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Air Pollution and Health Effects in Natural Disaster and industrial areas in Thailand
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Air pollution and Health Effects in natural disaster and industrial areas

in Thailand

Abstract

As the air pollution sources are increasing from various anthropogenic activities and natural
disaster which caused the rising of pollutions in the air environment. In the environmental
management concerning, the decision makers require predictions relating to important issues
concerning air quality and health. In this study, the assessment of environmental health effects to air
pollutions from different sources, traffic, bush fire and industries were investigated. The study areas
were Bangkok, north of Thailand and eastern of Thailand. The health risk assessments in the
selected areas were identified and complied into the Hazard maps using application of air modeling
and Geographic Information System. Hazard maps and risk analysis are the outcome for further

health effect monitoring.
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2.1 NSNUNIUATTUNTTH/@1TRULNA (Information) NLNEIUDY

Rumchev et. al., 2004 AnmAudninganInisgaielaiuansduvisdsviednaniainisvay
tinlwillas Perth UszmAasamaias luaniandatany 6 nau 0e 3 1 a1uou 88 AuTiNHIaIN1TMaLIA
WAZNANALANAIUIN 104 AU Inenislfuuuaeuniy nsduiaansaunadssmedng gomniinaauas
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dednAtyiueIn1sveiinme wWudu leialuuiuwazingdu muaf wazyn 10 gin MNNTues
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_ - 5 o oy . o
Wilson et al., 2008 AN®IANAIATYIRINANEAUIAGaN IULlFETINIALANNIAENTBITTLIL
a dl L Ly a a [ 4 [ =
naauvngla ienngimnisainiainalsanivauniglaaniladesiuanuiiudamnyana e1anias
al ¥ o = ¥ 1o A o o
AauwandanangaaIunssuuin ile.A. 2002 dszanslngaruau 31,704 Al AN 6 Llasludandn
. . o = = - o a Ay o

Liaoning Npzduaanidaemiiereslszmaan Ingluuuasuniulssifiunues luisasdeyanall uaz
annsaealsrszuuMIuAungla nan1sAnEInLgn giiEn10lia (PRs) 18481N1918 @NNIHLANYY
= g | 1 v Y o o | aa . o’//
WENARASURLINA WINALSREAY 2.3, 3.8, 2.1 LAY 1.0 AMNAAL ANANA odd, ratios (ORs) 284914 4
81N19 Hn1asnau 1Aunieed n19guyms(ORs AAus 2.06 D9 5.02) EUaINN1991191(ORSs FIUE 1.35 D
1.72) WAAAINN1991197% (ORs Adusl 1.48 119 1.72)  uaznisszAeipasanAduluseudnenisminannng
(ORs FI9WLA 1.54 014 2.22)

Fernando et al., 2009 ANEIFLUNAINEIULAAITINAINANAUSN AT ATENIINANHNINBINA
wazsruunaAumala dnguszasfdnsnansenuassnaieaingnanssntlinsiaauuazgunIn
nauniglazeinent 6-12 U faeedelnalessnulinseiluies La Plata dszmaanfiausin
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o o & 1

Pan et al., 2010 ANHIAINANNUSIZUINNANHDINIANIBUBNEIANT WazANLALTIRTa
qunmn1aunglageasn TudandnnignanunssunenIARzduaeniReLLeaLlsvin AR AU
3 :: | A o A o [ % . . Yy
LANYTIIUNA 11,860 AU F29878 3-12 T 1anlu 18 Auazes 6 119 Tudadn Liaoning Tnelidiayaain

; : @ = ' a e IR

WauHadAn nan1sAnHINLINERIaNaNENgeInAluunAINa1 liwn Anluazendsan(18s-689
wa.n/auN.) daweslaeanlas (14-140 wA.n/an.d)  wazlulnsaulaeanlas(29-94 NA.N/AL.N.)
NANENINBINIANS 3 WisHmasUiNafuNIsiNTvat1sliadAnyaasainisle Baaaz21-28) n19d

2 = I b2 = 1 a di/d
ianvz($aeaz21-30) warnisiveuiinGasay 39-56) ajtluanisAnHINUdINANEN19BINIAZIE Nl
Tnemsariuainisszuumaaumalagein wasnuduairesuaraassan iannandamaslaaanlas
wazlulnsiaulaaanlasd

Buadoung et al, 2009 Anw1ANANRUSszndeduazaasniidutugudnatetionnda 10
Tumsau Aulspszuuvaandaninlalungamnamiuas Tnednaziauduiusansanuiu tasedu
a4 e . “ . . 4o o
NunFnedaluannlsaneuialug nanisAnsinudn dsnnnduazeasluniladuneuun Auase
iwafidusinisiinanuauaasiilhandinfuinunda lulssenuiasaalsauaaniaaninlalunguigeans (2
65 1)) Tneina $aeaz 0.10 (95% Cl Aa 0.03, 0.19) IHatFuuEuaraasatNIuIZAL 10 ug/m’

Tony, Ward and Garon. (2000) nn1siFauiieuiBunnmaneenidlugaanewia iliuas
waaialliIneianisifiudaatisainialudaenewia iuasuaaialuiy luil 2000 Sedaatnem
auladne 1Aun PM,, PM,, CO uazasauviseszinedng (volatile organic compounds; VOCs) a1tau
54 1tin Mo Hagan Fgnenunu dssimaanigewwsni wudd 3unas PM, , PM,, CO ludaandafinla

L

hgendnewiailuazlanuduiusiuginisainiafialvi uazainnisainats VOCs wudnd

' >
a o a =

= a a = a =2 a 1 =
417 1wuTu gy iawuudy way lodu Wingaaundaia il Inetuinresuuduuaringay &

u

e a o

pudNRusAUgLRN sainnsia Wi et sldadnAnynealis
Johnston et al. (2002) AnwAudnRutszudnlznns PM,, anusenaduiuatuaugilonse
Sundnfnenlulssneruiasaalsavauiialudesiifia il nanisdneinudn Psunn PM,, Anasia
o« @ o Ql o 2 -dl Y o o o 1% A o o c Y
wWasidumnisifinatusnaasgiaandinfuinesalulsamenuiasialsaveuiindnnmeadiniv sasas
d o U 3 A
1.20 (95% Cl A8 1.09 - 1.34; p < 0.001) tHaLFu10U PM,, LOALANIUIEAL 10 pg/m” kaziie PM,, 9
1 3 o v & 8 al o 7 dl Y o o o % A
N1 40 pg/m’ Hnannlisaidefidusinisiinaiuiugilaandnfuinusialulsaneuiasqelsaiinuay

