Max: 35.74 % Max: 35.73 % 35.00 %
36.00 %
37.00 %
17,0001 RO
gk 39.00 %
40.00 %
Min: 36,11 % Min: 36.11 % Min: 36.11 %
Max: 36.33 % Max: 36.51 % Max: 36.39 % 41.00 %
42.00 %
43.00 %
44,00 %
18.00.01 u. 45.00 %
46.00 %
Min: 36.96 % Min: 36.96 % Min: 36,96 % 47.00 %
Max: 37.52 % Max: 37.58 % Max: 37.36 % 48.00 %
> 49.00 %
19.00.01 u.
Min: 38.07 % Min: 38,07 % Min: 38.07 %
Max: 39.26 % Max: 39.02 % Max: 38.69 %
20.,00.01 u.
Min: 39.41 % Min: 39.41 % Min: 39.41 %
Max: 41.52 % Max: 40.79 % Max: 40.38 %

&) s « ~ = al
AINLERIAMUTUHING(%) VBITUNTAUTVIAUALIDY 1.5, 4.5 uay 2.3 Tuamwﬂwuu
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Geometry |ﬁ___‘ .
| | Frudnwni
Time G _ G H N
6.00.01 u.
Min: 37.69 % " Min: 37.66 %
Max: 45.63 % Max:45.06 %
7.00.01 u.
Min: 37.76 % Min: 37.73 %
Max: 45.50 % . - Max: 44.59 %
] Relative Humidity
< 30.00 %
31.00 %
8.00.01 u. 32.00 %
33.00 %
Min: 37.74 % Min:37.67 % 34.00 %
Max: 43.45 % Max: 43.65 % 35.00 %
36.00 %
37.00 %
38.00 %
9.00.01 u. 39.00 %
- 40.00 %
Min: 37.51 % Min: 37.50 % d 0
Max: 38.63 % Max; 38.74 % T %
= 4200 %
43.00 %
44.00 %
10.00.01 u, 45.00 %
46.00 %
J Min: 36.81 % Min: 36.81 % 47.00 %
Max: 37.39 % Max:37.43 % 48.00 %
> 49.00 %
11,00.01 u.
Min: 36.22 % Min: 36.21 %
Max: 36.61 % Max:36.61 %
12.00.01 u.
Min: 35.79 % Min: 35.79 %
Max: 36.12 % Max: 36.07 %
13.00.01 u,
Min: 35.06 Min: 35.06 %
Max: 35.35 Max: 35.31 %

AMULAAIANTUANIMS(%) voagUnsasvindaiies 1.8 uaz 0.7 luanmiagiuy

UINUUVLaNUAY 1.80 AT AUNUUAARE T UN-NAnZTUAN 181 6.00-13.00 U.



Geometry

|
|
L Frydnual
Time G I "
14.00.01 u.
Min: 35.90 % Min: 34.91 %
Max: 35.19 % Max: 34,32 %
15.00.01 .
Min: 36.20 % Min:36.21 %
Max: 36,44 % Max: 36.56 % "
= Relative Humidity
< 30.00 %
31.00 %
16.00.01 u. 32.00 %
33.00 %
Min: 35.43 % Min: 35,43 % 34.00 %
Max: 35.63 % Max: 35.72 % 35.00 %
36.00 %
37.00 %
50004 38.00 %
e ¢ 39.00 %
40.00 %
Min: 36.11 % Min: 36.11 %
Max: 36.41 % Max: 36.49 % geo %
- 42.00 %
43.00 %
44,00 %
18.00.01 u. 45.00 %
46.00 %
Min: 36.97 % Min: 36.97 % 47.00 %
Max: 37.47 % Max: 37.56 % 48.00 %
> 49.00 %
19.00.01 u.
Min: 38.09 % Min: 38,09 %
Max: 38.97 % Max: 39.01 %
20.00.01 u,
Min: 39.45 % Min: 39.44 %
Max: 41.01 % Max: 40.82 %

"y s s & = L7
AINULEARIANMLTLFLTYS(%) YBIgUNTUTVIAMIALEY 1.8 uaz 0.7 luaniniagiu

USLIMOUWMTONUAY 1.80 e smunuuiene Tuaen-Aaneunn a1 14.00-20.00 w.




I £ @t = = A} =3 = - = L
m'Tﬁ’NLLﬁﬁ]ﬂﬂ’!ﬂ‘ﬂNL%’Jaﬂl(m/s) maqgﬂwsm‘mﬂmmﬁaa’luamwﬂf\]’«quu ysnULianuAY 1.80 Wwas aauInuuirile-fdla

e 6.00 7.00 8.00 9.00 1000  11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 Lade

sunsusrdadatdnidin 0.8 (A-A) 0.230 0.257 0.273 0.287 0.300 0313 0.327 0.337 0.380 0.447 0.440 0.440 0.440 0.440 0.440 0.357
= JUnsusvedindadnsdin 1.2 (8-B) 0.280 0.307 0.320 0.330 0.347 0.360 0.373 0.383 0433 0.513 0510 0.507 0.500 0.500 0.500 0.411
&':.
kS sunsusrdadiodnadin 1.0 (GO 0.270 0.290 0.307 0.320 0.340 0.357 0.370 0.383 0.410 0447 0.437 0.430 0.430 0.430 0.430 0.377
§ sunsasmadadiodniday 1.3 (0-D) 0.247 0.270 0.283 0.303 0.320 0.340 0.357 0.370 0413 0.£77 0.470 0.463 0.460 0.460 0.460 0.380
= FUnsssr adindiowdnid 4.5 (E-E) 0.463 0.470 0.470 0.677 0.480 0493 0.507 0.527 0.523 0.500 0.490 0.483 0.473 0.470 0.470 0.486

sunsuswedadaidnsdn 2.3 (FF) 0.153 0.167 0.173 0.180 0.187 0.190 0.197 0.200 0.193 0177 0.170 0.170 0.170 0.170 0.170 0.178

iy 0.274 0.293  0.304 0316 0329 0242  0.355 0367 0392 0.427 0419 0416 0.412 0412 0412
-a' ey o
YN :f;Jj &
|’_ =3 « = GL o = P e’i’ a o s o o

M1319LERIATAINHLIIAN(M/S) maqgﬂmmmmmw&m uamwﬂaquu UTNAUAUNUDWUAY 1.80 LUAT MULUINUUNARNZIUDDN-NARNTIURNN
e Cry] 6.00 7.00 8.00 9.00 10.00 11.00  12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 \adly
=
g sunsusvaiindownsidu 1.8 (G-G)
L ¢ 0.193 0.207 0.213 0.223 0.230 0.230 0.230 0.230 0.197 0.130 0.127 0.120 0.120 0.120 0.120 0.179
©@
®
= sunsusratadiawnsiaiu 0.7 (H-H)
2 ¥ 0.170 0.187 0.197 0.210 0.223 0.237 0.247 0.257 0247 0217 0.210 0.210 0.207 0.200 0.200 0.214
=
&
E] 1adly 0.182 0197 0205 0217 0.227 0.233  0.238  0.243 0222 0173  0.168 0.165 0.163  0.160 0.160
d' Vi @
YN :Q:IJ ]



