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i 1 TogUszasAidauloune (Policy Objectives) Autlgoy (Issue Categories)

#7770 (Indicators) wardnaiuAnlu rinvasRvlaussausdaIndaunuseiiiy
11 A.d. 2020
11 : Wendling, Z. A., et al. (2020) (epi.yale.edu)
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1) nMsudsnguvainisusaiiunawasn1siiininanud1Agvasuszia

N15USSIUAURILINA DY

AT AUTIOULE suInd o (Environmental Performance Index: EPI)
Fovmulnsuninedssanazanninendeladudes fsndunislud a.e. 2020
(w./. 2563) Usznaume 2 Inguszasilisuleuny (Policy objectives) 11 Auillgae
(Issue categories) 32 #2333 (indicators) %ﬁLwiazéfﬁuﬁ’mzgﬂd’;qﬁmﬁﬂmmﬁﬂﬁm
Fupnsnasuly %uaejﬁunwamauauawiamméfaam?uaa;ﬁﬁmumﬂamwazé’ﬁu
anwddrmudiszyliludennassevinaUssma videimmmsaifudsnndeniinids

Wudsznudidnlutisaiiu Inelisisazdonuansianisied 1
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@ @

M1519% 1 Msudanguidinuazenaisniminasuuy

ssildon (Issue categories) / #2330 (Indicators) fiada Tﬂ’iﬂ
Untn
nguszasAaulaung (Policy Objectives)
frusuniiedauInday (Environmental Health : HLT) (40%)
AvilgauAuAMAIWaINIA (Air Quality) AR 20%
é’a%”@ﬁmmi%’ué’mﬁa@uazam PM, 5 (PM, s Exposure) PMD 11%
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fvllean (Issue categories) / A1%3a (Indicators)
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U ¥ LA )

Ftinsmunssudunaniglelau (Ozone Exposure)
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2 2
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MFinsuunnulivasasie (Unsafe Drinking Water)

avtdasarulanzyiin (Heavy Metals)

2
% (%

FTnnuNISSUdURERENY (Lead Exposure)

[

yildasfun1sann1svaads (Waste Management)

% (%

AT InruUNIsIANITYerYavU (Controlled Solid Waste)

TnguszasAideulaung (Policy Objectives)

0zD

H20

usb

UwD
HMT

PBD
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MSW

1%

16%

6.4%
9.6%
2%
2%
2%
2%

AUANNANYIAIVBITEUUILIA (Ecosystem Vitality : ECO) (60%)

[y

yilgaginuanuaINTaIeNIiIn NLazauNagan Ay
(Biodiversity & Habitat)

(2
% (%

fdinnun1suntestitinrunsedusn® (Terrestrial Biome
Protection (national))

P nsunisuntiestiinaunsysulan (Terrestrial Biome
Protection (global))

£ [ '
1y

WInAUNUNANATEMNMELS (Marine Protected Areas)

[ '
(%

AUilFUMUNUNANATEY (Protected Areas Representativeness

Index)

BDH

TBN
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MPA
PAR

15%

3%

3%

3%
1.5%
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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 TnnusnsIN1sUassAwAsUaulaaanlenaNmg

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) N1SATUIUATHUUAYUHUTTAULRILINADN

!
=l

1A59a$19679 70 (Indicator construction) Uy a#l kA3 UN1TIIVTINAIN

wiastayasne 9 azgninluAunuaInIsveIwiasiadin warvitn1suulved

Y
v

Tuguiidusnmsgu (standardize) Wuandoyaniafuus x uazdmsuunaiiiin
xf oA biuviinsuUasAdoyaliinunzay (data transformation)
frwauns [nx) vie Inex + a) Wevsugruazuuulieglutag 1 - 100 910ty
Foyafiuvasan azgniandruandumazuuuiieIouifisuiumazuuuves
Uszimaduy 9 fszifludiegnsiuinuazaiazuuuiiafige (best) uaganfian

(worst) fauansroluil
Indicator Score = (X - W) / (B - W)) * 100 (1)
Tefl X = deyavesussmaiiy
B = A1 Best performance 38 fﬂ'ﬂLﬂmmaﬁﬁﬂixﬁw‘ﬁmwﬁﬁﬁqw
W = A1 Worst performance 3o Lihwnefiuszansninsiian
F2989n 1AL IAAA LN YR AT AR U 1S FeuTTU
USmnaumsgnydeiiuiivn 19deyadnadefuiivl 5 Ifeunds lnefnaa

=) T

audaiisutureuniuiivivesdgiu Aol we. 2543 (a.e. 2000) Tnerfvuali

fiuitl q Addulitunequnnninfesay 30 Aofiufivn
Yoyan ufivalian Global Forest Watch nuindsginelnedian x =

0.007607 (YoyaldA1uiny EPI 2020 Aatayavesl w.a. 2561 (A.A. 2018) Lagyin

nsuasetesa (data transformation) Tasunud1 @ sunmdl 2 Weshluuvag

Ateyalivanzauazldedeyai -4.8785

Inx+a = [n (0.007607 + 9.70e)

-4.8785
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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

A 2 FayanisAwinvesdinsunsagdeunUilusiga EPl 2020

fan - Wendling, Z. A, et al. (2020) (epi.yale.edu)

% -

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

KU

a

' Aa a a v ° i Aaa
Admneiifivszansam lneUssliudiegnsiiuiauazainziuuiiafian (best)

4

waze¥ian (worst) muaun1si (1)

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

v
[ (% [

90U A8 TRR1uN1Tg L de i Ui Uanun133189 e EPI 2020 dwa
AT 23.3 AgkuY MNeANd) YsednSamnisianisiunUivesusemea
agluszAuAaudein Wesanteyai EPI 2020 drsnlduansdanisaadeiuii

Aoutnsgeluseu 5 Vdounds Wiaeuiulsu
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3) NaUSSUASLUUENSTTAULRILINA DN

[
% (v

ANPZLUUVDILAAZAITIA A2 anUUIA ISR UAI9U TN Wielrla

Y

J

ANAZLUUYDIATLE 08 91NTUILONAIUIUIDNU N T UNAALLUUYDIAUTTOUL

Y

A1ndeuuaalsEmANAnE LR

q

AI98 NN ITATUIUAIASIUUY DAYl aY

i olda1azuyyvasunasdad Ta1nnisiidoyalunlasa1doya
T munzauuazauinlsyans nnlaossuiisufuadimng aandui e
ApzuuundvniemAawuuesiuiges TneAazuuuannnsareinn
mlaan

S (Yoya x wmninvesdoya)

AIAZUULa IR = 2)

> Ara2eumin
Lﬁaﬁﬁaaﬂamﬂmﬁwﬁ 2 UIATUIAIAZLUUIINAITO I UL WUIN

ArullgogruuINITveTsUUlng AAzuuuegn 145.9 + 6 = 24.3 ATLUY

A15199 2 dIeg1eATeya AAzkUY wazA1allnvesidinludviltey

ANUUSNITVRISEUUTLIA

i GYGETSIY] Ardasimiin | Ardeyadasimiin
Funsgaydeiuiitn 233 5.4 125.8
ﬁmmsqzyl,ﬁaﬁuﬁvjamﬁw 38.7 0.3 11.6
Frunsgapdefiuiigu 28.3 03 85

HATIM - 6 145.9

FEMImAtAziuuYeRYltefdl1d Y 9 AATuUNYRITRUITTAIALY
YlYU1Y WaLANALLUUSINYBINTTaNTTaULAINa oY 18IS SiuReIfuAng

41951
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A5ANAUNITAIUAINAaNYeUsEAlnelaTauIng ety waag19lsiniy aae

17
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Y
&
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[

A9 3 JUuvuid dadlfludvilanssauzdaindeuilideyannmieauly
Uszielng (EPI+)
EPI 2020 EPI +
Fusundizdawandeu (Environmental Health)

AytigasduannWaINIA (Air Quality)

v
Y v v

MTIAAUNTSUFURAR UAL DRI PM,

¥
Y [

satasunsiududaemdudddy  Tdamazuuuiy iesndedriavesdeya

ASISoU DALY

¥
(Y @

AT IneuNIsSUdURaR o lau

aytigasfruguiiunauaziiay (Sanitation & Drinking Water)

MATasuguAvialivaense lgrAzuuuay esnndedinvesdeya
maiamuihaulivasnsie DALY

v b4

futgagnrulanzutn (Heavy Metals)

v
Y @

mydasumsudulansii Tgrmzuuuay esnndedrinvesdeya
DALY

futidasfiunisinansveside (Waste Management)

Y

MTIaruUNMIIANITYE T YLy Tdtoyavesusenalng suguuuuns
AUIUTBY Yale & Columbia 2020

AUANNANYIAIVRITEUULLIA (Ecosystem Vitality)

s

vilgagaruanumanvateneianinuasauiegande

(Biodiversity & Habitat)

v
o @

T ineun1sUndasdatdvarun

SEAUYIA TdoyavesUsanalne suguuuuns
T ineun1sUndasdatdvarun ANUIYDY Yale & Columbia 2020
seaulan
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EPI 2020 / EPI + EPI Thailand
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EPI 2020 / EPI + EPI Thailand
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EPI 2020 / EPI + EPI Thailand
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IQUITAIRATIUlEUIY AMUANENYTAIYEITEULTLIA

(Ecosystem Vitality)

% 'Y =

YUIDYATUAMURAINKAYNITINTN

wazduflogonde (Biodiversity and Habitat)

LT)

5. fvligasiuaunanualenidininuaziuiagande (Biodiversity and
Habitat)

ANSTANIAYUAUTIOULAILINA DY LATUAIINGIF ULYA LATUMINYIAY
ladude latinsusuileudaainluduill lunnnissneauatnswuunudt w.e.

2549 (a7, 2006) Flu EPI 2020 dmsutssiiioonidu 7 2330 loun

[
v Ao v

1) fdianun1suntesdiatinnaunsedud (Terrestrial Biome Protection
- national weight : TBN)

2) §adSasumsunilastafinaunsziulan (Terrestrial Biome Protection -
global weight : TBG)

3) v & Ay

PATUNUNALATDINIINZLE (Marine Protected Areas : MPA)
4) AUidUIFYAINNAINUAIBNINTININ (Biodiversity Habitat Index : BHV)

Q_)E
e

9

a o

5) %ﬁﬁumﬁmawumwuﬁ (Species Habitat Index : SHI)

£ ¥ U L4

6) AvllAuATEIYTANUS (Species Protection Index : SPI)

q

[ Y

7) fasil QLquﬁuﬁﬁmﬂiaﬂ (Protected Areas Representativeness Index :

PAR)
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YULDYATUAITURAINRAIYNINTINTN

wasduiagarde
A3nA1UN1sUNT 98 TAUNTEAUYH

(Terrestrial Biome Protection - national weight)

5.1 arddadiunisundesdntivaAunsz@usif (Terrestrial Biome Protection -
national weight)

nsUnUestifinAunszAuYf (Terrestrial Biome Protection - national
weight : TBN) ff13niaauvaneis n1sundesundsiiegendenidnuusianie

a a 1 [ = o < A o w

MelineineegudusULuy Fadinsdwunduy 14 Ussiniidianud1fy wag 15
wandifine (09 4) Ineusewalnediveyafedfuinun SrfnAuniidemiangan
91nNUN 3 Uszuan Lo

(1) fuiivrluniraenfeunasiefeudu (Tropical & Subtropical Moist

v '
A =

Broadleaf Forests) L Wi vraudu (evergreen forest) WuNUAULAY (dry
evergreen forest) wazfuiidRu (hil evergreen forest)

(2) AuitUnlundrandeuuasiiefeuuds (Tropical & Subtropical Dry
Broadleaf Forests) Lo it wil UnLff a5 (dry dipterocarp forest) wazi uii U
LUyaNSse (mixed deciduous forest)

(3) Hudivmeau (Mangroves)

AZLUUIAIRILA 0 - 100 AZLUY MAbe 100 AzWUY UsTnUsemeaduls

Untosegstlessovay 17 (best performance) UasttilAUALARZUTELAN
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Antarctic

I Tropical and Subtropical Moist Broadleaf Forests Temperate Grasslands, Savannas, and Shrublal
[ Tropical and Subtropical Dry Broadleaf Forests [ Flooded Grasslands and Savannas
[ Tropical and Subtropical Coniferous Forests "] Montane Grasslands and Shrublands
B Temperate Broadleaf and Mixed Forests Tundra
B Temperate Coniferous Forests I Mediterranean Forests, Woodlands, and Scrub
[ Boreal Forests/Taiga [ Deserts and Xeric Shrublands
[ Tropical and Subtropical Grasslands, Savannas, B Mangroves
and Shrublands

Al 4 MsdwunUsziandafinaun (terrestrial biomes) wagingiidavadan
(ecoregions) Tunsussidiududiaussausdswndousads oaduauvainmans
msTanmuaziiuilegende nu EPI 2020

fiun: Olson et al. (2001)

TEW,
Wphe = bc/zb

TEW,,
TBN, = Z[W”C X ICTy,] X 100
b

v 1%

18 TTUNDUNITANUIUR I

a

1) M3winsegavvesiuitiduaunvessemelngiogluiuiiduases

Wieituiiousnyddaunisn (3)
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PCT,, = 3, TPA;p./TEW,, (3)
Tnodi

PCTy. = dndiuvesiun@iineunla q vessundlneiogluiunfAunsenie

a

ﬁuwauiﬂw

[
L4

TPA,, = fuiithiinaunla o waﬂiuwuwﬂumaamawwauiﬂ‘u

TEW,, = Wuiirdnrunamalulsene

A a a 4

i °U“mww%aunm/laaluwuwﬂmsmmawwamﬂw
b = Ui wuwmul:m
C = UseLne

2) MsAUIUSEENS A n1sUNTe9dntnaAunveIUsEnaAnU19uNe
ladnmuusadrunesesay 17 feaunisi (4)

_ (PCTycif PCTye < 0.17
[CTpe = { 0.17if PCTy,. > 0.17 @

Toedi
ICT,, = UszanSnmnisundestirlinaunveslsenelng

mndndinvesiuiidaiinaunla 9 maaﬂasmmﬁiuﬁuﬁﬁmsm (PCTy0)
Youninvdewihiu 0.17 futy UssavsnmnsundesdafinaunvesUssme (ICT,.)
WINAU PCT.

mndnainvasiuiidaiinaunla 9 suaqﬂizmmgﬂuﬁuﬁﬁumaﬂ (PCT,0)
fidnannndn 0.17 ey Yszansanmmsuntiesthinaunvecsymea (ICT,o) winfiu
0.17

3) nsatrindnaunlulfazUseinnuesusemaingandndiuiun

faaun1sn (5)
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TEW,
Wphe = bc/zb

TEW,, )
Tnei
8w A a !
Wy = Aensunindfdnaunluudasdssinnveslseinealneg

a) msrnaaniudesay fwaunisi (6)
TBN, = ¥ [Wpe X ICTy,] X 100 6)

1ne?

1%
v [

TBN, = fminaunisuntestifinAunseausid

mﬂmiﬁwi’mﬁaaﬂa NUIN é’ﬂwmﬁuaaﬁﬁmﬂaﬁﬁwmﬁmm EPI 2020 1y

v u‘ﬁayjamn World Database on Protected Areas (WDPA) ilay World Wide

¥

Fund for Nature filudieyaves a.e. 2010 - 2020 (w.a. 2553 - 2563) Insdeya

NUNANATRIVRITITNAUNTNNIINNTUENITULMIYIR F0IU0 UasHugiYy wag

q
[

be

17

fufleysnvvnmeiay Wudoyaainnauminensmanziauazvieils visil Teya
TEW fausit w.a. 2543 — 2563 (A.A. 2000 — 2020) l¥g1utoyaant w.a. 2543
(A.A. 2000) Uagdoya TPA Aaual W.A. 2553 - 2563 (A.A. 2010 - 2020) 14

§1utayanT w.a. 2553 (A.A. 2010)

729 Tafrunisundesdadiaaunsedusn@ (Terrestrial Biome
Protection - national weight) %aaﬁ'%ﬁ'ammuzﬁ'aLmﬂé'auﬁW%’ay’amn
nisanludssnalng (EPI+)

NnmsAnwmuIdeyaiithanda EPl 2020 Wudeyailsidudeqiu
Snvan1sAnitufives WOPA fid1genn Andudenas 99 vesiiuivszmalng fudy

Tuduves EP+ Atladonlddeyavassendlne laun
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1) deyafiufivnsziandng q 91nnsudalsl T we. 2563 (a.a. 2020) uaz

sreuANNAIMTseaesd (Biennial Update Report: BUR) atiudl 3

2) Ty aNuNousN¥IINNTUGNITULNYIF d0dU7 waziu

2563 (A.A. 2010)

sy U w.a.

9

3) HuflousneUreau iWudayainnsunsneinsniamsawarveil

U e 2564 (A.a. 2021) Faududeyalud) a.e. 2011 - 2020 (1.6, 2554 - 2563)

IngdayalanuvazuanA9iuuanInams199 5 Lasiilouieyaveslseine

wuAluaunsasnulafnzuu (EPH) Wingu daandlunsed 6

M13199 5 ANLANEsUeIn1slilaya

Frilmuniegluiug
ANy ViseNUNANATEY

q

(protected area)

] P
FEMINUTLNALNBNIS

a3nYsTTUYIF (IUCN) *

daya EPI 2020 EPI +
foya TEW LHuitui Toyal n.e. 2563 (.. | Teyal w.A. 2563 (A.A.
Frinmuniifiegluussme |2020) Tl 517,030.31 [2020) Fituii 155,609.94
MIINALALIAT AINALALIAT
foya TPA Huiiud MUTENUVDIBIANTT pufenunganeiiud

ausndvasUszmalng **

Joyal w.A. 2563 (A.f.
2020) fituTt 9632531

AN LALUAT

Joyal w.A. 2563 (A..
2020) Situdt 103,152.61

AN NLALUAT

ENTHERRNIGHG

- World Wide Fund for
Nature
- World Database of

Protected Areas

- dogadiuiivn Ussom
Ag o nnsuUaled U
W.A. 2563 (A.f. 2020)

LAY IIEIUANUNIIVLAN

TasansdmvinsvianssousdaindonveasUsemalng

28




daya EPI 2020 EPI +

v o 2

viail Yoya TPA Aaus | 91e@esd (Biennial

W.A. 2553 - 2563 (A.A. | Update Report (BUR)
2010 - 2020) T¥eyalu |atuil 3

w2553 (a.d. 2010) |- Teyaiiuileusnyan
foya TEW dausid NIURNIUUMITIR &9 IUN
n.A. 2543-2563 Tideya | wagiiugivy U w.a. 2563
Tl w2543 (A.A1. 2010)

- Foyauilaysngl
oiau \Judayannsu
NINYINTMIMELaUAE
Y18 T w.e. 2563 (A0,
2010)

N8R

* Ysziavinuiiay3n 9uunany International Union for Conservation of

Nature, IUCN & 6 Useian taun
(1) WWAAIUSTINVIALULTU (Strict Nature Reserve)
(I gnenuwan@ (National Park)
(Il eyasalanIussuYIA (Natural Monument)
(V) ﬁuﬁﬁm%’uﬁ'@miﬁa@:mﬁaLLazmﬁmﬁuﬁ: (Habitat/Species Management
Area)
(V) Hufiduasesnivimdmeun/nivimdmameia
(Protected Landscape/Seascape)
(V) Rufiduasosuuuiinsdanisnineans (Management Resource Protected

q

Area)
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* Yspuanituieusng luanusuinveuveinsugneuuiend dndUn uasiiug

iy Mleusznialunszssnguing ngnIsnsne nguue wagseidsureaniasvnig

Swunlaidu 6 Uszan lawa

(1) gneuura@ (National Park)

(2) wasnwiiugdndvn (Wildlife Sanctuary)

(3) warmua1d@n v (Non-hunting Area)

(4) 2gneu (Forest Park)

(5) aungnuAans (Botanical Garden)

(6) @1u3nvF (Arboretum)

M13199 6 ToyauazAIAziULaITIaMuNsUndesdilinAunse AU

o des . Y . AZWUY /
EPI yadoyanld unasvesdoya / vdeaw | |
Uvasvaya
EPI 2020 | dayafiuiiadiaaun World Database on 76.7
Protected Areas (WDPA) | (A.#. 2000 -
2020)
i - nsuUlyd 100

- NueusneUneay

- NINYNEULKIYIR dndU1 | (A.A. 2012 -
waguSiYy 2020)
- ATUNTNYINTNINELA

LAZUIYEH
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%

YULDYATUAITURAINRAIYNINTINTN

wasduiagarde
%4 gu v = = (%4
A9 1UN15UNUa9TRAUNSEAULaN

(Terrestrial Biome Protection - global weight)