%atay 2.39 (95% Cl A81.46 - 3.90) LWaaunuduniEuim PM, Ane1 10 ug/m’
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Viswanathan et al. (2006) lfinn153iasziinansznuan Wi dsdenmuninainiAuazgunIw
wasfjandaatlumusieln Inalddayananisnmadnilsuinaisuaieanis 1dun PM,, 24 42Tu4 CO,
(2] dl o % QI dgl v 1 1 a
0, wazinannililalouinaau tHun CH, Lag Total hydrocarbon (THC) W91 tBu1tuansuaiEaIn e
et tne PM,, waz CO HANGAURLAINIATFIUAMUA d9u O, CH, uaz Total hydrocarbon (THC)

!
IS o

HAANdINIRTgIuivEALiesan i LasLanuaziiadnsz AN AN U send1eAnuIug ey
o dl Y o Y dl o a % 1 A o

Fundininunlulsaneuna 15 wisdsalsanaaiussuuniamumala lun veuiia naanantesdniay
peanlthnesuaziioaniaiduniinen wudn Rteedinfunisinwnrianuneuy 31,321 A waae 1,423

] o

AUFRIL LaTlANANN LS Inanse LT e N Aae e lda d Aty

1
7 ] e v

Buadong et al. (2009) Anwmanudniusszundngduazeasniiduninuguananetiasnda 10
lupsau fulsnszuuvaaniaanialalungaunnumiuns Inedinszianduiusaesauangilossnadu
fiunsnumluannlsanatunalvg nanisAneanudn ﬂ?mmﬁiumﬂ@ﬂuuﬁﬁuﬁﬂmm Anasia
wafiusinaindiuausesdtlefidinfunumlulsmenunakeslsanaa aidenialalunguigeans
(2 65"?J)Tmmﬁu§”u’é@mz 0.10 (95% CI A® 0.03, 0.19) Lﬁ'@ﬁmmﬂ!u@z@mL@?ﬂlmﬁﬁ”m:ﬁu 10
TulasniusiagnuiAfiumg

Pengchai et al. (2009) AnmnNTunasinIzes PM . waz PM,,- bound PAHs Twenmavialyl
Pa339ndnTes nduaraulaaninisamadnaudindiuaes PM |, uagPM, - bound PAHs 90 3 Ju
g 24 *ffs‘ims%mrfiﬁ@uﬁqmﬂuﬂ 2005 TNHQWIEIL 2006 NANNFANEINLGIANNENTWIE PM
WAz PM,,- bound PAHs Lﬁﬁyuslwﬁfmq@uﬁw%LLﬁiLﬁ@uﬁVummmLmzzgazgm‘l,mﬁ@uﬁmmm’@uﬁ@mmm
lugaaneidewamey uasnudtawgdaannisnanemsuasihaniige sesasundaainnisle
AeresnunTuzLaz iy 1 AniluSenay 46-82, 12-49 uaviasas 3-19 AMNANAL uazluggsunudn
mmﬁm%ummmafﬁimmmmni@Lﬁﬂmmmuwwuzmﬂﬁ@@%@ﬂ@z 16-37

Martins et al. (2011) AnmnansznuanintAfisessd PM,, uaz 0, Tuiuineumileass
dszmalilssinafuszazioan 3 1 flausTl 2003 — 2005 [agld LOTOS - EUROS Tuimalunisaing
LULaesiNEEMINsTAefaTesaREa AR n il wazRuignn enBauiiendaiiia i
wazladifialWi wudBuns PM,, way O, IusﬁfNﬁlLﬁﬁiWﬂﬁLﬁN@ﬂ%ﬂ%’ﬂﬂﬂz 20 uazll 2005 HifFunnd

PM,, 4az O, 44gn
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3.1.1 maasuudasianniarestssmelng uazaianisnianinznisnlasuilasaasAinisazas
ANBRU LAz BuNMINNL uRsunusAws A.A.2012 8030 T A.A.2042 uavaud 1l A.A.2092 14
Tlsunsunisulasuwlasgiiannia SIMCLIM
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Photochemical Ozone creation Potential Indices wazlisnsun19ans Generalized Additive Model
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A9 3.2 401 HATIATALENIUNARNEHANALAZ AT ATRIA DT AU N AT DLW

WA/ (UTM 47N)

AINIA A0
X Y
anlg | awnsdeauilie (Sob Pad, SL) 580762 | 2018151
2113789148 (Ta See, TL) 579879 | 2039236
e L A1aINAaN (City Hall Chiang mai ,CM) 496709 | 2088015
159 Grﬂuﬂwmm (Yupparaj wittayalai school, YM) 498803 | 2077766
‘eIl NEA. W98l (@Juﬂ’mimqmm@mﬁﬂ) (Natural 586166 | 2201696
Resources and Environment office Chiangrai, NR)
wHERIAeU | NAA.uHde9aeU (Natural Resources and 392292 | 2134528
Environment office Mae Hong Son, NH)
ﬁﬂwju mm.ﬁwu (Natural Resources and Environment 499848 | 2053317
office Lamphun, NP)
NAUNEIN | NANUNELEN (Knowledge park Phayao, KY) 594257 | 2119842
WS 8RN (Meteorological Phrae, MP) 619922 | 2005915
14U WAL (Muang Nan Municipality office, MN) 686341 | 2087939




Ao aaa a

y
swauRuauysal lasams “vaivemauaznansznugvam luiiuiissiiiannsssuniuazgaamassy Tutlszmalneg

3.2.1.2 VIRYAATUNTIN NILATNA RNUIATLEID

HANEAAIUNIINNILAINA Saruulseenriedu 60 Treemudu Tssanuillanadl Treemndutingu
Tanunanijauaziadine  Taauanluiin LL@zu@ﬂf-mﬂﬁﬂ“ﬂﬁiiqmuqmmumwu@ﬂLwﬁﬂmﬁﬁm?
sznaugnanungss lemumaniiinislduazudnannnisunmemanasia ﬁz%wﬁcy%m A lulagian
aanlas Anadaaslaeanlad aisauvisdeviie nen Anglalnsaudald wazarslanzmin dau
AAANUNTTNNILAINA Iuﬂ@“’gﬂ/u[?lgﬂﬂﬂﬂuﬁ”uﬁﬂ’mﬁﬂ%:ﬁL@ﬂ’]ﬁ[ﬁltfuﬂﬂﬂmmﬂitmﬁVL‘VIF;I %miﬂmqmﬁ”uﬁ
UNAUIDIAANALNAHBINILAINA INALNRAILATINUAN LAZMALNANBNTIN LA A9nTRTea s ile
o z