Geometry, T — g = —
- { ‘ | dnydnunl
Time o = :
6.00.01 u.
Min:0.07 m/s Min:0.09 m/s in:0.18 m/s
Max:0.74 m/s| Max:0.75 m/s] Max:0.78 m/s
7.00.01 u.
Min:0.08 m/s Min: 0.10 m/s Min:0.20 m/s
j Max:0.75 m/s Max:0.76 m/s . Max: 0.79 m/s -
< 0.00 m/s
0.05 m/s
0.10 m/s
8.00.01 u. 0.15 m/s
: Laaal 0.20 m/s
Min:0.08 m/s e Min: 0.11 m/s Min:0.21 m/s 0.25 m/s
mac0.75 m/s| [ Max: 0.77 m/s| Max: 0.79 m/s 0.30 m/s
0.35 m/s
0.40 mfs
0.45 m/s
0.50 m/s
,00.01 u.
oL u 0.55 m/s
. 0.60 m/s
Min:0.09 m/s Min:0.11 m/s Min:0.23 m/s 0.65 m/s
Max:0.77 m/s Max: 0.78 m/s Max: 0.80 m/s 0.70 m/s
0.75 m/s
0.80 m/s
0.85 m/s
10.00.01 u. 0.90 m/s
> 0.95 m/s
Min:0.08 m/s Min:0.11 m/s in: 0,24 m/s
Max:0.77 m/s| Max:0.78 my/s: Max: 0.80 m/s
11.00.01 u.
Min:0.09 m/s Min:0.11 m/s in:0.24 m/s
Max:0.77 my/s| Max: 0.79 m/s Max:0.79 m/s
12.00.01 u,
y Min:0.09 m/s Min:0.10 m/s
Max:0.77 m/s| Max:0.79 m/s Max:0.79 m/s
13.00.01 u.
Min:0.08 m/s| Min:0.09 m/s : :0.26 m/s
Max:0.78 m/s| h Max:0.79 m/s Max: 0.79 m/s

AnwdnIAILEIau(m/s) vegunsuInadagies 0.8, 1.2 uar 1.0 Tuanmiagiu vinuouy

WiauAY 1.80 RS AnuLuInuEiAwmile-fela 1381 6.00-13.00 u.



Geometry i - =1 R
— . | ‘ 4 drydnmat
Time i ek - —_— ] " . . ‘
14.00.01 u.
Min:0.03 m/s Min:0.03 m/s Min:0.16 m/s
Max:0.90 m/s| Max:0.92 m/s Max:0.85 m/s
15.00.01 u, )7_
Min:0.03 m/s Min:0.03 m/s Min:0.15 m/s
Max:0.90 m/s| Max: 0.92 m/s - :0.85 m/s Wind
< 0.00 m/s
0.05 m/s
0.10 m/s
16.00.01 u, 0.15 m/s
0.20 m/s
Min:0.03 m/s Min:0.03 m/s Min:0.15 m/s 0.25 m/s
Max:0.89 m/s Max:0.91 m/s Max:0.84 m/s 030 m/s
0.35 m/s
0.40 m/s
0.45 m/s
17.00.01 u, O30/ s
0.55 m/s
0.60 m/fs
Min:0.03 m/s Min:0.03 m/s Min:0.14 m/s 0.65 m/s
Max:0.89 m/s| Max:0.91 m/s Max: 0.84 m/s 0.700Eu "
i 0.75 m/s
0.80 m/s
0.85 m/s
18.00.01 u. 0.90 m/s
> 0.95m/s
Min:0.03 m/s Min:0.03 m/s in:0.14 m/s
Max:0.89 m/s Max:0.91 m/s Max:0.83 m/s
19.00.01 u.
Min:0.02 m/s Min:0.03 m/s Min:0.14 m/s
Max:0.88 m/s| Max:0.90 m/s Max: 0.83 m/s
20.00.01 u.
Min:0.03 m/s Min:0.03 m/s Min:0.14 m/fs
Max:0.89 m/s Max:0.91 m/s Max: 0.83 m/s

mwsansaasan(m/s) vesguvsisadindes 0.8, 1.2 uay 1.0 luanmdagiu uinuouu

) 4‘ (=3 o = L
Uanuau 1.80 LUAS puknuuiAvte-fdld 1an 14.00-20.00 u.



MWLARIAITIAN(MYS) vesgunsusviAdiagies 1.5, 4.5 uay 2.3 luanmilagiu uinuauy

Geometry, -
Arudnmal
Time
6.00.01 u.
Min:0.06 m/s Min:0.09 m/s Min:0.13 m/s
Max:0.72 m/s] Max:0.90 m/s Max:0.73 m/s
7.00.01 u.
Min:0,06 m/s Min: 0.09 m/s Min:0.14 m/s
Max:0.74 m/s| Max: 0.90 m/s Max: 0.74 m/s
< 0.00 m/s
m/s
m/s
8.00.01 u. m/s
m/s
Min:0.06 m/s Min:0.09 m/s Min:0.15 m/s m/s
Max:0.75 m/s| Max:0.90 m/s Max: 0.74 m/s m/s
m/s
m/s
m/s
m/s
9.00.01 u, =
mjs
Min:0.06 m/s Min:0.10 m/s Min:0.16 m/s mis
Max:0.76 m/s| § Max:0.91 m/s Max:0.75 m/s s
m/s
m/s
m/s
10.00.01 u. m/s
> 0.95 m/s
Min:0.06 m/s Min:0.10 m/s Min:0.16 m/s
Max:0.76 m/s] Max:0.90 m/s Max:0.76 m/s
11.00.01 u.
in:0.06 m/s Min:0.10 m/s Min:0.17 m/s
Max:0.77 m/s: Max: 0.90 m/s Max:0.76 m/s
12.00.01 w.
Min:0,10 m/s Min:0.17 m/s
Max:0.89 m/s Max: 0.76 m/s
13.00.01 u.
Min:0.05 m/s Min:0.10 m/s Min: 0.17 m/s
Max:0.77 m/s| Max:0.88 m/s; Max: 0.76 m/s

wiloWuRAy 1.80 was suuwnuuirwuiie-Adla 11a1 6.00-13.00 w.