5.2 A33anun1sUntastiiAunseaulan (Terrestrial Biome Protection -

global weight)

nsunUesdadiaaun (Terrestrial Biome Protection - global weight

o w

TBG) ANDINAAULYULA EJ?ﬂ‘UGUE]lIa‘W‘LWI "U’JuL’JﬂUﬂ‘UENG]?%’JWﬂ’]Hﬂ"IiUﬂﬁEN

TrfiAunszdund e indiunisundesdadnaunsydulan fnsdanimn
mudndununiusnguesdaziitdnaunluseaulan waziundiilnaunitegly
wueusny mnlaaziuy 100 Uswisematulaindesegralosauay 17 (best

performance) U4TtAUNLARZUTELAN

TEW,,

W = Zc TEWbc
bc » TEW,, TEWpe
b Z TEWbc

TBG, = Z[W”C X ICTy]
b

v

TAgTUNBUNITAIUINAI

1) M3uwinseravvesiuitiilnaunvestsemelneiogluiuiiduases

q

& & A v cw =
Wiofiufioysnnaaunisi (7)
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PCT,, = %,TPAy./TEW,, 7
Tnedi

PCTy. = dndruvasiundiinaunta g vesUszwmelneiiogluiuiidunsewse

L4

Wunaysny

a L4

TPA. = Nunftiaunlag wasiuwuwmmmmawwauiﬂw

TEW,, = fuiidrdnruntamusludseme

v

= a L3

DaNunFn ﬁW@EJGLU‘W'LWl ﬂllﬂﬁENVﬁE]WlW]E]Uiﬂ‘H

i =%
b = i wwmunﬂ
C = Uszne

2) N15A1UIMYSEEANS AnnsUndeed i Aunvasussinalneniy

wWhnunelednmuusandrunesesay 17 saaunisi (8)

_ (PCTycif PCTy < 0.17
[CTpe = { 0.17ifPCT,, > 0.17 ®

1nen

ICT,, = UszanSnmnisundestilinaunveslsenelng

a

mndndiuvesiuntidnaunla 4 vesseinmegluiiunfAuases (PCT,) Uoe

o
(g a a

AUTOWNAY 0.17 Aetu UseansainnisundestatinAunaesuseina (ICT,.)
WU PCT.

mndnainvasiuiidaiinaunle q Suaqﬂﬁw/lﬂaq”luﬁuﬁﬁmsm (PCT,o) e
1nn31 0.17 ey UseansammisuntesdainAunvesUsving (ICT,) Winfu
0.17
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3) NM5EMNINTIRNAUN I UWARZUSENNAINNAREIUNUNAIEUNST (9)

[ TEW . !
Wpe = ZCTEWbC/Z TEW), 9)
. 25 rmwye)
1ned
= AT dnaunlulsazUseLnn
a) marnaadusesas Fiaunisa (10)
TBG, = ¥p[wp, X ICTy,] X 100 (10)
Tnedi

TBG. = Maianunisundestifiirunseaulan

w29 Yad1un1sundesdadiaaunszaulan (Terrestrial Biome
Protection - global weight) wam"’%ﬁamsausﬁ'mfmﬁ'auﬁ"’l%’ﬁ'ayjamn
ndrsauludsendlng (EPI+)

InMsAnnUIFSadhunsunifesthiinaunsesulanditdnwarnns
funnuazgatoyaniiendatuiifndunisuntestifinaunseduni deduly
d1uved EPl+ Feladenlddeyavessemalneunldlunisiuuduandduide
ye3daTidunsUnilastainaunsesurd waziinsiieuaunsaasiminan

Y] X Ao a ] o Y a
SOEIUNUNVIULIAUNUU ﬂiui%ﬂ‘lﬂaﬂ S IaNINZ N
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v
v Ao

M15199 7 Teyauazeiaziuuvesdiamunsundesdilinaunsesiulan

o s . Y . AZLUY /

EPI yadoyadild whasvasdoya / wdweny | |
Uvadvaya

EPI 2020 | oyaiunyitiamun World Database on 59.1

Protected Areas (WDPA) (A.A. 2000 -

2020)
EPI+ - il - nsuUlyd 100
- flufleusng - NINPNEULAINA FndUn | (A.A. 2012 -
wazugiYy 2020)
- flufleusnuitmeau - ATUNTNYINTNIINELA
wazeil
- ‘ﬁuﬁﬂﬂﬂaﬂ - WDPA
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YULDYATUAITURAINRAIYNINTINTN

wasduiagarde

%4 %4

AYINNTUNUTNANATDINNELE

(Marine Protected Areas)

5.3 P IaRuUNUNANATEIMIMELA (Marine Protected Areas)

flufidunsoanieneia (Marine Protected Areas : MPA) Tégniieuas1v
Mirfanulaenatsniadudi ey singuszasdlunisusmsdanisi uiliiie
Usglewigeanluniseyinsvineinssssuuauas ssuuinanamziauazynoila
wilsludrfnanuiidenldiusgaunsnatefemsntnauves Kelleher wax
Kenchington (1992) %ﬂizuw’iﬂ

“Any area of intertidal or subtidal terrain, together with its overlying
water and associated flora, fauna, historical and cultural features, which has
been reserved by law or other effective means to protect part or all of the
enclosed environment” (Kelleher & Kenchington, 1992).

ogdlsfnundsnilléfinissinuaiommesiiuiiduasedlulag 1UCN
Tud w.a. 2551 (A, 2008) Wil sTuunUszIAnTasi U AuATOMMELE

A07190 1L UININITTUN AT ULABAAUNUN U ANATEIN2LU IUCN F9ladinig

q

[

& o = a = = 1 s | X A
VAPNAUSNINIULNBDBIUNY LLagmﬂ'J']lILW@IWﬂiaUﬂqmaﬂﬂUigﬂaUSLUﬁ'J‘UGUaQWUV]

1ATBINNINELanasuaUaLNULANTLT w.A. 2555 (A.A. 2012) ANINNAAINUUDY

De

o ©

ﬁ‘uﬁﬁmsaamwzLaﬁammmi{fim AulafuA1IiAAUTINYRIN UNANATES
™ @ v O X

’JVL‘U M FRERE “WUVWI’NﬂNF‘ﬁﬁG} gt Tveuwadaau [Wuneeusu gﬂﬁmﬁﬁwmz
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finsdanisiieguugiuvesngvunenseisnsdulaniiussdnsain tielvussg
TngUszanvain1seysnyYsssurflusserend wazdannaenun1siiuinisves
SEUUTINALAYAMAINITINUSTTY”

Tunsuszifiuasetiavdnlglunisuseiiuaiunsaasuelalagaunis

Y AMP/
MPA = i X 100
Y EEZ;

(11)
Tnei
MPA = fuiidunsesmangia
AMP - uaufivesiiufiduasomimeia (Ms1silawns)
EEZ - uaufivosnEssgias i (nsailawns)

o/ o

#ad Yadruiiuiiguasasnienzia (Marine Protected Areas) w84
sussaurdandeuiilddayasnmicsaluuszmelng (EP+)
fufidunsommzavessamdlngludagiiu dnilugdudnvazesns
uimsulaeniady iosngiviiddeseusng dunses Urgednu duy
Uimsdnns waglivdedeliinisliusslovinnnineinssssund dunndeuuas
anuvannranemstanm IiAnuszlemiognsauna wavdadu lnededliuszam
wazyselwiesduiiieatosddiusudidunsuarlifulsslowd Tnganunsouus
Ussuamiiufiduasesmmziaeentdidu 6 Ussianfie grnenuuvissinimsia e

Wua1d@niUn NuNANATEEUINAoY NUNaNUTIMMNG NunThwiugdndun
d ¥ g ¥ .

NuNYgud Nensunsneinsmenziaiarangils lainnssiusinveulunuesiui

q

e
De

3 1 v o @ 17 & A & (% A
LLM@SLL‘VNLLa%"\]GWI’]LU‘HE’]'IJ‘UBJJ“@WUVWHQVI%La‘Uaﬂﬂi%LﬂﬂlWU‘VNﬁllﬂ MR 8
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1% '
A I

A15199 8 NUTIANATEINIMLIavRIUTEINALNY

9

Nufiguasesilogiu | Sruauiiudl TR TS
(m3.na.) (m3.nw)

1. gUETUWIAYIANINELA 23 6,549 5,376
2. waiuandnivn 3 548 280
3. Nuiidunsosdanandon 6 11,256 10,369
4. fufiarudmme 1 305 117
5. fufisnwsitugdn i 56 194.91 194.91
6. Mudiguii 9 3,056 1,727

EXLY 98 21,909 18,063.91
fnilufiviudoutuies 2,696
ALNED 15,367.91

U ATUNSNEINTNINELALAT IO, 2563

dlofiansanangnanisduin Amasiuvesiuiiduasesnamgiarioun
vosUszmAlnefomsuiiudivanun 6 Ussianddetu ogndlsfinu unsiludi
fomnamiviudousgifuuinudu Tendufednmsinaviiuiifivudeutuseniie
LiliAnnsud wonand itelildnanniuieidsududosdnnsiniuii
asouaguludwesiiuiinmzaiinsuszniadidlUluamesukufvesndie

= |

ARLaUINATINENTITAIAY 15,367.91 A151aRlaLnS

luduvesiun e senangniiuifAn JoyavesumingIqeisauay
wmIngrdelasufoidunisirtoyawaiasugiadiinig (Exclusive Economic

Zone: EEZ) §4lansaiud o995 981U uil nnangraveslsenalneg 1iia3ann
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yauwaiiufinimeialisrunvesulnevedlneusznoudeiuinamsialunans
23AUsENBY lngdiunanmininauveteydyyIanlseeyfiinleng e
newa ALA. 1982 (w.A. 2525) (The United Nations Convention on the Law of
the Sea 1982 - UNCLOS 1982) visij asfiusznaunie q Uszneuludae dru
A18lu (Internal Water) niziaonaian (Territorial Sea) luasoLilos (Contiguous

Zone) UazluRlAsYgNAanIg (Economic Exclusive Zone) (A W# 5)

1 nautical mile (M) = 1,852 meters

2M

Territorial Sea (NZ1ABIANYA)

, Internal Water 24 M

»

[ S i 1 = Fid
N wahuhmelu | Contiguous Zone (Lunnalilas)

\ 200 M i High Seas
~_| Exclusive Economic Zone (1uaiAs¥giadumiz) % NanaN
\
350 M* > The Area >
Continental Shelf (luaniu) Uit
Sovereign territory Sovereign rights to the water column and continental shelf No national rights

AN 5 VDUIANINELA

w1 grudeyanuInmea

http.//www.mkh.in.th/index.php?option=com_content&view=article®id=478&Itemid=153&lang=th

WALATEAAT IR USundusanandugiuesntyliiiy 200 lud
nela ¥39UNINUsETATUUALATYERAT TR TEINABY (Budayayn o 55
wazde 57) agglsimudugiuivssimalngldlunisimuniuesdussnaudiu

sENIUFUFIUUNG (normal baseline) wagtdugIunsa (straight baseline) vinlw
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http://www.mkh.in.th/index.php?option=com_content&view=article&id=47&Itemid=153&lang=th

Uszinalnednunnimeialudivesiminngluegdiuiunis Tunsfiagiunui
N19NLLa9UTENALNETIAITNATUINNURNIINELanavua tuldileaiunves

LUALATYIART NI

7191 WWANUANI LA NeNIUAlAINTU 323,488.32 MIS19RLALUAT

Tnsuusoantduiiuiiuiudinielu 61,954.04 a1519Alatuns WuLuaLAsEgRa

13 =

° & Ao P % YY)
VNS (Wuﬂ/luummﬁui?uaaﬂlﬂ 200 lelaVWLaGfNGUEJUV]UﬂUV]gLaE]’]quGUW ey

¥ '
Il a

LWARBLIDI) 254,409.06 A1SALALUAT wasNURRALITIY Iy - v awle (NuAwen
WiswgNadmzvedinewasialedeuriuiuy waslitonnainisladusslovusauiu)

7,125.22 AN5190LaLIn S

v v
(%

WotayaredusemalngunAiuIn nuddad Ian U uiAuATeINIg

PNLLALAAIAZWLUUT 47.5 ATLUY LAAIFIANTIN 9

1% ¥ '
1Y (%

M13199 9 YeyauarA1IALIULYRIFITIAMUNUNANATEMN LA

o dnw . Y . ATLUU /

EPI yadayainld uvdevasdoya / wuilwew | |
Uvasvuaya

EPI 2020 - fiufifuAsoamemzia - World Database on 16.9
Protected Areas (A.A. 2015 -

- LUALASYENATWNIE (EEZ) |- Flanders Marine Institute 2019)

EPI+ ﬁuﬁﬁmsaamwua NTUNTNEININNINZLALAL 47.5
wavituiuuilne el (A.f. 2012 -

2020)
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FULDYATUAIIUNAINNAIYNIITININ
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VU A

YUAUDIAYAMURAINWAIYNITINTN

(Biodiversity Habitat Index)

5.4 arinuaIAsAUNAINKAI8NITININ (Biodiversity Habitat Index)

Fyiauendeanuainaiennsdanin (Biodiversity Habitat Index : BHV)
fifd1fnanumunefs Ussananisnansenuvesnisgad e uiiegendeuuun
(habitat loss) auidonlnsuvesiuende (degradation) waynsfinuefenszdn
N32918 QNUUILENY8Y (fragmentation) floAIUNAINUAIENIITININULUN
(WspmAlngldazuu 48 2/100) Insfiazuuu 100 Vsiissmatuldinisgade
wasiogorfovidemnuidenlnsy wazazuuy 0 vinedsnsgydouvadiegend
Ingauysal

TneLAseU1adaua NatureServe (https://www.natureserve.org/) la@n®
Y T

nsdsuudatazanudenlvsuvesunasiiogedauaznisnssdanszateves
wissfiagodevesssuuditinmunynuseme Tauiuteyaunasinsesutiniugiy
dnilddnszgndunds uazdniinsegndunds lnslddayan1sdrnaszelnaves

NASA’s MCD12Q1 dataset Wagiiasievidayan 181Usunsun19adfsun

PREDICTS meta-analysis san il 6
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https://www.natureserve.org/

€ 3 C & bipdashboardnatureserve.org 2R ]

ok N\ POLLERED BY
@ e (h ERVE Home About Indicator Development Partners Resources Dashboard

Most Recent Me:
# Annual Change (2005-2015

Show/Hide Description of Indicator

Thailand

No Change

Dcmmlng{; ,> Increasing

Comm entific and Industrial Research Download Map View
diganization (CSIRO)

o The designations employed and the presentation o ‘on this map do not impl; meexﬂez ey of the Secr
Open global map N the United Nations concerning the legal status of any country, territory, city, area or of its author t its %
Exnthatar Geographics | CSIRD Powered by Esr

Al 6 JeyanviiiueduauvaInatenIInm

nciuled https://www.natureserve.org/

fufiduedennuvaInaIen1eTanin (Biodiversity Habitat Index)
vassvdiaussauzduindeuilitayarnmissaululssmelneg (EPI+)

NnMsAnmnsUsziliuAdvifuendanuvainvatenisinim anu
nsfnwemIneduisauazavinedeladudeddddoyanuiiudsiiogonde

WAzUBYANTINTEINVOIAWTINAN hitps://www.natureserve.org/ ¥148191AN1S

Uszanunulumadaualivled eaeuaudagadeyailduazaunislunisiuin
maauariuledudaininsaaianududounnn warldesuistawuimnisly

nsanfunsilinisivdsunlatuazaudeulnsuveiunasiogedewasnis

U IS s

ﬂi&:’ﬁ@]ﬂ'ﬁ%ﬁﬂEJ°ZJENLLViaIQﬁE]Qj@?ﬂﬂ‘U@Qi%UUﬁlj’JﬁL'JﬂUﬂ ﬁi’fasgmma'aﬁ FaUDIulaNUS

]
o £ v 6

Ny A lUTnseandunas wardmIinseaNFUNSIUITIUTUNU 991N NSANE LAY

U U

FTmdeya SuSeTuiunIswe q nudsemelnedaldinisusediv
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[

FYiDURIAAUNAINNAIENIITININ FaUUNSANIRAILA LIRS UERueFaAIY

PANNVANYNTINININNNSANWIVBINMINGND BB AR UMINERelAaULTe 7

UszluAaudd uandemnurainrateniedinin Wl a.d. 2005 — 2015 (1.4.

2548 — 2558) F95¢AUALWUUTDIUSENAMETANMNTU 48.2 ALY F9R15197 10

\Wesnnmnidnmsdnausimaunu (Proxy) agviliinanauidesuuvestoyass

M13197 10 JeyauarAInzLuLTRYHiueAEANUAINYANENIATINN

o s S . AZUUY /
EPI yadoyadild uiasvasdoya / wdwany | |
Uvasvaya
EPI 2020 | foyaiufiunasiiogoide NatureServe 48.2
LazdoyanIsNIzINBUes (P, 2005 -
&4ii73n 2015)
EPI+ %’a;&aﬁuﬁmaﬁﬁa&jmﬁﬂ NatureServe 48.2
wazdeyanisnszaneves (P, 2005 -
&45i73n 2015)
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AytiiuaAuvasvlinnug

(Species Habitat Index)

5.5 autinuandevuadyliniug (Species Habitat Index)

fuilauerdevesyidaniug (Species Habitat Index : SHI) fiA191AA74

3

a

vinofls dndruvesuvasiiegedeivenzandmivaditinluanmessumnd Wy
Audgunaslilul we. 2544 (p.a. 2001) (Uszinalvalinzuuu 69.9/100) AzwuL

100 Us¥husewatulifinsgaydowvasiiogenfonausl w.a. 2544 uazaziuy 0

a

wnefensgapdsunasiogendelusyduguuss SHI uaAvwdmiunisgeyde

aaa =

‘Uiwmmtsuaqawmmwm'«ammuuavmmLﬁaﬂumiqmﬂ’uimauwiazmav"v’uﬁ:

Tnedouaduiilléaniuled Map of Life wie MOL (https://mol.org/) &4

Y

Anwin1sildsuulasvesruiaiiuiuasAnnmiuiieg o1fevesdsildin Sauiu
Toyan1snsranevesdsiidin Aiaszidoyaainnisdisaszeglnauaslunama

Adlnenans Jedeyalulangn (a.a. 2020) delalusenimeonyn Asnnd 7
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https://mol.org/

& € ((a molowindicators/habiatyregions S )@

MOL el en de es fr 2h

Species Habitat Index

National view coming soon!