#1 3,552 e aitaLums Aandnsvaassatfinzdueanvastsemalng seudraduian 12-13 asAnile

LALLALI9N101-102 BIAT

519 3.2 LLLAAITANEAAUNITNN LA NALAZ LT IALIEL | T 28LIIANANGAAIUNITHNILAINA

1
al

2 1
way Wibuddadirunanseny
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3.2.2 MsUsEliUAMNIALIAREUNIN

N33 IUAYINIALNTBNETNIN (Health Risk Assessment) Aa nszuaunislszidiulaniauas

o
a a

ANFULINTA AT UNY wywel viseAauandanainnislifusisedndanani@esneasnaieizedinine
a 1 a dl o [ a dl dl YN Y 1 dl
HaREFaguNIn N1sdssiuanm@asdndy “nezuaunie” aedmanuAn AnaieariilATdnaNdes

q’// v = = 3 o dg/
Hunnntiaeiinesla InTzUaunng 4 TURaUAIN

5U% 3.3 uansdumeunIsLsviiiuaNIAL

P v
a

1. NIUNTAIANATIN  (Hazard identification) Aenszuaunislunistaddndslavsaniaslaly

fRdEANATN  LAZNNIIIUIMNLALIATIYITTaNA  INENIAIAaLTN  NaNiuRagase lLavuaned

o
a o

= ' o A ' 1 aAa all o a dl ] v !
NZQLZQF;Im@@‘ﬂﬂWWEHWNHV?ﬂ1NEHWQ1§‘ Iuﬂﬂiq%u@mﬂWmmmmﬂizmummmemmmw 1®LLﬂ

q

ANSUAUNauan s (CO) Talaw (0, avsduwvstdszmednalunguazlsundnlalasanfuau BTEX

v

Tulnsiaulaaenlad (NO,) uay damaslaeanlas (SO, Budluarsuaiunlfiduioadnamuninainialy

1s3e1NnAvIn 11

¥
=S

2. N9ssiinrAFNEARUNANTIENLTLAATY (Dose-response assessment) A8 NILLAUNNTN
dsziiuauinresnisduiaszavlaaziludunmaseguninaintieswinla unisuansnauduiugng
i lFFuiuAuguissaasnuilunsisludnun WAz @ Bunu

Tudumnauiiannsautspnnuiiluimesaisieiiaantidu 2 ngu e



Ao aaa a

y
swauRuauysal lasams “vaivemauaznansznugvam luiiuiissiiiannsssuniuazgaamassy Tutlszmalneg

2.1 g13linansi3e (non-carcinogen) 7A@ TN llinasetu wazAsiluneeensawi ludld
a < o e‘d‘ 1 1 [~ 1 @ A 1 dy 1 A
nafanzide waninaewintsuendnansldifluansnenzideria a1anguil uansan threshold Aa unn
ansAiNInganatnsaiudingienieldyndulnglainliinaeaiadnila  ludumew  dose-
respond assessment

[ A

2.2 dNsnaNINNNNARag (genetic carcinogen) AMnFuaNsAaNsiaaz LA NAANINgNs

2 1
o O

LA A o A P gy a = ' ' va | = o
ﬂQNuVLNN ﬂqﬂquuﬁmumqquiﬂ\lﬂﬂlﬁLﬂﬁ'ﬂ:ﬁ‘ﬂsﬁ\‘]ﬂﬂ’]ﬂﬁqqﬂqq LLNQ'W@‘ZVLWTU@’]?ﬂ'ﬂﬂzw\ilﬁ‘ﬂqquﬂu@ﬂ

'
=

e lafiany udives 1 Tuanafidlanna (probability) Nazifinnzi3ls

FLAUNITADLAUAITBITNNLIAIANTHAN HAANTT HANULANFANNAY ANNUFHA LAY adeny
v o/ %4 1 dl 1 v v v a [~3 1 o/ a o/ %3 1
Flinng aasnag19lumn397 3.3 ANANIENTUAN9EY RIC ALANA1AUANTHAIR441T sasinasinaly
;13199 3.4 doululnsiauleeenlad war damaslneanlas luildansnanzideuazliinisssyen RIC lu
nsdeiasldrninsgiures WHO Tunisifeuiaunanssny

15199 3.3 VUNIARNHANUNTADLAUBIUDITINNE

- REL Inhalation
ANTHANE 3 Hazard Index Target Organs species
type | REL (ug/m’)
co A 2.3x10" | szuuvilauazvaeniaen H
0, A 1.8x10° | A1 warszuun1aaumie i H
Benzene A 1.3x10° | STULAUAUGMAMUING SULRANTY R
=
TTULLADA
6.0x 10" | sTULAEA TEULLTTAMUATHALINNT H
Toluene A 3.7x10" | sruumnaiunnglanayszuudsyan H
C 3.0x10° | szuuyaiuvngla sruvilszdanyn A0 sruy R
AuRUFUATAENUINNG
Ethylbenzene| C 2.0x10° | sruuvmnaiuerwisiv) tm sruusentivea | MR
LAZANRUWINIG
Xylene A 22x10" | svuuilszany sruuniadumie lanazmn H
C 7.0x10° | sruuilszany sruunnaiunnglawazmn H

AN AaLUagann OEHHA. (2003)
® Reference Exposure Level (REL) type : A = acute (WEHRYLNAW) uaz C = chronic (Wira5a)