MMUARIATIEIRN(M/S) YasgUVIRIUIAdaied 1.5, 4.5 uag

Geometry -
L Aydnumn
Time
14.00.01 u.
Min:0.04 m/s Min:0.04 m/s Min:0.15 m/s
Max:0.86 m/s| Max:0.92 m/s Max:0.88 m/s
15.00.01 u.
Min.0.04 m/s Min: 0.04 m/s Min:0.14 m/s
Max:0.85 m/s Max: 0,92 m/s Max: 0.88 m/s Wind
16.00.01 u.
in:0.03 m/s Min: 0,04 m/s Min:0.14 m/s
Max:0.85 m/s Max:0.92 m/s Max:0.87 m/s
17.00.01 u.
Min:0.03 m/s Min:0.04 m/s Min:0.14 m/s
Max:0.84 m/s| Max:0.91 m/s Max: 0.87 m/s
18.00.01 u.
Min:0.03 m/s Min: 0,04 m/s Min: 0.14 m/fs
Max:0.84 m/s| Max:0.91 m/s Max: 0.87 m/s
19.00.01 u.
in:0.03 m/s Min:0.03 m/s Min: 0.13 m/s
Max:0.84 m/s| Max:0.91 m/s Max: 0.87 m/s
20.00.01 u.
Min:0.03 m/s Min:0.04 m/s Min:0.14 m/s
Max:0.84 m/s| Max:0.91 m/s Max: 0.87 m/s

2.3 luaamidagiu uimouu

a & a a = =
witlaWufu 1.80 Wwrns MuwLInUUAAmtie-Adls a1 14.00-20.00 .




Geometry m
Arydnwnl
Time G H H
6.00.01 u.
Min:0.03 m/s Min:0.01 m/s
Max:0.73 m/s Max:0.74 m/s{
7.00.01 u.
Min: 0.04 m/s
Max:0.74 m/s
8.00.01 u.
Min: 0.04 m/s
Max: 0.75 mfs
9.00.01 u.
Min:0.05 m/s " Min:0.00 m/s
Max: 0.76 m/s Max:0.77 m/s
10.00.01 w.
Min: 0.05 m/s o Min:0.01 m/s 5
Max; 0.76 m/s Max-0.77 m/s| m:%%“r’rffs
11.00.01 u.
Min:0.05 m/s
Max:0.77 m/s
12.00.01 u.
Min:0.05 m/s
Max:0.77 m/s
13.00.01 u.
Min: 0.05 m/s 4 Min:0.00 m/s
Max:0.77 m/s Max:0.78 m/s]

Awuansmmianim/s) resgunsusviadinigies 1.8 way 0.7 luanwdagdu vl

AUMLENUAY 1.80 LWRT AuuUAny I uaan-RAsE TUAN 1387 6.00-13.00 U.



Geometry L—‘—L; '
Ly Arydinual
Time § —. g o ks H
14.00.01 u.
Min:0.02 m/s Min:0.00 m/s
Max:0.84 m/s Max:0.88 mfsr
15.00.01 u.
Min:0,02 m/s Min:0.00 m/s
Max:0.84 m/s Max:0.88 m/s
Wind Speed
< 0.00 m/fs
0.05 m/s
16.00.01 u. 0.10 my/s
0.15 m/s
Min:0.02 m/s Min:0.00 m/s 0.20 m/s
Max:0.83 m/s Max:0.87 m/s 0.25 m/s
e 0.30 m/s
0.35 m/s
0.40 m/s
0.45 m/s
17.00.01 u. 0.50 m/s
0.55 m/s
Min: 0.02 m/s Min:0.00 m/s ~0.60 m/s
Max: 0.83 m/s Max: 0.87 m/s| 0.65 m/s
0.70 m/s
| 0.75 m/s
— 0.80 m/s
18.00.01 u. 0.85 m/s
0.90 m/s
> 0.95m/s
Min:0.02 m/s Min:0.00 m/s Min: 0.03
Max:0.82 m/s Max:0.86 m/s| M::(.: 6_731‘1{155
19.00.01 u.
Min:0.02 m/s Min:0.00 m/s
Max: 0,82 m/s Max: 0.86 m/s|
20.00.01 u.
Min: 0.02 m/s
Max: 0.82 m/s

AMLERSAIIEIaN(M/s) TBIFUNSIsTIRRInes 1.8 uay 0.7 Tuanmiaglu Ui

s & a = @ a [Y)
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Y = = s - <4 &‘ a = ] = L
A 1FNIAIVAVIEN(D A ﬂuaagﬂmaLsmﬂmmmaﬂuamwﬂ%quu UL UM UBNUAY 1.80 LUAT AuLInUUAvilie-fidla

m 6.00 7.00 8.00 900  10.00 11.00 1200 1300 1400 1500 1600 1700  18.0C 19.00 20.00 iy
JUnsTrAdiadiewnindu 0.8 (A-A) 1773 1791 1794 1805 1783 1757 1723 1690 15.77 137724 1350 | 843° 1337 13.30 13.23 15.82
= Junsasnadadodnidin 1.2 (B-8) 1209 1252 1264 1274 1217 1217 1173 1130 10.77 9.80 9.60 9.57 9.47 9.43 9.57 11.09
'§ sUnsasradadionindiu 1.0 (C-0) 8.59 1010 1099 1172 1223 12.30 12.23 12.07 10.93 8.90 8.77 8.63 8.50 8.83 8.53 1027
f&‘f sUnsusuadinglodnid 1.3 (0-D) 8.96 1043 1088 1145 1117 11.53 11,20 11.07 10.63 10.00 9.97 9.80 9.87 9.23 9.83 10.46
3 sunsnsndindlosdnindiu 4.5 (E-E) 8.69 8.97 9.09 5.7 9.90 9.13 9.17 9.13 9.17 9.03 8.90 8.93 8.73 8.87 8.30 9.05
FUnsnsnndndodasdiu 23 (F-F) 9.62 1152 1258 1347 1397 14.53 14.20 14.12 12.60 9.77 9.20 8.90 8.43 8.50 8.30 11.28

Wiy 1094  11.86 12357 1272 12886 1277 1268 1247 11.68 1029  10.026  9.89  9.781 9.74 9.88

* 0 way 360 BaFN = NIFWTB, 90 BeFn = ViR uean, 180 a4r = fiald, 270 8w = AanzTuan
o o o
i ﬁg'ﬁ]ﬂ

