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(Environmental Performance Index : EPI)
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1) PuaulgdwInasy (Environmental Health) Usenaunie
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- muaaﬁlmwﬂmmauasﬁﬁu (Sanitation and Drinking Water)
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- pflgeaaulaiznin (Heavy Metals)
- AtlgpBAIUNITIAN1TYOUds (Waste Management)

2) fnuAaanysaivessuuiliag (Ecosystem Vitality) Usenaume
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- avilgognuauaInraten1eliinInuazdufiegende (Biodiversity
H

and Habitat)

(%

- ayflgesauusnsvesseuuiing (Ecosystem Services)
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- ptignunnulsyad (Fisheries)

(%

- fyilgagmunisiagunlasanmgiionnia (Climate Change)

(%

- ftigaennunisuanuassuaiiy (Pollution Emissions)

(%

- paflgpaRuNYRINTIH (Agriculture)
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- pstigaunnunswensun (Water Resources)
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A 1 TeguszasAideulouny (Policy Objectives) aafigae (Issue Categories)
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#797m (Indicators) kazdRAIUAIDMUINUNVDINTRANTTOULAILINADUNUTL LU
11 A.d. 2020
w1 : Wendling, Z. A, et al. (2020) (epi.yale.edu)
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1) nMsudsnguvainisusaiiunawasnisiiininanud1Agvasusziay

A15USSIUAURILINA DY

fydaussnuzd suInd ou (Environmental Performance Index: EP)
Fatalasamingrdolsauazuminerdeladude Addunislud a.a. 2020
(6. 2563) Usenaume 2 Tnguszasiitauleuns (Policy objectives) 11 Avildoy
(Issue categories) 32 #3339 (indicators) %ﬁLwiazéf’ﬁju’imwQﬂmqﬁmﬁﬂmmﬁﬁm
fumnsinaiuly %ua&uiﬁ’umimauauawiamméfaqm'iﬁuaﬂQ’ﬁmuﬂu‘lemﬂuazﬁﬁu
auddeuiszylludennasssninsema vidommnsaldnudundeninigs
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Wulssiudrdglutinaiu lneilsvazdunuaninini s 1

¥
Y [

M1319% 1 MsiuanguidinnazaalvinazLuu

suildon (Issue categories) / #2%3m (Indicators) JPHih) f:'m’i\i
Umn
nguszaAeaulaung (Policy Objectives)
frusunsiedeuanday (Environmental Health : HLT) (40%)
AvilgauAnuAMAIWaINIA (Air Quality) AR 20%
é’a%ﬁ’mé’wumi%’ué’mﬁa@uazaaq PM, 5 (PM, s Exposure) PMD 11%
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fvllean (Issue categories) / A1%3a (Indicators) finEo

fTasun1sSudutadawmdandslunsiisou (Household Solid = HAD =~ 8%

Fuels)

i Sagunssuduiaineleleu (Ozone Exposure) 0ZD 1%
é’%ﬁﬁiaaé’ﬂuqmﬁmmmzﬁﬁﬁu (Sanitation & Drinking
H20 16%
Water)

fi¥aduguAvialivaendy (Unsafe Sanitation) USD = 6.4%
27 Taduthiulaivaense (Unsafe Drinking Water) UWD  9.6%
avtdasarulanzyiin (Heavy Metals) HMT 2%
T YadumsSuduians i (Lead Exposure) PBD 2%
yllgagRIun1sinn1suaads (Waste Management) WMG 2%
ﬁa%ﬁg’ﬂﬁmmﬁﬂmi%wmu (Controlled Solid Waste) MSW 2%

TnguszasAideulaung (Policy Objectives)

AUANNANYTIYBITEULILIA (Ecosystem Vitality : ECO) (60%)

[y

yilgaginuanuaINTaIeNIiIn NLazauNagan Ay

BDH 15%
(Biodiversity & Habitat)
i adumsundesdhilnaunsesuei (Terrestrial Biome TBN 3%
Protection (national))
i Sadumsundestilndunszdulan (Terrestrial Biome TBG 3%
Protection (global))
i ndnuiuiiduasesynangia (Marine Protected Areas) MPA 3%

[

AUilFIUVUNUTIALATEY (Protected Areas Representativeness =~ PAR  1.5%

Index)
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fvllean (Issue categories) / A1%3a (Indicators)

pl “umﬂa%awumwuﬁ (Species Habitat Index)

6

ptinuATRITnNug (Species Protection Index)

futlduefuAnuraInRaenIeTINN (Biodiversity Habitat
Index)
fyllgasRuusn15va9sTULLLaA (Ecosystem Services)

%

FaSndumsgaydeiiuiitn (Tree Cover Loss)

€

a%ﬁ’ﬂﬁmmiqmﬁaﬁuﬁﬁwﬂﬂ (Grassland Loss)

fi¥aduntsgadeiuitut (Wetland Loss)
fatigaanrulszas (Fisheries)

MR Snduan U NUIaE iaamEe (Fish Stock Status)

wildnsudunsauermnslungia (Marine Trophic Index)

wﬁeiaﬂmumsl,ﬂaEJuLLUaaamwnummﬂ (Climate Change)

fdinnusnsinisuassfiwasuaulaeenlen (CO, Growth
Rate)

%

fFTamusnsInsUasineilinu (CH, Growth Rate)

T IRAUIRSINNSUaBEANSUBUA (Black Carbon Growth
Rate)
M TnusRsIN1sUassAwesuaulneanlanainnig

Wasuulasdinu (CO, Emission from Land Cover)

ki mé’mammmmﬂmmumn (Fish Caught by Trawling)

Wineusnsinisuaseniglunsaeenlan (N,O Growth Rate)

Wineudnsn1sUdeeingndunglosiun (F-gas Growth Rate)

SHI
SPI
BHV

ECS
TCL
GRL

FSH
FSS
RMS
FGT
CCH
CDA

CHA
NDA
FGA
BCA

LCB

6%
5.4%
0.3%
0.3%

6%
2.1%
2.1%
1.8%
24%
13.2%

3.6%
1.2%
2.4%
1.2%

0.6%
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fvllean (Issue categories) / A1%3a (Indicators) finEo

2
% (%

AT IAAIUDHIINTURBE AT DUNTLANFBNANNUTUIATINYBY  GIB
Usewe (GHG Intensity Trend)

v o 1

AT IAUARFINNNSUAREA TS BUNSEINABIIUTEINNT (GHG GHP

per Capita)

fvtidasdunisuanUdasuaiie (Pollution Emissions) APE
FanausnsnsUdesiedamoslaeenles (SO, Growth SDA
Rate)

fdinnusnsinisuassiveenlenvediulnsiay (NOy Growth — NXA

Rate)
futlgoanunuasnssy (Agriculture) AGR
fiinnsdanislulmsiauegnadsfy (Sustainable Nitrogen
Management Index) >
Fuiidaaduniwensin (Water Resources) WRS
P nsunistdainde (Wastewater Treatment) WWT

0.6%

3%
1.5%

1.5%

3%

3%

3%
3%
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2) NMSANUIUALUUAVUFUTTOULRILINADN

Yo

1A59a31969% ¥ (Indicator construction) Yayafi lA3uN1357U591IN

v
(Y]

wiastayasng q szgninlumwIuaINanIsveLiaiadin warvinn1suiulvey

Y [

Tusuilunnnsgiu (standardize) Wurtayanioniuds x uagdmiuuneiinin
Az 09U1A 7 bau1vin1sudasAdeyalviinungay (data transformation)

Aagaunis [n(x) v3e Inx + a) wWeusugruazuuulieglugis 1-100 90t

Y = ' ° ° <, ! P = P
SU@HaWLLUaQFn "03QﬂuqmqﬂquanLUuﬂ’]ﬂgLLu‘ULW@LﬂﬁﬁULWﬂUﬂUﬂqﬂgLLuum@Q

Uszinmdu o NUSEEUMAIgEATAUIMLAZAIATLUUNATIAR (Dest) Waza17iagn

q

(worst) fananssolui
Indicator Score = (X - W) / (B - W)) * 100 (1)

g AoyavrasUsEIMAtY 9

X =
B = #1 Best performance %38 AU mneniused@nsaninian
W = ¢in Worst performance 38 miunefiuseansnimaniian

A28 NNITANINAIALUNNYDIAITIANTUNITGUITI AU
Ysuaumsagdeiundi Ideyariadenuiui 5 Ydounds lnginainy

3

=) =

gadeisuiuveuaiiufiviveslsiu At w.e. 2543 (a.A. 2000) taginuali

fiuitl q Addulitunequunnninfesay 30 Aofiufivn
%agaﬁyuﬁ'ﬂﬂiﬂQWﬂ Global Forest Watch wui1Usginelneiann x =

0.007607 (Yoyaldawins EPI 2020 Aedayavasl w.a. 2561 (A.A. 2018) Uayyil

n1sudasAntoya (data transformation) laeunuen a aunnd 2 dethluuuas

?ﬁﬁazﬂaﬁlﬁmmzam315?%’165@33&11’7{ -4.8785

In (0.007607 + 9.70e”)

-4.8785

Inx + @
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TCL: Tree cover loss, % / Ecosystem Services / Ecosystem Vitality

We quantify tree cover loss by constructing a five-year moving average of
the percentage of forest lost from the extent of forest cover in the
reference year 2000. We define a forest as any land area with over 30%
canopy cover.

Units proportion
Years 2005-2018

Source Global Forest Watch

Transformation [n(x +a)
«=9.70E-07
Performance Nominal Raw Transformed
Best 0.0 0.0 -10.9436
Worst 99th percentile 0.0478 -3.04

awil 2 FoyanisAnavesindinsumsgaydeiuiiiiluseau EPI 2020
P Wendling, Z. A,, et al. (2020) (epi.yale.edu)

% -

NUY ATDNaNLUAIAT %Qﬂﬁwmﬁﬂumﬂssﬁm%mwi%LU'%EJULﬂEJUﬁ’U

KU

a

Andwnenduszdnsam lagussidiusmeansiuinuaza1nzuuuinngn (best)

waze¥ian (worst) muaun1si (1)

Indicator Score = ((X-W) /(B -W)) * 100
= {[(-4.8785) - (-3.04)]} / [(-4.8785) - (-10.9436)]} * 100
= 23.26

v
Y]

VIU U HIY

[

ARUNTELEEN U UIA1UATTI1891UY09 EPI 2020 TG
AMUIAYINAU 23.3 AZUY MUNeAINI UssAngninnisdanisiuniivesdseme
agluszAuAaudei Weosandayan EPI 2020 drsnlduansdansaayideiiuiivl

Aoutvadluseu 5 Vdounas Waeuiulgu
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3) NaUSSUASLUUENSTTAULRILINA DN

[
% (v

AAzUUNTRLAAEAI IR AvgniunAwInsINduasvln Welila

J

ANAZLUUYDIATLE 08 91NTUILONAIUIUIDNU N T UNAALLUUYDIAUTTOUL

Y

A1ndeuuaalsEmANAnE LR

q

AI98 NN ITATUIUAIASIUUY DAYl aY

i olda1azuyyvasunasdad Ta1nnisiidoyalunlasa1doya
T imunzaunazduinlszansnmlnowsoudioutuandanune 91ntud e
ApzuuundvniemAawuuesiuiges TneAazuuuannnsareinn
mlaan

5 (Yoya x wmidnvesdaya)

AIAZUULa IR = 2)

> A9 min
Lﬁaﬁﬁayjamﬂmswﬁ 2 U1ATUIUATATLUUIINAITAMUINT N WUIN

Arllgesinuusnsvessyuuiling dA1Azuuuegf 145.9 + 6 = 24.3 AZUUY

[

A13197 2 F79819A1T0YA ATATUUL KaTAINNUINTNYBIAIY T

[ |

=
Alunvileae

ANUUSNITVRISEUUTLIA

#2%¥n GYGETT Ardasntin | erdayadasimn
Funsgaydeiuiivn 233 5.4 125.8
é’mmiqgg@mﬁuﬁvquﬁﬂ 38.7 0.3 11.6
Funsgnydenuigu 283 0.3 8.5

WA - 6 145.9

FBMImAtAzLuuYeRYltefd1d Y 9 ATATUULYRITRUITTAIALY
YlYU1Y WaLANALLUUTINYBINTTaNTTaULAINa oY 19I5 siuReIfuing

9N9AU
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ANSANNINVUANTTAULARININA DU

n1sdninnvlaussauzdwindaunlddayasnnuilsaululsemealneg
(EPI+)

INNTANYINVRAUTTOULFILINADUNANIUNITIALUAING DL ALAY

wnIneaeladude wudn yadeyanignihunlylunisauindviaussouy

'
Al 1

FwndsutieIsuisunan1saniun1svesussmanig ¢ Malan ddadrinnli

aunsathun i dudiwnunanisaidunisveslsewmalnalalaense Wy Yayan

Y

tanlidudranamaienaisuvionmaieniseinia fiuiuiueasae
wuudraesmandinaans Teyagndaudasdnielidoyasglusunuuniedtnng
Uszifiuidentu teyaiildansmideniegudeyaumnnililideyaiiiutiagdu
dudu dedunisdasi epe Fadudrunid sl azanusouansussdnsaam

A5AIRUNITAUAIndauRsUsEmalnglataung Wy wsag1elsiniy e

[ £

JodniniunsyadeyavesUsenalvedilifinnsifiudeya wieegseninsaniuns

Y

¥ |
v Al

sudsluusdianliaunsathfansnmsawiuiiaidunisnuisnisves EPI
2020 19 F9ladeasulunisidanldrinrzuuuiisenulaeuniingideieanay
wineaelasudevesiadinty 9 Welianunsadnideya EPI+ laegeasutiu

1%
LY

Tnedseazidunnsaen g inauandlumsen 3
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A13199 3 sUnuuRdinnldludviaussausdaundeunlidoyaannuulgauly

Uszwnelneg (EPI+)

EPI 2020
grusunduanndau (Environmental Health)

EPI +

avligaediuamnIwaIniA (Air Quality)

MTIAAUNTSUFUR AR UAL DRI PM,
faTasunssududaomduddy  Tapzwuuiu fisindedinvesdeya

ATIToU DALYs
fdTasunssududainalelou
suilgesduguiiutauazinhu (Sanitation & Drinking Water)
3 3ndnugunAvialivasnds Tdmazuuwdn iesndedrinvestoya

g DALYs

arnunaulivasnsie
futgagnrulanzuin (Heavy Metals)
Tgrmzuuuay esnndedrrinvesdeys

n_)e
=TI

v
Y

Fat Tasnunsuduians i
DALYs
fulitaaaiunsaanisuaads (Waste Management)
Tdfeyavastszmalve ausuuuunis

AT InFUNMIIANITVEYYLTY
AUIUYBY Yale & Columbia 2020

é"mﬂ'a'mauuumjwaﬁzwﬁnﬂ (Ecosystem Vitality)
avtlgasAuAUaINaNIeNINTINLaTAuTIagAY
(Biodiversity & Habitat)

v
o

M Ineun1sUndasdatdvarun
TdtoyavesUsenalng mugduuunis

1%

SAUYR
M Ineun1sUndasdatdvarun

ol

AUIUBY Yale & Columbia 2020

seaulan
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EPI 2020 EPI +

¥ '
v v ¥

FINAUNUNANATEIN LA TdtoyavesUsenalng ausduuunis

“_)E

ANUIUYDY Yale & Columbia 2020

o @

AUFIUUNUTIANATEY

oA vesviiniug TgrmzuuuAn Wesnndedniniily
tAuATELANUS anansaidntegaslunsaueeil
svliiueIduANUaINA1ENINTINMN

TdtoyavesUsenalng auguuuuns

Y ANUIUAINUDY Yale & Columbia 2020

autlgaaaiuuseus (Fisheries)

v Ju v a o ¢ o vy

T IAAUEN LN NUSUUER I Tdtoyavesusenalny auguuuuns
ALLAD ANUIIUDY Yale & Columbia 2020
AYUANNUTUNITAUDIT I UNELE T¥anAzuuLAY Lipsandadininiill

aunsainfegasiunisaulnaAevil
= ¢ o A (% Yy
Wingmudaiugniulagetuan  TddeyavesUsumnelng mugduuunis

AUIYBY Yale & Columbia 2020

sytlgasaunisilasunuasaningilaania (Climate Change)

v
v YV U

W IneusnIINIsUany

€

faansusulneanlys

v
@

0 CONE A NSNS I . Tdtoyavesusenalny suguuuuns

N

v A1UI04UDY Yale & Columbia 2020

Y v v @

AT InAUENIINSUaRY

falunsaeanlen
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EPI 2020 EPI +

Y

A InAUERIIN1SUaRY

mMnguvlglesium

v
v v @

WWinmusnsinsuaseATuaum

€

g
o @

MTINAUDNIINISUADY

fingansueulaeenledainnis TdoyavesUsanalve suguuuunis
wWaguwlamsu AIUYRY Yale & Columbia 2020
A inausnsINsUdes v