® Species AlluntsAnENaWmUIA REL : H = human; R =rat; M = mouse
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3. n1ssziiunnsduda (Exposure assessment) A8 NNTANMIULENIUNNLERITaRILIAEaN

q

I/LSJV o o o o A 1

ATU mmamﬂmmimﬂ ANTNDNTUNANNTA NS (dose) sz NENHR (duration) fadnfudunauini
mmz%ﬁﬁtymﬂ‘l,um?ﬂmﬁummL?ﬁm mm@mmmfmmmLﬂuﬁmmm?mﬁ%uaaﬂ'ﬁmﬁémmmmma
dl Yo % a dl Yo a [~ a o d‘ [~1 =
AEFY BnstsziluiunnuansildsuiaanutiananinainAaanuiiluase eI AMNL@eNAaz A

dl :; a o o 0% a AI % v 1 o [~1 % =)

ANALANDLE ﬁlumumumsﬂ@mumﬁumNmm@mwaﬂumme@@wm@pfmﬂw SR N ER RN

[ %

| A a o v v A Ao =
@ﬂ‘]ﬂ'mgmﬂ\ﬁ@’]ﬁ\qqLﬂu@’]?LﬂNVﬁ‘@@q?Wq\?ﬂrJﬂqW ??JQUWQ']NL°1|Nsﬂusﬂﬂ\‘i@’]?N@WHWNﬂW?ﬂuLﬂﬂulu

Asuanden 1y lutil Ay a1n1A 81u1s wenantfieansuszeziaan lunisfuduiaansdnliiududasns
Tudanandu viseldfudndaanduszazioaiuiu uwazannudlunisiududasnsdninisdudaans
a al % ] :/I 1 di n:ll v o all Vo o o v I}
nafwlugsnnfenteuniualuu inanazlfuniAamnliiinasie lFfududadingsenis Tng
dumeu Exposure Assessment #1813autian19sziiuntsiuduiaansaanlu 2 nqu Ae nquansline

NLITI UASNGNAINDNLII

A1 3.4 A9EALANNLENTUE19BeleNNTA (RFC) waz Inhalation Unit Risk

A15NANE | Inhalation RFC | unasdaya | Inhalation Unit Risk |  Uuastaya
(mg/m") (wg/m®)”
CcO 23.00 EPA - -
0, 0.18 EPA - -
Benzene 0.03 IRIS 7.8 x10° IRIS
Toluene 5.00 IRIS - -
Ethylbenzene 1.00 IRIS 2.50 x 10° CAL/EPA
Xylene 0.10 IRIS - -
7iun : Faulasann U.S.EPA. (2013)

Exposure Assessment 189417 lnanzi5a

EC (mg/mS)Z(CxETxEFxED)/AT ............................................................ (3.1)
Exposure Assessment PASANTAANLLES

CDI (MG/M) = (C X ET X EF X ED) /AT oot (3.2)
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e CDI = réhL@gﬂm@aiﬁmmmiﬁ@mﬁqﬁiﬁﬁ?ﬂuumzd”u(ug/ms)
EC = 1BunniansEsudusialuusiaziu (mg/ma)

C = anudinduasarsuanluanie

ET = a1 lunns5uduea (24 %Tm/f’fu)

EF = anuiluntsfudusia (350 SuAl)

ED = svaivnaniududasns (30 1)

AT = sra2nan lunNs5UdNEaanT (Aan7ldnanzisald ED x 365 uay an7kinanzisald 70x365)

4. NNTRBUNEANHIUTAINHNIALN (Risk Characterization) AanszununIsHazfasuanliilfdnaany
4w . 4 ¥ d A M~ 4 .
Rassatfadpanauianlaiiy seauaeInN@aslniniionwa iy Jaonudssadtnels Wunissauson

idiayarine lFAuIMuazinziaesiy 3 duneudiefiuninmaaeuLazuINnLIziuANNA

A =

isalanianazifinuaidesegunineuderesuysdainnislFiudndaansn i wianniuagldeyaive
. » 4 dnas . o & aa .
Hunisaivayuaespnmidesiliiuainnisdudanisuilounainludonden Tnadnenizaesnanu

dl dl o v [ ] o a % a all 1 a tdl ua// al tdl
Resnaunlfazflunisdoadndulazecdlsziinanndasdiasuainiisaulatiuiiaondasnnn

'
a o

¥ A 1 & v Y dl v ad a :/’ . . .
u‘ﬂﬂﬂﬁ?ﬂiﬁ\l W?‘ﬂilﬂ‘]_lﬂ.l‘ﬂﬁ;!@LﬂﬂQﬂUQﬁluﬂ’]ﬁ‘ﬂﬁgLNuﬂQ’WNL@ﬂﬁ@ﬁﬁ?ﬂluﬂlum‘ﬂu Risk Characterization /g

[ %

weannisdsziiueaniiiu 2 ngN ANNaNIENULIETIANARgINNTBIN Y AT

a7 linanzi3 HQ = EC / RFC. oo, (3.3)
ANINANTIT HQ = CDI X UR oo (3.4)
Hazard Index HE= ZHQu oo (3.5)
Carcinogenic risks CR=ITURXCDI ........cccoooiiiiiiiiiiiiiiiiececeeeeieeeeee0..(3.6)

3.2.3 LL‘].I‘lJ‘i”I@’ﬂQVI’NﬂIﬁﬁIﬁ']ﬂEI%‘ AERMOD

LULA1a89 AERMOD iluluuanaasn U.S. EPA uazanuansilszineannuualiiifly Preferred
o - Y 4 d .
regulatory model 14 lun19tsiluNanssNUABAMNINIULITEINIAIINNITARDUN AL NIEANLFAUD
v !
wafianunasndaluszaznngladiiu 50 Alawnslunnaniniunuardnsnicaaioning) amne

WA luaruiunanetlszinnassunasinanaisuazansoueiui iy WlHduuwwasntaiauuuqe
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WULWWY bazhuu3uims (Point, Area and Volume Sources) MALWAaIAHALURIAY WHaRIAY LAy
v v o4 "

Hezaumnugeanaasivun M FTunuiisiuuwanidesuarluides (Rural and Urban Areas) Td@Anslu

i ST & dd . s , - . - .
Nungusia lduas luiundeimnududen (Complex Terrain) wazldAnsmnNdinduaasnafsluss iy