1 = - = L a < g = =y b = ke
AT LENIANAANIAU(BAT)* %Bﬂzﬂﬂiéti’tﬂﬂmﬁ]LNBGIU&J’I’IW‘U"\FQUU USHIUAULAUINUAL 1.80 lUAT AIULWIOUUNANSILIDN-VIAREIUAN

nan 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 iy

gﬂwsa;wmﬂmu‘maﬁmsﬁnu 18(GG) 100.1C 100.10  100.00 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10 100.10

a

gﬂmmmmﬁmu‘]mﬁ'mﬁhx 0.7 (H-H) 8350 80.87 7943 78.40 77.30 76.90 76.80 77.10 79.22 8283 83.24 83.43 83.58 83.56 83.30 30.65

WHUIDUUREIUBDN - AEIUAN

Y 91.80 90.53 89.72 89.17 88.75 88.50 8845 88.64 89.66 91.49 91.67 91.76 91.84 91.82 91.74

*0 uay 360 B9F = NiMwile, 90 a4 = iAmeTusen, 180 asr = MAlA, 270 93 = Aanziunn

P

i : 133y



1 =) 1o =i A - = ar = ﬂv <1 o I = v
msuansingamglinisunSidndecC) vasgunsusnadiaiiosiuanmiiagtu vinuauvideiuiiu 1.80 wns muwauLinmile-fild

1287 6.00 7.00 8.00 9.00 10.00 11.00  12.00 13.00 1400 1500 1600 17.00 1800  19.00  20.00 way
JUnsnTAdndiednIEu 0.8 (A-A) 19417 23143 28477 37557 50230 51743 52837 53813 54447 48550 36907 38457 34.883 27477 25810 38916
= sunsuswadiediodnindu 1.2 (B-8) 19.263 22333 28050 37.140  49.880 51373 352443 53383  54.023 48203 36590 34090 30553 27.220 25567 38.041
&
'g JUnsnIrAdadedadu 1.0 (C-0 19650 23250 28500 32400 45073 51740 52847 53830 54457 53640 51.850 39.290 30.893 27613 25963 39.4C0
=
E JUnsusadadiownind 1.3 (D-D) 19.143 22610 27.753 36860 49650 51123 52183 53100 53740 47967 36380 33900 30383 27.033 25387 37.814
=3
2 sUnsusoadandiowdnidi 4.5 (E-E) 17.830 20567 25103  29.000 31860 34043 44.927 45653 36460 25493 34340 32073 28757 25290 23713 31.006
FUnsssnadiadindnsd 2.3 (F-F) 19.283 22343 28060 42327  49.893 51383 52460 53403  54.040 48220 36607 34.103 30563 27.230 25577 38.4C0
w0y 19.098 22538 27657 35881 45098 48568 51.283 52197  51.194 47.012 38779 35319 31006 26977 25336
o [Ty
Yid E)l Qs
' = taw a:i' fo o = ) a = < d’l’ = £ o/ P =
rm'i'mLz,ammqquummwsaamae{ Q) ﬂadgﬂmalﬁ?ﬂﬂmmmaﬂuamwﬂwuu VSLIUAURUDNUAUY 1.80 LUAT ATULUIDULNARNEIUDDN-NA
ANEIURAN
§ 181 6.00 7.00 8.00 9.00 10.00  11.00  12.00 13.00 14.00 15.00 16.00 17.00  18.00 19.00  20.00 ity
e
2 - L3 1]
= gﬂﬂﬁuﬁ‘uﬁmﬂﬂmemnwmu 1.8 (GG) 17.967 24837 36300 35280 32863 35103 36.640 37.473 37.670 35420 35083 41517 33400 25810 24.190 32,704
g
=§’; FUnsusadniflosdasidn 0.7 (H-H) 20630 31843 43217 48087 50470 51943  53.073 54.093 54.710 48883 42110 068290 38680 28403 26847 42752
g
z
§ iy 19.298 28.240 39.758 41.683 41.667 43.523 44,857 45733  46.190  42.652 38597 44.903 36.040 27.107 25518

=i
F=
5
“SF
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Geometry
! Arydnual
Time - i = -
6.00.01 u.
Min: 13,55 Min: 13.62 Min: 12,93
Max: 19.85 Max: 19.37 Max: 19.64
7.00.01 u. !
18 1867 Min: 18,11 Min: 17.40
1 Max: 33.95 Max: 33.63 Max: 33.67 Mean Radiant Temp.
< 10.00 'C
e
C
8.00.01 u. <
‘C
Min: 24,53 Min: 23.11 s
" Max:44.36 Max; 44.07 Mayx: 44.11 C
b
°C
c
e
9.00.01 u. 3 ‘C
G 7 A C
. Min:28.39 | | Min: 27.03 Min: 27.78 <
i Max: 49.01 H Max: 48.73 Max: 48.77 42
"%
€
£
10.00.01 u. €
e > 5750 C
Min:31.86 | Min: 29.85 T Min30.34
Max: 51.04 Max: 50.75 Max: 50.80
11.00.01 u.
Min: 34.25 Min: 32.07
Max: 52.79 Max: 52.49 Max: 52,54
12.00.01 w.
Min: 35.42 Min: 34.33 Min: 33.64
Max: 53.65 Max: 53.30 Max: 53.36
13.00.01 u.
Min: 36,20 Min: 47.75 Min: 47.28
Max: 54.59 Max: 54.20 Max: 54.27

a lo o o a o o
amuansgungiinisuk§idinde ) vasgunsusviadades 0.8, 1.2 uay 1.0 Tuanmiagiu

USHanUUMTaNLAY 1.80 AT MuwWIauuiAwmile-RAla a1 6.00-13.00 w.



Geometry — — AT
‘ ' Anydnual
Time "
14.00.01 u.
Min: 36.04 Min:33.03 Min: 32.61
Max: 55.55 Max:55.18 Max: 55.24
15.00.01 u.
Min: 34.80 Min: 33.16 Min:32.61
. Max:54.27 Max: 53.84 Max: 53.92 Mean Radiant Temp.
<1000 C
12,50 ‘C
15.00 'C
16.00.01 u. 17.50 'C
20.00 °C
Min: 34.28 Min:32.35 Min: 31.86 250 °C
Max: 52.37 Max: 52.09 Max: 52.16 25:00,7C
e e 27.50 C
30.00 °C
3250, "C
35.00 ‘C
17.00.01 u. 3750 C
40.00 ‘C
Min: 34.80 Min: 30.30 Min: 29.78 42.50 C
Max: 54.27 Max: 48.37 Max: 48.41 45.00 'C
—— — 47.50 °C
50.00 °C
52,50 ‘C
18.00.01 u. 55.00 C
> 57.50 'C
Min: 26.94 Min: 26.76 Min: 26.02
Max: 40.37 Max:40.08 Max: 40.12
19.00.01 u.
Min: 22.80 Min: 22,51
Max: 27.91 Max: 27.12 Max: 27.25
20.00.01 u.
Min: 21.66 Min: 21.43 Min: 20.61
Max; 26.68 Max: 25.92 Max: 26.36

- 1 as A = = @
ANUARIYUNINITLHTIERRL(CO) vesgunsusuadaiiies 0.8, 1.2 uay 1.0 luanwiagiu

USanuumilofufu 1.80 wins muwulouuirutle-fale 13a1 14.00-20.00 u.