' a

NILAINADNANNUNLIATINVBIUTLNA

g
o @

MTInPUFRAIUNSUaRE AT DY
ASLANNBMIUSZIINT
nutldaaniunisuandassuaie (Pollution Emissions)
L :QJ v % 1 (24 U 6
AIPINANUDNIINTUaDENUTALNDS
Ineonlus Tdfeyavesdszmelve auguuuunis
fTTReUSRIINISUdRsfweanles AR Yale & Columbia 2020

Ya3lulnsiau

[ % v

fulgasauNEnINITy (Agriculture)

o

= Y oA v
sviimsdnnislulasiaueddeiu Tdtoyavesusenalne sugduuunis

ANUIYDY Yale & Columbia 2020

futdagfrunsne1nsun (Water Resources)

AT IneunITUNURULEE Tdfeyavastszmalve ausuuuunis

AUIUBY Yale & Columbia 2020
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ANsARTINATNENSTaUz RaIndanluusSunvesusewmdlng (EPI Thailand)

PnmsAnwdiaussausdwandouiisniunislaeumingdewanay
unAnendeladude nuin §ad Taunsiadiivsundldwsnsauiuyssmalng
Immaww%’aaﬁ’ﬁmé’wwﬁaiﬂaﬁhjLﬁaawaiuﬂstmﬂ ﬁamiﬁlﬁmmim%ﬁﬂqm
Tumsfn Teeamelunguenduilong 4 fadu TunmsdaienddTafioliidn
Uiunvesuszmalng Fuluundanssiiunislremsmunadeyaiiudazmiesy
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EPI 2020 / EPI +

EPI Thailand

fvtldasfunisaansvaady (Waste Management)

UT?J ﬂﬂ?ﬂﬂ’l'ﬁﬁ]@ﬂ’]i%ﬁ]u%ﬂﬂm

TsunuuuagIsNMsAIMney Ingld

Toyavasuszwmelng

é’qummaugsaﬁmaeszuuﬁwﬂ (Ecosystem Vitality)

fyilgasauanunaINatensianInLasiuiagande

(Biodiversity & Habitat)

M InauNIsUNUeedndndun

E

a

SEAUYIRA
M InauNIsUNUaedndndun

Aulan

ol
ee

v '
v v o

ARUNUTIANATOIN N

%

q

=T

v

AUNFIUUNUNANATEY

€

suliduenAevesiiniug

€

= 6

AuilAUATRIVTANUS

q

fail 5ummmmwmﬂ‘mmﬂmqmmw

l5unuuuagIsnMsAIuaGy Ingld
JoyarasUszimelng
Ufuradoyailisiuin Tnglideyaiiui
Frflnefidenuddysewinssene
Usudeyafiuiunsesmazialioglu

LY

Y 1 A vy o X Ay
WFJSUFJWIWNWLﬂU'JSUaQﬂuwumﬂmﬂia\j

Qe

PUUAVDIUTENA (VN19UNLAZNILN)

gniann1slideyail Wewindediinves

v

Joyauaznisitniiagnslunisauin

o
s o Ao

Lm/mm@mwm FUAVUSTUNYDIUTEANF

- friindunsussdudseAnB amitu
ANATOY

- friindudnduvasiuiifuasesde
fufivesusene

- fhitadusnulssrnsvessiianig

e v
Nlndgeyiug

]

TasansdnvinsvianssousdaindouvasUsemalng

19
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EPI 2020 / EPI + EPI Thailand
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EPI 2020 / EPI + EPI Thailand
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AYULDYATUNTTNBATNTIU (Agriculture)
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AT Tmngausuus e sma

- grytinnusiunsguii
@J’ﬁaoﬁ’%ﬁammuzﬁ'mmé’auLa'uﬁy%ﬂa'nﬁq N159AYNATHANTTOUL
danndenluinguszasdifeulouts (Policy Objectives) Anusunsiodwindon
(Environmental Health) slud1uvesdsdanssnugd wandendilddoyanin
wirsululszmelng (EPIH) waznisdnaadaussausdwndouluviunves
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Y ¢ a Y v o v
?ﬂﬁlﬂi%ﬂﬁ\‘lﬂL‘lNﬂIﬂU"l‘c’l ATUDUINYAILLINE DU

(Environmental Health)

Y 'Y

yllgaenuANNINEINA (Air Quality)

1. fvdldasfunnninenia (Air Quality)

wafiyn1eenaneiianelukazntguena1Ais (Indoor and outdoor
air pollution) 1 unalsifgunineInes 19 sdan Tz NUA DE VA INVDINY BE

PMNAAaVVRIBIANITEUNTELAN (World Health Organization: WHO) lausganeu

ANSINUINNINSBEAY 90 Guaqmmmﬂaﬂﬁmmmﬁaagﬂuﬁwﬁﬁﬂmmwmmmﬁ’w

q

v

N115AUNUTNINTZIUAMAINDINTA AYTausTaurdninden (Environmental

¥

Performance Index: EPI) ¥ w.a. 2563 (A.A. 2020) lanwunddindwmsuduiees
ANINOINIATUAIN T T AU USAUTENINUMEIVRINTTAALATENIINA WAL

UTZLNNUBINAN YN 1981NAT A INaA BAVNINVDIN U WETIUTENOUAE 3 AITTA

(Y (Y] (9

laun drinn1ssuduiad uazeas PM,s (PM, s Exposure: PMD) #3%3nn155u

(YY)

wiademasdduaduiou (Household solid fuels: HAD) wazdadiinnnsSuduis
finglalau (Ozone Exposure: OZD) §9913 3 @27 AU N 19NN INS ULUaLaE
wnineaeladudelarivualild Adguanieigade (Disability-adjusted life

year: DALYs) #aUs41n5 100,000 A LT udunuvesnvidniselsa (Burden of
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disease: BOD) duifuindostineugyidonsqunmvesuszsins lasasounqu
ﬁgamquglﬁmmmima Msidutae wazmnuiingg suiiloswnainnisdududa
uaiwiy 9 melalasadreves Comprehensive Risk Assessment (CRA) §381984
MnnsAnwnnselsaalan (Global Burden of Disease: GBD) uarUsgiiiudnaiy
vosthsuariideTinlunsaslsnduiennanmsivduianativ Inofidnuuznns

ANUILEAIAIENNTT (3)

DALYs = YLL + YLD (3)
el
DALYs = Uguaneiigayide
YLL = ﬂﬁq \@ya1nn1smnenewisuaT
Fauszaduldann N x L
do N = Sunudidedinelse
L = megmmaﬁ"aiwmq (Age-specific life expectancy)
YLD :?JﬁqqﬁaLﬁaamﬂmstﬁuﬂwﬁaﬁmi
Fauszaulénnn 1 x DW x L
do 1 = gUinisaiveslsaludaanailanaini
DW = fdasinniinuesnnizunnsomnaguam

L = 5288138108041 ILUNNTBINIGUATN
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[ 'Y

YUGBYANUALNININA

L4 %4

INAMUNMITUAUAAEUAZDDI PM, 5

(PM, s Exposure)

o [

1.1 ¥ InAuNsSuduRaUazaas PM, s (PM, 5 Exposure)

v
[ LY

N13UsELluAiITInNsSududas uaz0ae PM, s (PM, 5 Exposure: PMD)
TngumIngnaewalazumIngtaelaauiielavinnisusziluman DALYs a1nlsa
$19 9 ﬁLﬁmﬁﬁumﬂ{]ﬁaL?iadsuaaﬂﬂi%’uﬁuﬁaﬂuaxaaa PM,s 017 1saiiieniuniaon
Fonila (Cardiovascular diseases) lsaiignfiussuunufumela (Respiratory
diseases) uag lsaligafuszuvanes udu wazUszidudndiuvosUiouas
Q’Lﬁaﬁmiuuﬁiaziiﬂé’mﬁmmmﬂms%’uﬁuﬁaB!uazaaa PM, s lagltuuudnass
NNENH iuﬁaumaqmiﬂimﬁuizﬁ’waqﬂﬁaL?ﬁlmﬁuaamsé’uﬁas!uasaaﬂ PM, s
(Risk exposure) ﬁazda‘iﬁﬁmimﬁguﬂizLﬁumﬂmmmﬁmﬁuﬁuaqc!uazaaq PM,
s195ued sa od (Annual average daily exposure to PM,s) 1 Biﬁﬁlﬁﬁayjaﬂﬁﬂ
Ang1eAigy (Satellite data) Sauiuteyann1sd1siaseeglng (Remote
sensing) 91Nt uTsi1doya DALYs O w.e. 2562 (A.f. 2019) w¥in15UTUA
(Transformation) TngldA1aan3fiug usssud (n) Wigufuenil 1 percentile
(best) waze7i 99 percentile (worst) € 1 sz uAzuuLvId N6, 2562

(m.A. 2019) i 41.1 AZLUY
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ﬁ"r?';"‘i'ﬂﬁ"lunﬁ%'ué’m‘i’asluazam PM, s (PM, s Exposure) U84 %l
aussauzdandeuitlddoyaanmissnuluuszmalne (EPI+)

nmsAnwnunlulsemdalveiinisfnwuaziseileuisnsuszunaen
DALYs unldlunisfineinisslsauarnisuimduresssansinensausned s
U .. 2542 (A.A. 1999) wazdnviann 9 5T (W.e. 2542 w.A. 2547 .. 2552
w.A. 2554 uay w.a. 2557) Wielfidudeyalunsussifiuanzaunmuszanging
wardnanduanudrdguedlsadinsuldlunisiaunuiiladgmansisaguves
Uszwa Tun159avin DALYs Tul w.a. 2552 - 2557 (A.¢. 2009 - 2014) TN
nsaundrianszmsauamionsiaunleus ddnnuiauuleuegunim
stwiadsema? Tudunsinunselsasng q 910 14 Jadeideestszansing
Tnoidunisusrnaanuduiusseninatadeidsarisalagldudnnisves
Population Attributable Fraction (PAF) @ s uni1sussidudndiunisanatves
Asglsad asedudadeid seludszvinsanasdasedud WS suLi oy
(Counterfactual distribution) dw3unislutiadaidsavesuszynsing Ao A
\desanduazesdluainea lifisziu 15 llasniusiegnuiaiiumsduiuduazons
PM,, wazldfisziu 7.5 LulasnsudegnuiAfunsd s Ul uazead PMys fiflasie
Tsansfaidomadumeladinds lsamsdndenafumeladiuuy lsaydunans
dniav Tsevilannidon lsanaenidenaues Tsansdniaure wila lsalengaiu
Fa%s Tsaitn Isasvuumadiumeladesidu q lsaudeen wazlsnuziSmaonay
wanmsAned wud SSuudidedinanmsduiauaresdueiniad 7,193

518 (wUndumeaye 4,101 578 wands 3,089 518) agluddunl 10 Ainelviin

Hidedinuniian a1n 14 Jadedes lagdl A1 DALYs 91 84,120 Yaun1ie dmsu
! Burden of Disease Thailand, aAaniiuan — Burden of Di hai.n

2 BOD-Thailand, :1esumsisaandadeidssvesszansine wa. 2557
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http://bodthai.net/%e0%b8%84%e0%b8%a7%e0%b8%b2%e0%b8%a1%e0%b9%80%e0%b8%9b%e0%b9%87%e0%b8%99%e0%b8%a1%e0%b8%b2/

WAYIE waz 45,820 Jguanizdmsumandgs wioAndudnsn 2.6 souszyns
1,000 AU hay 1.4 sioUszyIng 1,000 AU @NTULWATIE LAZINARQN ANE1AU
idlerUFeuifisuan DALYs funanis@nwives Institute for Health Metrics
and Evaluation (IHME) @siin1s@nunidennszlanszdulan vemnuszimasiud
Uszialne Tngssaudnnufidedinsuidownannsdudaluazoaslueinia
(Ambient particulate matter pollution) a4 U w./. 2557 (A.A. 2014) fiszany
21,222 - 32,658 518 (26,828 518) 1nelien DALYs i 388,662 - 590,056 Daw
N1 (486,528 Yaun1ig) & mSuLneAvIY way 218,636 - 348,190 Yavanie
(285,389 Vguanz)? dvduwmemdls Fsan DALYs fildganind1il BOD - Thailand

=2

AnwildaeaUsvana 6.7 wih waifunaunansiuiusenislsaitiansaniiunndng
fu wazapudssduimsvestiadoides (relative risk) TlAlunsUssufiunnsng
fu frfudsldidenldan DALYs 99nnnsAnwe LM IneIdeLeanazumanende
Tnduids §so1dg1udoyaves Institute for Health Metrics and Evaluation
(IHME) ﬁﬂimﬁumﬁa%”a’mﬂﬁ%’ué’uﬁar:!uazaaa PM, s Tl w.A. 2562 (A.A. 2019)
ogl 41.1 azuuu 1lesarnuniinisiiausdmauny (proxy) azviliiAnadny

eauuvesdayags

M13199 5 YeyauarAnzuuuYesinTIansTuduialuazeas PM,,

v . . AT /

EPI yadoyanly uvasvesaya / v | |
Uvasuaya

EPI 2020 |DALYs Institute for Health 41.1
Metrics and Evaluation (p.A. 2019)

EPI+ DALYs Institute for Health 41.1
Metrics and Evaluation (p.A. 2019)

® GBD Results Tool | GHDx (healthdata.or:
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https://ghdx.healthdata.org/gbd-results-tool

[ 'Y

YUGBYANUALNININA

L4 [ 4

FIARIUNTITSUTURELTDINE s luas S au
(Household Solid Fuels)

o [

1.2 faf1uNsSuduREawasdalua$Sau (Household Solid Fuels)

M3UsENoUIMS 3o N139eRu (Cooking) luAanssuluasuSeufanssy
wilsfineliiAnuafiunsoinialunaniaiou andeyavesesdniseusiolan
(World Health Organization: WHO) wisUsstnvwaadeindsiildluanssunmsng
diandu 2 ngundn 1dud 1) Weindsazenn e uia i Hudu wee 2) Weund

AoliAnuaiiy 017 1 Wy dw ddufing Judu ngudewmdwdsdoduiemnas

=D

néndineliAnuaiivnsendluthudeusnniian Anssumsueiulagldidoimas
winduRanssuinelsiiind uazeasuuiasiag o (Particulate matters) lutu
suLl paunannszuruniswnludi luanysal waguszdnsanvoanniild
Usgnaunsnady uaftwnelutuiiind udmwalaenssoguninvesanidnlu
ASITOU

Tumsuszduaiad Tansléidemdwdsduaiadeu (Household solid
fuels: HAD) Wu uminedoiwanavuninendeladuideldviinisussidumen
DALYs 21n15A6I8 9 AAnTuanadeanmssududauafivmeenidlunsibey
finnnsiduazmninditemawddunsaudou souszwins 100,000 au Tned
n15UsE T UANLE 89910030154 AlsARNINNTEUSS Comprehensive Risk

Y (%

Assessment (CRA) wuligniu fdinnssuduiacuazans PM, s wazfiadinn1ssu

[

NaN9lelew T99198991nN15AN®IVBY Global Burden of Disease (GBD) lng
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TayauSuamssududatemdwddduasisouldannsdrsalulszmeind

(%

drdrurensldidendatadudomdmdnluaiatou Jedaya DALYs 9InNn1535u

v
[ 5]

Fudadomauddunsisouressemelng m D aa. 2019 (WA, 2562) ogil
240.54 si9 100,000 AU 18111 IN15U5UAN (transformation) Tneldrnanni3iiy
§IUSTTUTA () T 9r 7l 1% percentile (best) 987 -0.1704 waza 17 991"
percentile (worst) 887 9.267 lagszAunzuuLvesUszInAlnefaviify 40.1

AU

F28 Yadrunsiududad st dluadadeu (Household Solid
Fuels) vasfuiiaussauzdawandouitlidoyannmisssniluuszmelng (EPI+)
31nn135uTINdeyanudttulseimalvedsladnisussifiuniselsa
suilonnannsfududanafivnmeeiniannnisldidemanddundidou duy
F9ledenldan DALYs vosuminendesanazuniinendeladude T aende
§7UYeYAY0Y Institute for Health Metrics and Evaluation (IHME) AUszIduA

v v
@ [ - Y] =] a

1 < v | al = ~
@'JSU'Jﬂﬂ’ﬁi‘UﬁlINaL%aLWﬁQLLTQIuﬂi?L?@U@q% 40.1 AZLLUU LUBIAINKINUNIT

WauadAmauny (proxy) agvibiiinaudesunvesteyags

15199 6 %@%auaxﬁ’]ﬂxLLuu%@ﬂﬁ’J%i@mi%’UﬁﬂJﬁaL‘?jaLW@QLL‘ﬁ\ﬂ‘Hﬂ%”JL%’e]‘u

o dnw . Y . ATLUU /

EPI yadoyanly uvasvesaya / v | |
Uvasvuaya

EPI 2020 | DALYs Institute for Health 40.1
Metrics and Evaluation (p.A. 2019)