- Y o = o = = ~
ﬂrJ’]NﬂtL@ﬂﬁvL@m\jLLmﬁqL@@ﬂ?qﬂm'ﬁﬁ\l\?ﬂﬂﬁqlfﬂ@ﬂ?’]ﬂﬂ

3.2.4 'a‘zuum'a‘mumﬁmagﬁmﬂm% (GIS)
a o I . . A o
FTUURANTAUNANNANERT UTR Geographic Information System @ GIS ABNTTLIUNITNINY

naaiudeyaludeiunsoaszuurasiawmas Tlsunsu ArcGIS Wugalilsunsuilssansdscunaisauma

nieanslusunsunil MEunsdnnstiagyaniatsauma e lddseendldluausine aeamaneu
NIATT lenTu wazanuAne Uszneudicagalilsunsy 3 €91 ArcView, ArcEditor, Arcinfo ienis

9

P uily AL LAZLAPASHE
3.2.4.1 a4AUIzNaUURY ArcGIS

ArcMap Mg miuluntsuanenin Uiuufideyaidanun afeuaui e uazsneaugiuieys

[
aaa 1 o &

GIS azuanILuuN U FanIduiiayaise Layer luusiazduioyaazuaniiuiayausazilszinnidnid

agfluLi31904 Table of Content (TOC)

v
o

ArcToolbox lutesasiiandqslun1sdinanzitiayadugeres GIS wuldlunisudasszuuinin

a

wireuasdayarne lUilu Geodatabase

3.2.4.2 nMatszinnuAndayasae ArcGIS

o

ayantuIIAiullsunsy ArcGIS azfiasat/lugiluuy Delimiter Text (*.txt) ¥an19191u

=2

[ %

excel (xIsx) Tnenfludinyai@amaian (Digital Data) azfiasdliiin x, y coordinate Livawnn digitize Tnel4
s¥ul UTM WGS1984 Northern Hemisphere 10 47N daiflutiznniauniarestlszmalne waziindin
Tlsunsuuazianaanunliiaglugl Shapefile(shp) waraIniuAsazaIunsnLlszanuAn (Interpolation)

N13UsTNANNNANEABITUAT IDW, Kriging {usiu IaeRan1sunsnALUL Inverse Distance Weighted

1
ol ¥

fuannislunisunsnenlaaminisguaasinatinsusazqnainAtumianainsngdsna hldsaadnsiasunsn

1o yaly 1+ v dl dl rdli/ 1 o :/I dl 1 Y o o
mwﬂwimmu@ﬂmw@m mm:mmwimmniﬂmnLﬁmmwmmmﬂmmm muuamm@glﬂ@ﬂumm

1
P 1

Nfan1sAuamAtaziAuinuinndnqanat Inasanllinasnainnmzyaiwiuqaviseaiaayld

u

= I o o ° ¥ o o v ad ! . @ aa Ao
ﬂfvgmmqimﬂwmuummmmmuﬂmﬁmmmwﬁlm 1TNNTLNTNALLLY Kriging 1uasnisunaning

oS

N3AUNHFIUAINILHEN VTN ANINTTNTINARFIDENUWARZAAAUAAIANHANNUS TN U AN 70
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1 v 2
a

o PR a dl a a o I 84 aa C da/ o A
tn i lunnsesuneniauasuulasiifiaduuuinuiolifosdsns Kriging Hazfinnisiaananniamig
a o‘d‘ o o I Qi A v A o 1 3 o dd‘ o dl L o

AolaANaR NN TaNAUqpsaatinaaanvzaqametneisnan e luiAR AR uuaNe AN A AN S 11

wazNuNaaNNIsHAN1 I UrattdunaulnenaNNaIuN134199aTAT T AT AT ATeTayan 150
o . v dlgl a o A a ¥ di/ a 1%

WUUANABIUL Variogram NN3asenuiiauazfaiidouasn liiainnsonsaagaauulstlsmunesiuialé

an Wamenldisnistszannsanliuda uanlfiazuansaanuilugnin JEPEG File Rsaunsntinn ng

Ml 4dngilscasdndasnis

3.3 ANESEUIAMNLNFIIAADNUBINANTENUNANEHNIAINIANLFUNN

HunsAnsuansznunaisnisenAiugannnaugla luangnaunsst NunIne

v a

Fandnszaas lnavinnisnsaaanssonindan aeaiintinizaw lunundas dezneudeyaann
LUUABLNNAUgINNLen

3.3.1 WunAnEuazdayailszaing

v

g P = = = o o =

nunAnmuartszang wenlsiFaulszandnunluilangnaunssuuIuAINA SAUdRTTERd a9
duanacuanuaiy duliun a.uunine a.delte filiune ey nsiuNn e.ules m.uLd) 8. 8AN
W p1.11ue19 8.0uen dinBeulssas@nmansdszndng 10 - 12 U egluiunuinnan 31 Tlguyvs

1= o a 09; a
1NN1J?3Q FlaANIALY laALELTA

v
[ %

wiltlszanaiilu 3 ngu Al

LA = A a | a a ° = o
naan 1 Iﬁ‘\‘iL?ﬂum@%?@uuﬂﬂ@qm@quﬂ??NQJ'TUW’W\iﬂ ﬂ?ggxl’]mlllll,ﬂu 1 ﬂI@LN[ﬂ? TUIU 4 I?QL?EH 1@

(%

ANUIUAIDEING 444 AIRLNS

[ a

nand 2 laiFaunagraintiangaainssuniua g deznns s Atawns Auau 2 Tealeu tiauau

a

FNDEINN 143 FIRENY

[ a

NaNN 3 199FEUNeEUINAINTANYARIMNITNNILAINA Uszuind 10 Tlamms Aauau 2 T9aimen THduau

a

ANRLN 270 FNBENY FINANUIUALRENT 857 AR
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3.3.2 28N15ALUWNITANEN
3.3.2.1 WULZAUDINIZUUNILAWMNe 1A

wuuaaun ndayaialy deyainaofuszuuniaisumiala  U3uilgeann ATS-DLD-78-C

. . . = dgj ¥ uI/ % 1 dl 1 o % A
respiratory questionnaires NL‘L&@W]“H@H@VIQVLH (Mmeﬂq LN Wagmmﬂiﬂmuu m@lummqmmumm

o

sreziaanegendy Awandenlutiiu nesguuns nslimeInAeFiNe T aNIN-LATEFANanTAIAN

atfszanng) wardayaszuunividumiela (1un aannsla antstiaune aanisunelailidas A

[~3 1 dl /s o
Wutheau uasdsyinnseunia)