Geometry — R
L drydnmnt
Time

6.00.01 u.
Min: 13.50 Min: 13.39 Min: 13.83
Max: 19.39 Max: 18.90 Max: 19.96

7.00.01 .
Min: 18.82 Min: 18.06 Min: 19.54
Max: 33.82 Max; 33.81 Max: 34.12

8.00.01 u.
Min: 23,20 Min: 25.99
Max: 44.23 Max: 44.50

9.00.01 u. .
’ Min: 27.77 Min: 27.11 Min: 29.96
Max: 48.90 Max: 48.89 g Max: 49.12
10.00.01 u, '

Min: 30.59 Min; 29.94 Min: 32,55
Max: 50.92 Max: 50.91 Max: 51,13

11.00.01 u,
Min: 32.15 Min:34.97
Max: 52.67 Max: 52.65 Max: 52.89

12.00.01 u.
Min: 33.25 Min: 36,81
Max: 53,49 Max: 53.75

13.00.01 u.
Min: 36.84 Min: 47.85 Min:50.29
Max: 54.43 Max: 54.41 Max: 54.72

= Tas o A o ot
Amuansgunaiinsuk§sdiedeC) vesgunsasviadinies 1.5, 4.5 uay 2.3 Tuanwilagiu
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Geometry SH [
" L eydnmni
Time o
14.00.01 u, “
Min:33.86 Min; 33.98 Min: 37.74
Max: 55.40 Max: 55.38 Max: 55.69
15.00.01 u. .
Min: 33.97 Min: 36.68
Max: 54.03 Max: 54.27 Mean Radiant Temp.
< 10,00 C
1250 C
15.00 C
16.00.01 u. 1750 °C
20.00 C
Min: 33.05 Min:32.73 Min: 35.36 22.50 'C
Max: 52.26 Max: 52.24 Max: 52.46 25.00 'C
S L LT i 27.50 C
30.00 'C
3250 C
35.00 'C
17.00.01 u. 37.50 ‘C
40.00 C
Min: 30.97 Min: 30.37 Min: 32.80 4250 °C
Max: 48.53 Max; 48.52 Max: 48.74 45.00 'C
4750 °C
50.00 °C
52,50 ‘C
18.00.01 u. ;-
P \ > 57.50 'C
] i‘q ]MJH:ZT.IZ ; ' Min: 26.83 Min:29.13
Max: 40.25 : Max:40.24 Max:40.63
19.00.01 u.
Min: 22.90 Min: 22.39 Min: 23.52
Max: 27.13 Max: 27.09 Max: 27.77
20.00.01 u.
Min:21.75 Min: 21.30 Min: 22.34
Max: 25.93 Max: 25.83 Max: 26.59

= Y = a @
Awuansguuiiniswdiidiadeo) vesgunsuswadadieon 1.5, 4.5 uay 2.3 Tuanmilagly
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Geometry |
L L Arpdneai
Time A G Hoo H
6.00.01 u.
Min: 13.08 Min: 13.34
Max: 18.70 Max: 20.31
7.00.01 wu, S,
Min:17.80 ﬂ Min: 17.42
Max: 33.69 Max: 34.18 Mean Radiant Temp.
< 10.00 C
1250 °C
et 15.00 'C
8.00.01 u, B 17.50 C
A 20,00 °C
& Min:24.01 Min:24.15 2250 °C
P = Max: 44.14 Max: 44.06 25.00 °C
27.50 €
3000 C
3250 C
3500 C
9.00.01 u. 3750 C
40.00 C
Min: 30.19 Min: 26.56 4250 C
Max: 48.81 Max: 48.71 - 45.00 C
47.50 C
50.00 'C
5250 C
10.00.01 u. 5500 C
> 57.50 'C
Min: 32.04 : Min: 29.16
Max: 50,84 Max: 50.72
11.00.01 u.
Min: 32.84 Min:31.32
Max: 52.59 Max: 52.45
12.00.01 u.
Min: 33.79 Min: 32.33
Max: 53.41 Max: 53.26
13.00.01 u,
Min: 34.00 Min: 32.36
Max: 54.32 Max: 54.15

MR IgaumaiinsuisEedec) vosgUnsusIAtnEes 1.8 uay 0.7 luanmiagiy
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VINUDUMNUDWUAY 1.80 LUAT AIUDUUNARZIUDDN-NANLIUAN L3811 6.00-13.00 U.



Geometry
L.l 1L deydnmal
Time G G & H
14.00.01 u.
Min: 33.36 Min: 31.94
Max: 55.29 Max: 55.14
15.00.01 u.
Min: 33.52 Min: 32.43
Max: 53.94 Max: 53.98 Mean Radiant Temp.
< 10.00 ‘C
12,50 °C
15.00 C
16.00.01 u. 17.50 'C
20.00 ‘C
Min: 32.66 Min: 31.71 2250 €
Max; 52.17 Max: 52.11 25.00 °C
B 27.50 'C
—30.00 C
3250 'C
35.00 C
17.00.01 u. 37.50 °C
40.00 C
Min: 30.48 Min: 29.71 4250 C
Max:48.45 Max: 48.65 45.00 'C
# 47.50 °C
50.00 °C
52.50 C
18.00.01 u, 55.00 “C
>57.50 °C
AR Min: 26.30 Min: 26.18
i & Max: 40.14 Max: 40.89
19.00.01 u.
Min: 22.03 Min: 21.85
Max: 26.93 Max:27.97
20.00.01 u.
Min: 20,92 Min: 20,79
Max: 25.67 Max: 26.78

1as
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1 = =i a - ] s - = J a
911'5'NLLEWNFY1’Q§UW%3J‘VI’1Qﬂ‘i‘i%?ﬂ&l'](PET) ’uaagﬂmmmﬂmmLuaﬂuamwﬂai}uu U UVLENUAU 1.80 LUAT