CACIER ooz viow i ighs reserves supporters feadback privacy policy _terms of servica

v

awil 7 Jeyaduiiivendevesuiaiugainiiuled Map of Life (MOL)

fuiiiuenfevesviiafiug (Species Habitat Index) vasvilanssnuy
dandeuillddayaanuicsaluuszmelne (EPI+)

nnsAnwnisUssidiuaduiauendevesudaiug aunisfnwvives
uinedewauarunineideladudody Jssfulaglddoyafiuiunasiies
91 BuazTayan19nT¥10v098 9093 n 91 ules Map of Life wie MOL

(https://mol.org/) vi4dl ann1sUszauulumegualivles ieasunudyn

Jayailtuazaunislunisaiuin naggualivledudainignisauiaiaiy

(A

Fudounn wagldesurgisuimslunisandunsinldteyanisisunuanes

WU AudeulesEninaun nsdsuiUasanuanysanelinedngl Ussuns
VRIAETIN AUVAEVAIENNRUFNTTULFRUTUN BIINNISANILAETIVTI
Toya TINNIToTWAUNIIB MU 9 wudrluusemalnedalaiinisyssidudvil

v
19 [ K'Y

duendyvasviiniug Awulunsfnulddaldadyiiuedevesuiinnugain
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https://mol.org/

ANSANYIVDINMNINY BB ALAT NN INYBelAdu Y NUSEIUARTLRUD1AuvBY

a U s

giiawus Tud A.a. 2001 — 2014 (W.d. 2544 — 2557) FeszdunzuuuvesUsEwAlneg

q

IS '

TAWINAU 69.9 AZLUL AINNSI9T 11 1T8991NMNNTNNSUMEUBANNANUILYIN LA
inANudeuurastoyags

6

M15197 11 YeyauazArnzuuuveiviiiuedevevilaiiug

)

o des . N . AZWUY /
EPI yadoyanld unasvesdoya / vdeaw | |
Uvadvaya
EPI 2020 | Fo3an151Ud suulasuos Map of Life 69.9
yuneiiufl uazamnIndui (.. 2001 -
ogoduvaddlTin 2014)
LaEUBIANITNTLANYVBY
Aafldin
EPI+ sﬁanﬂamiwﬁlauwawaﬂ Map of Life 69.9
yuneiiudl uazamnIndui (.. 2001 -
ogo1fuvRadlTin 2014)

LLaSGZJJE]HaﬂWiﬂiST\HEJGUEN

917
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AytiAuATaIUdANUG

(Species Protection Index)

5.6 futiAunsasulinug (Species Protection Index)

A uATeIYlniUg (Species Protection Index : SPI) #AN911inA1Y

9

nUedle NuNALATEIMIUNVRIUTEINAT ATOUARUA U ABTINUTTANUEHS 9

q (]

(species’s ranges) vasdnifinszgndunds dniliinszgndunas wuasWugiulas

Wiedla (Uszimalvelingiuy 84.1/100) Azuuw 100 MH1gfia AIUATEUAGUNNT
N3¥318 species’s ranges VBINNYAAIUNUN ANATOIVBIUTENA UAzATLUY O

mnefsiiuniguasethinseuaquiuerdeninuriiaiugag o lnedeyaduiildain

q

vivlasl Map of Life w5a MOL (https://mol.ore/) @ ald 9 ey an1snseaneves
AlPInguiuteyavauUn YR uIANATE991N World Database on Protected

Area (WDPA) Tagilnan1sAuinmasd fan1ni 8
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https://mol.org/

—a T s i )0

MOL | ¢n de es fr zh

Thailand

National SPI

----- nsny T National Trend

wom_| Go-gle (@MOL s

v o

nwil 8 Foyadvidunsasriaiugainiiuled Map of Life (MOL)
ﬁ"llﬁﬁuﬂiawﬁﬂﬁuﬁj (Species Protection Index) ¥84A¥UaUITAUS
dandeuitlddayaanuicsnluuszmelne (EPI+)
31NN138 NIN15UTEITuAAYdA uATRIdaNus A1un1@nY1v8s
uinedeieanazuminerdeladudoduvssifiiulaglddoyaiuiiuvdsioy
o1 Buazdayan15NIE9189038 10930 91T ules Map of Life w3e MOL

(https://mol.org/) vi9#l annnsUszauaulunsdguaivles iiegeuniuisyn

Joyafilduavaunistunisiwin wuin nagauaivledudaindsnsAuaianoig

Y

v v v

adududounnn wagliesurefiawuimaumsdniunisinlddeyanisuninszany
vosdaiiinuasteyafiufiduasesundeuiuiu Ssnmsfnwuazsusmdeya
sutvrosufumienusing 4 nuilulssmelneddldfinisussiduiiduases
yinug faduluns@nuddddldadsiduasosminiug annisfnwves

uInerduwanasunIngrdeladude NUssidua1aviauasosvilaiug
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https://mol.org/

U A.A. 1980 - 2019 (W.A. 2523 — 2562) Fa5zaUATUULTDIUSEIWMAlNiA1IAY
84.1 AzMUU AIN19197 12 osanmnlinsiiausmnauniy (Proxy) aginlimin

Anadgauuvestoyaas

M13199 12 Toyauazaaviuuveivliuaselaiug

EPI yadoyaiild UWaIUBITaNA / KUY il

T ¥ Yvasdaya

EPI 2020 | 7oyan13unynsza18ve9 Map of Life 84.1
Adidluiiuidunses (P.A. 1980 -

2019)

EPl+  oyansunsnszaneves | Map of Life 84.1
Adidsluiiuidunses (7. 1980 -

2019)
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ﬁ%ﬁﬁ%ttwuﬁuﬁﬁuﬂim (Protected Areas

Representativeness Index)

5.7 AullfununuiANATa (Protected Areas Representativeness Index)

v '
1Y v A =

AYUAINUN U ?ﬁ:mia\‘i (Protected Areas Representativeness Index :

o o w

PAR) ffdninanuvunefis fuiduaseanisunduwandiiuiannunainiaie

N~ va a & Aw a
VIWWUmWﬂJa\‘iUiSLVIﬁIWQLWENIG] TIANUNAUATDININUNATRUAGHUDIUIUTI LI

a aaa

fiutiegorfievosdudlidinviinnng q lludiulvgvesssma auiudaddin (A
waINva1en193Inm) JdasunisduasesnisldveulnveIuNfuATouaIl

Usewdlnelansiuu 21.8/100)

v
Saaa

mnaydidArnzuuugs v3aidnlng 100 UWINUNALNATEINITUNYDS

9

‘Ui%L‘VlﬂLﬁ’e]‘Uﬁ]%Lﬂugf’.lLL‘I/]‘LHJENﬁ'ﬂllﬁﬁ’m‘ﬁa’]ﬂ“ﬂ@ﬂi%‘U‘UﬁL’Jﬂﬂﬁ]ﬁﬂi%mﬁiﬁ@ﬁh\?

v aal

am‘%mj %’agamﬁﬁu Taanniules NatureServe (https://www.natureserve.org/)
< & o

FaldUayaniufifuased1n World Database on Protected Area (WDPA) Yoy

Y 9

Uadedaundon dayaduisiasinudnidnszgndunds dailufinszgndunds
Wzl (11nN91 400,000 Yaya) Safudeyanisd1siasserlnavesnsiudeuudas
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6. AYlEa8RIUUIN15VR95TULLLIA (Ecosystem Services)
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AUNT transformation %;&aﬁh TCL
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transformation anE 1A lFnAIuAN indicator score WilaUSuguAzuULLY

0¢lur23 0 - 100 Tae GRL fo s x Tuaunis Tasazuuu EPI 2020 ot 38.7

AEELUU
auN"S transformation %’a;&aﬁh GRL
Inx +a (18)
Tneil
a = 4.45E-06

\la transform Fayaueds 11A1 GRL uuvuluan X vas

Indicator Score = (X - W) / (B - W)) * 100 (19)
Toeil
B = A1 Best performance (fuualivingy -10.5632)
W = @1 Worst performance (fvualiyingu -2.4422)

[

& v a & o, ] (]
PINATUNTFYLAINUNYIUEY1 (Grassland Loss) YaInBUENTIAUS

de

J=1

Fanasunldvayaarnuulrsuludszmdlneg (EPI+)

v

v '
= =

dusunuiyang1lulsewmalng wudn Ysuianuivangiludssme
f9wuderann uazanmsteyalaensuinuiiu Smanudeyaiiuiyagniu
WiaesTSIYIRegud Wethdeyanlaunduinmazuuusiniunsidteyatl

gmmaqﬁ”uﬁvjmdﬁ (W.A. 2535 (A.7.1992)) AuN"5AN®I8e EPl 2020 71 2,043.99
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'

Usglegifiauly taun nswdeuwdasdunuiinens fegende Uild iungu ld
azig wagnunun Juilideyaiunymgvessemdlneanasnndlewisuiiv

¥

Toyaluedn Lansfsn1s1en 16

= v ! o Jo v a & A o
139N 16 GUa;;ljaLLagﬂ']ﬂgLLuusanm’JGUFJ@ﬂ’]Uﬂqiq@Lﬁﬁwuwnqmﬁgq

v dne . N . AZLUU /
EPI yadoyanld WARIYBIVBYA / B |
Uvadvaya

P2
A A £

EPI 2020 ‘ﬁa;&a‘wuwmmy’] European Space Agency 38.7
(A.A. 1997 -
2015)

De

EP+ | doyaiiuiivaviah nsuWALTIAY 0
(A.A. 2015 -
2020)
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DUATUUINITVIITLUUULIA
INAUNTTFRYLHINUNYNUN
(Wetland Loss)

¥ 14
[ A A1 ©

6.3 B inAuNsgeFeuYuL (Wetland Loss)

q

nsgaydeiufiguin (Wetland Loss : WTL) dfdndnainumvsigia n1s

v
] °

a & A0 8 a 1 a | Y oA 1% X A
%iyLaUWUV]sqﬂJu’]IﬂEJLQaEJW@UFLuSU’NM']UWN’]Uln R1INIYVBULVA IINUDINUNYNU

]

a

Tt A, 2535 (A.A. 1992) Tng 100 Azwuw visnefis Ussinaduunulaifinisgeyde

)
' v
a o U ¥

HunguLay way 0 AzkuY MUNeis dnsgadenunguunseAuTuLse Yoyaann

q q

¥ ' v
A a o a

ﬂimﬁ’ﬁumﬁﬁuiwmm%’aaﬂmﬂuﬁuﬂﬁw FIUTLNBUNIYNUNLNRIUITTIUTIR WA

oA

WY Wungy W Urneay wasding

9

4
WL5 = Z Yearly Wetland loss;_;
i=0 (20)

WL5

WTL = —————
5 X WTA2000

WL5 = mamidvesnisasyideivuiguy 5 U dounas (msneilawms)

=

a & oA % a
nsgayde iUy (M13eilamng)

WTA = Nufguin (m1519nlasuns)

q
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JoyalunsAuinein European Space Agency lnaiduyadoyalud w.e.
2500 - 2558 (A.A. 1997 - 2015) Wleunueluauns axldAr WTL senu aniu
1161 WTL 7L 11911715 transform daga Tnsunuetludauds x luaunis
transformation anE 1A lFnAIuAN indicator score WilaUSuguAzuULLY
0lu%23 0 - 100 Tng WTL o fauds x luaunns Tnsasuuy EPI 2020 agil 28.3

AU

@UN1S transformation %’a;&aﬁh WTL

Inx + a (21)
e

a = 2.47E-06

\ie transform Yayauea dran WTL unulua X ves

Indicator Score = (X - W) / (B - W)) * 100 (22)
Togil
B = @1 Best performance (fuualivindy -10.5632)
W = @1 Worst performance (fvualiyingu -2.4422)
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A9 Tndun1sgyidenunguun (Wetland Loss) vasnvdiaussaus

fanndaunlddayannuirsnululszmelne (EPI+)

dlevrteyavessumealnetaed w.a. 2549 - 2564 (a.A. 2006 - 2021) 11

v 1% ' v
[ = o

TgAuinmazkuuvaiyiniunsaadeiungun lown Jeyanisidsuwdas
&

WungunuuAnugSFIueT 112 wis uazdeyaiunguivenmidoainunguii
112 us Fansuimufaulaadunisinseideyaludiud wuin Wewun

Awrnazld 100 Azwuu Fuansbidiuinyssmelngldiinisgadefiuiigui was

¥ ' £% Y '
a = N

wungu g wleisuiulusdn

)}

agelsAmumienisfanuludiuresnisuimsdnnisiuniguudegly

AMUTUHAYOUVBIEITNUULEUIBLA R UNTNYINTFTTUYALAL A IWIna DY

v
Y [

sgringloun1snaludensunsnensdy daduusediuadindunisgadedu

a

guilulsislueadesiinisuiufsumhenuglideya

1%
1Y

A15199 17 JeyauazAinzuuuresindinnunisgaydeiiuigui

EPI yadouaitld wiAAgYBITaYa / BB il

T ¥ Yvasdaya

EPI 2020 Gﬁja;&aﬁ?uﬁ‘ljuﬁﬁ European Space Agency 28.3
(A.A. 1997 -

2015)

EPl+  doyaiiudigah nsuANTIAY 100
(nsum§wennsii) (A.A. 2015 -

2020)
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VUL DYAIUUINITVBITZUULLA

LUINIINTITIANIAVUEUTTOULFILINADY

TuuSunveslszndlng

6.4 WUINIINTINN IR VU ANTTAULH InaauTuvSunvasusewmdlneg (EPI

Thailand)

1NNIANEY TIUTIWTeYa Uazniseiulunisuseyungugasvaangs

HieImguaymienuiiieites nuiusemalnediunyvimgegies daniu

Y
'
a

miqzyl,ﬁaﬁuﬁvjamﬂﬁqETala,JmmsauﬁumﬂﬂuﬁﬁmmﬁﬁwLﬁumuﬁmaunﬂé’am
vowsundlveg Fudumslifaussivresiuiivavgoon uazdnsiadinduns
andeiiuiitn wasditadunsandefiuiidumiily
uananiuuszmelneiinislduinsnnssuuinanmeiaogun wily
Usunvesminerdawanazladudeldfinsiuanlulsudiud Sasiuasihdiy
MsUSMsTessEULInAMmEATe 3 stuudiandae sgndlsinnu iesmnsyuy
Tnanamzialiaunsaiaveualaegauiuou inszdanuiulusvestady
Aawandougs mssztanisgadeiiuiifeinldon fufufaideiauesauduly
Usziiuuin1sveeseuuiinAanANuaNysalvasszuudnauny
fudgsduuinisvesszuuinavesduiaussausdwndayluuiunves

Uszndlne Usznaudesitass 9 loun

[
% [

1) fing UﬂﬁiﬁZULﬁEIWUVlﬂ’W

v
[ %

2) a%mmumsammawumum

v
o o

3) aﬁ?jmmummaummmmmsJLau

N

TasansdmvinsvianssousdaindonveasUsemalng

71



U v YV c

4) FAFIAAUANNENY TIYDIUNENE MELA

5) fainAuANNEaNyYSaraIUEn1

Tnedlseazidunnai

1) ﬁa%ﬁ'mﬁwumsgzytﬁaﬁuﬁﬂﬂ

wumensdavindrdanssouzrdswndenluviunvesussinalne (EP
Thailand) dusumsdun 2F3adunsgadeiuiiinaslignsduinuayin
wlsTunsAuInunsUNdeeti i i gafun1 SAUINYBININE G L AkAY
wmIneaeladuide (EPI 2020) wazldyateyavesusenalnaiuieiiunvil
aussauzd windeulasldtoyaainmitsnululssinelne (EPH) dauans
F8azLBEnlUITe 6.1

14
% (Y o

2) fidindnunsgayidenuigani

3
( v Y U %

2WWinmun1sgudenunyuiidnuugmsaiumsiduieiuiiie

©

o a

v '

i
Aunsaqdeiunivi AsldgasauiauadiwlslunisAuiuguiediunig
AR SeLgaLazav Inedeladude (EPI 2020) uazldyadoyavas
UseiAlnsiduiioafuduiaussourdandoulngliteyaanmisnuludseme

Iny (EPI+) fananeseastdenluide 6.3

3) fdinduanuaNYsRivasUn LAY
ANuanysalvesUIweiay dadndaanuvineie anuauy selluds
a =~ o & I3 ! 2 & oo X
HandnuIaTInnuaznistiniivasuetlutmeay suduiinvanuauyselly
Y a N = 1Y) ¢ & A I
n1sliusnismediog deduunsedvauanysalvesiufivivigiaueenidu 3

5L (ABUEIUANERS, 2552)
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) Umeausziuauanysailee udseufivihmeauiitinisindu
AsuauluNIaTINMTINURENIN 47.89 dusialanans

2) UmeauszsuaNaNysaluna1e WWudsauiivnmetaudifinstniiy
an$uaulumadinwsiuiou 47.89 - 92.96 fusleisnnis

3) theausziunueuysain Wudsaufivimeauifinsini

3 = ! U ! s
ASUBUIUNIATININTINNINNTT 92.96 Fudslanns

[
Y (%

MiaduauanysalvesIneiay fansanndadiuiuniinigiay
seauauanysaluinadsilidesnin 1 lu 3 vesui Uvieiau (Best

performance = 33% Way Worst Performance = 0)
mMcl = (ML) x 100 (23)
0.33

1nef
MCl = auanyselveslivsiaudssfivanuandniiadanimuazn1siniiu

A1sUBY (%)
Mer = NunUingiauauysalinn (m3eilaiuns)

¥

Mr = WunUneauianug (m1s9alamns)

4) fddadinuanuauysalvasuvammeia

o w =

ANNaNYIAlvevAmgmela IAinAnunneds seAuANaNysal

v v
a v aa I3

InFeuazn1sUnAquivuNvemgmeia TudidindnaisanainnaeianIunin

auysalAvedLvam el ielin1sunAguvemnsaesas 51 - 75 lagan

[ ¥
(Y (% Y [

= P 2 ° A = fy o
AIVIAUNALLUULAUN 100 AZLLUU LLagﬂgLLuumquﬂV] 0 AZLLUU AIYINUNIATUIEY
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waaldnzuuwAn 100 AzLLY 2dAUNIET1 @0 NANYTAIATEIUMAIE)
neabullagiuivrgdoniiniwdu 1 wh diaWleuiudeyadaiuninauysaifves

unasngmezLaludneumntn

(xﬂn'awﬁﬂ + (xﬂﬁaﬁgﬂu - xﬂdawﬂw)) X100

(2 X xﬂdauuﬁﬂ)

(24)

1ne?

X = AnUAMENYIAATesNaImg e

5) ﬁ'@%’i’ﬂé’ﬁuﬂ':nuaugsnjwmLLmUzm%'ﬂ

L3 a o o w =

ANENYsalvRILLIUznSY dAddnaunineis ensidwnsunagu

[

flufivoasnafidin (Lived Coral: LO) uazUgm3sliifitin (Dead Coral: DC) B
Hurnfesazvasiuiivianun luiadtadfarsananinasiantunwanysaifives
wwleni3e w3 é’mﬂdauisijmiﬂﬂﬂqmﬁuﬁﬁumﬂzm%’qﬁ%ﬁm (LO) warznn3s
1318330 (D0) Wity 2:1 TaeAndd¥atifiasuuuiand 100 Azuuy wazazuULi1gn
7l 0 Aruu Fad Yl drdnaudildnzuuuin 100 avuuy azdarnamaedn
anunnanysaifiveauuiUymidulastudursdonfintudu 1 wh deidey

fudeyaanuninauysalivesuiIvznslutneunin

(xin'awﬁw + (xiﬂaqﬂu - xﬂﬂ‘awﬁﬂ)) X100

(2 X xTJn'auviﬂ'])

Tagdn

X = ANUNNANYINATeILLIUENNS
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v A Y
AYULDYAIUUITZUS

(Fisheries)

7. avllgaaniudseus (Fisheries)

v oA 1

fatgagnulszad lun1sInnastaNssausdalina sy laguinInegae

wakaruIngdeladule Falun1saniuauYes EPI 2020 Sn15uuUanaia

U 3 MR Town

v
% (%

1) FTF AR UANIUNNUSHNUER IUNALKED (Fish Stock Status)

v
[ YY)

AAUTUNIIAUDIMTIUNZLA (Regional Marine Trophic Index)

1%
v YV [

mmuamfiﬁwﬁgﬂﬁﬂ@amumﬂ (Fish Caught by Trawling)

e

=D

2) A%
3)

Tneiisnuazideneail

L)E
@b
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[V — B | v
ATBULDYATUUITZU

L4 [ 4

AWINAIUAAIUNINUSUIUERIUIANED
(Fish Stock Status)

[

7.1 A IRfuEa U WUSUNERIUNAwNED (Fish Stock Status)

v v
v Ao

AT “@nrunmuTuiudniuiaunde” (Fish Stock Status : FSS) difn
FafaruLnei SevarvasUSunadniinfildussloniunniiudndnsnan
(Overexploited) n3edudans (Collapsed) Aousunadniuimunisuldluan
WisugnadmIe (Exclusive Economic Zone: EEZ) Inafluwifinfe Useinanisan
n3osatan1sTudndund ogluaniueildusslosduniAudndnsudn
(Overexploited) w’%aﬁasﬂumaxduama (Collapsed)

MUTIENUATLLUYEY EPI 2020 Tdeuaildlunisdnna 2 du Tdun

1) foyaanunimvaaineInsdniin (Fish Stock Class: FSC) dednduun
pondu 558U Ao 1 = auaaie (Collapsed), 2 = TeUselovdunnifusyaui
wanza (Overexploited), 3 = 1HUselomioelutsfimnzan (Exploited), 4 = o)
Turrenswauin1suszas (Developing) ag 5 = agjizmwﬁuﬁa (Rebuilding)

2) ﬁﬁayjaﬂ%mmmﬁuﬁmiﬁw (Catch: CTH) fivaunis
_ Ze[FSCyye X CTHe] + [FSCy=pe X CTH,]

FSS
2 CTH, (26)

1ne

FSS = annunnyUsunadmnitnnaviae

v
[y} o

FSC = @01 NUBININeINT&n U

v
¥ o 6 o

CTH = deyauSinumsdudni
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Tun1sATUIANIUANVBIMSNEINT VRS EPI 2020 taldYayaan Sea
Around Us Taglunisguunaaiuninldusslevuiitouluniu Kleisner and Pauly

(2015) §ap 5797 19
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WLINTUTEAN wazraduditivesdidnwdesniviewiiuosas
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v
°

WiruUgnvinevesnaludndun
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syiuTanzay Judniiwesdiidnyiegssninedesar 10 - 50 vesna
(Overexploited) U U@ﬁﬁﬂ@ﬂ@ﬂ
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INMIMWINTeI EPI 2020 Hunsdrededoyanyadeyaluivles Sea

Around Us (https://www.seaaroundus.org/) Felunisiansananiunimenadu

ST dayaRaudd e 2493 - 2557 (A.e. 1950 - 2014) o uIna
FBnn3903 Sea Around Us azuuudlalaivintu sewmmsa 2 Usznnsudn fe Teya
USunudniinil Sea Around Us 11910 FAO dslésudayaainnaudseas ognslsh
PILTaN1e FAO g Sea Around Us fin1susuenrautinanldlunisdiuinen Fss
uananil gateyadinandugadeyanouiivsemelneazdnmauddamnisi
Uszasiianguane 11ansssauuazlinsauau (IUU Fishing) Teyaiusnglu
affnsUsznawisUssmealnefimaidaaederithiideussudngluiUssasuen
thudanfurudiusinadafhidulusnasuginduneg devsadurazuun
9onN1 WU EPI 2020 Tyl 3.3 Aziuy
a8 FaRuaniunmusuiadaduiaania (Fish Stock Status) s
svilaussourdaunndeuilideyaanmiosanlulszmelng (EPI+)
nslddayavosussmalnediniudad faduanuamuTuada iy
aunde IddenldtoyauTununsdudniii 5 ngu fe Uit vamdhiu fa y
wagdawiin ainnsuuszas Faduyadeyalul wa. 2555 - 2563 (a.A. 2012 -