3.3.2.2 aNgsnn nlaen

nedmranssan1nden (Lung function) AaeLATad spirometer N1IAIIAENIINNINLBAAZAINNTD

A o o oA A a & o g3y 4 Ao o [y
LNTONNITLAANADINININUIDILBA NBUNAZNAINTNATL anﬂgﬂ']m@’\ 38! llﬂLLﬂ

Forced Expiratory Volume in One Second (FEV1) tlutsnmnsainiangndusenluiuiiusnaes

nsmalassnadisduazussiannainnismaladinfun Sudoafluansiguuniinig wsanu

3

'
a o Y

1998NNNATANF e Ta1n (BTPS)

o

Forced Vital Capacity (FVC) iluiBunnsgeqaansanianduaaninanisuiglasanidouazis

[~ dl v [~ dl = 1 [~1 a dl a [ dl Ql o Y

WAnn augaannisunaladingai dudieiluansiguuninig wssduussanAgsanfafoele

11 (BTPS)

FEV1/FVC% flunnstinendn FEV1 uaz FVC unlszifiugonriu ivewlfauiiaugdn “sunms
dl Y a a [~] o dl 6 @ 6 dld 1 :/l d!

ananiglasenunlilu 1 3w azfludanuunedidusassainianieslulessesauiin &

Inednfaasmnelasanunlfluiieandn 70 %

Forced Expiratory Flow Between 25 and 75% Expired Volumes (FEF25-75%) yi389A1 MMEF

(Maximum Mid Expiratory Flow rate) 1fupaagressnsnis varesainidludaananaaes FVC

=2 @ PR 9 AL @ oa aa A A a p
sﬁ\‘]Lﬂu@qulﬂfywllﬂmuﬂ‘]_lV’]'J’]NWHWH’]N%@\‘]HHQE NATIUARNTARIUYT 1ITARRTFHAUN

3.3.3 ADAILATIZN
anmN13ATIzIdaya Nn1smziisiae i sunsn SPSS

3.3.3.1 ANOVA AnwannduinfaasuaiveinimilzauineuluiunAnsniunuiasuan
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3.3.3.2 Yates' Chi-Square Test Mnagaupanuduiugseudnasauds 2 fa 1&ua saudsannig

sxuUN AU la(aIN19le DANUT MaLiin uaanaNanidl «) 483700 1nles wEainnaulunui

2 1

=S o A al
ANHALNUNATLAN

3.3.3.3 Binary Logistic Regression Technigue MAnm1mudunusaassianlsmaws 2/a2wld
1HuA AW TR RINUULAALDNN (WA B1Y 22812 ANBNAE TUIATINY A1BIUANITNIBATELATY

o o

UszdAnisguyvzzesnaud n1sldasaslFuannis nnaiaeednd 4a4) dudaulsainisszuuniaia

mela uazanssnnnilen
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4.1 ANENANINAIUD ﬂ’:\”ﬂNﬂ’]ﬂﬁﬁtﬂﬂi’)ﬂ‘ﬂﬂﬂﬂi$Lﬂﬁ‘1ﬂﬂ uazNaNEa N Al ULAALNDY

B TiaAsemeung 4 LnAny Gad

1. Jinsart W., and Thepanondh S. 2014 “Effects of climate change on heat accumulation and
precipitation in Thailand” International Journal of Environmental Science and Development, 5(4),
340-343

Lﬂumaﬁﬂmmuﬂgwuﬂmqﬁmmmmﬂizmﬂim wazAANNTAIAN1zN19ILA EuulaTesn
nsazaNAIAEeu LAz BNy 1 Re T eusaust A.A. 2012 B0 30T A.A.2042 LazauAa Tl A.A,
2092 WU ArdzanpBauT BN N lwaa ARz TuseniBauwite

2. Jinsart W., Aromanee D, Ngeabprasert R and Pungkhom P. 2014  “ Impact on Visibility and
Air Quality from Bushfire Smog in Northern Thailand” A&AWMA's 2014 Annual Conference & Exhibition

Navigating Environmental Crossroads, June 24-27, 2014, Long Beach, CA,USA

duazaasauindn luusseiniaiald Hilsunmgannn lugeani vty Anansenusie vauddauaznis

HAunne nsaaeiuaasliviuisaonuduinsssndnaniunnduazees f svaznsueaiiv

3. Saengsai S. and Jinsart W 2015 “Ozone Formation Potential of Oxygenated Hydrocarbons:
Phasing-in of Gasohol in Bangkok Thailand” IOSR Journal of Environmental Science, Toxicology and

Food Technology , 9(1), pp35-41

naasildllsunsuneatifuazuunsnaasptinaaniivanianisnfiFunuuaislueuian 191 a0
Talawluwandes arsdninliinalalouselunguansduvsdlalasafuauniean drauiiluedlsenay

@ a4 dl ¥ dqj a 2% & 1
Lﬂu’&”lLW?l@‘]_ILu‘ﬂ\‘]N’W’]ﬂﬂ’Wﬁ‘I‘ﬁL‘ﬁ@LW@ﬂLLﬂ’&IsIJEI‘ﬂ@‘ﬂEI’]\‘]N’m Eluﬂgqmwwmm

4. Saengsai S. and Jinsart W 2015 “Evaluation of Urban Ozone Formation by Photochemical
Ozone creation Potential Indices and Generalized Additive Model” BCEE-2015 International
Conference on Biological, Civil and Environmental Engineering, February 3-4, 2015, Bali, Indonesia
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Effects of Climate Change on Heat Accumulation and
Precipitation in Thailand

W. Jinsart and S. Thepanondh

Abstract—The impact of future climate change on heat
accumulation and precipitation in Thailand were simulated by
the regional circulation model (RCM) in SIMCLIM system. The
model was run under four Special Report on Emission
Scenarios (SRES) A1B, A1FI, A2 and Bl. The temperature
variability in regional scales was analyzed using the observed
daily data from 1951 to 2011. The year 1992 was used as a base
year in this analysis. The heat accumulation, in 2042 was
increased 14%, 15%, 12 % and 11% and in 2092 was increased
33%, 49%, 41% and 22% for A1B, A1FI, A2 and B1 scenarios,
respectively. The precipitation was simulated using the year
2012 as a base year. The increase precipitation in June, for
worst case A1F1 was 3.42% in 50 years and 5.85% in 100 years.
In A1B1 with taking care of global warming, the precipitation
in June will increase 2.67% in 50 years and 3.93% in 100 years.