6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
guvsusmnadindiodnsidiu 0.8 (A-A) 24.90 27.00 30.40 35.80 43,10 44.40 4550 46.90 47.00 44,20 38.30 3890 3690 3270 31.90
gﬂvﬂtsmntﬁﬂm‘aaﬁm‘lﬂw 1.2 (8-8) 24.80 26.80 30.30 35.60 42.70 44.00 45.00 46.10 46.80 44,00 38.20 36.90 35.00 33.00 31.90
wtiits‘uﬂﬁﬁaﬂ@adﬁnﬂﬁ?u 1.0 (C-O) 24,90 27.00 30.60 33.30 40.40 44.20 45.40 46.20 47.10 46.90 45.10 39.40 35.00 34.50 3200
JUvsusvadadiswasdi 1.3 (D-D) 24.50 26.70 30.40 35.70 43.00 44.20 45.10 46.00 46.70 44.00 38.20 36.90 3490 3290 31.80
Juvssmadaiissdnstdiu 4.5 () 23.90 25.60 28.70 31.00 33.50 35.00 40.80 41.70 37.70 37.60 37.00 35.90 34.20 32.10 31.00
;gﬂv-m's'tnmﬁmﬁaaﬁnswﬁw 2.3 (F-F) 24.90 26.80 30.30 38.50 43.20 44.50 45.60 46.30 47.20 44.20 37.90 36.50 34.50 32.50 31.20
suvsusnadadiodandiu 1.8 (G-6) 24.10 27.80 34.60 34.90 34.10 3560 36.70 37.60 38.10 37.60 36.80 40.30 35.60 31.50 30.20
FUnssuIAdatedns I 0.7 (H-H) 25.40 31.40 3830 41.80 4370 44.80 45.90 46.60 47.60 44.50 40.70 4410 3860 3300 32.00

al win ar
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1 - = <~ o @ = &‘ = I < ey 2
ANTILAAIATMIDINIACC) YBeFUNTUIUARNIDlAYINBINGUINEAIUANDIAS USInumianuAY 1.80 wms amuuwwauuemile-fald

e gl 6.00 7.00 £.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 1y

EU%NsS‘tl'lmﬁmﬁmﬁ'ﬂ‘i‘lﬁﬁu 1.0 29648 30424 32.127 33582  34.440 35171 35883  36.655 37.362 = 37681 37.641 37.411 37063  36.435 35.763 35.152

:g; 3ﬁ“iik5ﬂﬂﬁﬁﬁkﬁa!ﬁ'ﬂ‘i1d'}u 1.3 29.519 30.311 31.973 33.431 34.337 35.104 35.817 36.499 37.052 37.453 37.581 37.501 37.057 26.296 35,661 35.038
'g JUnsusvndadlowdandon 1.9 25502 30277 32023 33448 34287 35054 35834 36509 37137 37520 37594  37.351 36870 36229 35461 35.009
é JUnsasvadediosdasdou 2.4 - 29873 30587 32244 33722 34577 35358 36063 36718 37441 37856  37.863  37.670 . 37.117  36.454 35902 35296
3 jUnsasmedadesdasidn 29 29951 30640 32287 33759 34621 35370 36109 36785 37412  37.825 37835 37639 37.168 36537 35966 35.327
jUmasradadasdnndon 33 20951 30640 32287 33759 34621 35370 36185 36861 37412 37.825  37.835 37639 37.168 36537 35966 35.337
iy 29.741 30.480 32,157 33.617 34480 35238 35982 36.678 37.303 37.693  37.725  37.535 37.070 36.415 35786
fian - ekt

ATNUAAIAUNYTIMACC) vaeiUNTIIVIRdindadlagd 19BN uEAIUALEIATS USIMauMTaNUAY 1.80 AT AULUInULTIAAy TusaN-Tif

s
ALIUAN
1387 6.00 7.00 © 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 15.00 20.00 LQ‘ﬁ'U
g gﬂmeﬁmntﬁnﬁiadﬁ'ﬂﬂd‘m 1.0 29.570 30.387 32.162 33.690 34.517 35.238 35.885 36.592 37.170 37.740 37.770 37.520 37.067 36.452 35.790 35.170
i
2 sunsusaiiadiosinmdiu 13 29.548 30.297 32082 33510 34290 35035 35818 36477 37.073 37517  37.720 37567 37.052 35452 35873 35.085
]
% g‘ﬂmu‘imatﬁmﬂmﬁm‘\ﬂ‘m 1.9 29.298 30.032 31.837 33.345 34.190 34.950 35718 36.412 36.958 37.382 37.615 37.402 26.957 36.397 35.788 34.952
@
= .
i sunsusvatindiowndiu 2.4 29.880 30.598 32.338 33833 34.665 35.397 36.118 36.785 37.407 37.830 37.858 37.657 37.190 36.565 35.995 35.341
g o
= P
2 sUumsnsmadadlesdasdiu 29 29818 30537 32275 33785 34627 35363 36087 36750 37.375 37798  37.828 37625 37150 36520 35948 35.299
g
E gunswstadadesdnsidie 33 29.818 30537 32275 33785 34627 35363 36087 36750 37.375 37798  37.828 37625 37.150 36520 35948 35.299
\ody 29656 30398 32155 33658 30.486 35224 35952 36628 37.226 37678  A7.770 37566  37.094 35486 35891
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AT NLLFAIAIANIUTUANNND(%) TJ@Q:J"UVI'NIJTJ'}ﬂm@m@ﬂﬂEJ'E]’NBGﬂ{]‘MiﬂEJﬂ'JUF]SJBWﬂ']i USLNOUMLDNLAY 1.80 Wwns mululInuuiAmmte-nala
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wurauuwmila-1a

o
i

1 d.l’ S S a = i = = I 4’ a = s =
AT NLARAIATIAUTUAUWN (%) ?1'!3\‘1E‘UVINLTIJ’IQNG%L&I@QI@EJ@'NENH.QWQJ’]E}'FYJUF]QJ(’)’]FHE UINIUOUNUBNWUAY 1.80 LUAT AIULUIDUUY ANZIUDDN-A

el 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 wady
sUmsasvedindiasdandn 1.0 44.932 44.168 42.025 38.553 37.259 36.464 35894 35138 33973 32644 32122 32867 33938 35286 37.000 36.818
gwiatww:ﬁm.ﬁmﬁmﬂm 1.3 44717 44.238 42114 38.633 37.328 36511 35920 35163 33995 32677 32.166 32912 33996 35.357 37.081 36.854
E\Jvmﬁmﬁﬂw,ﬁma"aﬂahu 19 44717 44.238 42114 38.632 37.328 36.511 35920 35163 34037 32677 32166 32912 3399 35.357 37.081 36.857
EUﬁiaﬁmﬂfﬁw,ﬁmﬁﬁiﬂﬁ"m 24 44740 44.255 42.184 38.709 37.406 36.583 35969 35.202 34.076 « 32721 32208 32953  34.051 35.423 37.144 36.908
EUwimmmﬁm-.ﬁa:ﬁ'mwehu 29  44.746 44.244 42251 38.806 37.461 36.637 36026 35248 34.118 32767 32247 32995 34104 35479 87199 36.955
sunsssvndndesnndin 3.3 44.746 44 244 42251 38.806 37.461 36.637 35823 35046 34.118 32767 32247 32995 34.104 35479 37.199 36.928
wie 44.766 44.231 42157 38.690 37.374 36557 35925 35160 34053 32709 32193 32939 34,031 35397 37.118
Ve
K398
h1]