2020) Y1AIUIUAIALHUL WU 19 100 AZLUL AIATS197 20
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ATBULDYATUUITZU
AYUAINUIUNITAUDINTIUNELA

(Regional Marine Trophic Index)

7.2 fYdaIfuTUNISAUD IS lUNLLA (Regional Marine Trophic Index)
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[ YY)
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PoyanldlunisAayszneumedeyalsuunsivdniuivenseine
e warAaduTUYINITAUDIMIS (Regional Marine Trophic) telgn1sAIuIM
AANTues RMTI a1ndndegegaiad a.e. 2014 lneidudeyainiuled Sea

Around Us (https://www.seaaroundus.org/)

fufiganudunisivermisiunsia (Regional Marine Trophic Index)
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https://www.seaaroundus.org/

fenmsfnwuassiunndeya mutartesiudugidesg uasnneausig q
wuilusemelnedslaifinsussdiudaddfutunisiuomslunga Kadudld
Fonldteyaannsinuveasinerdoisanazuyninerdoladude fuseifiua
Friiddudumstivemnslungia ndeyad e 2014 (. 2557) Feseduazuuy

YasUsemnAlneiaingu 23.7 Aglkuy

M13199 21 Toyauavaaviuuvesiviautunisiuemsiungia

v daw . v , AZLUY /

EPI yadoyanld HUNAYDIVBYA / BB | |
Uvasvaya

EPI 2020 | Regional Marine Trophic|Sea Around Us 237
Index (RMTI) (A.A. 2014)

EPI+ Regional Marine Trophic | Sea Around Us 23.7
Index (RMTI) (A.A. 2014)
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ATBULDYATUUITZU

v AV Y o 6

2@ Tadudadirfigndulagatuan
(Fish Caught by Trawling)

1%
v Y o

7.3 2% ﬂﬂwuﬂ%mmé’m’imﬁgn%’u‘lﬂﬂmumn (Fish Caught by Trawling)

v
o 6 o N o

5L70) wﬁgﬂ%’ﬂmmumﬂ (Fish Caught by Trawling : FGT) #@A131AnA11

' v 1%
a [

PUNEDY S0UALIRIEMIUINANTULALDIUANNVLIAUNS DD IUAINNANNUIABEARIUN

Y

saundiduldluniassgiasunzvessemelne

oyaildlunsduanie Uinudaihiduldlaaniosdondasis q lu
LALATEAIT LML A3 sadoduuneenidu 5 nqundn Ae eruainniidiy
(Bottom Trawling) gruaInNa1Li (Pelagic Trawling) 82ufAn1 (Gillnets) 1T

(Longline) uaziadesiiodu o (Other) wazdayauTuIuNsTuUdnIUa (Catch: CTH)

PNENNNT
FOT = Xg=12 FGT,g
2. CTH, (27)
Tnefi
FGT = Usundnihiiduldlneedestiontiag  luaasughadinig
CTH = Foyausinanisdudnii
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Aad Tan1udTurudndu i gndulagaduain (Fish Caught by
Trawling) vasaviaussauzfswindoui lddayasnnuilsauluussinalneg
(EPI+)
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dmsunsAuinAIAs kULt insudniunngniulneeiuain tald
foyaUiunmunsdudnihsuunnuedosflevossamelnefldannsussas e
miosazvesdniifidulaseruanvinfu muaunsii 26 wuin 1§ 4.4 azuuu 3
A9 INNNTAIAZLULYDY EPI 2020 Ald 55 Azuuw Lileda1n EPI 2020 Laldvyn
fo3av03 Sea Around Us SsdioyauTunudarithil Sea Around Us 141310 FAO
falFsutoyannnsussas vdaaniuiena FAO uag Sea Around Us fin1susu

AneudldviliniseuinlameanuuansiunmslddeyavesUsenalny

C‘l’ﬁ'NVI 22 Guamau,a“ﬂm”LLuusuaqmm@muUimmé’m 17 ﬂ‘:]jUIﬂ‘EJa’Jua’]ﬂ

. s . . . AZUY /

EPI yadoyanld undsvasdoya / wideew |
Uvasvaya

EPI 2020 | USunaudniuni gniulaey Sea Around Us 5.5
27UaN (p.A. 1950 -

2014)

EPl+  USunaudniuni gniulagy ASHUTEUS 4.4

27UaN (p.A. 2020)
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v A Y
AYULDYAIUUIZUS
LUINIINTITIANIAVUEUTTOULFILINADY

TuuSunveslszndlng

7.4 WUINIINITIANIABDAUTTOULE JwInaanluvsunvaslsewmdlng (EPI
Thailand)

mﬂmiﬁmammﬁﬁmﬂaLLazm‘%aﬁ'wﬁuﬁﬁfaaﬁmmLLagﬁamemmmﬁ
Aerdasfuvssiudiutszas danududauduin asaaiadadiuaniunin
USnadaiinaunde (Fish Stock Status) Fadudad Taudnniu EPI 2020 wazls)
sy it induidfudunisiuevnslunsa iesnndesifnvesteyauazns
difsgslunsdiuin sdsidiadudnihfigniulaseiuan esandida
geldagvoufannunergulunisdnnisussnsvesusenalnglugiama sl we.
2558 (.71 2015) Fadenld Toyasuanugauanysaivesdnivtifunauny 7
ayvouliiiuauinuilunisuimsianisineinsdseasesing dedunis
Junaunannisdnssideunisinlszaseiuainuasaiuaunsvinussuseinnis
oonluayymihmsuszadliaugatunineinsusssiivssmalnedegluusazuas

Tnelis1eazLdunmatl

1) A2FIAUFDIUNINYSUIUENIUIALVRD
LUINIINI5IAYIN EPI Thailand @14SUNSANUINA ITIAATIUTDIUNIN
YTurudnduraundevsvligasaiuinuazdiwdslunisaiuiand ud gafu

unIneduiwakazuIngdeladude (EPI 2020) wagldgntoyavesusenalny

TasansdmvinsvianssousdaindonveasUsemalng

86



Wuheiurvllaussougdanaeulagldteyaanmieaululsemalng (EPI+)

L a v YV
fauansswazidenluiide 7.1

¥

2) fidindnuaugaNaNyYsalvasdnintify

ninthaududnifogusshaunnnianiing uasnanandiumnldn
MnMsviUszaseIuan egsililddoyaivasasiounisuimsdanimineins
dnimirAuvesUssnalneld faiuisldiauonuimenisdaideya lned
swanBendl

ANUEANANYIAIveednIntAY (Abundance of Demersal Fauna: ADF)
fmddaanununeis SevavveelsuansIudaininausdoniiensausauseua
(CPUE) Tl unaiuuiinaumsdudariiifudenionisaiussussas o 9aili

oA

NANAREIEANSsU (Maximum Sustainable Yield: MSY)

1pp — CPUE
CPUE 5y (28)
g7
ADF = anugauauysalvesdnintinu
CPUE, = USunaunmsdudniunfenuionisaiussuseus

o 2 v

CPUE, =  USuraumsdudnininfusienuien1sasusalseus o ad b
HAHARNEAANEIEY

H &

AAUIUTUTUIUNTIVEN IUNRaULIEN1TaILSIUTE LR TUAIaUnTg

CPUE. — CATCH;
' EFFORT (29)

1nen
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v

CATCH, = wasauvesUsunamsdulaminiu Janda ds  Yamin vey
uaziay Y0sUaula
Effort = A1sausesusens Fadunisiruiuunanmadudainiinulula

Anw1AuA1 CPUE 989t30d1599009n50USEL4

A13199 23 asunsldveyaiiieruinAIAzwuY EPI Thailand vesrwigossiu

Uszug
EPI 2020 EPI+ EPI Thailand
v oy = v ¢
v Ho v ot fafdinduaniunnyIuuad
AaddnduaniunnUsinudadiiaumiie Y .
PAGARZED
yadoya  Usuumsdudniun Ununsdudaii USunaunisdudeiin
unasdoya Sea Around Us nINU sz nandsza
/Mg

v
v o o o

FUAINUTUNISAUINT TUNLLA
yadeya  avdlddutumsiuenns AvlldduTunisiueIns
Tunvia Tunvia
Lma'\iﬂia%la Sea Around Us Sea Around Us
/A9
v Aw v . v 6% A o
Windudsudaduniigndulageduain

gadoys  USnadndunnduldann Ysunadaidnfiduldann

27uan 27uaN

unasdoya Sea Around Us AsuUTEUS

/A9
A Sndunwgausuysalvag

dndunfu

ymvoya USunan1sdulaintingu
NNTAdLTIUTELUS

unasteya ETRIEEAIN

/W91
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autlgasaunisifsuwlasanwgiiannie

(Climate Change)

8. avilgauaunisivisunuasanmgiiannia (Climate Change)

AMIIAVIRsdaLTIOULA WA U TasUMIINYIBLEaLAZ NI INYISY
laduide laliarudAgludunsivasuwdasanmgiiennia FanudnAiasiuy

wserddmtnAeudtgulaenaen lagldnuniuisnsussdiudvianssous

o W W

daandeununisidsunvasaningienialuleing q waslianuddyiuisnis

<

Usziulud e.e. 2020 (w.a. 2563) Wunan
NANTISNUNIUITNSUSE I UAT AU IOUL A WINR DUAIUNNTIUA UL UAY

anngiiennia wuhdeyandesddlunsussiliudmivdvlaussausdauinaeulud

123

A.A. 2020 Ao USunanisuaeeingisounszanainaianisuaneang o dadunis

LY

Uz luludnwasraanIsanynUIn 1938 UN LN RAMUTBkUL Nl ALIBNNS
Y

o

YUY NMwToUNTEINTEAVUIENA LagAnENIIUNITIENINSFUIAIIAENT

LUSEJULLUaQaﬂWWQﬁmmﬁ (IPCC Guidelines for National Greenhouse Gas

v a

Inventories) Vi suflanssaurdunadensnunsasundasaningfionnielud
Aountilanud dydundsaudsdu (Sustainable energy) ludsneanu a.a.
2006 (W.f. 2549) 910 guﬁmiﬂ‘{umaumiﬂizLﬁuLfJué’maquﬁmmmaz
N&997U (Climate and energy) TuTs1897u A.#. 2008 (W.A. 2551) uf9l A.aA.

2018 (w.A. 2561) LLazQﬂU%’UL{’]uﬂmﬂ?{aul,maqamwqﬁmmﬂiuﬂ A.A. 2020

1% '
a @ [ a =

(.6 2563) mewnil Aianiasandadanuvanraisuazasouaqun s

%
y

NasUkaranIngieanna lawn Useansninnislanassay waaunawny nns

Y
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Uaesfigrsveulaeanledainnisndnlniuazanainnssy uaznsuaesiine
130UNTZAINYUAR 9

NnMsFuAuLarATRaeUTeyafiieItes nuidnmsnenudeyaUiua
miﬂéaaﬁ”wﬁauﬂimﬂﬂgwmuasmiﬂdawaﬁ”wmﬂmamumi{fﬂﬁwﬂ“@%ﬁw
Bounszanvesuszimelng TasnsUssiiuiumosunalul a.e. 1994 (we. 2537)
waglutagtumsnenuteyauSunaiwseunseantusgnulifiesounsyan
SuaqﬂizLwﬂlwaﬁmiﬁﬂLﬁumiﬁmamqmmmaLﬁaaéiu’ql,wiﬂ A.A. 2000 (W.A. 2543)
uiletlagtu mhenuvdniisuiiaveunsdmindydfmseunszanvedlne fe
dnauuleunsuasLiun e nssTsuALagd swindou lugiugniieg
UsrarueunarsveslsemanieldnssveudyyrandszsnviAiinienis
Wasuwasanmgiionnia (UNFCCO) Feimhiiuszanuvennuoyinszsiteya
Aanssuanuhsnuiiiendennnndt 40 wihenu wazUszsidunanisuadesine
Sounszan sweglusenuanuinnineaesdlaodunsnenudeyadeunds
1N 9 2 U wagsenuuinfinedngdn q 4 U

Fafunsussidudydanssousd wandoud1unisd sunUasanin

=< A

afomadudenldioyaand 1N uulguIgLaTUNUNTNYINTEITUYIALAL

Y

aaa

dawandey esandIsnsussiliutunaimisounsraniiaenndosiuguiuy
foyafimeauvninedowauazuvninedeladueld Ao nsusziiunaAsnsves
IPCC Guidelines drudoyausznoudu q 18uauoyinsizsinnnsundsay
nawnularaySnEnawu ddnauaniauInsaTegialardANLIG uag

Y

ANUNNUADALAIYRA
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ABMsAUIMYBY EPI 2020 Tunsmansinsuaaeniy anAInutuTes
dunsUinanisudesinauasiian viedenin nisuiaueaensussefiesal
forsanananuduiusdaduniemanudu fei

1) nsUSinansUdesineuazinan fldnduuin wiedAiudununan
annsalia1onsinsuaselalnense (unadjusted growth rate)

2) nsmUsuunsUasefineuaziian daduau wseilr1anamiuaan
NI9dAIanaININLIaT ABIVNNITUSUAN (adjusted growth rate) TneAuAIAIL
Fuueduusyansanduiusvesadesuun (Spearman’s correlation coefficient)
FldanUsunanisuaesfwdounszaniu GOP

Yoyadu q UszneunsAuausasinsuassieisounszan wazdeya
dmdufengumglediun (F-gas) A$uaus (black carbon) waznsiasuuasis
Unagui (forest cover change) fisgazidanuiisifslunisddunsiandlily

LAAZ D
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%

vilgasnrunmsiuasunUasaningiiannie
A% InNIUINITIN1TURRY

Anwansuaulaeanlyn (CO, Growth Rate)

v Y Y

8.1 AFInA1UBnsIN1sUaReR WA UaUlnaanlen (CO, Growth Rate)

dnsn1suassinwa1susulaeenlan (CO, Growth Rate : CDA) Bu18f
gnsnsuaesiigatsveulaeenlanniuiial Tneusunud1gi3ounszan
(Arwarusulaoonled) AUdesiAnanAanssuvosyedifmuanunsounis
Usziliulugiionisdnvidndinvsounszanduusema lagauenTsunIssEning
Y5U1a91928n151UE suudasaningfiennia (IPCC Guidelines for National
Greenhouse Gas Inventories) kaziduusuianisuasefigaisvaulaneanlan
WunananansUdensin 9 wilisauaansldusslovdiinu nmswasuulams

TUseloviing wazUals (Land Use, Land-Use Change and Forestry, LULUCF)

nsAwagnsINsUdesiteaisueulaeenles lddeyausununsudes
femsuaulaeeanles (CDO) annfanssunsUseiululsewmelne lisiunie
nslduseloniiiau nsiasunainislduselovidiag wazUald (LULUCF) gn
USueliiduen n #o In CDO a1nduunadesnsmiiitemauduiussewing
UStnaufawasnan uwazAaudunsifilaidusasnisuaes wier B uazyiinis
A1 CDB vean1sUdeeinwmegns COB = exp (B) -1

9ntuAn CDB gniumAn COA lagyne COB lsduaunnnimde

Wiy 0 Avueldidudnsinisuase (growth rate) waziseniduan CDA uamAA"
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CDB il diAiosndn 0 AnvualiduInaiIegasimun (CDA = CDB x (1 -
CDR) Ty CDR ma1nnslaNduiudszning CDO uay GDP laggaseing « 7ile
wansdarieluil

In (CDO) = a + [t

CDB = exp(p) —1

DA = { CDBif CDB >0
CDB x (1— CDR) if CDB <0
CDR = corr(CDO,GDP) (30)
Toedi

COR = duuszavianduiusvasnmsudesinsniveulnoenles
GDP = WanAtsiuiasinvesuseine
CDO = Ysnunsuassingasuaulaesnlan
(DB = Anadenisuasefingmsueulaeenludsed
CDA = snsinmsUasefingasveulaneenlen
o = dALNU X
B =anudu
t =4

(% o [ (%

A1 CDA ﬁlmgﬂmmmmmﬂumﬂsLLuuLﬁaLU%ULﬁamum CDA 984
Usginadu 9 NUsLlumggnsAUIMLAZAIAZLUNAATIAR (best) Lazd17ign

(worst) fananasalUil

Performance Nominal Raw
Best -0.0759 -0.0759
Worst Q5th percentile 0.1003

fian: Wendling, Z. A, et al. (2020) (epi.yale.edu)
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nMsAUINAIAzLULYY EPI 2020 laldtayanisAuinensinisuaesiing
Asuoulnoanlenaes Potsdam Institute for Climate Impact Research Tneidu

ToyaraslU w.A. 2551 - 2560 (A.f. 2008 - 2017) wasArnnazuuule 38.2 Avuiuu

F23 SadusnsinisuaesRnearfusulasanlad (CO, Growth Rate)
vassvdlaussauzdandeuilitoyarnmissaululssmelneg (EPI+)

ToyausuigseunseanlusenulyifiivsounseanvesUsemalng
TnsdinauulovisuazununineInssssuviuazduindon gniuiAuIumy
sULUUTBS EPI 2020 fhedioyad w.e. 2550 - 2559 (A.A. 2007 - 2016) Fududeya
fildsumnuiureuanauenssumsulouisnisiwasuuUasaningiioneuisi
ué wuin Usemelnefmaziuuegi 48.7 Azuul FunnniInsTeauNaves EP)
2020 ALY 38.2 Azuuu Mns1sil 24 neidefinsanainuuiliuvesdoyaves
EPI 2020 wae EPI+ fianuaonadesiu wiidosannsusziiuvesminendeea
waznminendeladudedunisuszuandeyanislduvuiaetdunmsdsuuas
wlasrUsinafngannsenunsiaitadfudeunsyanuienaiiusasUsemne
$1897usia UNFCCC detoyamanignausiunazduiuviodauvaselag
Potsdam Institute for Climate Impact Research Lﬁlaiﬁsﬂjayjaaqiugmwuw%
A5nsUszidwdediu Ae n13UsELlun1N 2006 IPCC Guidelines Mnusdoya

[

dwsu EPl+ Wudeyauunanisuaesinwvesdsuindlveflaaindeyaianssy

v
= 1

1AEMATI AIELART mmmmLméasi’fayjamﬁzﬂumsﬂizLﬁumm EPI 2020 wag EPI+

q

A o

999UsEAlNeTANUWANA19TY F9v I RNanswULYRIRT TR A uIle AL

LANAIAY
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1%
12 [

M13199 24 TeyauavAaziuLYeIidindusnsnisUdesiwansueulaeanlen

Yy . . . AZUY /
EPI yadoyanly uvdsvesaya / v | |
Uvadvaya
EPI 2020 |CO, growth rate Potsdam Institute for 38.2
Climate Impact Research | (A.f1. 2008 -
2017)
EPl+ |- 8n31n1sdass CO, - dinnuulunglazuny 48.7
NINYINITITUYIRUAL (A.A1. 2007 -
Faundou 2016)
- NARAUYINIATINYON - @UNNUANINRIWINIT
Usuinel (GDP) WITUN AL HIALILIYF
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%

vilgasnrunmsiuasunUasaningiiannie

%4 o Y %4

2BINNIUINSINTISUaRENSUNU
(CH, Growth Rate)

v Y Y

8.2 AFInAUBRIIN1ISUaREANwUWY (CH, Growth Rate)

gns1n1sUaneigilinu (CH, Growth Rate : CHA) wun8f48nsinisuass

a

AMYTUAINLIaT WeUSHNuRmSaunsEan (Aedwy) NUassinannfanssuues
wywdnAmuanunseunsUsziiuludlon1sdniUndieseunsyandulssina
lAgANENITUNITIENINNSTTUIaI1A8n5UE sullasaningiainia (IPCC
Guidelines for National Greenhouse Gas Inventories) waziduusuiun1sUase
& ~ o ' | Mo v ¢ aa

Agdmunamunanaian1slasene 9 ualdsiunianislgusslosunau nns
Wa suulasnislausglovifnau wazUnlal (Land Use, Land-Use Change and

Forestry, LULUCF)

nsa1nlddeyausuiunisudesingdiny (CHy) :1nNNAaNTIUNT
Usziiulutszalne lisaunansldusslonifiau niswasuwdaanslduselem
iy wazUaldl (LULUCF) gnusuAliduen n @e n CH, ntunadiangm
WomanuduiusszninsUSnaiawazna wasmanudunsiiladusnsinis
Uday ¥3ee1 B wagyiin1smen CHB vasnsuaesinesmiuans CHB = exp (B) -1