EPI+ DALYs Institute for Health 40.1
Metrics and Evaluation (P.A. 2019)
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%4

YGDYATUAMAINDINA

L4 %4

2FINAUNTITSUSURAN D U

(Ozone Exposure

o [

1.3 fa¥dnnnunssudunanialolaw (Ozone Exposure)

nsUsziluA1619 Tan1ssududalalyu (Ozone Exposure: OZD)

a

uvAnedoiauazaminedsladudeldldadauaneiayde suidewnan
nssuduiainalelauuuniaiuiu nietulnsinailes (ground level ozone
pollution) #aUsew1nT 100,000 AL wazfinseunsUszfiuandad Sauiieatuns
UizLﬁumé’fw‘ﬁyﬁmﬂﬁﬁ’mﬁas!uazaaq PM, Larfdanssududasmdwddu
af3ou Tngnsusvdiunselsaiitiniuannissududiafelelau o1 innns
S¥ALLARIABTEUUMNAUIMETY N1TYIIUTRIUaRanas N13ASUTRILSANOUHAR
wavazifeden anulinenising emasumels udy & swUszifiuseu
Audsson1siialsasuiiloanainnissuduiafnalelow aulasiasiaves
Comprehensive risk assessment (CRA) lng81989311015A nw1v09 Global
Burden of Disease (GBD) wazUsziilussaua11uld sevasnisduianigloloy
nA1AITudusIetluagaganugg navesfiiuleleu (Seasonal hourly
maximum ozone concentration: 3 months period) 1 ﬂi%ﬁagammﬂﬂwdw
A1igY (Satellite data) $9uAUToYAIINN1IH159a588Elna (Remote sensing)
mmfu?iww’faga DALYs 91An15A N84 Institute for Health Metrics and

Evaluation (IHME) .61, 2562 (A./. 2019) 11%i1n15USUAN (Transformation) tae/la
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A188N1TNUFIUTTTUYIA (In) WisudAuaTT 1% percentile (best) wazai 99"

percentile (worst) FelaszAUAZLULA 39.8 AZLLUL

1%
v A

MFIncuNssuduRaiteglelau (Ozone Exposure) UaIsutanssous
danndenilideyannmiesniludsemelng EP+)
31nnN1ITuTINdeyanuittulssimalnedelufinnsusuidunselsa
suifeamnannisivdudafieleloy waziidegseninsnsfnwimuunuiiy
Msiaudednseniaguanii ensiauiuleuts (BOD Thailand) anglé

d1unaunauIulguIsavaInsenI1eUsenea (Intemnational Health Policy

o
v =2

Program, IHPP) N5¢539a1571504a Aeuuisladenldmn DALYs annnisAnuves
wIneRelwakazavIngaelaaule NUsslluAIan sduraialelay Tud
W.A. 2562 (A.f. 2019) 0N 39.8 Azlu LTBIINMINTNITUNAUBAIMALNY

(proxy) agviliiinaussunvestayags

M13199 7 deyauazAnzuuuvesniansSududaiivleloy

v e . . . ATWUU /

EPI yadoyanly unasvesaya / v | |
Uvasvuaya

EPI 2020 | DALYs Institute for Health 39.8
Metrics and Evaluation (p.A. 2019)

EPI+ DALYs Institute for Health 39.8
Metrics and Evaluation (p.A. 2019)
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v

AuiltagnTuAMININDINTA

LUINIINITIANIAVUEUTTOULFILINADY

TuuSunveslszmdalng

1.4 LUINIINITIANIA TR ANTTOULE awInaanluuSunvaslsewmelng (EPI
Thailand)

N13518UAIATLUNVEY EPI 2020 IINNSANYIVBINMNING IS BIEAUAL
uvinendeladudedslimaunns gaydadushumilunsussfiussfuaziuy
vouailudviidesdunmnneinia egislsfinudietesiinvesioya DALYs
vesUszinelng wazUszmalneeysznitanisdnuiniselsaandadoidvsdy
AandouuazanAvia maunuunsiaLdvinsEngumian RN
wlgung (BOD Thailand) neladdnauimuiuleuigguainseninelseine
(International Health Policy Program, IHPP) N3&792981571 56048 ﬁﬂﬁ?ﬂumﬁﬂm
isaueuumenislideyaiiimumnyautuuiunesussmdlne uazasiiou
T ufssuueen1sfududa wagseduanusuussiiiad usequaimn
punsUszsdudes DALYs Tnedufidoafuannineinia Usznoude 3 fdin
wariineasiBondeil

1) ﬁq%“ﬂﬁﬂumﬁuﬁuﬁas’guasam PM, s

msfuduiaduazens PM,s lasmsliteya Anadensfuduiaduazess
PM, 5 Sﬁqﬁﬂmmb’fmmm'}wﬂ’u%’wmslluazaaa PM, s ladss18Ta29u mindae

Tuulszynsidleniasududaduazeas PM,; (Population-weighted average)
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wanInsaunis (4) meldauufgnuninvssanslununilenalasuduiad uazeos
PM, 5 ludSunauiiiindu vistivSunar unusesnsaglasududaiuuusiunuany

WinduvesUSunaruazes PM,s Tuduusseniennsiaiale

_ X3T(PM2.557xPOPsT)
X = STn
z:ST1 POPgT

Tnei
X = ﬂ'uaﬁlﬂmﬁué’uﬁaﬁluazam PM, 51908290 M nd 8T
Usgang (WA.n/au.a.)
PM2.5¢r = A1AULUNTUYBI] UAEDBI PMys wassedinsratalaluudas

d011n5997m (WA.n./avu.al.)

o
g =]

POPsr = 91U UsE91nTsealunuivnawesaningain

STn

= Y P ~ N PVl
anfinsavinaun e nAn 1 89 @aa1ili n NinsesITaduazees
PM,5
g oo . . . :
T ud1A a8 en1TSUF U AR uazess PMys 1191 1suUasan
(Transformation) LuAvesRwdlyin suduinusidainanineiniadaaunisi
(5) N8B eUAFYHAMNNINDINIAYDINTUAIVANNANY (1151971 8) T vualu

[

v o Aa Y = o o °
ﬁ']ﬂmu@mﬂ']‘waﬁlﬂ']ﬁﬂmﬂfu‘m’]ﬂu 0 AMINNTY Uﬂ'ﬁiuaumaﬁ!uagﬁaaq PM, s 811

[

(Best) lumsnaufiuaaviinanimeinianiiavindu 200 wansdieseAunsTududa

Huayend PMy,s g9 (Worst)
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[= 225X —X) +]1, 5)

Xj—Xi
Tnei
/ = Awrdnsfududanuazens PM,s
X = ﬁua?{ﬁmi%’ué’mﬁaﬂwﬁuazam PM, sre¥asimiingres o
Uszuns (WA.n./au.u.)
X, X, = #engn - ANgeanuesduarens PM,s & Baenuiduduiiuazens

PM, s ifiAn X (uA.n./au.al.)

Sl = A191En - ANgegaTee AQl a FANIdLTUR YR PM, s MdlAN X

o i v v | = |
19190 8 mﬂ’nw,"uwuwuaﬂﬁguaxam PM, 5 LV]EJULVl']ﬂUﬂ']ﬂGUu@iUﬂ']W@']ﬂ']ﬂ

ARYLAMAINAINTA AU TUVRIHUAZRRY PM, ;s \ady 24 vy,
(AQI) (lulasn3u/au.a.)

0-25 0-25

26-50 26-37

51-100 38-50

101-200 51-90

11nA71 200 91 Uy

11 NFUAIUANLATY (2565)

v
v

2) fFdadunssudularanaswdsluadaisau

'
=

INNTANIVBININERewawazNIne1delaaudedaldrlguniie

Migeysde M3l Ao DALYs Wusudsiagvieuliviu 2 fifdouriu nanifie avvieu

[ ¥
(Y a = 1

NeluAveaUTuveINTTUAUNE wWasIEAUANNTULIITAATURDFUNINVDIAY

NNTSUFUEE F9UTUNISHEUBLUINIINISIANIAITIAAIUNTSUF U AT DINAS
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[

wialupsasaud msu EPI Thailand 39Usesiiuskemdu 2 A7 lawn ARvoI9 11U
ASHSaunilon1alunsSUFUENaR ¥N1991NAS UL BINNINNNTIY W oL nAIwTa

meluilegedy waziiivesseiunnuduvesaiivnivenianaiiiseuilleniasu

1

{und lneilsieazideneall

(1) ARveIIUIUAsASauNilan1dSuFuRdNaNeN19aIn1dn1e TN g

Y
ORlLG)

a

nsUsE LUl At Wun1stiaswuumtTan udndi1uv9Ins s oun il

% G

v & a A a v oA o v & a 3
ﬂ’]{LSULGU'@L‘WﬁQLLsUQIUﬂ”ITWQWN 1"38UTLNBUDINIT IﬂﬂLﬂJaNﬂi'ﬂLiaumlsﬁLﬁaLW@QLL"UQ

q

[ Y a

wndenelifAnlenmaiazldSududauaiuniseineun unazdssdunisduia
ATULRTRIaTivsINATiART Wluthy Tussdufiuandreiu Tunsfinud
$1u8sdayadosaraiifouduunnulspanvontomdmdni liussnavoims
vosdtinnuaiawis@ nelalasinisdrsianislanasnuresnsisou lnonela
Tnsams4 dinqussasdii odnaustoyaiioatunisldndanu uaganldane
W gadestunisldndsaulunsasou aensuiuanudesnisaosdiineu

v

AuzNsIHNsUlounendsuuiend Susulidudaualsenaun1sIauNLLaY

Y

AUAULEUIEAIUNTIENAI91UVRIUTENA TaetSuTin1sdnsI9nawml w.A. 2549

| Y 1

wazdavimn 2 3 lagvinisiiusiuniudeyaniussideuifdudiegnawuy 2 1u

(Stratified two stage sampling) AMUANWULNITUNATEY (LUALNAUIA/UDNLUA
= ao o A N2 v o A

wAua) Bellduiuaiiseuniiuteyasiu 56,000 ATITeU
Tayadiunilieainn1sdInsidndanuaiuiou lid15adssnnves

Womdldusznovemmsluaiaisou lnsudsUseianveadiomdndu 2 nqundn

LouA ndudeimdsazenn sudsenaume uia uazlnih uaznduideundsnnelviin

waiy duusenounie 1/Mu a1 wagdndufiin waainnisdrsranudn Tul we.

2562 (.71 2019) latayaseuazuatniniou TwuUnNaUUTEANYR T DLNG ITilY
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UENBUDINIT AaAIlUAITIN 9 TUNISAINUARIT TALN 9FLT DUDI91UIU
asuseunilenmasududauaiuniveinianigluiegende Wasann feuazvas
o aa 1 a < ¥ ' )
assaundnsidwamaands (Id/4u wazanw) Tunisusenauainisiasnuau
A3 UNIUANENISUSENBUDINNS TRenTUALAS08aL YIRS DUNITLT DLNAY
wiaisesaz 100 azlaseauAzuL 0 (Worst) (F10IUASS UN IH DLWA TN
MNeonasvdudauafivniaoiniaannianssuluasiseuunn) waslunisnauiuy o1

'%IE]EJaWUE]\m%J’JL%E]uﬁi“i’jjl,%aL‘WSQLL%QE]EJVWE]EJZ% 0 azlaszauAzuy 100 (Best) 1ng

BUINSIUNITUSEAIY WAAIAIFNNTS

A15197 9 SPYATVRIASITDUILUNAUUTLLANVBUTDNAINANNITUTLNBUDINIT

110 w.e. 2562 (.. 2019)

Ussnnveadiomdmaniilduszneusnmnsluniitou (evazvssniaiew)
\Fandsazann \WamndefinaliAnuais g

wfis Tl i/ a1y dndfufne | ananedu
70.2 4.1 7.9 7.0 0.2 10.6

: Teyad1sranislandsnuvesninseul wa. 2562 (a.f. 2019) (Friinauens

LIASUNR)
> x
I = (2=2=214) % 100 (6)
. Y Xq
Tnen
/ = $osazvoind S ouninsldibondawdslunisusznauainisee

PUIUATITOUNINUANTNTUTENOUDINIS
X, ooy = 308a8UR91UATIS ouNUSTnaue s Il g dainaauds (l7/Au

LATHIU)
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X, = 3egazvesdnuiunsiseunuseneuarmsiagldidemdalseian a
a = Yszinnvaudamasnasuseuldlunisusenovens lawn wis

sfuing L/Munazauy

(2) fifvasszhuanuduvaswaisnanafinddoudlentasuduia

nsUssduludfssiuanuduvesuaivniseiniadasuieudlonia
sududa Wumsliazuuuid famuusuinanisididomawd dundadou e
Ustnansldidemandann avdemaldsrsuanuduvesnissududanaivnig
pmAdiAntudae lunsinunidsdedeyagasnmmndsnurossamalneves
nsuUINEINuMALMURaE oy SRS famsnedl 10 FdlideyaadAvesnsly
Wﬁﬂﬂﬂu%quﬁwluﬂEJL%E]LW@Q Tuunmy 7 Useannanssy Usenausie Aanssuy
A1ANISINEAT AINTTUNIAMTDILT AINTIURAAINNTTUNITNER AINTIUNTT
neaie Aanssudiuegerdy Aanssuium uagianssuniavuds lneiiveyasied

maiilaannd

A15199 10 YSuraunslandeauduanine luaiansaseu U w.e. 2562 (a.a.

(% (%

2019) (Uhuegenfe Largsnasium) Tuunauuszinnidaings (ktoe)

Traditional renewable energy
Petroleum -
% . |Coal & its|Petroleum Rl ER
LYBDLNEY products | Electricity | . Y
products | (Methane) fu | a1 | wnau | Tdvns
(LPG)
ATILNYAT
tuegende - - 1,905 4,209
- 2,404 | 1,040 | 253 1,360
CEQRIARETZN - 1 576 6,260

117: 9189UNaEN AN UTIUTEWALE T w.a. 2562 (A.A. 2019) (NSUWRW

N UNAUNULAZYSNENGIW)
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Mnadfnslindsnutugaievesianssudiusgende wasRanssuiudn
1T w.e. 2562 (A.A. 2019) Fauanslupsneit 10 Aanssundnditindu Ao Aanssy
nsnay definisldidomdmdney 2 nquldun ndudemasig LPG uay
naudainAads (u/dw/unau/Sanuwdolinisninnuns) ludruwesnslali
Tunfr3eudwlvglidmivinguszasdduuoniviloninnisvsdu 017 uasadng
gunsallidin Wusu nsldliiuiensvsdiudsnaifludndniidosunidlefisuiy
Womndwssandu wailidewmdwdsdedudemadineldiAnuafivnisonnie
FININAUATODI PMy, Uag PMys LauIn drudomndafny LPG Aotfudomas
avorndilnolfiAnuaiy lunisiivunfad e oasioudsrnud uvesadiv
mssmefiasaudeuilonaldSududa RansanandadrudBanandsnuiildain
mslddamaad dlunisusznavenms (usmirewufufisuwindsiuiu wie
kilotonnes of oil equivalent: ktoe) AauSanamdssudildarnnsldidonas
nnUszani an1sUsEnavemng tnsimunlidndauvesnisldidomaauds
AnoldAnuaiuiensldidemasazorniudosay 0 axldszduazuuuiy 100
AzLUL (Best) (Szauaudiuvesnisifinuafivnisoinas lumendusuddndon
voanslidomandaiinoliiiauaiwiludosas 100 avldsydunziuy 0 AvLUY

(Worst)) Tnedlkuamislunsuseiiu hansnaaunisi (7)

[ = (& E;Z"f::;:“d) x 100 ™

Tnen
o | a o Ay v v & a <
I = #Ad1UUSUIUNFIIUN A ININNTT LT DL NEIWTILUNNT
Usznaua s (uniienuduiieuinundufu 38 ktoe)
| a o AV v v & a =
saUsuanasuilaannsldgemdmnussianiiions

Usenaus1msg
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Energy, g = USinamdsanuiilaannmstdidemaaundadunisusenauenms
1% 1 1 g o & } % Oe
o A a1 wnau wae Jaguideldvnanmsinens (ktoe)
Energy, = Usuaumdsuilaannnisld@emdmnussiami ons
Jsgnaus1ms (ktoe)
a = Usztamaeadiaindesnasnsauldlunisusenauenns tawn

wiid LPG Wl 61U unay wagianmaeldninisnuns

¥
v Av Y v v W ey

3) addaaunIsTuduNaialalyuy

sunsududainalelou Tnenslideyadnadonsiuduiafinelelou
Formualldanemududuvesieloleu (8 $alus) wdeseTdinhmingaesuu
Uszensiidlenmasududatialelou (Population-weighted average) fsaunsil
(8) neldaunfgiuiiisevuluiiuiiflenaldududatisloleuluuinmi

WAy M98 USuad 1w lelaunuss v ulas UF LA AU uwUSH UM LA LTUYDY

Usunauinalelauinsiainlalussauniaiumy

STn
__ X311(035TXPOPST)
X = STn (8)
2311 POPsT
Tnen
X = Aaen1ssudunan1glaleus1eU 98 1M nA 181U
U591ns (UA.N./au.4.)
Ossr = ANANUNTUYasnglelouedss1elinsiadnlalulsavanndd

M59939 (UA.N./aU.4.)