Index Terms—Climate heat
precipitation, Thailand.

change, accumulation,

I. INTRODUCTION

Climate variability is very important for agriculture. Even
the slightly changing of weather conditions could have the
effect to the productivity. There are many studies on climate
change impact model found the evidence of the association
between crop yield and global warming [1]-[3].

Thailand, as a big rice production country, should prepare
the impact data for the future warming climate adaptation.
From the literature reports in next 50 and 100 years, the
average temperature overall Thailand will gradually increase
and the average precipitation will potentially decrease [4].
However, there are variations of temperature and
precipitation in the different regional areas therefore we
attempted to predict the future crop yield related parameters,
heat accumulation and precipitation in this study.

II. METHOD

Heat accumulation and precipitation in Thailand were
simulated by the regional circulation model (RCM) in
SimCLIM system. The standard GCM pattern of temperature
change with high sensitivity was applied in the model
simulation. The ensemble method was used to construct the
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future climate change scenarios to address the key
uncertainties of GCM projections. For a specific atmospheric
state, an ensemble of possible values was generated for the
prediction following the 20 general circulation model (GCM)
climate change patterns. This relative change pattern or
normalized pattern is preferable to averaging GCM outputs
because it controls for differences in climate sensitivity
across models.

A. Model Description

SIMCLIM is a computer-based modeling system for
examining the effects of climate variability and change over
time and space. It is a customized GIS which includes tools
for the spatial analysis of climate variability and change and
associated impacts on various social-economic sectors. The
users can customize the model for their geographical area and
spatial resolution and to attach impact models. With the
program, the sensitivity analysis and examine sector impacts
of climate change can be conducted as well as the integrated
impact analysis at various scales.

B. Emission Scenarios

The most accessible scenarios on GHG Emissions are from
the Intergovernmental Panel on Climate Change (IPCC)
Special Report on Emissions Scenarios (SRES). These
scenarios were used in the IPCC Fourth Assessment Report
(AR4) analyses. The business as usual scenario or SRES A1l
corresponds to the highest emission associated with the
highest temperature change, while SRES B1 corresponds to
the lowest. These scenarios correspond to a range of
approximately 540-970 ppm of carbon dioxide in the
atmosphere in 2100 [5]. Four emission scenarios with
different climate sensitivities, A1B AIF A2 and Bl were
used in this study. The worst case scenario A1F1 was
assumed rapid economic growth, population peak and
unlimited fossil fuel supplies. The best case, Bl was the best
condition for environmental sustainability.

III. RESULTS AND DISCUSSION

A. Heat Accumulation

The measure of accumulated heat is known as
physiological time or thermal time which is often expressed
and approximated in wunits called degree-days. The
calculations of this parameter are based on the area under the
diurnal temperature curve and between the thresholds. For a
site with maximum and minimum temperatures data
available, the different methods for calculating degree-days
are single sine, double sine, single triangle, and double
triangle. All of these are linear methods because the rate of
development is presumed to be a straight line directly related
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to temperature [6], [7]. In SIMCLIM impact model, a spatial
model calculated degree day from monthly mean temperature
data and a site specific model calculated degree day from
daily time series of maximum and minimum temperatures.
From our results, heat accumulation in the central area of
Thailand was found increasing with the global warming
GCM pattern, in various scenarios (A1B, A1FI, A2 and B2).
The north east of Thailand was become a risk area of
increasing the accumulation areas, Fig. 1. The % increase of
heat accumulation was related to the emission scenarios,
Table I. In 2042 heat accumulation was increased 14%, 15%,
12 % and 11% and in 2092 was increased 33%, 49%, 41%
and 22% for A1B, A1FI, A2 and B1 scenarios, respectively.
Under the B1 scenario, heat accumulation was predicted to be
increased up to about 22% from the base year 1992. SRES
AI1F1, heat accumulation was highest and nearly 50%
increase in next 100 years due to global warming.

(a) BAU 2042

(b) AIF12042

(c) B12042

341

(d) BAU 2092

(e) AIF12092

(f) B12092
Fig. 1. Comparison of future Heat accumulation distribution 2042-2092 in
Thailand in different scenarios; Business as usual (BAU); (a), (d), worst case
AIFI; (b), (e) and best case BL; (¢), (f).

TABLE I: HEAT ACCUMULATION IN NEXT 50 YEARS
AND 100 YEARS (FROM YEAR 1992)

Scenarios Heat accu. % Increase Heat accu. %
degree-day  year 2042 degree-day  Increase
Year 2042 Year 2092 Year 2092

AIB 2602 14 3037 33

AlF1 2629 15 3391 49

A2 2574 12 3203 41

B1 2523 11 2770 22

B.  Precipitation
The precipitation distribution and prediction have been
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studied in many regions, particularly for agriculture
application [2]-[8]. For model development, C. Yin et al.,
2010 used statistical downscaling method to simulate
precipitation distribution maps over southeast Australia [9].
They simulated local precipitation for each downscaling
precipitation grid for the validation period 1988-2008 to test
their model quality. Y. Li and W. Ye, 2011 used GCM output
with ensemble pattern to correct the uncertainty on
precipitation intensity indices at regional scale [10]. In this
study, with SIMCLIM,GCM outputs were used as lateral
boundary conditions to drive regional climate models
(RCMs) together with 21 ensemble patterns. The monthly
simulation of precipitation was run using the year 1992 as the
baseline. The input observed precipitation data were obtained
from Thai Meteolorogy Department. The annual
precipitation simulation did not show the significant
changing with various scenarios. @~ However when we
analyzed data monthly, we found season variations effect to
the distribution. The monthly precipitation distribution in the
country is different. The driest month is in April with some
tropical rain in the south peninsular and the beginning of the
growing crop or the start of wet season in May and June. The
distribution and amount of rain in these three months in
baseline year 2012 were compared in Fig. 2. In April and
May with all tested scenarios, the precipitation significantly
decreased but in June was increased from the baseline year.

=

(a) A1F1 042012(b) A1F1 052012 (c) AIF1 062012

g

(d) A1B1 062012 (€)B2 062012
Fig. 2. Comparison of monthly precipitation (mm/day) in 2012.