9 ntiuA1 CHB gnuumA CHA lagnnan CHB Flmdurnnivie
Wiy 0 Avueldidudnsinisuaee (growth rate) wagiseniluan CHA uannan

CHB #ladiA1daendn 0 AMuualidA1uInA1A18gnTAIMUA (CHA = CHB x (1 -
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CHR) Tag CHR mannnsmauduiussening CH, uay GDP Taogmseing q Ald
uansdwieluil

In (CHy) = a+ft

CHB =exp(B) —1

CHA={ CHBifCHB'ZO
CHB x (1 — CHR) if CHB <0
CHR = corr(CH,4, GDP) (31)
el
CHR = duusvavSanduiusassnisudesineiin
GDP = Wanfmu9iu18511903UTEIe
CH, = USueunisuaseinedinu
CHB = aAnadenisuassfnaiivmused
CHA = dnsanisUaesineiiinu
a = 3Afaunu X
B =anudu
t =4

lﬂ £ 1

A1 CHA AldaniunsuiandurinzsuiialUssuisuiue CHA 994

Y

=

Useadu q AUssdiuniga1nzuufaiign (best) waganfan (worst) Aauans

saludl

Performance Nominal Raw
Best -0.0107 -0.0107
Worst 95th percentile 0.0512

P Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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nMsAUINAIAzLULYY EPI 2020 laldtayanisAuinensinisuaesiing
11MuUVeY Potsdam Institute for Climate Impact Research wayid uﬁﬁagaﬁuaﬁ

W.A. 2551 - 2560 (A.A. 2008 - 2017) warAuluAzLuUls 85.4 AUy

729 Yad1usnsinisUasefwfnu (CH, Growth Rate) ¥aadd
aussauzdanndeuitlddoyaarnmissaluuszmalne (EPI+)

ToyavsuiuseunsranlunenuinifiivseunszanvesUsemelng
Tndnauulovnsuasununing1nssssuvAuazauindon gniranduiami
sULUUTBS EPI 2020 fhedioyad w.e. 2550 - 2559 (A.A. 2007 - 2016) Fududeya
fldsumnuiiureuainauznssumsulsuiemsiasuulaanmglienniausisi
u& wuinszmelvedidazuuueg 100 AzLUY F911NNIINNTTIBUHATES EP)
2020 L3 85.4 Azuun Fen3na7l 25 LpsInmsUsyiliuve M IneNdeloauay
winnenaeladudadunisussdiuaindeyanistduuuiaedunisuivuasuda
AU IR T1891UN1 5T AN ST A1915 ounsEanUI AT i arUseine
189180 UNFCCC § et oyaimanignaausiunaziuianiedauvasailag
Potsdam Institute for Climate Impact Research Lﬁlaiﬁsﬂjagaaqiugmwuwga
A5nsUszidwdediu Ae n13UsELlun1N 2006 IPCC Guidelines Mnusdoya

[

dmiv EPl+ WudeyauTnamsudssievesuszmalneildandeyafianss
Tnemss Femnissmaiuvastoyaildlunsussdiunu EPI 2020 uag EPI+ vas
Uszinalnedaruuandeiu Seilinansuuuvesidindmunldianuuandis
fu Inguuiliuvesdeyaved EPI 2020 (A.f. 2008 - 2017) uag EPI+ (A.A. 2007 -
2016) ldanaadasiuin usogglsinumnfiansaanizyael w.a. 2553 - 2559

(A.A. 2010 - 2016) wuhapsiuuiliuvedeyaniaenanadriu
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1%
12 [

M15197 25 YeyanazAIAzuUUYRITInA USRI INSURBe el

o s . Y . AZUY /
EPI yadoyanly uvdsvesaya / v | |
Uvadvaya
EPI 2020 | Methane growth rate Potsdam Institute for 85.4
Climate Impact Research | (A.f1. 2008 -
2017)
EPl+ - 8n31n13Uaes CH, - dinnuulunglazuny 100
NINYINTTTTUYIFLLAL (A.A1. 2007 -
Faundou 2016)
- NARAUINIATINVDY - dnuENINRIUINAT
Usuinel (GDP) WITUN AL HIALILIYF
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[ 'Y

vilgagnun1siufsuLUasan g iaIN A

>4 o Y >4

IR IUIRsINSUasAlunSananlyn
(N,O Growth Rate)

v Y Y

8.3 ATInA1uansIN1sUaeeRwlunsaeanlen (N,O Growth Rate)

dns1n1suaesinglunsasenlan (N,O Growth Rate : NDA) 111889601
myUassinglunsasenlannuia lnsUsnuiieseunszan (Mgluniaosnles)
MldegiinanfanssuvewywdNivuanunsounsU sedivluailon13dnvinUnyd
fwsaunszanaulsemne IngANENITNNITIENINTTUIaIIENISUABULUAY
aquﬁmmm (IPCC Guidelines for National Greenhouse Gas Inventories) Wag
1d3 a ! 123 [ 'R 1 1 1
Wulsnanisuassingluniaeonleaisnunainnianisuasssng o lusiunianis
TeUselovunau n1siasuwlainistauselevinau wazUllyl (Land Use, Land-

Use Change and Forestry, LULUCF)

nsfufitadusninsUdesieluniasonled asfunislétoya
USununisudesiwluniasenled (NOT) 9nynfanssunisussiduludsenalne
waldlsauaiansldussleniiiau n1swasuwdasnisldusslevdiiau wazdald
(LULUCF) uw&ahunvSuailiidudn tn @e In NOT 91ndutianadiansiwiien
auduiussznilSinaiisuaia wazAmaudunsiladusn sinisussy
W39A1 B LayiIn1511A1 CHB %38 unadjusted average annual growth rate ¥84

nsuaeefingeIegns NDB = exp (B) -1
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2ntuA NDB gniiunman NDA Tngyna1 NDB Aldidursnnniwide
Wi 0 muualdidusnsinisuaes (growth rate) wagiSaniluan NDA wanInan
NDB i liidosndn 0 AmunlidiuimAfegnsiinua (NDA = NDB x (1 -
NDR)) Tng NDR va1nns1anadusiusszsning NOT uag GDP lnegnssing o 7ild

wananamalull

In(NOT) = a+ fit

NDB = exp(f) —1
_ NDB if NDB >0
NDA = {NDB X (1—NDR)if NDB <0
NDR = corr(NOT,GDP) (32)

1ned

NDB = dulsvandavdunusvesnisuasenislunsaeanlan

GDP = WARSUNUIATINYRIUTENA

NOT = Usunaunsuaseinwlunsaeenlan
NDB = aadunsudesfingluniasenlunsed
NDA = snsinsuaseinelunsaenlan

a = 3afAunu X

B =mAnudu

t =

¥ o 3 <) = U 1

A1 NDA A bsaniuimuwiaduainswuuiiaiUssuifisuiuan NDA 989

u

=

Usenedu q AUssdiuniga1asuuunffngn (best) waganfan (worst) Aauans

falul
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Performance Nominal Raw
Best -0.0195 -0.0195
Worst 95th percentile 0.0525

fian: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

NsAwINAIAzRULYEY EPI 2020 talddayanisruindnsinisdaesfine
lunSaeenlanues Potsdam Institute for Climate Impact Research LLazLﬂwﬁaga
V04U W.A. 2551 - 2560 (A.A. 2008 - 2017) wazAIMAzUUULA 65.7 AvLUY
§ad Tadusnsnisudesfngluniasanlas (N,O Growth Rate) 184
svilaussousdaunndeuilideyaanmicsalulszmelng (EPI+)

Toyausuieseunseanlusenulyifivseunseanvesusenalng
TagdinauulounsuazununingInssssuvAuazduandon gninundiuiuniy
sULUUBS EPI 2020 shedioyal w.a. 2550 - 2559 (A, 2007 - 2016) Fuduteya
flssumnudiureuainauznssumsulsuiemsiasuulasanmglienniausisa
u nuszmlnedimezuuuegil 57.9 Aziuy Fefesninniseanunaves EP)
2020 ALY 65.7 Azuuu Kins1eit 26 TeidleRasananuunliuvesdoyaves
EPI 2020 uag EPI+ fmnuasnadosiu usiiesanmsdseifiuvesminendeisa
wazunIngnaeladudedunisussduaindeyanislduuudnaeddunisusuuay
wlasmUsinafngannsenunsiaitadfvdeunsyanuienaiiusasUseimne
$1891us e UNFCCC adoyaimani gnsivsauuasduiamiedauuasdilag
Potsdam Institute for Climate Impact Research Lﬁlaiﬁ'ﬁagaaqiugmwuw%
ABn1sUsEluiedfu Ao NsUTELumIY 2006 IPCC Guidelines NLAY0YA

dmsu P+ Wudayadiuanisudesingvesdsendalvefldandeyaianssy
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1%
=2 !

lngnse mewnd Jenndtuvasteyaildlunisussidiuniy EPI 2020 wag EPI+

q

o Ao

999UsEAlNedANUBANA197 Y F99 TR HAALLULVDIAIT IR A1WINLA LAY

LANAIAY

M13199 26 ToyauavAaziuLYeIITind1ugnsIN1sUdesielunsaeanlen

o des . N . AZWUY /

EPI yadoyanly uvasvasvaYa / vl | |
Uvasuaya

EPI 2020 | N,O growth rate Potsdam Institute for 65.7

Climate Impact Research | (A.A. 2008 -

2017)
EPl+ - 9m3n15Uane N,O - dntdnauulounguagiiu 57.9
NINYINTETIUB IR (A.A. 2007 -
Aaande 2016)
- HARTUILIATINVD - drunnuUANINRIUINTT
Useine (GDP) \ATEFNIALH IRV
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[ 'Y

vilgagnun1siufsuLUasan g iaIN A

>4 o Y >4

¥ InaudnIIN1sUdeEinwngunglasun
(F-gas Growth Rate)

v Y Y

8.4 ¥ indnudnsNsudesfinengunglesiun (F-gas Growth Rate)

gns1n1sUdeeiwnguiiglosiun (F-gas Growth Rate : FGA) mingfisdnsn
nsuaeefiwndunglosiunamuiat lneusuaieiseunsean (andunglosiun)
fivdesiAnanianssuvesyudidmuanunseunsuszidlugiionsdamintnd
feiFeunszandulsema lnanensTunIseninedsuainfenisiudsuuas
anngienie (IPCC Guidelines for National Greenhouse Gas Inventories) ke
Lﬂuﬂ‘%mmmsﬂéasJf‘w”wmjmxlqia‘%l,umﬁgwmmﬂmﬂmiﬂa'awm 9 ladsunanis
THUselomifinu nmswasuuvasmsldusylewiannu wazUalsd (Land Use, Land-
Use Change and Forestry, LULUCF) Tngunasdasavasiangumglesiund
wmInensuwanazladuiiefarsan len HFCs PFCs way SF wazdunaslass

IINNIANTEUIUNITANAMINTTURALNTIENEN U9 (IPPU)

nsawialddeyauTuiunisuaesiisngunglesiun (FOG) 3w
Aanssunisuszdiululszmalng lisiuaanisTduselovdiinu nmsasundas
mslustlovdiiau wagdnldl (LULUCF) gnusuerliiduen (n fio tn FOG 9y
YunadrensmiiiemanuduiusseninsUSnaiawazial wazaianuduns i

Tndudnsinisuase w3eA1 B wazyinn1511A1 FGB 50 unadjusted average
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annual growth rate ¥@In15UdpewMLgns FGB = exp (B) -1 31nTIUA1 FGB gn

iuundnduen FGA lnagnsingg Mlduanadasialuil

In (FOG) = a + St
FGB = exp(B) —1

FGA = FGB (33)
Tnofi
FOG = Usmnansudesiungunglosiun
FGB = Andunsudesinengumglesiunsied

FGA = gnsnsudesinungurglosiun

%

a = AR X
B =@anudu
t =3

1% ° ° ﬂ ' =~ = Y

A1 FGA NlnaniiunAiwiandurinzuuuiiisisauiisuniuan FGA vaq

u

a v ! | =

Useimaau o NUsHHUAEAIAZLUUNATER (best) uagdan (worst) Fauana

falul

Performance Mominal Raw
Bast -0.0394 -0.0394
Worst 95th percentile 0.9366

fan: Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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nMsAUINAIAzLULYY EPI 2020 laldtayanisAuinensinisuaesiing
ﬂq'quIaium U84 Potsdam Institute for Climate Impact Research waztdu

ToyaraslU w.A. 2551 - 2560 (A.f. 2008 - 2017) wasArnnasuuule 94.4 Azl

it dadusamnisUsosiengunglaliun (F-gas Growth Rate) 984
svilaussousdauandeuilidoyaanmicsalulszmelng (EPI+)

ToyavsuiuseunsranlunenuinifiivseunszanvesUsemelng
Tndnauulovnsuasununing1nssssuvAuazauindon gniranduiami
sULUUTBS EPI 2020 fhedioyad w.e. 2550 - 2559 (A.A. 2007 - 2016) Fududeya
fildsumnuiurauanamenssumsulouiensivasuulasanimgiionFusiei
ué wud Usemalnedannzuuuegil 83.0 Azuuu JefaeniinisseanunaTes
EPI 2020 ALY 94.4 Azuuu fms1sil 27 Taedlefiansananuunliuvesdeya
99 EPI 2020 uay EPI+ dmnuaenadoiu uiiosninnsussiiuvesuming1de
wanazuninerdeladudeodunisuszdivandeyanislduuudaesdunisuiu
wazuUasr Ul 199 nsneaunsdaridyd fedounsyanuisn A uiay
UssinAsigausio UNFCCC SedayamaniignaiumuiasAnaviednudaselng
Potsdam Institute for Climate Impact Research Lﬁlaiﬁsﬂjayjaaqiugmwuw%
A5nsUszidwdediu Ae n13UsELlun1N 2006 IPCC Guidelines Mnusdoya

[

dwsu EPl+ Wudeyauunanisuaesinwvesdsuindlveflaaindeyaianssy

v
= 1

1AEMATI AIELART '«NmmwLmdasﬁayjaﬁiﬁzﬂuﬂﬁﬂmﬁumu EPI 2020 way EPI+

q

v '
a o

999UsEAlNeTANUWANA19TY F9v I RNanswULYRIRT TR A uIle AL

LANAIAY
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1%

ms1afl 27 deyauazAraziuuresiITiasusnsImsUdesiungungleTiun
Yy . . . ATIUY /
EPI yadoyanly undevesteya / e | |,
Uvadvaya
EPI 2020 |F-gasses growth rate Potsdam Institute for 94.4
Climate Impact Research | (A.¢i. 2008 -
2017)
EPl+ | 9n51n15Uane F-gas dinauulyuisnaz iy 83.0
NINYINTTITUY ALY (A.A. 2007 -
AauIndeu 2016)

TasansdmvinsvianssousdaindonveasUsemalng

107




[ 'Y

vilgagnun1siufsuLUasan g iaIN A

L4 [ 7 %4

2BINAUDNTIN5UaR8ASUBUAT (Black
Carbon Growth Rate)

v Y Y

8.5 AFInRIUBnsIN1SUaBEANSUBUAT (Black Carbon Growth Rate)

gms1n15UasuA1suauan (Black Carbon Growth Rate : BCA) #ungfi

8M51N15UARYAISUBUAININLIAN LABUSUIUAISUBUANNIUaBELNRINAINTTUVBS
fal o a 1y U o o e a o

wywdnAmuanunseun1susziduly dilen1sdnidadfieseunseandusemna
lagAnuzNITUNITIENINTgUIadInlenIsiUd suldasaningdeinia (IPCC
Guidelines for National Greenhouse Gas Inventories) waziduusuiunisuase
ASUBUANIIMIAAINAIANTURBEANY 9 Tnsunastayavesnisudesaisuausi
UMINENF LALLM NGNS TAF UL TERNTUN Ton wWaIUaa8INAIANEIU

LALNIAYDIEY

nsfuiitfaduninisUdesasuaud andumslideyausina
mstdeeasuaus (BLC) annynianssumsusediululszmelng gnusuenlidu
@1 In Ao n BLC anntuthinadresnsitenanuduiugssnineSunauasiaan
wazAautuns i iifudnsinisaes uieni B wazyiin1swiAl BCB e
unadjusted average annual growth rate %adﬂﬁiﬂa'aﬂﬁﬂ%ﬁaﬂqmi BCB = exp
B -1

9 ntfuein BCB gni1u1men BCA lagvnnen BCB Plgduauinniide

Wiy 0 Avualdidudnsinisuase (growth rate) wagisaniduan BCA uamnan
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BCB filsiiAtionndn 0 dvunlvidiuuensegasimua (BCA = BCB x (1 - BCR))
Ty BCR ma1nnsnamnudusiudsening BLC uaz GDP laggnssng q filduang
ortoluil

In (BLC) =a+ ft

BCB = exp(B) —1

BCA = { BCBif CDB =0
"~ |BDB x (1—BCR)if BDB <0
BCR = corr(BLC,GDP) (34)

1ned

BCR = duusyansandunusveanisuassmsuaum

GDP = nanfdugisnasiuveslssina
BLC = USunaunsuassaisuaum
BCB = aAnadunsudesaniueusised
BCA = dn31n15UaouAISUBUAN

a = 3Afaunu X

B = AINUYY

t =

! = = Y

A1 BCA ﬁlﬁgﬂﬁ?ﬂ?ﬁ’]ﬂ’m&ﬂi‘lﬂ’]ﬂgLLUULWEJL‘U%EJULV]EJUWUF’H BCA v83

a

Usemadu q NUssdunlgA1nzLuuNANgn (best) wagd19an (worst) Fauans

saludl

Performance Nominal Raw
Best -0.0187 -0.0187
Worst 95th percentile 0.0526

fian: Wendling, Z. A, et al. (2020) (epi.yale.edu)
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N13AINAIAZLULYEY EPI 2020 lalddayanisA1uingnsinisuaes
A1SUBUAIVBY The Community Emissions Data System (CEDS) wagld wﬁ”anda

299U W.A. 2548 - 2557 (A.A. 2005 - 2014) kazAuIuAskuUls 42.6 AzLUY

fdiTadudnsinisudasaiuaudi (Black Carbon Growth Rate) %84
svilaussousdauandeuilidoyaanmicsalulszmelng (EPI+)

MNNsAnv LAz TIUTINTaYan1Suaus (black carbon) wuagslaidingg
euteyafiumsmsvossemealng wagilonumuisnsuszifiund wuiins
UsziuuSinanisudesaniuendiiisnsiindredunisinridadiedeunsean
Ao wapusEnItayAnaNITukAAIN1SUABYY (A1Suausm) lnemuurasteya
Alduszidiu EPI 2020 wuindeyauiinumsudesafueuiivesuszinalney
wiastayaon9de In1sussdiuyiinunisuaesersueuniainianssun s sl
(Houndalun1anasery uasnisirnve Tuin kY89 1AYaNFY uananisld
numuAINssuNsUdesauaumTid @ iiuiu Ao nswdnaluiiuiinuns
wazUnlil Fefinsssnudoyaieideluenasimeuns mauddlidudeya
NeNsveUsEImAlng

Nnteyaineduiningtoausuugifiennimuanseunisuseiiiuns
Udesnfususdmiulivszneunmsiavidiviaussourdsnndeuvesuszmalne
ﬁﬂuﬂwsLﬂﬁauLLanaﬁwwqﬁawmm Tngazdunsussiuvinaunisuaesansuey
MsneRanssudfty 3 ngu munuImasUseiiug1danseuitmsiiaonadesiu
2006 IPCC Guidelines Tngfisuazidunssil

1) Mawnlvdidemaesmendany msnunadeyadomasilian

A3 NAREATNNGNIUVBINTURAIUINGINUNARNULAZ BT NENFINU kazD19D9eN
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nM3Ua08AITUBUAIINUNAINT T BT und st oy aveauminedeieauaz
wuinenaeladudely

2) Mawdanaluiuiinuasuasiuiivn dnnsmenudeyauimafi
FounsranuasieseiuannsenTaaaluiuiiinues uasiuiillu T i
Seunszanvesdsemelne (3C1a wag 3C1b) Mewmail Judonuiuaunisddes
fraansueusouanlas (CO) MnAanssunswail iefunmdeyafanssu Ao
USnaudunafigninn uazvhnsAnalinumsUdesasveussneanisUdos
Fadanunanuidedifeides