[
o =]

POPs = 9uauUse9nssnealunuinaswesaningiain
STn = anilesainaunmeIniai 1 89 aanilil n Nin1snsIvdaing

Tolau
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'
o 1 a v e

PMNUUTIARRENSSUdURAN g lalauvinIswlasan (Transformation)

= o «:1' a i

= ] o ado o 1Y) ¢ o g
LUUANYBIATUTIALNIUN UL UNATURAUATNDINIAAIANNITN (9) ND19DIRUA

9

AYlAMAINDINIAYBINTUATUANNATY AIn19197 11 Iaeivualvadvidamnin

DMANTAYINAU 0 kanIDIsEauNIsSUFUEanglalaum (Best) Tunendunuan

(%

wilgaunmenianiawindu 200 wansisszaunisiududaniiglelaugs (Worst)

I=%(X—XJ+IL- )

1ne?

/ Arvrinissunnelelau

X ANAA gNSTUAURNAN19laleus 18T 039U 1 MU NA 18T 1UIU

Uszrng (@ruluiududiu: ppb)

X, X, = fegn - Agsgavesialeleu a Frsmnuituduineleleuns
A1 X (@uluiududn: ppb)
bl = d1hae - Angeanves AQl & Brsnnadidiufnalelauiiiien X

i»

j

M13197 11 Aranududuresinglolsuiiguiniuaisviinanineinie

. 4 Aanududuves O, 1nde 8 vy,
YUAMAINDINIA (AQI) , o w
(daulunuaruday, ppb)
0-25 0-35
26-50 36-50
51-100 51-70
101-200 71-120
111131 200 121 Y

141 NFUAIUANLATY (2565)
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A13199 12 asunmsldveyaiiieruinAInzwuy EPl Thailand vesrvigossiiu

@mm‘wmmﬂ
EPI 2020 EPI+ EPI Thailand
% Innsududaduazans PM, s ﬁa%ﬁhnw%’ué’uﬁaﬁguazam PM,5
yndoya  DALYs DALYs 1. AAnududureduaze PMys
Wdy 26 Ty, eanEnTvn (ade
518%)
2. $ruauuszeng sewndineEand
73290
Lma’ﬁaya Institute for Health Institute for Health 1. ﬂsmmuauuaﬁw
/178971 | Metrics and Evaluation | Metrics and Evaluation | 2. nsun1sunases
FrdSanssuduiatomaudduaiaiteu FrdSanssuduiadondauds
TumsaSau
yadoya  DALYs DALYs 1. Sevazvosndiouiidnasly

Weomdwddumsusznauems
2. USsunamdanuildannnisld

Wawmdauwdaiienisusenaua1ms

° o a

Ama’ﬁaya Institute for Health Institute for Health 1. dlnuatALeY@

1y

/miag97u  Metrics and Evaluation |Metrics and Evaluation | 2. NSunaanumaunuuwazausng

NAIIU
o Ho v v v e o o v o W e
2WIn1ssusuRaRnlalyy ATINISSUFURER19 o lay
ymveya  DALYs DALYs 1. enanududuvesinlelyy ey

8 vy, edeingain (adesed)
2. $ruauuszens sewndineaant
A0

Lli/iﬁ'dﬁia%lﬁ Institute for Health Institute for Health 1. ﬂﬁumuquuaﬁw

/¥ae71 | Metrics and Evaluation | Metrics and Evaluation | 2. nsun1sUnased
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arllgasnuguIAuIaLasnny

(Sanitation and Drinking Water)

'
=

2. Avlldesduguiiunauazunfu (Sanitation and Drinking Water)

mif{'fmmi?jmﬁmaLLazﬁﬂ?{uaﬂNUaaﬂﬁ&J Hududdniatuaylui
A151504GY LaENIRAIa8 98U 91ndeyauas WHO 1sarudnluialanty
UsensUszana 800 druaulsiaunsndrfainfiuarenn warUssana 2,000 &y
auldannsadnfsguiviafignaednuasld® nsuilaadduiliazenn uas
guounfeliifneliAnlsamng q 017 lsAviessas (Diarhea) Tsaldsnanaitios wie
Tnwesd (Typhoid) uaglsmefininnlsa (Cholera) Wudu duflaussouzdsuindau

(Environmental Performance Index: EP) U w.@. 2563 (A.#. 2020) L@ n1%un

v
v Ao

AdTadmiuavilgagruguidvianard1A uann1saanuT g Ulsuay

a

dedinannisiasunsandvianlignavdnuae waznisuslaadinulilazein

e

Tnertsuadu 2 fP¥aldun quAviailivasade (Unsafe sanitation) wagiinu

filaivaonsts (Unsafe drinking water) uaziinsuszifiulagldmlavanzigande

(Disability-adjusted life year: DALYs) fiausesnns 100,000 A tHufuwnuvaadeil

n13213A (Burden of disease: BOD) Gaduins oedinainugaidenivguninues

' ¥

Useuns Wuweiuiudvilgesmuamninenie lagavilgesnuguidviaiay

v oo ¥
A A =

U1RUIS18a2LDYAUBIRAT TN Aall

* UNICEF & WHO 2019
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YUgpgAUAYIAUIALAZUNAY

9

(%4

dy 1'% a 1 o/
2% ugUIAUIaliUaanny

9

(Unsafe Sanitation)

Y

2.1 AInsugvIiuialivasnne (Unsafe Sanitation)

9

auifuianlivaensds nielugnavdnwae (Unsafe Sanitation: USD)
nneis Msldveainlifissuvarsisyulaaiisane wievenilifissuuuny
dwfnaedagnguanvae  lumsussdiuadddnguiauianlidgnavdnuaeiy

UMIINYIFLLEaLarunIINeNdglaa L lela nnuali g a vt n15elsa v el

=

A4UNNE EjQJ,LaEJ (Disability - adjusted life year: DALYs) viail Institute for Health
Metrics and Evaluation (IHME) L# %1013 nwiarselsaduid esunainnasld
auAviailignaudnuazues 195 Useina sevinad w.e. 2533 - 2562 (A.A. 1990
- 2019) Tngvinsuszifiunnuidssduning (Relative risk) uazsefuANLIADITRS
nsiialsa 3 1sa 9191 lsarieesas lsaldsinatades uaglsaldwisilnnesd
fudennanmsiigueuieiilivasnds Tasordemsifutoyanamdnnismeass
wuuduuwuuiinguaiuay (Randomized control trial) %uﬂugmwumimaaﬂmq
Inemaniuuuniidmivanuddomeiunisunmg Tasededeyaainnisdisng
AfuTou Tayaduzlulszyins Yoyanuiien sIuAuYeyadnn1IdefIg 9
mﬂﬁ?uﬁqm%’ayja DALYs 999 Institute for Health Metrics and Evaluation (IHME)
W.A. 2562 (A.A. 2019) Wv1A15UTUA (Transformation) lagldaaenis iy

§1Us55U¥1A (In) wWFguweudua1a 1% percentile (best) wazA19 99"

percentile (worst) FelaseAuAzIUL 75.8 ATLUL
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¥ iaduguivialivasads (Unsafe Sanitation) vasdvfiaussnus
dandeuillddayaanuicsnluuszmelng (EPI+)

NNNSANE wagsiuTndeyanuiUsendlnedslifinisyssiuniselse
suieswnannisquidviaiilignavdnuar Tnoddeegszvninanis@nwiniu
wHuUN SR sEagunmiion s uleune (BOD Thailand) anels
drdnauwauiuleuieguainsenineUseina (International Health Policy
Program, IHPP) satiusalalden DALYs 91nn13@n¥10auv I NS luanay
uvingndeladuide Asuiduadadadugunivialivaonsds Tul we. 2562

FI5LAUALLUUVDIUSLNALNOTANAINY 75.8 1IDI9INMINTNISULEUDANNALNY

(proxy) agviliiinauesunvestayags

M13199 13 JeyauavAaziunrenyinauguiivialivaendy

Yy L . AT /

EPI yadoyanly uvasveUaya / v | |
Uvasuaya

EPI 2020 | DALYs Institute for Health 75.8
Metrics and Evaluation (p.A. 2019)

EPI+ DALYs Institute for Health 75.8
Metrics and Evaluation (p.A. 2019)
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vilgauauguinuIauaziay

o/ dyo/ 'Y % = 1 [
ATInRULNANlUaRANe

(Unsafe Drinking Water)

Y (% o

2.2 ardaduunnulivasnie (Unsafe Drinking Water)

(%

nsUsziiiuatinsuinnuilivasndunioliazen (Unsafe Drinking
Water: UWD) inninendeieanazuning1delaauiionasanluyuaiesueanissy

dudaurnunlivasadeneanfign (Minimum exposure of unsafe drinking water)

v '
Y = o =

g urualiuInuNUasnie Ae ASHSauNaN150LU1D9UNUSEUN Y3 ATIS DY

v oA

iU sauvsensesneun1susiaa MallldadvilnnselsanseaUquaniei

daunde (Disability - adjusted life year: DALYs) Suiflesunannnisdudanonuning

LY

livasnsfesauszy1ns 100,000 Ay tdudwnulunisuseiiuseauaswuy 1
919899 nUayaniselsailan (Global Burden of Disease: GBD) m1un13An®1ved

Institute for Health Metrics and Evaluation (HME) lagvinn1suseiiuainsides

U s

{UNNS (Relative risk) hAZIEAUANULELIVDINITAALIADULLBIL1INNNSbASULN

¥
v a

A A Y T v Ao a o w Y v Y
Aunlivaande LGU‘LJLG]EJ’Jﬂ‘U‘Vlﬂ’]Luuﬂ’]i’dﬂ‘lﬁﬁU@nsﬁ’Jﬂq%ﬂﬂUﬂanﬁJQﬂﬁ‘Uaﬂﬁ&}m%

e

auad WA, 2562 (A.d. 2019) FaiilevinsuSuAn (Transformation) Tngldan

Y

ADNITNUFIUGTINYIA () Wigufuaf 1% percentile (best) wagpni 99"

percentile (worst) F9lAszAUAZILULA 42.5 AZLUL
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#29 Tadu 16 wlivasnss (Unsafe Drinking Water) ¥0 96 %]
aussauzdanndeuilddoyaanuissnuluuszmalne (EPI+)

31nn195uTIndeyanuintulssmalnedeluiinisuseidunisslsn
Sudlosnanmsiuiiliazenn lnefdsegseninnsfinemuikununis
Wanndvdansznsguamiiientsiamuiuleuis (BOD Thailand) aelddninau
WauuleuegunInsenInelsene (Intemational Health Policy Program, IHPP)
Fafudsldlden DALYs mnnsAnwvesumineduisanazaminedeladude
fuszifiuAditasuindulivaeade fedoyall wa. 2562 (p.a. 2019) Fesesy
AzuuuvosUszmAlveTawingy 425 aziuu ilosamadinisiuausamauny

(proxy) agviliiinauesunvestayags

o Y i o S v v A | Y}
M990 14 "U@HaLLazﬂﬂﬂsLL‘L!WU@QW?%?ﬂ@’mu’]ﬂmimﬂaaﬂﬂﬁl

o s L. . AT /

EPI yadoyanld uvdsveslaya / v | |
Uvasvaya

EPI 2020 | DALYs Institute for Health 42.5
Metrics and Evaluation (p.A. 2019)

EPI+ DALYs Institute for Health 42.5
Metrics and Evaluation (p.A. 2019)
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LUINIINITIANIAVUEUTTOULFILINADY

TuuSunveslszmdalng

2.3 WUINIINISIAN IR VU ANTTOULH Ina auluuSunvesdsewndlng (EPI
Thailand)

N13518UAIATLUNVEY EPI 2020 IINNISANYIVRINMING S BLEaULAE
uninedeladudedddrlavaneigaids (DALYs) Wusmunilunisuseii
seiuaziuuesihdTaludiidenduauAuiauastiiy wudeafudsidensu
A meIne eg1dlsfiny Medediinvosteya DALYs vosUszimelne Taog
sewinmsfnwinisylsnintadeldosinudanndontazaviAuna UKLy
Msiaudednseniagua1ni ensauiuleuts (BOD Thailand) aglé
dlnauiauiulguieguninseninsuseina (International Health Policy
Program, IHPP) n3gveaans1saige faulumsfnuisanausuumanslideya
AfieumnzaniuuiunvesUssmelng wazagviouliifufsuSinavosnissu
i wawseiunnuTuLITiAnTuReaun e sUsifiudues DALYs Taeduil

! 1% a T A 1Y = = = o &
EJEJEJmquEUmUﬂaLLazmmJ U52naung 2 §33I0 Lazis1gaslann il

¥
v A v

1) AFIAAUFVIAUIAQNEVANYE
INNSANYIVEY EPI 2020 fatTasuguiivaiiliasnsie azvieuliniu
§INANITNUABAVNINVDIAUIINNITATUAIE IR U IR LA B819l5AnIN

Argdaiinvestaya DALYs vaussndalng Jaausuuininislidteya datdn
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FruguiAvagngudnuae [Wudoyanauny Tnglumsdnmidlddoyatosarvos
afIFeuifdmgnavdnua vesdrinauadifuiwnd duihnsmenuluneny
HanN1sd1TIINsIAsEHgRaLasdiauvesniseululszdmnd Tnevinnisdisie
fovarvesndndaud Mdmuszianaie 9 ddunisusadudusedunzuuu
fnsfvunausfigiuin dr¥esazvesniFouiidiugnavinunsfosas 100 szl
sefuAzLUY 100 Best) wazrlunisnduiu drfevazvesnsuieuiidaugn

guanwziosar 0 azlaseauAzuul 0 (Worst)

¥ v
= v °

2) ATINRUUIANEEaINUARNNY

ndadinvestaya DALYs vastssinalnglun1sdnraatindruuian

v
% v Y

luUaanne 39lALaUsLLINIINISEvaua ATInAULIANdzaInUaBnNY Tag

Y

a vy a vy

fansulu 2 37 laun TRfuUSinauwazifdiuaunin fil

(1) fddwiua: 1iteyafasazvasaiiFouiildsuirvssunfivane
aaand lnoidudoyasuiuglidussnnilegendoainnsussdiunsnas (nUw)
wagmsUsztdiuninie (nn.) uazdeyasiuiuaiadoudléuinuseuimidy
naonl nTrguny Urusuuning (nvw.2a) Inensun1siauiyusy Wguiy
SruunZeutsmnesuszndlue foyaainnsunisunases el fvuade
Y93f1I1 “Uunautiiisawe” vnefls Uiinahazerndwiufuuazuilne egng
tevauaz 5 3ns/u Taeidutiinahareadmsuiuediedon 2 ans wawiiiens
Uslamdu 9 Wu n15UsENeUe IS 0g13ties 3 Ans tnsuuanislunisuszdiu
LAnFaaLnST (10)

[= (22 x 100 (10)
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Tnei
| = fovazvosniiBouiilauiussufisswonassd
x, = snouadiseuiilasuiussunnnunasiethussdissg 9
X = funuaditeuwtmunvesssmelne
w = Ussianueunassneindszun 1dun nsusydunswas nsuseln

druginne uagdszlmgiu

Falunisuszidwdussdunzuuu dn1simunauuigiuin d13euazves
A SaunbasulUsEUwiganenasnt Sesay 100 AzlaseAuAzLUY 100 ATLUY
(best) wazlunanauniu ansesarvasnisaunlasuinussUieanenaant Sog

ay 0 lasEAuAzLULY 0 AZWUY (worst)

(2) FAduamnn: liteyarnaieiosazuruslnansusouniniunud
wnsgrudUszUrauldvesnsuauide (aasdmidndr891uqunsTon)

1AL UNSUSEEIY WERIAIANNISA (11)

[= (%) x 100 (11)

el

| = Anedsdesarihuilnasideuitiunasiness i ussuiildes
nswewTe (hamtinesuaundaidew)