The comparison of worst case A1F1 in April was shown in
Fig. 3. There will be less precipitation in the future than in the
baseline year 1992, particularly in the west and northwest of
Thailand. The precipitation mm/day and % change in 5
different emission scenarios (A1B1 A1F1 A2 B1 and B2),
were summarized in Table II. The prediction of future
precipitations in next 50 years and 100 years were compared.
The increase precipitation in June, for worst case A1F1 was
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3.42% in 50 years and 5.85% in 100 years. In A1B1 with
taking care of global warming, the precipitation in June will
increase 2.67% in 50 years and 3.93% in 100 years.

(a) A1F1 042012 (b) AIF1 042062 (c) A1F1 062100
Fig. 3. The Comparison of predicted precipitation (mm/day) in April in worst
case A1F1 in next 50 years and 100 years (scale color as in Fig. 2).

TABLE II: PRECIPITATION (MM/DAY) AND % CHANGE FROM BASELINE

DATA
Scenario Apr-2012 May-2012 June2012 June2062 June2100
Baseline  79.03 184.39 183.55 183.55 183.55
AlIBI1 77.89 183.75 184.51 188.45 190.76
(-1.44%) (-0.35%) (0.52%) (2.67%) (3.93%)
AlF1 77.83 183.73 184.56 189.83 194.28
(-1.51%) (-0.36%) (0.55%) (3.42%) (5.85%)
A2 77.81 183.72 184.58 -
(-1.54%) (-0.36%)  (0.56%)
Bl 77.86 183.75 184.53 -
(-1.48%) (-0.35%)  (0.53%)
B2 77.77 183.7 184.63 -
(-1.59%) (-0.37%)  (0.59%)

IV. CONCLUSION

The results indicated Thailand future climate change will
potentially affect on crop-yield parameters, heat
accumulation and precipitation. Flood and drought areas
could also increase. Climate change adaptation and related
crop species could be focused in future researches.
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ABSTRACT

Bushfire events frequently occur during the dry season in northern Thailand. From
December to May, this region experiences persistent dry weather and low moisture which
create ideal conditions for fire. The sources could be from natural bushfires or burning of
agricultural waste materials spreading to the forest. Statistical analysis of daily PM, daily
visibility estimates and frequency of bush fire data from 2011 to 2013 were used to
establish correlations between pollutant levels in the region and the visibility problems.
Based on the monthly averages in 8 provinces, there was a significant correlation between
PMp and fire frequency, r = 0.93, 95%CI with p< 0.05. The reverse correlation (-r)
between PM data and visibility distance were 0.91, 0.92 and between frequency of fire
and visibility distance were 0.86, 0.83 in Chiang Mai and Chiang Rai provinces,
respectively. In addition to the daily meteorological visibility data, the local visibilities
were determined by photographic analysis, video-camera recordings and global positioning
system (GPS). The observed images during periods without bushfires had better visibility
than during bushfires. These results indicated the association between visibility and fire
events. This work is aimed at creating awareness of the impact on visibility due to
bushfires and its pollutants. The results could be applied in fire control planning and bush
burning impact studies. Visibility monitoring in the future could involve imaging analysis,
meteorological forecasting resources, including real-time satellite imaging and accurate air
quality forecasts.

INTRODUCTION

Bushfire smog is an environmental issue in the northern part of Thailand which mainly
results from the burning of agricultural waste materials in preparation for agricultural
planting. These fires often spread to the forest nearby. The Forest Fire Control Division of
the Royal Forest Department (FFCD), Thailand reports that forest fires occur each year
during dry season from December to May. ' The frequency and extent of bushfires from
2009 to 2013 have increased annually in the areas of far-north Thailand. * The information
was compared and summarized in Table 1.The highest frequency of bushfires occurred in
2010. The burned areas have been surveyed by the FECD since 2003."* Numbers of
hotspots are representative of open burning in the area. The most significant fires were
observed during the period of January to May, with a peak in March. An example of the
impact area with hotspots in eight provinces, namely, Chiang Mai, Chiang Rai, Lamphun,



Lampang, Phrae, Nan, Phayao and Mae Hong Son is shown in Figure 1. Many research
papers report that dust, smoke, fog, haze and air pollutants from bushfires effect the
visibility and ambient air quality.>* In this study, we aim to illustrate the impact of
bushfires on both the air quality and the visibility reduction in the northern Thailand.

Tablel.The annual comparison between frequency of fire (time) and the impact area (1 rai
= 0.4 acre) in 8 provinces, northern Thailand

Provinces 2009

(time)  (rai) (time)

Chiang Mai 1,388 89453 1,633
Mae HongSon 395 2,477 361
Lampang 322 1,895 272
Lamphun 321 2,378 497
Chiang Rai 145 709.3 179
Phayao 139 590 117
Phrae 112 591 100
Nan 5 45 39

Total 2,827 17,630.5 3,198

2010

2011
(rai) (time) (rai)
11,127.8 448 2,795.9
2,091 176 820
1,638 131 669
3,796 162 943
986.9 31 84.5
536 39 165
686 42 227
517 2 8
21,378.6 1,031 5,712.4

2012 2013

(time) (rai) (time) (rai)
865 6,263.5 1,361 14,541.4
413 2,499.3 506 2,940.5
242 1,462.6 304 1,941
219 1,557 166 1,449
181 921.5 99 708.8
76 317 38 195
158 1,470 147 1,010.5
29 311 123 1,259.5

2,183 14,8019 2,744 24,045.6

Figure 1: Hotspots and PM | daily average in the 8 provinces during the bushfires on 23
February 2012 http://www.dnp.go.th/forestfire/hotspot/2555/23 02 55.htm



Experimental Methods

Studied Sites and data information

The studied locations were in 8 provinces in northern of Thailand, namely, Chiang Mai,
Chiangrai, Lamphun, Lampang, Phrae, Nan, Phayao and Mae Hong Son (Figure 1).
Visibility data were from Meteorological Station at Chiang Mai and Chiang Rai airports.
The frequency of fire records were from Fire Control Department. , PM;, data was
obtained from Pollution Control Department, measured by beta attenuator air sampling
average 24 hour intervals measured in pg/m’.

Visibility measurement

There are several general approaches to measure visibility with a camera such as roadside
camera, video records and aerial photograph.”® In this study, the local visibilities were
determined by photographic analysis in comparison between with and without bushfire
scenarios. Qualitative measurement was illustrated from the photos taken by roadside
camera, video records and aerial photographs. Quatitative visibility was analyzed in
comparison to the visual di