3) Maverluminvey dn1ssenudeyauiinuiiusaunszanuas
Aadafuannswverlunnludydfedeunszanvesing (40) wazfinnsan
AmaLT (proxy) tnemdudszansnisanass () sewirsUSinansusesaiveu
Awazingasuaulaeanled (CO,) YaeUaNaAIINUNEI19B9YRINMINY 1T BLEA
wazuminedeladudef srvaudeyadmsvusemalnely Tagnuiaden

duUsedns P danAoud 9gen 0.96 uazaun1sille Ae aun1sidadu (linear

=

equation) Woldaunsmnuduiusiugr Fwhnsunassinamsudesansuou
ssmslddeyauiinunisUdesfineniiusulaeenledainianssunisunidie
ToyannUdingsounseanveslsundlny
ndeyaUsunuiusaunszaniusgnudydinviseunszanvesseineg
ne TnsddnauulouisuasununingInssssuvAnazaunnden uaznsuiamn
T UNALIULATUTNYNAY gniuAwIMUSINANsUdaeATUR LA Lay
AAZLUUMUIULUUYDY EPI 2020 sgyateyalut) w.a. 2550 - 2559 (A.A. 2007 -
2016) wuin Usswalnefidazuuuegil 72.3 azuuu Fauand1siun1sseauna

999 EPI1 2020 ALY 42.6 AZLUL AIA1S199 28 b1 9991NNaN1SUSELE uUD4
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wininedeieanazuininerdeladudodunsussidiuandeyauunansueudm

) %

aeeiensliuuudnaedunisuulashUasdUsunnun1suaumIINgIe9Iuns
FovindnyBfadounsranuienifiutasUssmaseusio UNFCCC adayainani
QNIIUTIUAEAIUIUNI R ALUAIRIA1L Community Emissions Data Systems
i olideyasglugunuunieisnsuseiliuidendu de nmsusziduniy IPCC
Guidelines uAsnaauiadinniounszanvedlvefiniuundslimesenulsuia
n1sUaeuA1suaumIuIneu 971’3EJLmﬁﬂ%mmmiﬂdaam%wuﬁﬂ ANTIBIUNTT
WWELNS EP 2020 enadunsdamandeauufgiuifivuatumn wieldlunis

o (%

P iadnudnanisudesmivous vaideyadiutu EPk Mlddeyauiun
nsUdesasveumanmisnululszmelvefiazdudeyaionssulagnsa (e
wasusazanens Ul wasnnsldusslovtifian) sauaAmaun (proxy) Tu
mavouds Fsfienauandnswesdoyadild dsenafummensussiiuvestassns
flseuaquuudstsziiuiinirswaznisendaanaanees Uil Tunisld

Usgleguifuiianuduulsroudrannnitnandsinu fuduuvasdoyaiiuansns

PINUMINGIBLLLARATUMINY1ae AL TY
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1%
v Y [

M13197 28 ToranazAIATLLNTIITInA USRI TUABYATUBUAN

o s . Y . AZUY /
EPI yadoyanly uvdsvesaya / v | |

Uvadvaya

EPI 2020 |Black Carbon growth rate | Community Emissions 42.6
Data Systems (A.A. 2005 -

2014)

EPI+ |- %azgaﬂ%mmuﬁyat.wﬁasuad - NFUNAIUINSNIUNALNY 72.3
AANFINY LAZEUTNYNE MY (A.f1. 2007 -

- Jayan1suaesieaInng | - drinauuleuiguagiey 2016)

WNITIUIAVDINTALNYAT | NSNUINTTITUIRLAY
waznaUrlawaznstanny | Asnnaoy

WAENNTRNITELTULALEUB

MAveade
- NARAUNUIATINVDS - @UnNUENINAIUINIG
Useine (GDP) \ATEFNIALH IRV
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%

vilgasnrunmsiuasunUasaningiiannie

-t ) ' o ¢ ¢
Gl'J‘U'Jﬂﬂ"luaﬁi'lﬂ'liﬂaaﬂﬂq%ﬂquau‘lﬂa@ﬂ‘l%ﬂ

=)

nnsilasuLUaInau (CO, Emission from

Land Cover)

8.6 A¥INN1UINIIN15UaRER1wASUaUlnaanlyAaINNISIUR BuLUAIT AL

(CO, Emission from Land Cover)

sasinisuassfigaisveulaoenledainnisiud sundasiiau (CO,
Emnission from Land Cover : LCB) vangdesnsnnisuasefneansveulaeanlusd
Anenmsasuulasiinununat Tnevsinafieasueulasenlediivdesiin
Mnmadsuudasdsnequituiivn Tasfinsanludunatinwdumilonuuey
dulanu warldniy wagsinisuseiliunisuassingasusulaeenlennieainig
UavguugiimugiiensininUndieseunszanseauuseing lagamenssung
sEmiedguiainsnensasuulasaniwgiienniea (IPCC Guidelines for National
Greenhouse Gas Inventories)

sasinsuasefign1sveulnoenlesainnisiua sundasiinu (CO,
emissions from Land Cover) fuua sty afi umingrdoisauazuming1de
laautdele @e FLINT system 1ag Mullion Group Tudssindesainsiae 1ae
LLH’JWNM?U?BLﬁuf\]%ﬁLﬂuﬂ’lﬂ‘i’fﬂijayjaﬂ’liLﬂgEJuLLUa\‘iﬁﬂﬂﬂﬂqmﬂ'] (forest cover
change) 910 Hansen et al. (2013) warA1n15UaeeA I3 0UNTEINTEA VTS 1
299 IPCC (IPCC Tier 1 Emission Factors) (Eggleston et al., 2006) TagUsunauing

Arsvaulaeenlefanni1sla suwlatuladinindr i eduwazdruldnu
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(aboveground and belowground biomass) kazlin1e (dead organic matter)

° o a & oA
LLaSﬂ’]MuGﬂ‘ViWﬁ]’]im’] RWIZAUNUD

A5AUINAAE TadusasnsUdesinsasveulaeenledannnis
Wasuwasiau awdumsliteyausinumsuassfimeansuoulaoenledainnis
Wasuulasiiau (CDL) udrthanudualdmduen tn fe (n COL 91nsuisnadng
ASINER BVIANF LR LS SE I 1US A Tuazan wazAIAutuns T by
n31n15Ua08 NIA1 B Lazvi1n1511AT LCB %39 unadjusted average annual
growth rate ¥84n15UdBEfAERIBgRT LCB = exp (B) -1 Tnognseng q filduans
daoluil

In (CDL) = a + ft

LCB = exp(B) —1 (35)
Tnedi

DL = Uinamsudesfingensusulasenlasannmsdsunasiinu

A

LCB = dms1nsuaseiamisuaulneanlanannnisiasuluasinunel

a = 3afAunu X
B =anudu
t =3
A1 LCB AlaganiunsuwianduaiazwuuiioilSsuiisuiuan LCB 999

Y

a v a

Useimaau o NUTHHUAEAIAZLUUNATER (best) uagdNan (worst) Fauana

saludl
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Performance Nominal Raw

Best Sth percentile -0.0786
Worst 95th percentile 0.1685

fan: Wendling, Z. A, et al. (2020) (epi.yale.edu)

NsAWINAIAZKULYEY EPI 2020 talddayanisrwindnsinsdassfine
msueulnoenledainnisidsundasiiiu ¥es Mullion Group uazifudeyavesd
W.A. 2544 - 2558 (A.A. 2001 - 2015) wavAruaaziuule 35.5 AzuuY
P indusasnsudesfeaivaulasanledainnisasunuasiiny
(CO, Emission from Land Cover) ﬂaaﬁ'ﬂﬁaminufzﬁﬂmeé'aum%'%'ayjamn
milgauludseinalng (EPI+)

Mnmsnumuteyaluussine wuirdeyaifanulndidesiudoyaild

A £

ANULTNINeNFUakazLTNINeNaeladude fe YeuauSunuiieansusulaeanlun

Y
v '

fiudepainianssy 382b ﬁuﬁﬁmﬂ?{amﬂuﬁuﬁmwﬂqﬂ uazAanssy 3B6b iy
Arudsuduiuisu lussnudayifedounsyanvesUssmdlneiisnvilng
dfnauuleunguasiunsnenssssuviuazd winday wasdisnsusediu
USLaUigsounszanmuasn15ve9 2006 IPCC Guidelines

v

Tayavsuniuseunseanlunenulnifiivssunszanveslssmelng
TagdinauulounsuazununingInssssuvAuazdauandon gninunduinniy
sULUUTBS EPI 2020 shedioyal w.e. 2547 - 2559 (A.A. 2004 - 2016) Fuduteya
fldsunnuiureuanauenssumsulouignsiasuulasaningiioniAuisi

Wy WU Usewalnedirnaziunegil 85.7 AzWUL BIUINNIINITTEUNEVES EPI
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2020 ALY 35.5 Azuuu famsnadt 29 ilosnsansUseifiuvesmineidoiea
LLazmﬁ‘wmé’aiﬂé'mLﬁ&JLﬂumiﬂsxLﬁumsm?{ammaa?ﬁmﬂquﬁyuﬁﬂﬁmﬁ’u
Yoyatitodiu (downscale) 390 FAOSTAT mnusiteyavestszimelnemnanndeya
fssaulaenienuisuiaveuteyalaenss Jeflanuuansswesdeyaild

Tngiamzlud a.e. 2014 - 2015 vihlideyadinudunysiandtun

M13199 29 ToyauazAAzLULTRITIRMUEnTIN1SUdee e suaulneanlys

PnNNSUasULUAINAY

EPI yadoyaiild uasvesdaya / wgeu A/

T ¥ UYvasdoya

EPI 2020 |CO, emissions from land | ELINTpro® 35.5
cover change (LULQ) (A.A. 2001 -

2015)

EPI+ - 8nsinisUaes CO, 900 - drnauuleuielas iy 85.7
mMswdeunasiinu NINYINTTITUYIFLLAY (P.A. 2005 -

Aaandon 2016)
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https://flintpro.com/Global-Run

%

vilgasnrunmsiuasunUasaningiiannie

%4 >4 v %4 1

1YINAIUFREIUN1ISUADYNVLIDUNSZAN

#812U52¥n5 (GHG per Capita)

o/

8.7 A InaudndIunsUaesfnwisaunszanfeniUseyns (GHG per Capita)

dndaunisuaseieisounizansaiiuszy1ns (GHG per Capita : GIB)

PU18RIUSUIUNNSUaREATS AUNTEANNINUARBUTLYINT 1 AU tagUSuane

a

Sounszan (feasveulaeanles dmu lundasenled uaznquviglesium) 7
Udesanfanssuvesyedifmuamunseunsuseifiulugiionsdavintiy e
Founszandulsena lnganensIunTIEninedguIainfemsuasunasanin
qﬁmmﬂ (IPCC Guidelines for National Greenhouse Gas Inventories) Tagidu
Usinaimsddosfinsideunszanianunainaiansuaessiig 5 lisamniansly
Usglemiiiau nswasuulasmstduselewifinu wazUalsl (Land Use, Land-Use
Change and Forestry, LULUCF) 7 s1s91uluniaedngndumisuveulnoanles

Wiguwin (GgCO,eq) waziluviinangnihumdndiuseniieusyying

v
@ (%

mMsAumInsudndiunisuassineiseunseanserusenns audu
nslddeyanisudesingiseunszan (GHG) :1nynianssunsusziluludseine
e wailiisawnanisldussTenifiau nsidsuwlasnsliusslomiiinu wazdn s
(LULUCF) 1Junasiuvesusununisuaestieaisveulneenles dwnu lunsa

gonlen uavnguvlglesiun NUTumuddnenmnisielviiinniglaniou (GWP)
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Tnedi GWP vesf1eiinusaslundasenlediinviady 25 waz 298 mugdu
MnundnduUTinafiedealssins (GHP) lnggnsnng o uanaaolud
GHG = CDO + FOG + 298 X NOT + 25 x CH4
GHP = GHG + POP (36)
Tnei
CDO = Ysmnunsuassingasueulaoenlan
FOG = Usmmunisudesingngungloiun
NOT = Usunaunsuaseinwlunsaeenlan
CH4 = Usunaunisuaesinedivu
GHG = Usunaunisuaesingisounszansiy
POP = 911U Us881n5v03UseInA
GHP = dndiun1sUanuineisounszanmaeuszsng
25 uay 298 = Ardnaa mnisnelmialanseuvesiigiinuuaziiglunsa
panlan AINA1U

d £ 1

NygUNUAT GHP U9

% o o

A1 GHP ﬁlmgﬂmmmmmﬂummLLuuL‘ﬂaLU’%EJ L

U
Useinady q NUsElumegasAUIMLAAIAZLUUTATEA (best) wazA1Nan

(worst) sauanasa bl

Performance Nominal Raw Transformed
Best 5th percentile 0.001 -69467
Worst 95th percentile 0.0225 -3.7924

fian: Wendling, Z. A, et al. (2020) (epi.yale.edu)
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N13AUINAIATILUUYBY EPI 2020 laldtayadndiunisudesineisou
NT2ANABMIUTEYINT V89 Potsdam Institute for Climate Impact Research wag

Judeyavest w.e. 2560 (A.A. 2017) uarAwinmziuuld 37.7 asuuu

¥
v A

A8 R udndiunisuassfieisaunszanneniuszyins (GHG per
Capita) vassuilaussouzdandouilidoyaanmicsalulszmelne (EP1+)
ToyavsuiuseunsranlunenulyifiivseunszanvesUssmelng
W3mumsuasefinvansusulasenled S lunsaeenlyd uaznqunglosiun)
Tagdinauulounsuasunuming1nssssuvAuazauindon gninanduinmi
sULUUT84 EPI 2020 sedeyad w.a. 2559 (a.a. 2016) Fududeyaiildsuaiy
Wureuanauznssunsulsviensasuilasanmgiionnauieniud) uas
ToyaduuuszmnsseUueinsunisunases w1 Usemalnedanaziuuogi
44.9 Azuu FnnniinsTeausaes EPI 2020 ALY 37.7 Azuuu faansned
30 \ilesnnidunaunnsnaanunasteyailifiunnssiuseninsdoyavesussina
e wazdoyafiuminedoiauazaminerdeladudeld dudumnuuansingly
AwsmvesigSeunsyaneinaie Al il Iiesueneazidenliudlutite

e
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v

M13197 30 YeyauazAAzLULYRIIYInAudRdIuNsUdRef Y ToUNsYINHDI

Useuns
o s . Y . AZLLUU /
EPI ﬂgﬂﬂjayjaw’lﬂj HUAIYDIVDYA / AU | Y
Uvadvaya
EPI 2020 | GHG emissions per capita |Potsdam Institute for 37.7

Climate Impact Research | (A.f. 2017)

EPI+ - gmsIn1sUany GHG - d@nauulgUgLaTBHY 44.9
NSNYINTTTIUV AL (A.A. 2016)
AInaeu

- Joyadnuiulszangsel |- nsunsunAses
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%

vilgasnrunmsiuasunUasaningiiannie

%4 [ a

23IANTUDNSIN15UE8AYTIUNTZAN
ADNANAUNNIATINVDIUSLNA

(GHG Intensity Trend)

8.8 AVINATUDNTINITUABEAIYLSBUNTLAINADNANN N UIATINVDIUTLINA
(GHG Intensity Trend)

8m51N15UA B8R 9L UNTLINH BNA NN NN UIATINVRIUSELNA (GHG
Intensity Trend : GHP) sunefsUTn1un15Uansfine39un 2NN nunnonuiy

NanSugNIaTINIeIUTEWA (Gross domestic product: GDP) autan TaeuTune

a

finwseunszan (feasusulaeenled Tmu lunsasenled waznquilglesiun) 7
UdeslinanAanssuvesywdifvuamunseunsuseiiulugiionisdmindad
AaiFounszanduuszna lnsangnssunsseningsuiainfenisiudsuuas
ﬁm‘wqﬁmmﬂ (IPCC Guidelines for National Greenhouse Gas Inventories)lag
Huvsinansddesinadounszantamnainaiamsuasssing 9 wlisamniAnig
THUselomifinu nswasunvasmsidussloviiau uazdls (Land Use, Land-
Use Change and Forestry, LULUCF) fisneauluniaednznsuasueulaoenled
Wiguin (GgCO.eq) LLasL‘”f]‘u‘u‘%mwmﬁgﬂﬁmwmé’mmuﬁiwmEJ GDP 158171 GHI
udFsgnusualmidud in fo (n GHI nduthanatansvilemaudusius
sEnieUSinafiguarian wazAanudunsildidusasinisuses wiedn B
WAZYIIN1911A1 GIB %39 unadjusted average annual growth rate ¥84n15UaDY

fingiaegns GIB = exp (B) -1 lnggnssing q Nlduansdasialuil
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GHG = CDO + FOG + 298 X NOT + 25 X CH4
GHI = GHG + GDP
In (GHI) = a + [t
GIB = exp(f) —1 (37)
e
CDO = Ysnunsuassingasuaulaosnlan
FOG = Ysunmunisudesinengunglosiun
NOT = Usunaunsuaeaialunsaeenlan

CH4 = YSueunmsuanenieilny

GHG = YSuaunmisuanenioiseunsyansiy
GDP = NARAUNUIATINYDIUTLNA
GHI = dndunnsUaseigsaunsEaINABNARAMUNLIATINYDIU LA

GIB = 8m51N15Uanun w8 UNTLANFBNAN A UNUIATINVBIUTLNA

a = dALNU X
B =mAnudu
t =1

A1 GIB AildgninanaruanduAinzuuuiolTeuliieuiuan GIB ves

Usginadu 9 NUslumMggasAUIMLAZAIAZLUNAATIAR (best) Lagd17ign

q

(worst) sauanasa bl

Performance Mominal Raw
Best 5th percentile -0.0673
Worst 95th percentile 0.0297

P Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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nMsAUINAIAzLULYY EPI 2020 laldtayanisAuinensinisuaesiing
\3OUNTZINAONANS UINNIATINVDIUTZWA U8 Potsdam Institute for Climate
Impact Research LLazLﬂu%’aga%aﬂ W.A. 2551 - 2560 (A.A. 2008 - 2017) AUIN

Azkuule 40.4 AzwUU

AIYIANTUDATINISUADUAYLS DUNTLINADHNANN U UIATINVDY
Uszind (GHG Intensity Trend) vasavilaussausduwindoui l4dayaain
wigululsewmalng (EPI+)

¥

PoyauTuuiwteunszanlunenulniinussunszanveslsenalng
Tagdinauulsunsuasununing1nssssuvAuazauindon gniranduinmi
sULUUBS EPI 2020 shedioyal w.e. 2550 - 2559 (.A. 2007 - 2016) Fuduteya
filsunnuiureuanauznssumsulouignsiasuuUasanimgiioniauisi
uE wui Usemelnedianazuuuegdl 50.2 AziuY FannnINIIBNURAYDS
EPI 2020 ALY 40.4 Azuuu fanns1eil 31 flesnnidunaunnsinsmnuvasdoya
seuiedeyaveststmelveuardeyaiiuvinedowanazladudeld Faduniy
uansslunmsamvesfnadeunsyanyiiasig o 4 ogslsfinuuualifudeya GHI
fnusinrmiaenndesiuseninsdoyaninuminendoisauasladuife uazdoyasn

NUBNUVEIUTTINALNY
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v
[

A135197 31 TeyalarAIALLUUYIRITIAFUERNIINITUARN19ITaUNTEANNE

NANAUIIUIATINTBIUTENA

o s . Y . AZLUY /

EPI qﬂ%ayja‘w’l% HURIVBIVBYA / VWU | v
Uvadvaya

EPI 2020 | GHG intensity trend Potsdam Institute for 40.4

Climate Impact Research | (A.f1. 2008 -

2017)
EPI+ - 9n51n115Uany GHG - dntinauuleunguagiiu 50.2
NINYINTEIIUB G (A.A. 2007 -
Aande 2016)
- HARAUIUIATINVDS - dUnuaNIWRIUINTT
Usuinel (GDP) WITUEN AL HIALILIYF
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avilgasaunisifsuwlasanwgiianne

LUINIINTITIANIAVUEUTTOULFILINADY

TuuSunveslszndlng

8.9 WUINIIN1SIANINVUaNTTaULE wwandauluuSunvasuseindalne (EPI
Thailand)

INATANYILUINIINISUSELTUATT Y 88A1UN15LUE suwUasdnIn

nilen1Aves EPI 2020 Tnguvingdeigakazunnineraelasulde siuiunis

] [

= v ' A v A
3TN Iguarmiisnuiiigtes wudrdinnumangaulunisldluns
U o w oA v a a & o S
JavhdriigesmunisilfsunlatanimgiionniavesUsenelng Tuns 8 f7da lng
A3UkuUNIsALIN kaENSITTBLAINYUIBNIUAN 9 WARIRINITIAY EPI+ Tu

PTnNoUNTNG
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A13199 32 asunsldveyatiieruinAIAzLuY EPl Thailand vesrvigoasiiu

a a
nslasunlasaningioInia

1voya

unasdoya

/8973
1n90ya

unasdoya

/28973
1n90ya

unasdoya

/g9
1Yoya
unasdoya

/AU

yAlaya
9 v

unasdoya

/AU

EPI 2020 EPI+ / EPI Thailand
- o e ¢ ¢
fTdnAusnsIn1sUaesfngnisueulneenles
CO, growth rate 1. 8msn1sUane CO,
2. YayandndnaiiiaTinvesUseine
Potsdam Institute for 1. @inauuleunguazNIneINIsITNTIALAL AL INaN
dinnuaninunmsiasugialasdnuunaa