G = Sevazvosi1uslnansnieuainunasdneuifie o A Runu
duszinldvesnsuewsle

X, = uaPIEounlasuiUsEUIALMaINeUNUTEUIR
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w = Ussavvesundsinedivsstn s nsUssuiuavans msdsedn
druginie uagUszlmginu
Mnmsdsateya nuin fnsmsnudeyanunimiiainnisssul
uATMaNs waznsuszdugininet1aainane uissiadeyanisinmni
nsrdeuAmNINENdnEi szt Sddteyanenuniadiss Temame
Uslaansiseu nsueundy %w‘fmmﬁuLLaﬁm'ﬁwﬁé’haemﬁﬂﬁmmﬂﬂismmgﬁm
ashqiiﬁmmi’m’m@f’sasmifﬂU'ﬁzmmgﬁm*ﬁ'ﬁﬂmﬁﬁaﬂuﬂﬁ]ﬁ;ﬁ’ué’aﬁﬁi’ﬂmuﬁaa
TuewamaziimsdinauaiivdeyaduannimiresUssUmthudiuanni tag
Augvinuduad sunisaiunuuszumythuvesesdnsunasesdiuriosiu
Fedoyafindnahlinsussdiufdiaduiduasenuaendodauaenndo
fuauduriunndstu Sslunisussiiudussfunsuuy NIMNUAFUNFAFIUI
fr¥evarvoniuslnnadaseuiiiiunasiunsgiuiussunialddosay 100 a2l
sefuAzILY 100 Azuuy (best) warlumenduiu drdesazvesiuilnansadoudi

HunaainnsguinUseiinaulasesas 0 aglaseauavuy 0 AzwuY (worst)

lngannsaasudoyadvidasmuaufiviauasiiny Awm1sei 15
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A13199 15 asunisldveyaiiioruinAInziuy EPI Thailand vesnvilgossiu

v

uivianazing
EPI 2020 EPI+ EPI Thailand
idinduguauniislivasads FdTaduguiiunagnguinuas
yndoya | DALYs DALYs SovazvasniaFouiiddgn
gudnune 1A dnuuuiios
Wi wardauuuutsees Ussavla
Ussnmnite w3e MeaosUsvunm
(PayansdisnanneiAsegiuay
HIPNUDINTITOU)
Una9yaya | Institute for Health Institute for Health dilnauaifuiynf
/M148971 | Metrics and Evaluation | Metrics and Evaluation
FaiSaduhaulivaanse FaiSaduhauazenauaanie
yndoya | DALYs DALYs 1. Sl ssamiiegende

snnunsZeuiildhuszun
nyjiu naend
SovarveatinUsyUiHn et
mmgwuﬁwﬁzmﬁﬂﬁﬂuaﬂmm
IR
2. Jayanieaunsihsyianunm
slaantatou
3. Srununtadeununue
Uszinalng
unavdaya | Institute for Health Institute for Health 1. msusgUdmugiine
/¥aeN1 | Metrics and Evaluation | Metrics and Evaluation NUTEUUATNA
NIUNTHAILIYHTY
2. NSNOUNITY

3. ASUN15UNATDN
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%4

FHepgAIULANZALN

(Heavy metal)

3. fvddasnulanenin (Heavy Metal)

A5IAVINATLANTTOULAINABULAYAIINT NI BVDIUMINY D ULUA A

unedeladuidelugael wa. 2549 - 2557 (A.A. 2006 - 2014) laliaudAgy

a U ! a ! a aa !
\WNeIuNansEnUsagunm (Health Impact) Ingfiansanludiuvesnsidedinnou

[V Y]

youmshudin (Child Mortality) waznsslsafiinaindswinday (Environmental
burden of disease) siauTludl w.a. 2559 (a.. 2016) tuSunldeat misafu
AILA B 1uA wIndau (Environmental Risk Exposure) wagiiuduile ooy
Tanguiin (Heavy metal) Tud .. 2561 - 2563 (A.f. 2018 - 2020) lagfiansa

a Y} = v v o Y = a o &
LAYINUAINULAEIAINATIITUSUNTNS A Iﬂﬁ]mi’]ﬂagu’jﬂﬂﬁﬂu
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arddgasatulanznin (Heavy metal)

L4 [ 4

1INAIUN5SUSURENZND (Lead Exposure)

[

3.1 A% InAUNSSUdUNEnzA2 (Lead Exposure)

% (% = (Y]

FATnnuNITSUANNaRNZ A7 (Lead Exposure: PBD) diAdndnaununeia
dudaansnzi o Wneldarselsadunisinanugyidenisguain wie
ﬁ’lﬂ?jﬁumwﬁqmlﬁﬂ (Disability - adjusted life year: DALYs) siaUszv1ns 100,000

Au laeldvoual n.6. 2562 (A.A. 2019) 917 Institute for Health Metrics and

Y

[

Evaluation (IHME) uagiaya DALYs Al@uvinnsusuen (transformation) Iae

'
a 1

Tenaan 37ug1usssuYId (In) BaA 91 1! percentile (best) 8g#l 3.1494 wazAni

99™ percentile (worst) @@Jﬁ 7.2369

Fad TagunsSududanzia (Lead Exposure) vaedviliaussaus
dandeuitlddayaanmicsnluuszmelng (EPI+)

MNNsfnwILarTUTINdeya TIamIesansuntienIusig 4 wud
Uszinalnedliiinsusafiuniselsasuilesnannssududians fvesssanvy
Fadus e DALYs annmisdnsvesminedusanasuniinendsladude
FiusziiumfdSasunmsSuduifans i Tud we. 2562 (a6, 2019) FesyiuazuuY

Y9UsEAlNeiAANTU 81.6 ATLUL AINISIN 16
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M13199 16 YeyauazAInzuuuveITInA UM TTuduRERE A7

v s L. . ASWUY /
EPI yadoyanly uvdsvesaya / v | |
Uvadvaya
EPI 2020 Institute for Health 81.6
Metrics and Evaluation (P.A. 2019)
EPI+ Institute for Health 81.6
Metrics and Evaluation (p.A. 2019)
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arddgauatulanznin (Heavy metal)

LUINIINITIANIAVUEUTTOULFILINADY

TuuSunveslszmdalng

3.2 WUINIIN1SAAN IR VU aNTTAULH nd auTuuSunvasdsenalng (EPI
Thailand)

'
o [

iosnndeyanisylsafiiAsitesiumsdudangialulseimnalnedlaid
mioﬁ%ﬁumﬂﬁu%’m&aﬁ%’mw warannsUinnIesiufuniienuiliieites
muﬁaﬂﬁLﬂuiﬂlmumﬂ%’%’ayjamLmumié’mﬁamzﬁ"q Tnsoraldmnsiluden
(Blood Lead Level, BLL) %58 mmmﬁ'm@iaqmmw (Health Risk Assessment:
Hazard Quotient, HQ) ¥ oy IulﬁyméfuLﬁaﬂiﬁauuaﬁhmﬁﬂmﬁam (Blood
Lead Level, BLL) Lﬂaammﬁmmﬂmiﬁuﬁamsmﬁ'aLsth'i'wmaﬁquﬂ%’lﬁu
FunuresiaiaussousdswndauluviunvesUsewmealng lneddnuasnsousy
wUsidunsmendeenil 1% percentile (best) agjﬁ 0.99 lulasnsumoindansiden
Faduargsanvosmziluidend niudlngvessumaiiisolfas wu diaea
wwessuil uazdjtu uagendl 9™ percentile (worst) gl BLL oeffl 16.56 lailasny
AOLATANTLA DN %"'ﬂLﬂuﬁiwqqqﬂﬁuawizmmwiéfﬁﬂ ©1989391n Ericson, B., H. Hu, E.
Nash, G. Ferraro, J. Sinitsky, and M. P. Taylor, 2021, Blood lead levels in low-
income and middle-income countries: a systematic review, Lancet Planet
Health 2021; 5: e145-53

nnnsiwnlnglidoyariadeuinunsiludenvesnulneegi 4.92

lulasnsusan@insiden doyaanduvuArgredmnsguandmsunisyseiiiu
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A3LE 8378 BF YN NUALHANTENUA DAV INIINALA IR 285 I8 1918 B
Tnensumueulsa niteyarniadsuiinunsiludendufosdeyadoildly
wumnsnsane Tnedeyadilddnvinlnonsueunste Tud wa. 2539 (a.a. 1996)
\WJunsquiregiafiondedsvessrnslne uagsinfiostiies Lifnaiiv
foyaseiiles suinandedriameiusudszanudadanldaelunsinsesige

' & v P v v oa a o Y} 2 3 )
E]EJNI‘iﬂGHiJ T@@JﬂamLﬂﬂ?m@ﬂIuﬂﬁ]ﬁlU‘uﬂJLWﬂ\? 33@UW3ﬂUIULa@ﬂ7J@QL@ﬂ LLag3gnu

) & '

nznludenveinguuszrnsnenfuegluiuiidss wu Tulsanuenaivnssy vie

[
(9 (%

fufvwdeunzil (217 Weads Jwrianiyauy3) witu Jedildmunsauniae
dnldidudunudeyanziluidenvesszanslulssmealne Tnanusoasuld

AIM1519N 17

A13199 17 asunislddeyaiiieruineiaziuy EPl Thailand vesnvilgossiiu

Tanguin
EPI 2020 EPI+ EPI Thailand
Fadl SadrumsTududansi FadlSadumsSuduiansia
yndoya | DALYs DALYs AnadsUsinaungiiluden
unasdoya Institute for Health Institute for Health nsuAIUANLIA

/M128971 | Metrics and Evaluation Metrics and Evaluation
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FUHDYAIUNITIANITVDILFY

(Waste Management)

4. Avtigan1un1sann1svaads (Waste Management)

auflgaasnunisdanisvendegniuniarsanduasusnlunisseures

a

EPI 2020 waylildlddayalauniiziande vie DALYs wnleudvildossiau 9 lu

LY

TgUszasadsulovigauaungdeduinaey Jeludvilgesnunisianisveadedl

[
@ (%

Usznaumeidin 1 i Aemiindiunisdanisvezyusy lnedseasvidundall
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AYUIDEATUNITIANITVDILEE
(Waste Management)
fTinadunsianisvezyuTy
(Controlled Solid Waste)

¥

4.1 fFiaRunsInnisvezyNsy (Controlled Solid Waste)

%

AT insunsianisuesu (Controlled Solid Waste: MSW) fifndnfin

ANNMINEEe USinaesgusuilasun1sdnnisegnegnies deusunavesiinty

Tuusewmanavun

(% 1 v [

USunuregguruiiinandiusauwaziuan Alifeitesdiuresly

[

A1ARAAIMNTIUT LASUN1TTANITRE19gNeBs 017 IFnsndnuuulieinia

[

(Anaerobic digestion) (i1), 35v1Jensin (Compost) (i2), 38nsdanauiidinisfiu
fing (Sanitary landfill with gas capture) (i3), 35015407 (Incineration) (i4), 1511
naunlglug (Recycle) (i5), 3§ﬂﬁ§hﬂauﬁﬁmimmm (Controlled landfill) (i6)
uay I8mslenauitliiseyisnis (Unspedified landfil) (i7) deUiinmussiinty
favmn (SWG) Tnefigmsduandeaunisi (12)

Y3 SW;+0.85SWi—g+0.8 SW;—-

MSW = (12)
SWaG

1nen

MSW = dadiunisinnisvered1agnaes

SW = USunauveeilasunisdanisednegneies
SWG = USUaunesMAnUunaviue

i = ANYAUENTIANITVILTNADS

TasansdmvinsvianssousdaindonveasUsemalng

60



nsAuIng EPI 2020 Tdyadeyalul w.a. 2557 - 2558 (A.A. 2014 - 2015)

InggadeyamhunmuwinavesUsenalnalutoyanninsasmnainnis laun

Y

1

Jayausyansainnisdmiuey 31n Wiedinmyer, C., Yokelson, R. J., &

T

Gullett, B. K. (2014). Global Emissions of Trace Gases, Particulate Matter, and
Hazardous Air Pollutants from Open Burning of Domestic Waste.
Environmental Science & Technology, 48(16), 9523-9530.

UayauIunnvezuay fate Y940139AN15V8E 31N What a Waste 2.0: A

Global Snapshot of Solid Waste Management to 2050 AlFusuuverinan
nsuAIuANNany U w.A. 2558 (A.A. 2015) uay fate ¥99¥8Y 271N Rotchana
Intharathirat and P Abdul Salam U w.¢1. 2558 (A.f. 2015)

o/ v Y

#ad Yakrunnsdanisuszyuruvasdviaussausdwandoudlidoya
nvilsaululsemalng (EPI+)
dmSudsemalnedinmsdanmsuasifiununateyaiisadunsianmsves
wadosatraduszuy fufuladunslifeyannssuumsaumadunisinnisvey
yanosvoIyTLUYeINTIAIUANLATY el ugiudeyavessumalne Tagldyn
%ayjaﬂ%mmswgﬁmm USinaweziigniiluiidnetsgndesnisininis uas
Usinasmezithndusnldll thindwnasheaunisuaz3snsifieatuiiu EPI 2020
Tnesaauufgiui msilinauiifinisaauau (Controlled landfill) (i6) wag 3313
Henaudilaiszy38nis (Unspecified landfill) (i7) sauegd1urusesiigniluinda

ag19gnAas nulamaviuun 67.1 Azuuu laeanansaagulanannsned 18
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M15197 18 YayanazAIAZLULYEY
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v Adov vV £

AITINMIUNTTIANITVYSYUTU

v s L . AZUUL /

EPI yadoyanld undevasvaya / vl | |
Uvadvaya

EPI 2020 | foyauszdnsammnisdaiu | What a Waste 2.0 32.9
vey UazUIunaey (A.fl. 2014 -

2015)

EPI+  JayauSunaesyisvin uag nsumunutaiy 67.1
weigniluidnedis (p.fA. 2020)
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Y

TasansdmvinsvianssousdaindonveasUsemalng

62




YU BYATUNITINNISVD LAY

LUINIINITIANIAVUEUTTOULFILINADY

TuuSunveslszmdalng

4.2 WUIN19N1SIAN IR VU aNTTAULH nd auluuSunvasdseinalng (EPI
Thailand)

nslddeyadnvindulianssaugdainaesluuiunvessemelng latoasy
lunsldvannisAuiaazuuuluuiedtu EP 2020 meyadeyaliuiuves
anun UTunaeeiigninlumdnegregnies wazdsuuvesniinduanldivg

Y9INTUAIUANNATY LaginauailunsAmuAAWNANISANTINUNANR - ueiian

q

(Best - Worst) @1u5usaile 08 1un159AN1SU09LE8 nuualif 1 - 0 A1unS
AUV NN U akaz L INendeladuderuiu Tnedudndiuvesvesi

gnianissieySinaesiavun vndadadiulndifies 1 mnefialTinavesianan

(Y]

gninnisegagndesuazidusyuy

A13199 19 asunislddeyaiieruinAIazuuY EPl Thailand vesrvigoasiiu
N3IANTSVOUdY

EPI 2020 EPI+ EPI Thailand

o o

AInFIUNTIANTTUBTYITY A¥IndUNTIAN ST YUTY

wadeys | doyanisdaiviey uaz | deyaluamevimun | deyauSinamesviomn uazvey

USuuey warvpzfignitluidn | ignihldidnedgndes
9L NYNADY
unavdaya What a Waste 2.0 nsuAIUANNATIY nsuAUANLATIY
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Introduction

The Environmental Performance Index (EPI) has been regulated as
one of the indicators following the master plan's targets under the national
strategy to evaluate the operational performances in the environmental
aspects of Thailand. However, the data used to evaluate the score of the EPI
index must be collected from various sources and in charge of several
organizations in different ministries like a specific discipline with individual
issue categories, sophisticated calculation, and particular data was not
reported directly. Besides, no Thai organization has responded to studying
and creating EPI, and it is challenging for an operation to achieve the goals
involved in The Environmental Performance Index.

Therefore, the Office of Natural Resources and Environmental Policy
and Plan (ONEP) cooperates with Faculty of Environment, Kasetsart University
as a consultant to create Thailand's Environmental Performance Index (EPI).
The project's objectives aim to study the creation and calculation of the EPI
score, following the reported results of Yale University and Columbia
University in 2020, to compute the EPI score using Thailand's data following
the mentioned calculation, and to suggest the concept in the establishment
of Thailand's EPI. Consequently, the EPI score can suit the national context
and be applied to evaluate the situation of the sub-master-plan targets,

leading to the regulated goals' success.

September 2022

Thailand's Environmental Performance Index Project
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Environmental Performance Index; EPI

The Environmental Performance Index (EPI) is a score developed to
display the environmental performance level of individual countries using
international evaluation and indicators. EPI's component covers all scientific
principles and can be measured in quantity to evaluate how each country
responds to environmental problems. Moreover, EPlI aims to create a
standard in performance indicators and progressiveness of each country's
environmental operation that are similar to Gross Domestic Product (GDP)
and Gross National Product (GNP) and focuses on the attained consequences
of the environmental operation. Furthermore, EPI can regulate the incredibly
environmental practicing concept by specifying problems, regulating goals,
and monitoring the changing tendency of the nation's environmental
performance.