AL IUAN

[Y)

HUINYUATIUDEN - AZIUAN

ﬁ%ﬂ :

m 6.00 7.00 8.00 9.00 10.00 11.00 1200 13.00 1400 1500 1600 17.00 1800  1%.00  20.00 wie
sUnsasradadiodnndn 1.0 an;.aga 44268 42053 38570  37.385 36613 36037 35260 34.120 32735 32203 32920 33968 35320 37.048 36.893
junsusnadndiownidin 13 44795 44408 42198 38638 37420 36632 36050 35287 34152 32772 32238 32960 34030 35388 37.125 36.940
nsusadadiodndin 19 44795 49408 42198 38638  37.420 36632 36050 35287 34152 32772 32238 32960 34030 35388  37.125 36.940
Unswsvedndiownsidu 24 44967 44552 42348 38723 37.485 36680 36083 35318 34178 32798 32263 32997 30.085 35460  37.200 37.009
msusvadadiedesdn 29 45122 44672 42505 38832 37500 36723 36125 35357 34217 32837 32302 3303 30143 35530 37.278 37.081
Unssvadindesdnsidm 33 45122 49672 42505 38832  37.540 36723 36125 35357 34217 32837 32302 33038 34143 35530  37.278 37.081

iy 44949 44497 42301 38706 37465 36667 36078 35311 34173 32792 32258 32985 34067 35436  37.176

b
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1 = L9 = = -&J o @ & = 4
MINLERSFNAIINTIAN(TY/S) vasgunstsnadadiodlaedidingrneniuaueims vinuoumdeiuiu 1.80 wns suuwauuiinvile-fiald

1281 6.00 T7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 Lﬂ.ﬁlu
Eﬂﬂﬂﬁ‘b’]ﬂiﬁﬂtﬂﬂéﬁlﬂﬂﬁ’m 1.0 0.244 0.265 0.278 0.297 0.314 0.330 0.350 0.367 0382 0.392 0394 0.399 0.402 0.403 0.409 0.35
:i? Eﬁﬂ‘iik‘iﬂﬁﬁﬂﬁllﬁmé’ﬂ‘ﬂi‘i’m 1.3 0.249 0.272 0.287 0.305 0.322 0.337 0.352 0.365 0.378 0.387 0391 0.393 0.396 0.397 0.401 0.35
l% E\JW‘E\%L‘.iﬂ’]ﬂiﬁﬂlﬁﬂﬂﬁﬂiWEi']'u 1.9 0.249 0.272 0.287 0.305 0.322 0.337 0.352 0.365 0.378 0.387 0.391 0.393 0.396 0.397 0.401 0.35
% E‘Jﬂidh‘ﬁﬂ“.ﬂﬂ‘lﬂlﬁa\!é’mﬂd’lu 24 0.259 0.284 0.301 0.318 0.333 0.345 0.358 0.369 0.381 0.387 0388 0.392 0.393 0.394 0.399 0.35
g gﬂwsdwmmﬁmﬁmﬁ'ﬂ'nﬁw 29 0.268 0.296 0.311 0.328 0.344 0.356 0.368 0.378 0.386 0.352 0392 0.393 0.393 0.3%4 0.398 0.36
gﬂwmsmmimﬁaaﬁmﬁéw 58 0.268 0.296 0.311 0.328 0.344 0.356 0.368 0378 0.386 0.392 0392 0.393 0.393 0.394 0.398 0.36

,ﬂﬁlﬂ 0.257 0.281 0.296 0.313 0.330 0.344 0.358 0.370 0.382 0.389 B35% 0.394 0.395 0.396 0.401

fan oad

INTNLAAIENAIIEIAN(M/S) TesgUnsusvindadeslaeddinguinemuaueinis usanumilenuiu 1.80 was mukwauuiinay Tusen-iie

e Iunan

1280 600 700 800 9.00 1000 11.00 12.00 13.00 1400 1500 1600  17.00 1800  19.00 20.00 iy
:gz Uvsuanedediodnndu 10 0170 0183 0192 0205 0218  0.228 0.240 0208 0255 0260 0257 0258 0260 0258 0.260 0.23
g jUrsuiadadiesdnsidiu 1.3 0173 0187 0195  0.205 0213 9218 0.227 0230 0232 0233 0230 0227 0225 - 0223 0.225 0.22
§ Uvsusredadiedsndn 1.9 0473 0187 0195 0.205 0213 0218 0.227 0230 0232 0233 0230 0227 0225 0223 0.225 0.22
353 jvsusnadadlosdnidm 24 0170 0182 0188 0198 0205  0.208 0.207 0208 0207 0203 0198 0195 0192 0185 0.185 0.20
g sUvsusrndadodnsdin 29 0163 0177 0182 0.190 0.193 0192 0.195 0192 0188 0185 0175 0170 0168  0.162 0.1€0 0.18
3 Ursusnadadflosdngdiu 33 0163 0177 0182 0190 0193 0.192 0.195 0192 0188 0185 0175 0170 0168  0.162 0.160 0.18

wily 0169 0182 0189  0.199 0206 0209 0.215 0217 0217 0217 0211 0208 0206  0.202 0.203




I o= a < a o 4/ = o =4 = b
AT HLARIAINANIIAN(BIA)* ‘uaagﬂmmmﬂmmmmlmaé’waangwmamnqumms Ushaaumitlanufu 1.80 wes pukInuuiamila-fdla

an 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 iy

gwsmmﬁrimﬁmé”mwdw 1.0 20340 20613  20.696 20697 20.319 19.884  19.399 19.902 18.443 17.997  17.452 17143  16.972 16.809 16.829 18.900

E'l}‘f'l'i-*.ﬁ'l\"iﬂnjw@ﬂ\!ﬁ'm’lﬁ?u 13 11326 12494 13.046 13495 13.583 13.401 13.157 14.164 12.571 12281 11870 11630 11.584 11.502 11.561 12514

g
L
‘§ sUnsustadindsdnndn 1.9 11326 12494 13046 13495 13563 13401 13152 14164 12579 12281 11870 11680 11384 11502  11.551 12513
5 sUnsssvrdndownrstd 2.4 7908 9742 10616 11286 11597 11603 11479 12661 11036 10769 10408 10237 10152 10103 10131 10.652
[~3
[
3 JUnsnstadndiownsdy 2.9 7268 9388 10366 11081 11434 11484 11401 12612 11001 10743 10397 10224 10126 10057  10.101 10.513

gﬂw‘mwwmﬂmﬁmﬁnﬂdw 33 7.268 9.388 10.366  11.081 11.434 11.484 11.348 12559 11.001 10,743  10.397 10224 10.126 10.057 10.101 10.506

il 10.906 12354 13.022 13.523 13.655 13.543 13.322 14.344 12.772 12471 12.066 11.865 11757 11672 11.722