2.
v Jo oy o
Y

fiarinnuansn1sUasafnalinu

Climate Impact Research

Methane growth rate 1. 99115808 CH,

2. JoyandnsiniinaTinvessene
Potsdam Institute for 1. @ ULlEUIgRAE NS NN TTTTUYRLALALINA DL
Climate Impact Research | 2. @inauan imuINsATegnauas fnULiay

v A oy W e o ¢

24 Indusnsnsuasenwlunsaeanlen
N,O growth rate 1. 9191150898 N,0

2. JoyandnsinaianaTinvessemne
Potsdam Institute for 1. @ UUlgUIgRAENSNEINTITTUYRLALALINE DL
Climate Impact Research | 2. @inauanIimuInIsAsTugnauasfnuLiag

v Ao v o ' o ' a
Windudnsnisudesfingngunglosiun
F-gasses growth rate 8n31n15Ua08 F-gas
Potsdam Institute for dinauuleuiglaznsnenssssurfLasdainasy
Climate Impact Research
o d’lﬂl % o 1 IS o

ATINATUINTINTTUABAITUDUAN
Black Carbon growth rate | 1. ToyaUSuIaNTRINEIwBINIANEINY

2. Yayan15UdeefiwINNITHITIIAVINAINYAT NA

Unlduarnsldinu waznsinveluwmmivesnnveady

3. JoyandndneiinaninvesUseineg
Community Emissions 1. NFURAILNGIUNALN LA BN BNANY
Data Systems 2. dinauulguiguaznIneINIsINTRLAL AlInAeN

3. dtinauan I iRuINSIATYgRawasd LU A
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1voya

unasdoya

/28971
1voya

unasdoya

/U897
1n90ya

unasioya

/2897

EPI 2020 EPI+ / EPI Thailand
FadSadusnsnisudesinvariusulasenlesannsiieuudasiiau
CO, emissions from land | §as1n5Uaps CO, nMsasuwlasiinu
cover change (LULC)

FLINTpro® dtinauulsuigiazninenssssuAnasdsndou

fadInfudndiunsUaRefnwiIaunszanAeiaUszYINg
GHG emissions per capita | 1. 9759015Ud08 GHG

v o

2. Joyadniulszvng
Potsdam Institute for 1. @UNNULlEUIBLAE NS NN TS TTURLALELINABY
Climate Impact Research | 2. nsun15UnATDY
v Ao vy o e o I a o &
ATINATUINIINTITUARBNYITDUNTZANADNANN UINNIATINVDIUIZINGA
GHG emissions per GDP | 1. 8n31n135Udes GHG
2. YayandndnaiiiayinvesUseine
Potsdam Institute for 1. @ UUlEUIBLAE NS NN TS TTURLALELINABY

Climate Impact Research | 2. dtinauaniiaiuinisiasughanasdnuuie
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%

= 1 v 1 =Y
Yugaen1un1TUanUasguane

(Pollution Emissions)

9. nvlidasniunisuanUassuane (Pollution Emissions)

denumuismsusziliudslaussourdanadensunsuanydesuadiv
wuirdeyaildlunisuseidudmiudviaussouzdandenlud a.a. 2020 (wa.
2563) Ao UmauntsUsesfnanadiy (precursor) MNn1ANSUAREAN 9 Laln A
Famleslneenlenuazeanlannng q veslulasiau 3nn1ansUasenng q Inadu
nsUsziliuludnuazveinsdaiUndfineseunseanuananudeuiugilugdile
N33av U d i saunssanduUsema IneAuENsINNITIENINEFUII1998N13
LUﬁIHULLUaﬂaﬂWWQﬁmmﬂ (IPCC Guidelines for National Greenhouse Gas
Inventories) #1ail fudaussourdwndoudunislanudesuaivludieunthi
nsuseuluaiueinie (ain AanIneIna (air quality) dafiwn1ae1n1e (air
pollution) v3slsifimsuszidiulusuernaduuiisenu uasluflangnusuli
\WunsuasUdesuaiiwlud a.e. 2020 (wa. 2563) faewail 13 Tafifiarsandad
ANNMAINTaNElaTATEUAGNLATIENI901NA Taslanizluusseinanaly gy
lolau duazens dawlaslnoenlud sonladsng o vadlulnsiau a1suszneudunid

sewiedne (laisuiimu) (NMVOCs)
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NNNsAvALazATIRaeUTeyaiiAsates wuindinsmenudeyauiua
nsUassiedaesineonlanuazeanlannig 9 vedlulnsiauainsisanun1sdnii
UnTfedeunszanvessemalne wudertudvddosdunsdsuulasann
Qo Taglunsdndunuves EPI 2020 fnsuvsiviaussouzdsuindeudiu

AMsUanvassuaiwdu 2 §3n
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%4

= v 1 =Y
Yugagn1UNITUanUadgua NG
ATINATUDAIINISUADE

Anadawasinaanlen (SO, Growth Rate)

v Y Y

9.1 AMIFInA1UIRsIN1sUaRsRwdanasineeanlyn (SO, Growth Rate)

gn1n1suaseinedalnesinoenlen (SO, Growth Rate : SDA) #un8
FamnsUdesfadameslaoenladniunan lnsusumaiesdamesla oanledi
UdeslinanAanssuvesywdiifvuamunseunsuseiiulugiionisinindad
feiFeunszandulsema lnanensTunIseninedsuainfenisiudsuuas

aquﬁmmm (IPCC Guidelines for National Greenhouse Gas Inventories)

n1sAaldtayaliuiunisiaesinedaesineanled (SO, 109N
AanssumsUssidiuludsewalne gaudualiidud in Ae tn SO, 91ntdutinan
afanaliiemeanuduiusszrinaTinafeuaziin wazaaadunsmile
Wudmsinisuase wsean P uagyinn1sniaAl CHB 3@ unadjusted average

annual growth rate ﬁumﬂ”ﬁﬂéaﬁﬁweuﬁwgm SDB = exp (B) -1

91ntiuA" SDB gAwanmAn SDA Tngynen SDB ldifuduinniinde
wihiu 0 Avualdidusnsinisuase (growth rate) wagiseniduan SDA uamnen
SDB filsfianfosndn 0 AmualimuInAsgasiun (SDA = SDB x (1 - SDR)
lag SDR 1131nn51MANNAUNUE 52119 SO, waw GDP laggnssng 9 ilduana

fanalul
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In (50;) = a + ft
SDB = exp(f) —1

o — { SDBif SDB >0
~SDB x (1 — SDR) if SDB < 0
SDR = corr(50,,GDP) (38)
Tnedi
SDR = duUseansandunusvasnsuadseielunsasenles

GDP = WARSUNUIATINYRIUTENA

SO, = Usianisuaseinalunsaeenlen
SDB = Adunisudesfinglunsasenlunsed
SDA = smsinisuaseinalunsaeonlen

o = dALNU X

B =anudu

t =

[ J

A1 SDA laaniuisuwiaduriasiuuiaSouiisuiual SDA v89

Y

a £ ! d‘

Useimnaau o NUsHHUAEAIAZLUUNATER (best) uagdan (worst) Fauana

falul

Performance Nominal Raw
Best -0.0394 -0.0394
Worst 95th percentile 0

P Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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n1sATUIMAzILUUYRY EPI 2020 T4 dayadnsin1suaseiiedaies
Iapanlgnain The Community Emissions Data System (CEDS) Immﬁwﬁauﬂﬂuﬂ

WA, 2544 - 2558 (A.A. 2001 - 2015) wazAIUINALLUULA 100 ALLUL

F28 SadusnsnsudesRadainaslnsanled (SO, Growth Rate)
vassvdlaussauzdandeuilitoyarnmissaululssmelneg (EPI+)

ToyavsuiuseunsranlunenuinifiivseunszanvesUsemelng
Tndnauulovnsuasununing1nssssuvAuazauindon gniranduiami
sULUUTRS EPI 2020 fhedioyad w.e. 2550 - 2559 (a.A. 2007 - 2016) Fududeya
fildsumnuiureuanauenssumsulouisnisiwasuuUasaningiioneuisi
ud nuindsemalvedidiazuuueg 100 Azvuuy WwReiunslidoyaves EP)
2020 nen1sussdiuveaunninendeieawazunninendelaauide iunisusedu
ndeyanisiduuudasddunsuunazivasmusuiuiieainsenunisdai
UdfedeunszanuismniiuiazUseinasienuse UNFCCC %ﬂ%@yjﬁmﬁﬂﬁéﬂ
FIVTMUAEAIUIUNT oA ALUAIAIMIN Community Emissions Data Systems
i olideyasgluguuuunieisnsuseidiuidendu fe n1suszifiuniu IPCC
Guidelines TuvuziteyavosUszimalnedavinandoyaianssulagnss egaslsh
mufunlifvestoyaiaonadesiuszmineseninsiilivoswmningdoioauas
wineaelasuide Jeyannrienululsemalne YsznaudulSuianisudes
fafnedalesineanlediivunliurfianas Suivlildrzuuuiigs Ao 100 Azwuy
Famns19it 33 wazidunalinzuuudildann EPI 2020 wag EPI+ laiumnsneiu ushi

Tunaadeyalunsuszifiufiuansneiufinig
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M15197 33 YeyanazAIAZLUUYRI

1%

12 [

FInausnsinisuaseinadamasinaanlan

Jsgne (GDP)

WITUN AL HIALILIYF

. s . . . AZIUY /
EPI yadoyanly undsvesdoya / s | |
Uvadvaya
EPI 2020 | SO, growth rate CEDS 100
(A.A. 2001 -
2015)
EPI+ - dasinisUaesinadaines - drinauuluuisiaziau 100
Iaoonlan NINYINTFITUAUSE (A.A1. 2007 -
Faundou 2016)
- NARAUINIATINVDY - dnuENINRIUINAT
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%4

= v 1 =Y
Yugagn1UNITUanUadgua NG
ATINATUDAIINISUADE

Anwaanlynvaslulnsiau (NO, Growth Rate)

[ Y

9.2 AMFInAUIRsIN1sUdRsRwaanlunvaslulnsiau (NO, Growth Rate)

ns1n15Uapeinweanlenvedlulnsiau (NO, Growth Rate : NXA) Mg
gns1n1suassfiiweanladvedlulasiauniuia, lngusuiufiigeonladves
lulnslauiivdesiAnanfanssuvesuyudiidvuanunsounsuszdiuly giens
U TA19L5aUNITEINAUUTZNA 1ABAMENITUNITIENINTTUIAIIAIENT
L‘LJéﬂ'EJULLiJaﬂaquﬁmmﬂ (IPCC Guidelines for National Greenhouse Gas

Inventories)

v
v Aov vV U

nMsAuIMmTIAuenTINsUass i weenlunvedlulasiau avdumsldy
Toyauiuunisudesingesnledvedlulasiau (NOY MnynAsnssunsUseiiiuly
Usemelng uwdnsnudualiidudn (n e In NOy 9ntiutianadiens i om
anuduiusszninlSinafiiguasingt wazaanudunsilaidusasnisuaes
W39A1 B Lazyinn191A1 NXB 38 unadjusted average annual growth rate ¥94
nsuaeefingniegns NXB = exp (B) -1

MntuAedsnisudesineluniasenlessiol (NXB) gnihumsngins
Uaoefglunsaoanlas (NXA) Tnamnan NXB 7ilddudiuinnimiowindu 0
fualddusnsnisuase (growth rate) waziFonidu NXA usvnen NXB #ild

fiAtdaendn 0 AvualiAIwIuAIAI8EasiIMUn (NXA = NXB x (1 - NXR)) Ing
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NXR 1191051 AMUANTUS 5811919 NOy Uaz GDP Tnogasang q 7ilTuans
Fasteluil

In(NO,) =a+ft

NXB = exp(f) —1

A — { NXB if NXB >0
NXB x (1 — NXR) if NXB < 0
NXR = corr(NO,, GDP) (39)
Toedi
NXR = dudszAvsanduiusvesmsuassinalunsaeenles
GDP = WanAteiuiasinvesuseine
NO, = USuaumsuaseinalunsaeanlan
NXB = Anadsnisudesfnelunsasenlusdsed
NXA = dnsinsuaseinelunsaoanlan
a = 3Afaunu X
B =anudu
t =4

lﬂ [ 1

A7 NXA ﬁlﬁgﬂﬁwmﬁwmmﬂuﬂ'mzLLuuLﬁaLU%Umeﬂum NXA 984

a

Usemadu q NUspdunlgA1nzLuunANgn (best) wagd19an (worst) Fauans

saludl

Performance Nominal Raw
Best -0.0394 -0.0394
Worst 95th percentile 0.0892

P Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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N13ATUINATILUNYEY EPI 2020 T¥dayadnsinisuaseingeenlenves
Lulnstauann The Community Emissions Data System (CEDS) tnaidudoyalud

W.A. 2544 - 2558 (A.A. 2001 - 2015) wazAunaziuule 57.4 Azluu

Fr¥5adusnsnsuassfnweanlasuasiulasiau (NO, Growth Rate)
vassvdlaussauzduandeuilitoyannmizsaululssmelneg (EPI+)

ToyavsuiuseunsranlunenuinifiivseunszanvesUsemelng
Tndnauulovnsuasununing1nssssuvAuazauindon gniranduiami
sULUUTBS EPI 2020 dhedioyad w.e. 2550 - 2559 (.A. 2007 - 2016) Fududeya
fildsumnuiureuanauenssumsulouisnisiwasuuUasaningiioneuisi
ué Ui Ussmalnedanazuuuegi 57.6 azuuu dddndiAssiumsenunaes
EPI 2020 L3 57.4 Azuuu fans1eil 34 WosamansUsziliuvesuminede
wanazumInerdeladudoidunisusziuandeyanislduuudiasddunisuiu
wazwlasrUsunaf1eansneaunsdnrindyd fedounsyan uian@iuasy
UseinATgnuie UNFCCC S’z’fﬁa;ﬂaméwﬁgmwmmLLazﬁwumm’%aﬁmLﬂaqmmm
Community Emissions Data Systems \iielvideyasglusunuunioisnmsussidu
\Weafu fie MsUsziiumy IPCC Guidelines luvaizdidoyaveauszinalnednyi

Mndayananssulaenss eglsinuiiuwilduvestoyandonndosiusenitei

Tdvesmineduwauazavingraelasuidowazdoyannuiienuludsendlny

TasansdmvinsvianssousdaindonveasUsemalng

137



v
9

A13197 34 TayanazaAnzluuYesiIdinn1usnsIN1TUaeei1geanledved

Tulasiauy
. AZIUY /
EPI yadayanld undsvastoya / mwew | |
Uvadvaya
EPI 2020 |NOy growth rate CEDS 57.4
(A.A. 2001 -
2015)
EPl+ - onsinisUaesingesnlen |- dridnanuulouisuaziu 57.6
voslulnsiau NINYINTTITUTIAUAY (A.¢1. 2007 -
Aaandon 2016)
- NARATUIATINVDY - dtnauENINRIUINAg

Jsgne (GDP)

WITUEN AL HIALILIYF
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o A v 1 =Y
ATUYRIATUNITUaRUARENAN Y

LUINIINTITIANIAVUEUTTOULFILINADY

TuuSunveslszndlng

9.3 WUINIINITIANIABLAUTTOULE JwInaanluvSunvaslsewmdlng (EPI

Thailand)

PNMIANwIMLININTUsEiludviigesAunsuanudesuaiivyes EP
2020 Tapamninedeioauazaminedeladude sufunsmidesmfugieruy
wazvhsauiiieates wuidausenzaslunmsimidvidesfunsantdos
uafiwvesszmelne sis 2 #293n Tnedzuuvunisdun wagnslddeyaan

NUILUAN ) WAAIAINITIAYIN EPI+ Tuiitanaunini

M15199 35 asunisidteyaiveduinmaziuy EPl Thailand vesiwilgaaniuns

UanUanauaiiy
EPI 2020 EPI+ / EPI Thailand
Y iadusnsmadsesfnadamaslaaenled
yadoya SO, growth rate 1. §asmsudeefiedaimesineanled
2. YayandndnaiuiarinvesUseine
unasdoya CEDS 1. dinnudleuiswagninenssrsurikazAunndon
/g9 2. F1NNUANINAUINTATEEN AL T IALLUIIA
Y adusnsimadsesfingeanlsduadlulnsiou
ymveya  NOy growth rate 1. §asmsudeefiwesnledvedlulasiau
2. Yayandndnaiiianinvesusine
unasdoya CEDS 1. dinnuleuisuagnineInssrsurikasAunndon
/g9 2. @1nuaN INALINTATEEN LA HIRLLIYA
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%

YUHRYAULNEATNITY (Agriculture)

10. Avtigagnunuasnssa (Agriculture)

Fuile puf 1N YATNITTUVOIN1ITAVIR YT aussousd wandoudinng
Wasuwlasnsidenldid Saluusazd Tnelud wa. 2549 - 2557 (A.¢. 2006 -
2014) wiuldlunmsidenlddoya Ruaanuun1en1sinens (Agricultural subsidies)
waznguneiisafuasiaiiindndngiin (Pesticide regulation) antiulud w.e.
2559 (a.¢1. 2016) 1al4w2d Taduaunalulnsiau (Nitrogen Balance) uay
Uszansamnslalulnsiau (Nitrogen Use Efficiency) wazmaunlud w.a. 2561 -
2563 (p.A. 2018 - 2020) Felddsunnldfyinisdnnislulnsiausgedadu

(Sustainable Nitrogen Management Index (SNMI) Ineilsivazidensail
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v

AYUIDUAUNEATATT

ATUNITAINNTS bULASIAUD 9898

(Sustainable Nitrogen Management Index)

10.1 safinissanislulasiausgnedsdu (Sustainable Nitrogen Management
Index)

Fuiin1sdanislulasiauesnadadiy (Sustainable Nitrogen Management
Index : SNMI) Sehsidaaanumaneds n1sinuszansnminuduindeyvenisnan
mananens lumsauaunavesUszavsnmnisladelulnsiauilinanangaan
Tnedmuslifiteulauszansamlunsugniteiidrdy 2 fu ldu Ussansam
n1slddelulnsiau (Nitrogen Use Efficiency, NUE) wazUseansamnisldainu
(UFunaunandn)

Usz@nSammslddelulasiau wis NUE Wunsinusz@nsamvaansly
Tulasiau (N) lunisudaionanisnisinens Inestaldand dnaidauaniu
UseAvsnminudanndey agndlsfnunisldan NUE Tunsdndrduussansamn
yosusazUszmaneld SDG 2 Wmnensiwndl 2 girnuialue ussgadny
ffupmemskazensziulatNsHarduaS N RSN TSUTSBY anvvsUsyau
Haymlg losan

1) NUE Wudnvassanlulasiouiommuaiifuaslolufu 1dun Joiad
(Nfer) Joaan (Nman) Uunalulasiauiignaadaefivnszqada (Nfix) nsaza

Tulasiuluiy (Ndep) wazUsualulasiauiifnludunandn (Nyield) Tnevaly
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NUE azdliegflutiag 0 - 1 fedrflegszning 0.5 - 0.9 azuansfeszavdaimnnsld
lulnsiauiifinnsgapdslulasioutios uid1 NUE 8199zgen91 1 lunsdliigade
Tulmsioulusunandaudrlifinsidslulasounduasldlufuildfudennsy
ANLYANANYIAIVDIAUANAY NANENAAAS

2) NUE agfiangaunniflefinislielulnsiautios uazumzideifudls
KanAnfitosde Filunsditayliaenndoty SDG2 flarandiinlve

Faifu SNMI Fafpsfinnsanits 2 dau Ao UszAnsamnnslde N lunis
wanfiy (NUE) uagUszdnsainvesnsldfiau (Usunamnandn, NYield) i on1s

@

AFAUALLLUAUNYATNTTUYBIUARLUTEINA
PeyanunIng1duwanazuIneaeladudeindavinayiaussouy
deuindaud a.A. 2020 (EPI 2020) A1uinunInTsd LAo1989unaadayaain
University of Maryland, Center for Environmental Science (UMCES) Tuwa
A135ANEILT 04 Sustainable Nitrogen Management Index (Zhang and Davidson,

2019) NbaUaUsaUNSIUAITAIUIIAT SNMI 6191

SNMI,, = /(1 — NYield;,)? + (1 — NUES,)? @0
Tae
Nyl'eldéo - NYieldco/NYieldref (NY.ieldco < Ny'l'eldref)
(NYield,, > NYLeldn,f)
NUE,, (NUE, < 1)
NUE;, = {1~ (NUE,, — 1) (1 < NUE,, <2)
g (NUE, > 2)

v v
v an v

Naillaseyn NYield,o Winfiu 90 kg N ha™ yr'
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FIUNTAUIUANANNTU A UALUSNTLUNITAIUIUAT NUE A9Lang