EPI was established by cooperation between Yale University and
Columbia University in 2006. EPI's score is evaluated every two years, and
evaluation will change indicators and weighting factors following the
environmental condition change. For example, in 2020, EPI Yale & Columbia
2020 (EPI 2020) evaluated EPI, including two political objectives, 11 issue
categories, and 32 indicators shown in Figure 1.

1) Environmental Health aspects include

- Air Quality

- Sanitation and Drinking Water

- Heavy Metals

- Waste Management

Thailand's Environmental Performance Index Project
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2) Ecosystem Vitality aspects include
- Biodiversity and Habitat
- Ecosystem Services
- Fisheries
- Climate Change
- Pollution Emissions
- Agriculture

- Water Resources

pap) St Bl
Blome | SPI o, 159 15% PM;s Exposure
Protect 15% 1%
Biome (Global)
Protect 3%
(Nath)

Marine 3%
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03%
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M 4a%
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26%
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12% T5s0,
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1ot 245 \
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06%

Figure 1 Policy Objectives, Issue Categories, Indicators and ratio of weighting

score’s EPI 2020
Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)
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Method and procedure in the calculation of

the environmental performance index score

1) Group isolation for result evaluation and emphasizing the

significant environmental evaluation issue

The Environmental Performance Index (EPI), developed by Yale

University and Columbia University in 2020, consists of two political

objectives, 11 issue categories, and 32 indicators. Individual issues are

emphasized their significance differently depending on responding to policy

makers' needs, crucial priorities specified in an international agreement, or

recent relevant environmental circumstances, as all detail shown in Table 1.

Table 1 Organization and weighting score of EPI 2020

Issue categories / Indicators

TLA

Policy Objectives Environmental Health: HLT (40%)

Air Quality
PM, 5 Exposure
Household Solid Fuels
Ozone Exposure
Sanitation & Drinking Water
Unsafe Sanitation

Unsafe Drinking Water

AIR
PMD
HAD
0zD
H20
usb
UWD

Wt.

20%
11%
8%
1%
16%
6.4%
9.6%
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Issue categories / Indicators

Heavy Metals
Lead Exposure
Waste Management

Controlled Solid Waste

TLA
HMT
PBD
WMG
MSW

Policy Objectives Ecosystem Vitality: ECO (60%)

Biodiversity & Habitat
Terrestrial Biome Protection (national)
Terrestrial Biome Protection (global)
Marine Protected Areas
Protected Areas Representativeness Index
Species Habitat Index
Species Protection Index
Biodiversity Habitat Index

Ecosystem Services
Tree Cover Loss
Grassland Loss
Wetland Loss
Fisheries
Fish Stock Status
Marine Trophic Index
Fish Caught by Trawling
Climate Change

Carbon dioxide (CO,) Growth Rate

BDH
TBN
TBG
MPA
PAR
SHI
SPI
BHV
ECS
TCL
GRL
WTL
FSH
FSS
RMS
FGT
CCH
CDA

Wt.
2%
2%
2%
2%

15%
3%
3%
3%

1.5%

1.5%

1.5%

1.5%
6%

5.4%

0.3%

0.3%
6%

2.1%

2.1%

1.8%

24%

13.2%
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Issue categories / Indicators

Methane (CH,) Growth Rate
Nitrogen dioxide (N,O) Growth Rate
Fluorinated gas Growth Rate
Black Carbon Growth Rate
Carbon dioxide Emission from Land Cover
Greenhouse gas Intensity Trend
Greenhouse gas per Capita

Pollution Emissions
Sulfur dioxide (SO,) Growth Rate
Nitrogen oxide (NOy) Growth Rate

Agriculture
Sustainable Nitrogen Management Index
Water Resources

Wastewater Treatment

(Three-letter abbreviations (TLAs), weights (Wt.))

TLA
CHA
NDA
FGA
BCA
LCB
GIB
GHP
APE
SDA
NXA
AGR
SNM
WRS
WWT

Wit.
3.6%
1.2%
2.4%
1.2%
0.6%
1.2%
0.6%

3%
1.5%
1.5%

3%

3%

3%

3%
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2) The calculation of the environmental performance index score

Indicator construction is data collected from various data resources
is calculated using each indicator's equation and transformed into a
standardized data score or X variable. Scores of some indicators must be
appropriately transformed (data transformation) using [1.(x) or [N(Xx + @)
equations to adjust the score in rage from 1 to 100. Later, the transformed
data score will be computed to yield the scores, compared with other
countries' scores, evaluating by using calculation formula and the best and

the worst scores as an equation:
Indicator Score = (X - W) / (B - W)) * 100 (1)

Where;
X = data score of individual country
B = the best performance or target that is the best efficiency

W = the worst performance or target that is the worst efficiency

Sample in the calculation of indicator's score in tree cover loss

Quantity of Tree Cover Loss uses average forest area data from the
last five years. Measuring the damage compares with the forest area boundary
of the based-year in 2000. Technically, regulating area that has trees
occupying over 30 percent is the forest area.

Data on the forest area from Global Forest Watch found that x score
of Thailand is 0.007607. the used calculation data of EPI 2020 is from 2018,
and data transformation is carried out by replacing a as shown in Figure 2.

After suitable data transformation succeeds, the data score is -4.8785.
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In (0.007607 + 9.70e™)

Intx + a)

-4.8785

TCL: Tree cover loss, % / Ecosystem Services / Ecosystem Vitality

We quantify tree cover loss by constructing a five-year moving average of
the percentage of forest lost from the extent of forest cover in the
reference year 2000. We define a forest as any land area with over 30%
canopy cover,

Units proportion
Years 2005-2018

Source Global Forest Watch

Transformation (n(x +a)
o =9.70E-07
Performance Nominal Raw Transformed
Best 0.0 0.0 -10.9436
Worst 99th percentile 0.0478 -3.04

Figure 2 Calculation Data for Tree Cover Loss in EPI 2020 report
Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

Later, the score of the transformed data is computed for efficiency,
comparing it with the score of the efficient target by evaluation with the

calculation formula and the best and the worst scores following formula 1.

Indicator Score = ((X-W) /(B -W)) * 100
= {[(-4.8785) - (-3.04)]} / [(-4.8785) - (-10.9436)]} * 100
= 23.26
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Therefore, the indicator's calculation result of tree cover loss,
reported from EPI 2020, is 23.3. It means that efficiency in the nation's forest
area administration is relatively low because the data used in EPI 2020
demonstrates that tree cover loss has been relatively high in the last five

years compared with the based-year in 2000.

3) The evaluation result of an environmental performance score

The individual indicator score is computed with the weighting score
to yield the issue categories score that is calculated as a result of the

environmental performance score of a nation.

Calculation sample of issue categories score

The score of an individual indicator is from the suitable data
transformation and computing the efficiency compared with the target score.
Later, the score is weighted to generate an issue categories score. The score

from weighting can calculate as follow.

. 5 (data x data weight)
weighting score = —— (2)
2 weighting score

using the data from Table 2 calculates the weighting score, weighting

found that the Ecosystem Service has a score of 1459 + 6 = 24.3,

Thailand's Environmental Performance Index Project

10



Table 2 Sample of data score, score, and weighting score of indicators of

Ecosystem Service

indicators score weighting score | weighting data score
Tree Cover Loss 233 54 125.8
Grassland Loss 38.7 0.3 11.6
Wetland Loss 28.3 0.3 8.5
Total result - 6 145.9

The method in the calculation to yield a score of other lIssue

Categories, Policy Objectives, and total EPI score is similar to those mentioned
above.
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The preparation for the environmental

performance index

The preparation for the environmental performance index by using

data from organizations in Thailand (EPI+)

The study in EPI, operated by Yale University and Columbia
University, found that a set of the data used in a calculation of EPI to compare
operation results of different countries worldwide has a limitation that cannot
be employed as a representative of the operation result of Thailand directly.
For instance, the data used is a score from satellite or aerial photographs and
adjusted by using a mathematical model, the transformed data to be the
pattern or similar to the evaluation method, and the data from research or
international resources that are not up-to-date.

Hence, EPI+ preparation is one of the capabilities showing the
efficient environmental operation of Thailand. However, due to a limitation
of Thailand's available data set that has not been collected yet or is ongoing,
the operation and some indicators cannot be applied to compute following
the method in the calculation formula of EPI 2020. Accordingly, a summary
of the score selection uses the score reported from Yale University and
Columbia University as a particular indicator to create EPI+ data entirely. All

selection detail is shown in Table 3.
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Table 3 The indicators used in the Environmental Performance Index are
based on data from the Thailand’s organizations (EPI+).
EPI 2020 EPI +
Environmental Health
Air Quality

PM, 5 Exposure

Use the original score value due to DALYs data
Household Solid Fuels

limitations
Ozone Exposure

Sanitation & Drinking Water
Unsafe Sanitation Use the original score value due to DALYs data
Unsafe Drinking Water limitations
Heavy Metals

Lead Exposure Use the original score value due to DALYs data

limitations

Waste Management
Controlled Solid Waste  Use Thailand's data to calculate a score based on

Yale & Columbia 2020

Ecosystem Vitality

Biodiversity & Habitat
Terrestrial Biome
Protection (national)

Use Thailand's data to calculate a score based on
Terrestrial Biome

Yale & Columbia 2020
Protection (global)

Marine Protected Areas
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EPI 2020
Protected Areas
Representativeness Index
Species Habitat Index
Species Protection Index

Biodiversity Habitat Index

Tree Cover Loss
Grassland Loss

Wetland Loss

Fish Stock Status

Marine Trophic Index

Fish Caught by Trawling

Carbon dioxide (CO,)
Growth Rate

Methane (CH,) Growth
Rate

Nitrogen dioxide (N,0)
Growth Rate

EPI +

Use the original score due to inaccessibility of

formulas to calculate index scores

Ecosystem Services

Use Thailand's data to calculate a score based on

Yale & Columbia 2020

Fisheries

Use Thailand's data to calculate a score based on
Yale & Columbia 2020
Use the original score due to inaccessibility of
formulas to calculate index scores
Use Thailand's data to calculate a score based on
Yale & Columbia 2020

Climate Change

Use Thailand's data to calculate a score based on

Yale & Columbia 2020
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EPI 2020
Fluorinated gas Growth
Rate
Black Carbon Growth
Rate
Carbon dioxide Emission
from Land Cover
Greenhouse gas Intensity
Trend
Greenhouse gas per

Capita

Sulfur dioxide (SO,)
Growth Rate
Nitrogen oxide (NOy)
Growth Rate

Sustainable Nitrogen

Management Index

Wastewater Treatment

EPI +

Use Thailand's data to calculate a score based on

Yale & Columbia 2020

Pollution Emissions

Use Thailand's data to calculate a score based on

Yale & Columbia 2020

Agriculture
Use Thailand's data to calculate a score based on
Yale & Columbia 2020
Water Resources
Use Thailand's data to calculate a score based on

Yale & Columbia 2020
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The preparation of the Environmental Performance Index of

Thailand (EPI Thailand)

The study in EPI, operated by Yale University and Columbia
University, found that some indicators do not suit Thailand, especially an
inadequate data limitation in Thailand or the available data in particular
different index groups cannot be employed with the calculation formula.

Thus, selecting relatively feasible indicators in Thailand's context
requires the data collection of individual responding agencies, the study of
coherence between data and policy, and a plan in the nation degree to
create a draft of EPI Thailand indicators that suit Thailand's context. The
criteria for selecting the indicators are from a consecutive previous data set,
data modernization, and data linking with policy and a national degree plan.
Afterward, set up a data weight that is initially similar to the data weight of
Yale University and Columbia University. Finally, in essence, receiving various
commendations concerning indicators and data weight is done through sub-
group conferences with associated organizations, and the obtained
suggestions are used to improve indicators and data weight for EPI Thailand

in the future, as shown in Figure 3.
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i Study on the data set

! Study on a link to the

H of associated

H ) national political plan
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EPI Thailand indicators

i Indicator table for EP| Thailand

- indicators

i
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Consultant K

- calculated scores tearn, ¢ EPI Thailand calculation

Weighting score

Listen to opinions
via the small group " .
meeting , Responding agencies

entering the indicator data

Figure 3 The conceptual framework for adjusting EPI to fit Thailand's context

Studying, collecting the data, or consulting with experts and the
associated organization via sub-group conferences can conclude a summary
to select indicators that can relatively operate with the criteria of EPI of Yale
University and Columbia University and correspond with policy and a national
degree plan. However, indicators that cannot be employed with the original
calculation or the data unreadiness suggest the concept of recreating new

appropriate indicators with Thailand, as summarized in Table 4.

Table 4 Summary of concept in preparation for EPI Thailand
EPI 2020 / EPI + EPI Thailand
Environmental Health
Air Quality

PM, 5 Exposure

Change the calculation method due to
Household Solid Fuels

data limitation of DALYs
Ozone Exposure
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EPI 2020 / EPI + EPI Thailand
Sanitation & Drinking Water

Unsafe Sanitation Change the calculation method due to
Unsafe Drinking Water data limitation of DALYs

Heavy Metals
Lead Exposure Change the calculation method due to

data limitation of DALYs

Waste Management

Controlled Solid Waste Use the same calculation method and use

Thailand's data

Ecosystem Vitality
Biodiversity & Habitat

Terrestrial Biome Protection  Use the same calculation method and use
(national) Thailand's data
Terrestrial Biome Protection  Adjust data for calculation and use biome
(global) data of international importance
Marine Protected Areas Adjust marine protected area data to a new

indicator relevant to all protected areas of

the country (both on land and water)
Protected Areas
Representativeness Index

Data are deprecated due to data limitations
Species Habitat Index

and access to calculation formulas.

Species Protection Index

Biodiversity Habitat Index
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EPI 2020 / EPI +

Tree Cover Loss

Grassland Loss

Wetland Loss

Fish Stock Status

EPI Thailand
New indicators are added, which are
appropriate to the context of the country.
- Protected Area Performance
- Proportion of Protected Area to Country
Area

- Population of Endangered Species

Ecosystem Services

Use the same calculation method and use
Thailand's data
The indicator is repealed because Thailand
has very few grassland areas.
Use the same calculation method and use
Thailand's data
New indicators are added, which are
appropriate to the context of the country.
- Integrity of Mangrove Forests
- Integrity of Seagrass
- Integrity of Coral Reef

Fisheries
Use the same calculation method and use

Thailand's data
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EPI 2020 / EPI + EPI Thailand

Marine Trophic Index Data are deprecated due to data
limitations and access to calculation
formulas.

Fish Caught by Trawling The indicator is repealed because it fails to
reflect the country's fisheries management
efforts after 2015. Therefore, data on
integrity of benthic animals are selected.
This reflects the effect of the country's
trawl fishing management.

A new indicator is added, which is
appropriate to the context of the country.
- Integrity of Benthic Animals

Climate Change

Carbon dioxide Growth Rate

Methane Growth Rate

Nitrogen dioxide Growth Rate

Fluorinated gas Growth Rate

Black Carbon Growth Rate Use the same calculation method and use

Carbon dioxide Emission from  Thailand's data

Land Cover

Greenhouse gas Intensity

Trend

Greenhouse gas per Capita
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EPI 2020 / EPI + EPI Thailand
Pollution Emissions
Sulfur dioxide (SO,) Growth
Rate Use the same calculation method and use

Nitrogen oxide (NOy) Growth  Thailand's data

Rate
Agriculture
Sustainable Nitrogen Use the same calculation method and use
Management Index Thailand's data
Water Resources
Wastewater Treatment Use the same calculation method and use

Thailand's data
A new indicator is added, which is
appropriate to the context of the country.

- Water Security Index

The handbook of EPI will mention the EPI preparation in two aspects,
namely policy objectives and environmental health, by using EPI used
information from Thailand's Organizations (EPI+) and the EPI preparation in

Thailand context (EPI Thailand).