*0 WAz 360 847 = AAWila, 90 B9F1 = fimmeTuoen, 180 asr = fiFld, 270 aam = firmziusn
£l .
N fﬁ'mEJ
1 e o = 2 = a 4‘ 3 = a o
AI1919LERIANNANISAU(B9A)* ?J'rNE“LJVi?\‘i%’i‘tl’lﬂC‘LWILH'E]GIC"IEJEJWGEN(\{]WHWUWJUQN'ﬂ"\ﬂ'ﬁ mnmﬂumﬁawu@u 1.80 LMY AIULUIDUUNARNZIUDDN-NFA

ATIUAN

e} 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 iy

31Jw5mmmﬁm&a@a"nﬂei’m 1.0 99.225 98.843 98.672 98.602 98.748 98.912 99.018 99.112 99.167 99.287 99.485 99.545 99.535 99.520 99432 99.140

s

gﬂ'ﬂmw'lmﬁm'mé’m'uﬁw 13 103205 102098 101.537 101.175 101010 100960 100943 100933 100925 100978 101.108 101.153 101118 101.062 100993 101.280
EﬂwiﬂLimﬂﬂtﬁﬂlﬁaiﬁm‘iﬁﬁ‘m 15/ 103205 102098 102537 101175 101.010 100960 100943 100933 100925 100978 101.108 101.153 101.118 101.062 100993 101.280

E\JYINﬁ'll'Iﬁng.imuJ-mﬁ'ﬂﬁﬂ'm 24 103397 101925 101205 100745 100525 100452 100433 100435 100438 100507 100673 100743  100.710 100675 100580 100.856

UWu20UUREIUBDN - AZIUAN

EUVINLTU’MET&W&’DJE')'FI?T#JU 29 103203 101563 100807 100355 100.140 100062 100.045 100052 100060 100.135 100315 100388 100357 100320 100262 100.5328

Emewwmﬁwu‘ima"mwaw 33 103203 101563 100807 100.355 100.140 100.062 100045 100.052 100060 100135 100315 100388 100357 100.320 100262 100528

iy 102573 101349 100761 100401 100.262 100.234 100.238 100.253 100.263 100337 100.501  100.562 100533 100493 100420

0 uay 360 parn = AEmile, 90 pam = fiemziuaen, 180 B = #irl, 270 B = fiAnziusn

e o

=
N : {39y
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mILansinguminisusdiafeC) veasguniLsadniiolnss NBINgYaNBAIUANEIATS USUAUMLBILAY 1.80 LIRS AULIALUNAWILE-

ele
181 6.00 7.00 8.00 3.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 mﬁu
Eim‘id.‘i'll']ﬂﬂjmﬁaiﬁﬂ‘i'ﬁ'm 1.0 19.583 28.238 41.196 46.042 50.118 52503  53.604 56.627 55643 55.234 52458 40.4¢5 31.813 28.296 26.526 42423
:E Eﬂwﬂ.i’tﬂﬂﬁmﬁa‘:ﬂ"ﬂi??“m 1.3 19.149 22735 23.018 37979 48.994 51321 52343 53.268 54 369 49315 371.722 34962 31.191 27628 25.896 38.326
Vg gﬂma.wwfﬁﬂuﬁaﬁmﬁw 1.9 19.149 22735 28.018 37.979 48994 51321 52343 53.268 54.372 49315 1.122 34962 31.191 27.628 25.896 38.326
E gumaaimmﬁmﬁata’n'nﬁw 24 18.862 22.096 27.105 32.726 33.701 45507 | ‘514977 52.340 48.596 38.721 37127 34.439 30.767 Z7.180 25475 35074
g 31Jvm,w1ﬂﬁ'inm“a:é’ni”|?i'm 29 18.724 21.785 26.660 22.265 33234 40222 51.049 51.871 44,151 38.339 36.799 34.165 30.540 26.550 25.261 34.134
gﬂmq,‘immﬁnm‘acﬁnﬁﬁm 33 18724 21785 26.660 22265 33.234 43222 50.296 51.118 44151 38.339 36.799 34.165 30.540 26.950 25.261 34034
Lﬂgﬂ 19032 23.229 29.609 26.543 41379 46849 51.852 52.749 50215 44 877 39.771 35.526 31.007 27.439 25719
P e ar
N : 39y

[

' o v A @ v a = = = =
A1T1LARIAUNARNSUWHSERRL(0) vegunsastadadieilrosidinguineaiuaue1nns vinaaumiloNuiu 1.80 WAT ALLLIOUUTIA

AL IUDBN-NANZIURN

(ery 6.00 7.00 8.00 9.00 10,00 1100 1200 13.00 1400  15.00 16.00 1700  18.00 7 19.00 20.00 \adiy
£ unswstndindledns i 10 19438 28913 39628 46878 44370 36287 37.858 38775 39435 38868 37.253 34548 33025 27.800 25.408 35.24
°§ jUnsusradiedodnsidn 13 18123 27095 38527 35267 32862 35067 36560 37.377 38147 37933 36.492 33857 30865 27.210 24.852 32.68
é wunsusrndmiownsidi 1.9 - 18123 27095 38527 35267 32862 35067 36560 37377 38147 37933 36.492 33857 30.865 Z7.210 24.852 32.68
ag gUmswsnndadodnsdm 24 17933 26687 30265 29408 32217 34407 35870 36642 37455 37438 36.057 33480 30,562 26.897 24.562 31.33
é pnsusadadesersiu 29 17.828 24650 29932 29040 31838 34018 35482 36220 37.053 37127 35782 33250 30372 26717 24.395 30.51
§ sUnssamedndlasdinssn 33 17.828 20650 29932 29040 31838 34018 35482 36220 37053 31127 35782 33250 30372 76,717 24,395 30.91
0y 18221 26515 34468 34150 34331 34811 36302 37.102 37.890 37.738 36309 33710 31010 27.092 24.744
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muAR M iiaNnansEs sy IngwendvEnem sUiuURgUnsasadadiesuutwnauiidvile-finla

6.00 7.00 8.00 900 1000 11.00 1200 1300 1400 1500 1600 17.00 18.00 19.00 20.00
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