Policy objectives and environmental health comprise 4 issue

categories, as mentioned in detail.
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Environmental Health

Air Quality

1. Air Quality

Air pollution occurs indoors and outdoors causes poor air quality, and
deteriorates human health. World Health Organization (WHO) estimated that
over 90 percent of the world's population has lived in places with lower air
quality than the standard criteria. Therefore, the 2020 Environmental
Performance Index (EPI) imposed indicators for the Air Quality from factors
related to sources and types of air pollution affecting human health. Those
indicators include PM, s Exposure (PMD), Household Solid Fuels (HAD), and
Ozone Exposure (OZD). Regards the three indicators, Yale University and
Columbia University used disability-adjusted life year lost (DALYs) per 100,000
persons to represent the Burden of Disease (BOD). Significantly, the BOD
indicates the population's health damage that covers various losses from
death, diseases, and disability due to exposure to air pollutants. According to
the Comprehensive Risk Assessment (CRA) framework in the study of Global
Burden of Disease (GBD), number of diseases and deaths correlated with

threats posed by air pollution are calculated using the following equation (3).
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DALYs = YLL + YLD (3)

Where;
DALYs = Disability-adjusted-life years lost per 100,000 persons

YLL = Years of Life Lost due to premature death
derived from NxL
Where; N = Number of deaths due to the specific cause

L = Age-specific life expectancy
YLD = Years lost due to disability
derived from I x DW x L

Where; | = Number of incident cases for cause
DW = Disability weight
L = Average duration of the case until remission or

death (years)
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Air Quality

PM, s Exposure

1.1 PM, 5 Exposure

To evaluate of PM, 5 Exposure (PMD), Yale University and Columbia
University use the number of disability-adjusted life years lost (DALYs) due to
the diseases from PM, 5 Exposure, such as cardiovascular diseases, respiratory
diseases, and brain damage. The ratio of illness and attributable deaths from
each disease due to PM,s Exposure are assessed using statistical model.
The data for PM, 5 risk are evaluated from the annual average daily exposure
to PM, s obtained from satellite data and remote sensing data. The DALYs
score of 2019 are then transformed by using natural logarithm (ln) and
compared with the 1% percentile (best) and the 99" percentile (worst). The

obtained rating score of 2019 is 41.1.

PM, 5 Exposure for EPI+

In Thailand, the study of burden of disease and methodology for
DALYs estimation were first in 1999. Since then, the assessments have been
conducted every five years: 2004, 2009, 2014, and 2019 to evaluate health
condition of Thai population to support policy formulation and planning for
mitigation of public health problems at national level. Regards the DALYs of
2009 - 2014, presented by the Burden of Disease Research Programs Thailand,
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International Health Policy Program, burden of disease from 14 risk factors of
Thai population, was estimated by the correlations between the risk factors
and attributable diseases based on the Population Attributable Fraction (PAF)
that assessed the reduction of burden of disease with a decrease of risk
factors, i.e. counterfactual distribution. Of these, Particulate Matter is one of
the risk factors. The levels of particulate matters that possibly cause adverse
effects to human are 15 and 7.5 micrograms per square meter for PM;o and
PM, 5, respectively. The risk factors of particulate matters in the air relate to
the infection of upper and lower respiratory tracts, otitis media, ischemic
heart disease, cerebrovascular disease, inflammatory disease of the heart,
chronic obstructive pulmonary disease, asthma, chronic respiratory diseases,
lung cancer, and bronchial cancer. The results from assessment revealed that
7,193 deceased (4,101 males and 3089 females) were caused by exposure to
particulate matter. Among 14 risk factors, it was ranked 10" that incurred the
highest number of deceased with a DALYs score of 84,120 years for males
and 45,820 years for females, corresponding to 2.6 and 1.4 per 1,000
populations for males and females, respectively.

In the comparative DALYs scores with results of the Institute for
Health Metrics and Evaluation (IHME), where does research about global
burden of disease, including Thailand. The number of deceased due to
exposure to ambient particulate matter pollution in 2014 was reported at
21,222 to 32,658 cases, in average of 26,828 cases. The DALYs scores were
388,662 — 590,056 in 2014 (in average of 486,528 years) for males and 218,636-
348,190 years (in average of 285,389 years) for females. The reported DALYs
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was higher than that of BOD-Thailand by 4.7 folds. With this regards, the use
of proxy may cause high deviation of results. Therefore, in this study the
DALYs scores reported by Yale University and Columbia University, relying on
the database of the Institute for Health Metrics and Evaluation (IHME), were
used as an indicator forPM, s Exposure (PMD) in 2019 which employed the

score of 41.1.

Table 5 Data and score of PM, 5 Exposure

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |DALYs Institute for Health 41.1
Metrics and Evaluation (2019)
EPI+ DALYs Institute for Health 41.1
Metrics and Evaluation (2019)
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Air Quality

Household Solid Fuels

1.2 Household Solid Fuels

Cooking is an activity causing air pollution in the household. World
Health Organization (WHO) divides cooking fuel into two types, including 1)
clean fuel like gas and electricity and 2) polluted fuel like wood, firewood,
and kerosene. Solid fuel is considered as a predominant fuel source in the
household, causing air pollution. In particular, cooking activities using solid
fuels produce substantial amount of particulate emission because of
incomplete combustion and stove efficiency. As a result, air pollution in the
household directly causes adverse effects on residents’ health.

To evaluate the household solid fuels (HAD), Yale University and
Columbia University assess the DALYs of diseases from exposure of air
pollution caused by utilization of household solid fuels per 100,000 people.
Similar to the PM, 5 and ozone exposure indicators, the evaluation of risks of
attributable diseases is carried out by the Comprehensive Risk Assessment
(CRA) framework in the Global Burden of Disease (GBD) study. The data on
the utilization of household solid fuels revealed that solid fuels were used
as core fuels in the household. The DALYs score related to the utilization of
solid fuel of Thai residents in 2019 was 240.54 per 100,000 people.

Technically, data is transformed by using natural logarithm (ln). The score at
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the 1° percentile (best) is -0.1704, while the score at the 99" percentile

(worst) is 9.267, corresponding to overall rating score of 40.1.

Household Solid Fuels for EPI+

Based on data collection, Thailand has not evaluated the disease
burden due to air pollution exposure from Household Solid Fuels utilization.
As mentioned earlier, the use of proxy may cause high deviation of results.
Therefore, in this study the DALYs scores reported by Yale University and
Columbia University, based on the study of Institute for Health Metrics and
Evaluation (IHME), were used as an indicator for Household Solid Fuels

indicator which employed the score of 40.1.

Table 6 Data and score of Household Solid Fuels

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | DALYs Institute for Health 40.1
Metrics and Evaluation (2019)
EPI+ DALYs Institute for Health 40.1
Metrics and Evaluation (2019)
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Air Quality

Ozone Exposure

1.3 Ozone Exposure

Yale University and Columbia University evaluate Ozone Exposure
(OZD) indicator using the DALYs score per 100,000 people. The assessment
framework of this indicator is similar to those of the PM,s Exposure and
Household Solid Fuel (HAD) indicators. The burden of disease caused by
Ozone Exposure include respiratory irritation, reduced lung function,
ageravation of asthma and lung cancers, and increased susceptibility y to
respiratory infection. The evaluation of risks of attributable diseases related
to Ozone Exposure is carried out using the Comprehensive Risk Assessment
(CRA) framework in the Global Burden of Disease (GBD) study. For exposure
to ground-level ozone, the GBD focused on seasonal hourly maximum ozone
concentrations of 3-month period, estimated by satellite-based
measurement together with remote sensing techniques. The DALYs score of
2019 are then transformed by using natural logarithm (In) and compared with
the 1% percentile (best) and the 99™ percentile (worst). The obtained rating
score of 2019 is 39.8.
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Ozone Exposure for EPI+

As Thailand has not evaluated the burden of disease due to air
pollution exposure from Ozone Exposure, the use of proxy may cause high
deviation of results. Therefore, in this study the DALYs scores reported by
Yale University and Columbia University, based on the study of Institute for
Health Metrics and Evaluation (IHME), were used as an indicator for Ozone

Exposure indicator which employed the score of 39.8.

Table 7 Data and score of Ozone Exposure

Data sources Score

EPI Data
/ Agencies (Year)
EPI 2020 | DALYs Institute for Health 39.8
Metrics and Evaluation (2019)
EPI+ DALYs Institute for Health 39.8
Metrics and Evaluation (2019)
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Air Quality

Concept in preparation for EPI Thailand

1.4 Concept in preparation for EPI Thailand

The 2020 EPI scores reported by Yale University and Columbia
University were based on the DALYs scores of relevant indicators to assess Air
Quality. However, the DALYs data of Thailand are restricted, and under a
process of investigating the burden of disease from exposures to
environmental pollutions and unsafe sanitary by the Burden of Disease
Research Program Thailand (BOD Thailand) under the International Health
Policy Program (IHPP), Ministry of Public Health. Thus, it is suggested to use a
set of data that is suitable to Thailand context and reflects the level of
exposure affecting health severity as evaluated by the DALYs score. Three

indicators for evaluation of Air Quality are described as follows.

1) PM, s exposure
PM, 5 Exposure is evaluated using the data of Average Exposure to
PM, . It can be calculated by multiplying the annual average concentration
of PM, 5 by the population exposed (Population-weighted average) as shown
in equation (4). Under the assumption that the population in the same
specific area have a potential to expose to PM,s at the same amount,
therefore the PM, 5 Exposure is depending on the PM, 5 concentration at the

ground level.
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2P M2.55rxPOPsT)
X = Inpop
ZSTl ST

Where;
X = Population-weighted average PM, 5 Exposure (ug/m?)
PM2.5sr = Annual average PM, 5 concentration at each monitoring station
(ug/m°)
POPsr = Population number in the area where monitoring station is
situated

1" to n" station

STn = Monitoring station of PM, s from the

A score of PM, 5 exposure is then transformed by comparing with the

Air Quality Index (AQI) announced by the Pollution Control Department
(Table 8), as shown in equation (5). It is regulated by the air quality index, i.e.
score of 0 for lowest PM, 5 Exposure (best), whereas score of 200 for highest

PM, 5 Exposure (worst).

1:%(X—Xi)+li (5)
Where;
/ = PM,; Exposure Indicator
X = population-weighted average exposure to PM, s (ug/m?)
X, X; = minimum - maximum of PM, s concentration range where X

belongs
liy | = minimum - maximum of AQI range where PM, s concentration

(X) belongs
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Table 8 Shows the PM, 5 concentration compared with the air quality index

Average PM, s concentration at 24 hours
Air quality index (AQI)
(microgram/square meters)

0-25 0-25

26-50 26-37

51-100 38-50

101-200 51-90

over 200 91 up

Source: Pollution Control Department (2022)

2) Household solid fuels
According to the study of Yale University and Columbia University,
the Household Solid Fuels indicator was measured by DALYs score that
represents two relevant aspects, including exposure quantity and its severity
to health. In this study, the evaluation of Household Solid Fuels indicator for
EPI Thailand can be divided into two approaches. 1) Number of households
that have a potential to expose to air pollution from Household Solid Fuel,

and 2) Air pollution intensity that households potentially expose.

(1) Dimension in the number of households that have an
opportunity to expose to air pollution caused by the use of household
solid fuel at home

This indicator is measured by a ratio of households using solid fuel in

cooking to overall households nationwide. Households exposed to air
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pollution from solid fuels at high concentrations often suffer significant
negative health effects. In this study, the percentage of household using solid
fuel as a primary cooking fuel is used to evaluate this indicator. A survey
project on household energy use has been conducted by the National
Statistical Office in order to obtain the information of energy uses and
expenses in the households, following a requirement of the National Energy
Policy Council for national plan and policy on energy aspects. The household
energy survey has initiated since 2006 and regularly conducted every 2 years
with 56,000 household samples, using stratified two stage sampling based on
governmental administration, i.e. rural and urban areas.

According to the surveys, household fuels can be divided into 2
types, including 1) clean fuel, comprising gas and electricity, and 2) polluted
fuel, comprising wood, charcoal, and kerosene. The percentage of
households using different types of fuel for cooking in 2019 is shown in Table
9. The indicator that reflects the number of households that have a potential
to expose to air pollution within household is the percentage of
households that use solid fuels, like wood/firewood, and charcoal, for
cooking. It is regulated that the percentage of 100 is equivalent to the score
of 0 (worst), whereas the percentage of 0 is equivalent to the score of 1 (best),

as shown in the equation below.
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Table 9 The percentage of households classified by types of main fuels used
for cooking in 2019

Types of main fuels used for cooking (the percentage of households)

clean fuels pollution fuels
no cooking
gas electricity | wood/fuel wood | charcoal | kerosene
70.2 4.1 7.9 7.0 0.2 10.6

Source: Household energy use surveys in 2019 (National Statistical Office)

I = (Z"§ lid) x 100 (6)

Where;
I = Percentage of households using solid fuels for cooking
Xasoid = Number of households using solid fuels, like wood, fuel wood,
and charcoal, for cooking
X, = Number of households using various types of fuels for cooking
a = Fuel types that the households use for cooking, i.e. gas,

kerosene, wood, fuel wood, and charcoal

(2) Dimension in the concentration level of air pollution that
households have a chance to be exposed

Household Solid Fuels can be used as an indicator for air pollution
intensity that households potentially expose. As a large quantity of solid fuels
is used, it results in a high intensity of air pollution that the household may
expose. In this study, the energy balance data of Thailand issued by the
Department of Alternative Energy Development and Efficiency (DEDE) were

used. Final energy consumption by 7 economic sectors, including agriculture,
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mining, manufacturing, construction, residential, commercial, and
transportation, were annually reported. As listed in Table 10, the final energy
consumption by residential and commercial sectors in 2019 are primarily
caused by cooking. The fuels mainly used in these sectors are divided into 2
groups, namely LPG and solid fuels (fuel wood, charcoal, paddy husk,
agricultural waste). However, most households and commercials use
electricity for other activities, e.g. lighting and electrical appliances, besides

cooking, as shown in Table 10.

Table 10 Final energy use in Households (Residential and Commercial) in

2019 by fuel type (unit: ktoe)

Petroleum Traditional renewable energy
Coal & its|Petroleum
Products products | Electricity | Fuel Paddy | Agricultural
products | (Methane) Charcoal
(LPG) Wood Husk Waste
Residential - - 1,905 4,209
2,404 1,040 | 253 1,360
Commercial - 1 576 6,260

Source: Energy Balance of Thailand 2019 Report (Department of Alternative

Energy Development and Efficiency)

However, the percentage of electricity used for cooking is small
compared to other fuel types. Solid fuels tremendously cause air pollution,
like PM,;y, and PM,s, and while LPG is considered as a clean energy, not
contributing to pollution. Therefore, the percentage of energy obtained
from household solid fuels for cooking (kilotonnes of oil equivalent:

ktoe) can be used as an indicator representing air pollution intensity that
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households potentially expose. It is regulated that the percentage of 0 is
equivalent to the score of 100 (best) (Air pollution intensity is low), whereas
the percentage of 100 is equivalent to the score of 0 (worst), as shown in the

equation (7).

E —soli
[ = (R Basalidy 100 @

Where;

[ = Percentage of energy obtained from household solid fuels
for cooking (kilotonnes of oil equivalent: ktoe)

Energy. .iq = Final energy use in households for cooking, originated from
solid fuels, i.e. wood, fuel wood, paddy husk, and
agricultural waste (ktoe)

Energy, = Final energy use in households for cooking, originated from
all types of fuels (ktoe)

a = Types of household fuels used for cooking purposes: LPG,
wood, fuel wood, charcoal, paddy husk, and agricultural

waste

3) Ozone exposure

Ozone Exposure is evaluated using the data of Average Ozone
Exposure. It can be retrieved from the annual average ozone concentration
(8 hours) weighted by the population exposed (Population-weighted average),
as shown in equation (8). Under the assumption that the population in the

same specific area have a potential to expose to ozone at the same amount,
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therefore, the Ozone Exposure is depending on the ozone concentration at

the ground level.

_ 2811(0s57XPOPsT)
x = — (8)
X311 POPsT
Where;

X = Population-weighted average Ozone Exposure (part per billion:
ppb)

O3 = Annual average ozone concentration at each monitoring station
(ppb)

POPsr = Population number in the area where monitoring station is
situated

STn = Monitoring station of ozone from the 1" to n'" station

A score of Ozone Exposure is then transformed by comparing with
the Air Quality Index (AQI) announced by the Pollution Control Department
(Table 11), as shown in equation (8). It is regulated by the air quality index,
i.e. score of 0 for lowest Ozone Exposure (best), whereas score of 200 for

highest Ozone Exposure (worst).

= %(X—Xi)ﬂi ©)
Where;
/ = Ozone Exposure Indicator
X = Population-weighted average Ozone Exposure (ppb)
X, X; = minimum - maximum of ozone concentration range where X

belongs
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li, = minimum - maximum of AQI range where ozone

concentration (X) belongs

Table 11 Show the ozone concentration compared with the air quality index

8-Hour Average Ozone
Air Quality Index (AQI) Concentration
(Parts per billion, ppb)

0-25 0-35
26-50 36-50
51-100 51-70
101-200 71-120
>200 >121

Source: Pollution Control Department (2022)

Table 12 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Air Quality.

EPI 2020 EPI+ EPI Thailand
PM, 5 Exposure PM, 5 Exposure
Data DALYs DALYs 1. 24-hour average PM2.5

concentration from individual
monitoring station (annual
average)

2. Population number by area
where the monitoring station is

located

Thailand's Environmental Performance Index Project

40



Data sources

/ Agencies

Data

Data sources

/ Agencies

Data

Data sources

/ Agencies

EPI 2020 EPI+

Institute for Health Institute for Health
Metrics and Metrics and
Evaluation Evaluation
Household Solid Fuels

DALYs DALYs

Institute for Health Institute for Health

Metrics and Metrics and

Evaluation Evaluation
Ozone Exposure

DALYs DALYs

Institute for Health Institute for Health

Metrics and Metrics and

Evaluation Evaluation

EPI Thailand

1. Pollution Control Department
2. Department of Provincial
Administration

Household Solid Fuels
1. Percentage of households
using solid fuels for cooking
2. Percentage of energy
obtained from household solid
fuels for cooking
1. National Statistical Office
2. Department of Alternative
Energy Development and
Efficiency

Ozone Exposure

1. 8-hour average ozone
concentration from individual
monitoring station (annual
average)
2. Population number by area
where the monitoring station is
located
1. Pollution Control Department
2. Department of Provincial

Administration
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Sanitation and Drinking Water

2. Sanitation and Drinking Water

Safely managed sanitation and drinking water underpin public health
and sustainable development. WHO reported that around 800 million people
worldwide lack access to clean drinking water, and 2billion people lack basic
sanitation services! Polluted drinking water and poor sanitation contribute to
the spread of illnesses like diarrhea, typhoid, and cholera. The 2020
Environmental Performance Index (EPI) track diseases and deaths from
exposure to unsafe sanitation and drinking water using 2 indicators including
Unsafe Sanitation and Unsafe Drinking Water. These indicators were measured
using disability-adjusted life year (DALYs) per 100,000 population to represent
the Burden of Disease (BOD) due to the exposure to inadequate sanitation
facilities and unsafe drinking water, similar to the indicators of Air Quality. The
details of Unsafe Sanitation and Unsafe Drinking Water indicators are

described as follows.
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Sanitation and Drinking Water

Unsafe Sanitation

2.1 Unsafe Sanitation

Unsafe Sanitation (USD) means an access to toilet with inadequate
facilities or improper sewage treatment. Yale University and Columbia
University used disability-adjusted life year lost (DALYs) per 100,000 persons
to represent the Burden of Disease (BOD). The Institute for Health Metrics and
Evaluation (IHME) has studied the BOD related to unsafe sanitation covering
the period from 1990 to 2019 for 195 countries by assessing the relative risks
and risk levels of three attributable diseases caused by unsafe sanitation,
including Diarrhea, Typhoid, and Cholera. The information on relative risk and
exposure was developed from “randomized control trials” using the data
from household surveys, census data, satellite data, and other researches.
Afterward, DALYs data of IHME in 2019 were transformed by using natural
logarithm (In) and compared with the 1% percentile (best) and the 99™

percentile (worst). Consequently, the obtained rating score is 75.8.

Unsafe Sanitation for EPI+
Thailand has not evaluated the burden of disease due to Unsafe
Sanitation. Recently, this issue is being studied by the Burden of Disease

Research Program Thailand (BOD Thailand) under the International Health
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Policy Program (IHPP). As the use of proxy may cause high deviation of results,
this study used the DALYs score reported by Yale University and Columbia
University as an indicator for Unsafe Sanitation of 2019 which employed the

rating score of 75.8.

Table 13 Data and score of Unsafe Sanitation

EPI Data Data sources Score

/ Agencies (Year)

EPI 2020 |DALYs Institute for Health 75.8
Metrics and Evaluation (2019)

EPI+ DALYs Institute for Health 75.8
Metrics and Evaluation (2019)
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Sanitation and Drinking Water

Unsafe Drinking Water

2.2 Unsafe Drinking Water

Yale University and Columbia University evaluated Unsafe Drinking
Water (UWD) considering minimum exposure to unsafe drinking water.
Specifically, safe drinking water is defined as households accessing to water
from a piped water supply that is also boiled or filtered before consumption.
To measure the Unsafe Drinking Water indicator, disability-adjusted life year
lost (DALYs) per 100,000 persons was used to indicate rating score. The
Institute for Health Metrics and Evaluation (IHME) has studied the Global
Burden of Disease (GBD) by considering the relative risk and the risk level of
disease related to exposure to Unsafe Drinking Water, as did for Unsafe
Sanitation. The data of 2019 were transformed using natural logarithm (ln)
and compared with the 1* percentile (best) and the 99" percentile (worst),

resulting to the rating score of 42.5.

Unsafe Drinking Water for EPI+

Thailand has not evaluated the burden of disease due to Unsafe
Drinking Water. However, this issue is being studied by the Burden of Disease
Research Program Thailand (BOD Thailand) under the International Health

Policy Program (IHPP). As the use of proxy may cause high deviation of results,
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this study used the DALYs score reported by Yale University and Columbia
University as an indicator for Unsafe Drinking Water of 2019 which employed

the rating score of 42.5.

Table 14 Data and score of Unsafe Drinking Water

Data sources Score

EPI Data
/ Agencies (Year)
EPI 2020 | DALYs Institute for Health 42.5
Metrics and Evaluation (2019)
EPI+ DALYs Institute for Health 42.5
Metrics and Evaluation (2019)
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Sanitation and Drinking Water

Concept in preparation for EPI Thailand

2.3 Concept in preparation for EPI Thailand

Regarding to 2020-EPI, Yale University and Columbia University used
DALYs to evaluate the indicators of Unsafe Sanitary and Unsafe Drinking
Water, similar to Air Quality indicators. However, the DALYs data of Thailand
are limited, and are in the progress of investigating the burden of disease from
exposure risks to environmental pollutions and unsafe sanitary by the Burden
of Disease Research Program Thailand (BOD Thailand) under the International
Health Policy Program (IHPP), Ministry of Public Health. Thus, this study
suggested a set of data that is suitable to Thailand context and reflects the
exposure level affecting health severity as assessed by the DALYs score. The
indicators for evaluation of Sanitation and Drinking Water are described as

follows.

1) Safe Sanitation

Based on the 2020 EPI, Unsafe Sanitation reflects the impact on
people's health from an access to improper sanitation. However, with a
limitation of DALYs score of Thailand, it is recommended to use a proxy data
to evaluate Safe Sanitation. In this study, the percentage of household with

access to an improved source of sanitation was used to assess Safe
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Sanitation indicator. The data were annually reported by the National
Statistical Office in. a survey report on household economic and social
conditions. The survey report provided the data of percentage of households
that use various types of toilets. To evaluate this indicator, the percentage of
households with suitable toilets of 100 percent is equivalent to a score of
100 (best), while the percentage of households with suitable toilets of 0O

percent, is corresponding to a score of 0 (worst).

2) Safe drinking water

Due to a limitation of DALYs data of Thailand for  evaluation of
Unsafe Drinking Water indicator, it is suggested to use a proxy data to
evaluate Safe Drinking Water of EPI Thailand, considering quantity and
quality aspects.

(1) Quantity aspect: Percentage of households that access
adequate tap water throughout the year is used to evaluate Safe Drinking
Water in an aspect of adequate water. Accordingly, the required data are
number of tap water consumers of various sources of tap water, obtained
from Metropolitan Waterworks Authority (MWA) and Provincial Waterworks
Authority (PWA) and Thailand's Rural Village Report of Community
Development Department, and compared with the total number of
Thailand's households, retrieved from Department of Administrative Affairs. It
is noted that "Adequate Water" means the quantity of safe water for drinking

and consuming is at least 5 liters daily, i.e. 2 liters for drinking and 3 liters for
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other activities of consuming such as cooking. The method for estimation is

shown in equation (10).

[= (22%) x 100 (10)
Where;
| = Percentage of households that receive adequate tap water
throughout the year
X, = Number of households that receive tap water from various tap

water providers

X = Total number of Thailand's households

w = Tap water sources: Metropolitan Waterworks Authority (WMA) and
Provincial Waterworks Authority (PWA) and village tap water

agencies

To evaluate this indicator, the percentage of households that receive
adequate tap water throughout the year of 100 percent is equivalent to a
score of 100 (best), whereas the percentage of households that receive
adequate tap water throughout the year of 0 percent, is equivalent to a score

of 0 (worst).

(2) Quality aspect: Percentage of household tap water that meet
drinking water standard of the Department of Health (household

weighted- average). The method of evaluation is shown in equation (11).

[= (%) x 100 (11)
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Where;

| = Average percentage of household tap water that meet drinking
water standard of the Department of Health (household
weighted-average).

Qw = Percentage of household tap water that meet drinking water
standard of the Department of Health

X, = Number of households that access tap water from various tap
water providers

w = Tap water sources: Metropolitan Waterworks Authority (WMA) and
Provincial Waterworks Authority (PWA) and village tap water

agencies

According to the data survey, water quality data reported by the
Metropolitan Waterworks Authority and the Provincial Waterworks Authority
are available, however those of village tap water are limited. Therefore, this
study used the data from the report on household water quality surveillance
of Department of Health. The village tap waters were collected and analyzed
against the drinking water standard of the Department of Health. However,
the number of samples from the surveyed sites is less. It is recommended
that the Commission on Operation of Village Tap Water, under the Local
Administrative Organization, conduct more survey and monitoring of water
quality of village tap water to obtain more reliable data on household water

quality surveillance.
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To evaluate this indicator, 100 percent of household tap water that

meet drinking water standard of the Department of Health is equivalent to a

score of 100 (best), whereas 0 percent of household tap water that meet

drinking water standard of the Department of Health is equivalent to a score

of 0 (worst). Table 15 summarized the data required for evaluate the EPI-

Thailand regarding to the Sanitation and Drinking Water indicators.

Table 15 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Sanitation and Drinking Water.

Data

Data sources | Institute for Health

/ Agencies

Data

DALYs

Metrics and Evaluation | Metrics and Evaluation

DALYs

EPI 2020 EPI+

Unsafe Sanitation

DALYs

Institute for Health

Unsafe Drinking Water
DALYs

EPI Thailand
Safe Sanitation
Percentage of households with
suitable toilets (survey report
on household economic and
social conditions)

National Statistical Office

Safe Drinking Water

1. Percentage of households
that receive adequate tap
water throughout the year

- Number of households
that receive tap water from
various tap water providers:
WMA, PWA, village tap water
agencies

- Percentage of household

tap water that meet drinking
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EPI 2020 EPI+ EPI Thailand

water standard of the
Department of Health
2. Report on household water
quality surveillance
3. Total number of Thailand's
Households
Data sources | Institute for Health Institute for Health 1. Provincial Waterworks
/ Agencies Metrics and Evaluation |Metrics and Evaluation Authority
Metropolitan Waterworks
Authority
Community Development
Department
2. Department of Health
3. Department of Provincial

Administration
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Heavy Metal

3. Heavy Metal

From 2006 to 2014, environmental performance index cooperated
between Yale University and Columbia University was emphasizing on health
impact by considering child mortality and the environmental burden of
disease. Consequently, in 2016, environmental risk Exposure indicators were
changed to become the heavy metal. The Heavy Metal was used for EPI from

2018 to 2020. The lead risk exposure is considered as follows.

Thailand's Environmental Performance Index Project

55



Heavy metal

Lead Exposure

3.1 Lead Exposure

Lead Exposure (PBD) indicator is defined as lead exposure by using
the disease burden as measuring the loss of health or Disability-adjusted life
year (DALY) per 100,000 people. The DALY data from the study of the Institute
for Health Metrics and Evaluation (IHME) in 2019 are transformed by using
natural log. The data among the countries was compared with the 1%

percentile (best) of 3.1494 and 99th percentile (worst) of 7.2369.

Lead Exposure for EPI+

Based on the study, data collection, and consulting with associated
organizations in Thailand, the Burden of disease due to lead exposure for
Thailand was not made yet. Therefore, DALY data from the study of Yale
University and Columbia University about lead exposure in 2019 is also used

for EPI+. The level of Thailand's score is 81.6, as shown in Table 16.
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Table 16 Data and score of Lead Exposure

Data sources Score

EPI Data
/ Agencies (Year)
EPI 2020 DALY Institute for Health 81.6
Metrics and Evaluation (2019)
EPI+ DALY Institute for Health 81.6
Metrics and Evaluation (2019)
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Heavy metal

Concept in preparation for EPI Thailand

3.2 Concept in preparation for EPI Thailand

Due to lacking on the burden of disease caused by lead exposure in
Thailand, the associated organizations proposed to use Blood Lead Level
(BLL) or Health Risk Assessment: Hazard Quotient (HQ) as substitute data for
human lead exposure. However, BLL more reflected of human lead exposure,
so BLL is used as a representative of the environmental performance index
in Thailand. Accordingly, the 1st percentile (best) is 0.99 micrograms per
blood deciliter as the highest lead score in adult blood in wealthy countries:
French, Germany, and Japan and a score of the 99th percentile (worst) of BLL
are 16.56 micrograms per blood deciliter which is the highest score in
unwealthy countries for examples, Afghanistan.

The computing score using Thais' BLL average data is at 4.92
micrograms per blood deciliter, cited from health for the risk evaluation on
health and impact on health from lead by a blood sample, Department of
Disease Control. Therefore, the BLL average score is initially used for the study
concept.

BLL Data of Thai people were prepared and gathered by the
Department of Health in 1996. Specifically, data were randomized to

calculate the average population score, which was done for only one year.
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Non-continued data collection was due to government budget limitation.
At present, we have the associated data of lead levels in children's blood
and in the people who took risk for working in Pb base industries and living
on Pb-contaminated land, for examples, at Krity, Kanchanaburi province.
Thus, it is not suitable to be representative data for the Thai population BLL,

and a summary is shown in Table 17.

Table 17 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Heavy Metal.

EPI 2020 EPI+ EPI Thailand
Lead Exposure Lead Exposure
Data DALY DALY Blood Lead Level (BLL)
Data Institute for Health Institute for Health Department of Disease
sources Metrics and Evaluation | Metrics and Evaluation | Control

/ Agencies
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Waste Management

4. Waste Management

Waste Management was primarily considered in EPI 2020 report. The
Waste Management used the amount of solid waste instead of DALY. The
objective was for Environmental Health Policy, and the Waste Management

composes of one indicator, the controlled solid waste indicator, as follows.
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Waste Management

Controlled Solid Waste

4.1 Controlled Solid Waste

Controlled Solid Waste (MSW) is defined as community solid waste
quantity which is managed appropriately per total emerged solid waste in
Thailand. The community solid wastes from households and stores excluding
industrial waste was suitably managed such as Anaerobic digestion (il),
Compost) (i2), Sanitary landfill with gas capture (i3), Incineration (i4), Recycle
(i5), Controlled landfill) (i6), and Unspecified landfill (i7) per total emerged

solid waste (SWG). The calculation is shown in equation (12)

_ XISWi+0.85W;—s+0.8 SW;—;

MSW (132)
Swa
Where;
MSW = ratio of correct waste management
SW = quantity of correct waste management

SWG = total emerged solid waste

[ = correct method for waste management

Calculation of EPI 2020 uses data set from 2014 to 2015, cited from

various academic journals:
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Data of waste potential management from Wiedinmyer, C., Yokelson,
R. J., & Gullett, B. K. (2014). Global Emissions of Trace Gases, Particulate
Matter, and Hazardous Air Pollutants from Open Burning of Domestic Waste,
Environmental Science & Technology, 48(16), 9523-9530.

Waste quantity data and Fate of waste management from What a
Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 receiving
the waste quantity from Pollution Control Department in 2015 and Fate of

waste from Rotchana Intharathirat and P Abdul Salam in 2015.

Solid waste management for EPI+

Thailand has managed and collected data about waste management.
Therefore, we consider using the data from the information system in waste
management of the Pollution Control Department as Thailand's database.
Therefore, data sets of total waste quantity, the quantity of correct waste
management, and recycled waste quantity are computed using similar
equations and methods with EPI 2020 under the assumption that Controlled
landfill (i6), and Unspecified landfill (i7) were in the quantity of correct waste
management. As a result, the obtained score is 67.1, and more detail is

summarized in Table 18.
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Table 18 Data and score of Controlled Solid Waste

waste management

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | Waste management and | What a Waste 2.0 329
quantity (2014 - 2015)
EPI+ Total waste quantity, and | Pollution Control 67.1
a quantity of correct Department (2020)
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Waste Management

Concept in preparation for EPI Thailand

4.2 Concept in preparation for EPI Thailand

Using the data to prepare EPI Thailand applies similar calculations
with EPI 2020 by using data sets of total waste quantity, a quantity of correct
waste management, and recycled waste quantity of the Pollution Control
Department. Criteria to regulate operational score is the best and the worst.
Solid waste management is ranged from one to ten following Yale University
and Columbia University calculations. It is a ratio of solid waste management
quantity per total waste. The total waste quantity is managed correctly and

systematically if the ratio score is close to one.

Table 19 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Waste Management.

EPI 2020 EPI+ EPI Thailand
waste management waste management
Data Waste management total waste quantity, total waste quantity, and
and quantity and a quantity of a quantity of correct waste

correct waste management

management
Data sources | What a Waste 2.0 Pollution Control Pollution Control
/ Agencies Department Department
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