Tuanns
NUE = Nyiela
Nfer + Nopan + Neix+Ngep (a1)
Toedi
Nyew = Harvested Nitrogen LﬁuU%ﬁJ’]miuI@iLﬁluﬁ@&ﬂuNaNaﬁlﬁ“lﬁ 14

ToyaUSuNNaNARTYaMNA1N FAOSTAT (Yco.cryr) wasUsunalulasiauluiiy

uazaiia (NCer) 910 Bouwman et al. (2005) ASaLNTT
Nyield.co,cr,yr - Yco.cr,yr x NCcr

g9 co = country, cr = crop, yr = year

N = Nitrogen fertilizer iuu3uaunislddelulasiau delddoyaain
FAOSTAT @afiteyanisiddevaurasUseinanusd a.e. 1961 (w.a. 2504) f9
Ua90u uaglddoyadninislddevesiuusaryiinain Intemational Fertilization

Association (IFA) (Heffer, 2013) A9guANg

N QNfer,co,yr (42)
Zcr(nfeT_IFAco,cr * Acojcr,yr)

Nfer,co,cr,yr = nfer—IFAco,cr

Nmen = Manure nitrogen 1JuuSunanislderensielveudazUszme
(Ramankutty et al., 2008; Bouwman et al., 2013)

Ns = Fixed Nitrogen 8n31n13939lulnsiausned (Zhang et al., 2015)

Ngp = Nitrogen deposition 8n51n15azaululasiausiefueusiay

Uszena (Ramankutty et al., 2008; Bouwman et al., 2013)
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Wiaihdeyadnlddeyafurewnmine1duwaninsIvaey wuignteya
Mumanerduwaldlunisusediulu EPI 2020 Wudayanandaiivain FAOSTAT U

A.A. 2015 (W.7. 2558) Ineussmelnglapznuy 33.1 Azhuy

audnisaanistulnsiause 198 98U (Sustainable Nitrogen
Management Index) Yasa¥diaussausduindoni lddayasinnueeuly
Uszmelne (EPI+)

IINNTFIUTITOYARAENTOTIA VALY I QYaE MIE WA EITDIR

¥
=1

Wonlideyavesuszimalnglunisauinma
Nyew ~ Harvested Nitrogen Lﬂuﬂ‘%mmluimLwﬁa&ﬂuwamﬁmﬁm Toya
USunaumanansgity U a.a. 2020 (w.a. 2563) lagdinanuiasygna
nsinEAs, wardinuANEAsIINSERsLazinnans e (Yeo, cr,
yr) wazUsunalulasauluivunazaia (NCer) 970 Bouwman et

al. (2005)

Ner  Nitrogen fertilizer . ut3unmunsldy glulnsiau 15 doyaf ui
wgdgnsneiiy U a.a. 2020 (w.a. 2563) lagdinauiAsugna
N131NEAS Lazd 1 NITUANENTIUAISE BELALY 1A1aNTY
wazUSurunslodeseny lnensuigin1sinuyns, NTENTInnuns
waTEnnIol

Nmen  Manure nitrogen 1udsunaunisldenansieUveusasUszme
188198935 N15AILIULALAITHEINTAIAT9IA Ramankutty et al.
(2008) wag Bouwman et al. (2013)

Nii Fixed Nitrogen 8951711503 slulnsiaused (Zhang et al,, 2015)

ufiuteyauTinarananiivaed lngdinauasegianisinuns
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Ngp  Nitrogen deposition dnsnisazaululasiausielvesusiasuseine
1ng8198935N15ATUIULAENISHEINTAIA191N Ramankutty et al.

(2008) ez Bouwman et al. (2013)

~ o w | a a & A
WeurdeyavesussinalveludiuvesSuanandna A ufmizuagn

= o

wazensNslddeseivanduinsviinisdnnislulasiauegedstu wasUuieu

ANANSANTUIIUNANER - ueNign (Best - Worst) 1 0 - 1.3641 aun1sAvuAa?

q

Y94 EPI 2020 wudldiraziuuil 41.6 Azuul 3alA1gedu 8.5 azuuudadunan

inmslddeyatidulagiu fwns1ad 36
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M13199 36 ToyauavAaziuuvetuiindnnislulasiauetededy

v s L . AZUULY /
EPI yadoyanly undsvastoya / wdgew | |
Uvadvaya
EPI 2020 | SNMI University of Maryland, 331
Center for (A.A. 2015)
Environmental Science
(UMCES)
EP+ - flufwizugnaneiio - §rdnauAsegng 41.6
fuiiiufe westBinn | Manues (A.¢1. 2020)
HANGR
- ﬁuﬁmwﬂqmwﬁm - dinNUANYNIIUNNS
fuffuies uasUiin  dosuazthmansne
HAKER ANy o
- Ysunaumsladesieny - nSAvINSNYAT

(Yoyarduanai)

- Ysanaumslddenen uae
nsnsavaululasiau
5189

- gnsnsesalulasiau

78

- Bouwman et al,, 2013

- Zhang et al,, 2015
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VUL DYATUNITHNYATATITY

LUINIINTITIANIAVUEUTTOULFILINADY

TuuSunveslszndlng

10.2 KUINIINI5IANIATHANTTAULE IwInaauTuuSunvasUsewmdlng (EPI
Thailand)

Ansunisaavinesiaussausdainaeuluusunveslsenalng i oty
dvyounan1saduureslsena 39badanlyauiin1sdnnislulnsiausg19dedu
AINVANNITAUINAIALULLUUREIRU EPI 2020 waglddoyauszmalnefilu

o (% a

J99UU AaLanIsIgazdennd EPI+ Tuidanaunin f9nns1en 37

Q

A13199 37 asunislddeyaiieAulneiAziuY EPl Thailand vesdwigoasiu

LNEFINTIN

EPI 2020 EPI+ / EPI Thailand

v o LY ' & A
aytin1sannisiulasiauadnegy

—_

yadoya  SNMI - Nuliwnzdgn Auliiuie) wasUSinananin
- fufinzdgn uiiiiuie) wasUinaanin wng dey
- Usnaunmsladeseiy

- Usnanslddeaen uazdnsnsazaululasiaused

(S = NS

- gasimsasslulnsiausned
unasdoya University of Maryland, 1. dtineuiasegianisinems
/il Center for Environmental 2. d1iiiunaznssinsaosiazimanse
Science (UMCES) . NTUAVINITNYAT

. Bouwman et al., 2013

G N Y

. Zhang et al., 2015
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AYULDYATUNSNEINTUN

(Water Resources)

11. svllgaanrunswennsua (Water Resources)

MnmMsAnwnsAliunsimindviaussausdandeslagniusuile
yosumAInedeiauazaminedsladuifofinium wuin dudldessnuninens
ih fimsidensdialunanedd wu mslideyanisuilnetuasuinalulpsoly
1 108 w.a. 2549 (a.a. 2006) Mslidaiinunmihuazsianueden Tul ne,
2551 (A4 2008) nslddainunimi1 frdienuaioatuasdvdnisnnuaauh
Tul wa. 2553 (A, 2010) Frdinn1TUAsuLasUIan Tul wa. 2555 (a.e.

v

2012) wazsoulud w.e. 2557 - 2563 (A.A. 2014 - 2020) Feldasunild@an

(%

¥ o £y %)I a = a dy
prunsinUaiuds lnelisieazidensail
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%4

YU DYANUNIWHINTUN
AVIAAIUNITUIUAULEE

(Wastewater Treatment)

[

11.1 fFdadrunisittnunde (Wastewater Treatment)

A Tnf1un1sUNURUNEY (Wastewater Treatment : WWT) $A19711
ANUaneta MsindansUdadndsyuruveIUTEuIng Inguseneusmiedeyacail
1) dndruvenindeiunaladeundenintunvun (Udeyus)

2) dndruresdrwiuglasuuinisseuuiidaiidedednuaudsssns

Y199UA

WWT = WST x CXN (43)

o
WWT = sgaunisuiunide
WST = dadruvesindenurvnlasetdeAnatunnin

XN = dndiurasdnuindlasuusnisdednuiudsssnsianue

N13A11IYes EPI 2020 Mdayauiunadndenvidala uagdayanis
WND9N15UIUAUEEYRIUSEYINS Ve Malik et al,, 2015 %uﬁu%gaﬁumﬂ . f.

2558 (A.7. 2015) warAuwiuAzwuule 2.0 Azl
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A dndunsUnUaULdY (Wastewater Treatment) Yasfvlanssaus
fanndaunlddayannuirsnululszmelne (EPI+)
31NN1IANYINITAIUIUAIT TAF1UNTUITAU T SIUTINToYaves

MIBUNINYITDRINYATOLANTAILIN WagmSoTINAUR DI R LaEIEa1Y

v v
Y Ao YV

Falmdenldmainsunsirdnindelaglddeyausendalne laundeya 1) Usunu

v o
a = v

Andunienun 2) Usunandideniuntn uag 3) 91U lasuuinis ssuy

Udei
Undaiide vaensuauaAuNaiy wagtayadnuiudsyuinsselvessemealng
lngnsun1sunAses Wietdoyavest w.e. 2563 (A.A. 2020) W1AUINANENT 161

ANAZLUUN 2.6 AZWUY

M13197 38 YayanazArAzuuLveImTInauNTUITRULEe

o des . Y . AZWUY /

EPI yadoyaild undevasdoya / wideew | |,
Uvasvaya

EPI 2020 USunauid@enivrdala | Malik et al., 2015 2.0
LALNISNINISUIUALN (A.F. 2015)

\de

EP+ - USinaudndeiiiedu - nsumiuRuuaiy 2.6

Vlavua USUuu@ed (A.A1. 2020)

U1 wagdnnuglasu
UsNssruUUIUALLEY

- PUIWUTEINTTEY - NSUN1FUNATDN
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AVULBYATUNSWEINTUN
LUANNNSS AR Tlaussausaswandau

TuuSunveslszndlng

11.2 BWUININITIANIA TR ANTTOULR naauluvSuUNvasdsewmdlng (EPI
Thailand)

nsTaviidedaussausdwindon Tneun3vnendowa wasunndne sy
Tndudelugaigoodundnginsin fAnsanfisdifgunsiidnindeowindu
Frfudaidoaglildmdtamioutuil ep 14 Ao daddadunisivadude
Wielidulumuuualtumslimnuddysonsihdaindelunsiouieusseu
ana uenang MnMsUszYEnguges nafidermauaznisauiifsadold
wupuumslunsinsandRguns AN s Nen s NTun Srennsiiy auid
pauiupesaufs ielvazieunsiuiunuiiaseuaguiunineinsdi uay

< 1 s a a a o dy
Wulumu LN UL UNUASYNTAARTUN fuesuszndlne lneisneazvidunnadl

1) Fd¥agrunsirdainge (Wastewater Treatment)

LUININSAYh EPI Thailand dwisu #a93adaunastidaude 19gns
AaazALlslunsAmuatuff v Ingaeealas i Inedulaaude
(EPI 2020) uazldypdoyavasuszmalneuioiudviaussouzdunndoulagly

Poyanviisalulsewealve (EPI+) AuanaseaziBentuiite 11.1
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2) fA¥tiAUAUAIAIULN (Water Security Index)
Usewalnedinmsaiunulunsdnyi dutanuiuasmiuii Inedineu
NINYINTUNINA BapsauaquilAnteaunsuImsdnnisuluvanvaiedia i

37868L§8®ﬂ’15ﬁ7u’3m§ﬁLLﬁG‘I\ﬂUﬁﬂJﬂ'ﬁ
WSI = (WSM + WUM)/2 (aa)

Tagfi
WSl = dufianusiunsdnuth (Water Security Index)
WSM = nswaunisdanisinidequinfessuufodfineuduasduihnes
UseinA AMUINAINGANNTS
WSM = (WDS + WQI)/2
oot WS = fflanutunsiuigulnauslan
WOl = dadanusunsiuiiiedanden
WUM = maifiandnameesinfeszuulunislddiogiassudadamauas

ahaarnivnmsiddliiaiieuiussdvaina TagAiuainaunis
WUM = (WFU + WFE)/2

g9 WFU = aetanudumasmuiiluwaiilias

WFE = fofinnnusiumsnuiiven1snauiasegia

wagldinaueilumsmvuaANanSAuIURANgR- wefian (Best - Worst)

q

MINNEINDN9B 5 SzRuvesaya WDS WQI WFU WFE snufidniinaiuminensuy

wtsnAuseiuly
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A13199 39 asunisldveyatiierulnAIAzLuY EPI Thailand vesrvigoasiiu

NSNEINTUN

1voya

unasdoya

/28973

1voya
unasioya

/2897

EPI 2020

o
o v v

YSunaudenurdale way

Asndenstidndde

Malik et al., 2015

EPI+

o

fa3anRun1sUnUnULEe

1. Wnanihidesay Yiunw
thidefitinld warswoug
1Asuusns

2. UIUUIZIINT

1. NsuAUANNGTY

2. N5UN15UNATDY

EPI Thailand
FraSadunsthdatide
1. Vnanhidesin Yine
thidefitinld uarswoug
Asuusns
2. UIUUTZYINT
1. nsuAUANNaY
2. nsuUN15UNATeY

Faianusiuasgruth
ullanusiunssuih
diinaumdnennsin

WASYIR
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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 EP!
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, EPI 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 include

- Air Quality

- Sanitation and Drinking Water

- Heavy Metals

- Waste Management

Thailand's Environmental Performance Index Project
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2) Ecosystem Vitality 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%
Protect
Wetlands 3%
03%

Tree

Cover

54%

Grasslands.

Ozone
%
03%  StockStatus
% Sanitation
M 4a%
21%
Trawling
18%
‘Wastewater
%
BlackC Drinking
2% Water
CHy {5
26%
NO
12% T5s0,
/ Sold 2%
GHG/pop Waste
06% PR
€o; so.NQ. 3%
132% GHG ¢ ag m'“
Int. 245
12%
Land
Cover

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%

Thailand's Environmental Performance Index Project
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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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6



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 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.

Thailand's Environmental Performance Index Project

8



In (0.007607 + 9.70e™)
-4.8785

Intx + a)

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

Thailand's Environmental Performance Index Project
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Therefore, the indicator's calculation result of the 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 the loss of the forest area 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
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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 Issue

Categories, Policy Objectives, and total EPI score is similar to those mentioned
above.

Thailand's Environmental Performance Index Project
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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 DALY data
Household Solid Fuels

limitations
Ozone Exposure

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

Lead Exposure Use the original score value due to DALY 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

Thailand's Environmental Performance Index Project
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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

Thailand's Environmental Performance Index Project
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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

Thailand's Environmental Performance Index Project
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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

A responding agencies
|
|
i

EPI Thailand indicators

i Indicator table for EP| Thailand
- indicators

!
Consultant JJI
- 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 DALY
Ozone Exposure

Thailand's Environmental Performance Index Project
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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
Species Habitat Index limitations and access to calculation
Species Protection Index formulas.

Biodiversity Habitat Index

Thailand's Environmental Performance Index Project
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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

Thailand's Environmental Performance Index Project
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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

Thailand's Environmental Performance Index Project
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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 7 issue

categories, as mentioned in detail.
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Ecosystem Vitality

Biodiversity and Habitat

5. Biodiversity and Habitat

Preparation of the environmental performance index by Yale
University and Columbia University changed indicators for Biodiversity and
Habitat in all reported scores since 2006. EPI 2020 operation divides this issue
categories into seven indicators as follows

1) Terrestrial Biome Protection (National) : TBN

2) Terrestrial Biome Protection (Global) : TBG

3) Marine Protected Areas : MPA

4) Biodiversity Habitat Index : BHV

5) Species Habitat Index : SHI

6) Species Protection Index : SPI

7) Protected Areas Representativeness Index : PAR

Thailand's Environmental Performance Index Project
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Biodiversity and Habitat
Terrestrial Biome Protection

national weight

5.1 Terrestrial Biome Protection (National)

Terrestrial Biome Protection - national weight (TBN) is defined as fully
protecting habitats where specific ecosystems are classified into 14 categories
and 15 ecoregions (Figure 4). In Thailand, data involving the terrestrial
ecosystem are considered from three area categories as,

(1) Tropical & Subtropical Moist Broadleaf Forests such as evergreen
forests, dry evergreen forests, and hill evergreen forests.

(2) Tropical & Subtropical Dry Broadleaf Forests such as dry
dipterocarp and mixed deciduous forests.

(3) Mangroves

Scores range from 0 — 100 scores. If it is 100 scores, it indicates that
country can protect at least a percentage of 17 (the best performance) of the

individual terrestrial ecosystem types.
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Oceania

Antarctic

B Tropical and Subtropical Moist Broadleaf Forests Temperate Grasslands, Savannas, and Shrubla
[ Tropical and Subtropical Dry Broadleaf Forests [ Flooded Grasslands and Savannas
[ | Tropical and Subtropical Coniferous Forests [ Montane Grasslands and Shrublands
B Temperate Broadleaf and Mixed Forests Tundra
B Temperate Coniferous Forests I Mediterranean Forests, Woodlands, and Scrub
[ Boreal Forests/Taiga [ Deserts and Xeric Shrublands
[ Tropical and Subtropical Grasslands, Savannas, I Mangroves

and Shrublands

Figure 4 Type of Terrestrial biomes and Ecoregions used for evaluate
Terrestrial Biome Protection in EPI 2020

Source: Olson et al. (2001)

TEW,
Wphe = bc/zb

TEW,,
TBN, = Z[W"C X ICTy,] X 100
The calculbation steps are as follows
1) Calculation a raw % of Thailand's biomes within protected or
conservation areas as equation (3)
PCTye = Y TPA;pc/TEW), (3)
Where;
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PCTpe = Raw % of Thailand's biomes within protected or conservation
areas

TPA. = Area of protected or conservation areas

TEW,. = Area of total Thailand's biomes

i = type of terrestrial biome within protected or conservation areas

b = type of terrestrial biome

C = Country

2) Calculation of a credited % of biomes within TPA following Aichi
targets regulated the percentage goal of 17 equation (4)

PCT, if PCTy, < 0.17
0.17ifPCTy, > 0.17

ICTy, = {
Where;
ICTpe = Credited % of Thailand's biomes within TPA
If any ratio of the country's terrestrial area situated protected area
(PCTy) is lesser or equal to 0.17, ICT,. is equal to PCTy,
If any ratio of the country's terrestrial area situated protected area

(PCTyo) is more significant than 0.17, (ICT,.) is equal to 0.17.

3) weighting Thailand's biomes from the area ratio as equation (5)

_ TEW,
Woe =S, TEW, ®

Where;
Wi = weight of Thailand's biome types

4) percentage calculation as equation (6)

TBN, = ¥, [wpe X ICTy] X 100 6)

Thailand's Environmental Performance Index Project
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Where;
TBN, = Terrestrial Biome Protection (National)

Gathered data found that characteristic data used for EPI 2020
calculation are from World Database on Protected Areas (WDPA) and World
Wide Fund for Nature, ranging from 2010 to 2020. Data in the protected area
of a terrestrial ecosystem are retrieved from the Department of National
Parks, Wildlife and Plant Conservation, and the conservative area of mangrove
forest, cited from the Department of Marine and Coastal Resources.
Moreover, TEW data from 2000 -2020 used the database from 2000, and TPA
data from 2010-2020 used the database from 2010.

Terrestrial Biome Protection (National) for EPI+

The study found that the data used to calculate EPI 2020 is out-of-
date. Moreover, computing the WDPA area is very high at 99 percent of
Thailand's area. Therefore, EPI+ selects to employ Thailand's data as follows.

1) Data on types of forest area from the Forest Department in 2020
and Biennial Update Report (BUR) third issue

2) Data of the conservative area from the Department of National
Parks, Wildlife and Plant Conservation in 2010

3) the conservative area of mangrove forest from the Department of
Marine and Coastal Resources in 2021 is data set from 2011 - 2020.

Data are different, as shown in Table 5, and the use of the nation's
data replaced in the equation found that the EPI+ score increases, as shown

in Table 6.
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Table 5 The differences in using that data

Data

EPI 2020

EPI +

TEW data as biome

availabilities in country

Data in 2020 had an
area of 517,030.31

square kilometers

Data in 2020 had an
area of 155,609.94

square kilometers

TPA data as biome
situated in conservative

or protected areas

Follow a definition of
the International Union
for Conservation of

Nature (IJUCN) *

Follow a definition of
conservative area law

for Thailand **

Data in 2020 had an
area of 96,325.31

square kilometers

Data in 2020 had an
area of 103,152.61

square kilometers

Data resources

- World Wide Fund for
Nature
- World Database of

Protected Areas

TPA data from 2010 to
2020 used data of 2010
TEW data used from
2000 to 2020 used data
of 2000

- Data of various forest
areas from the Forest
Department in 2020
and Biennial Update
Report (BUR) issue 3

- Data of the
conservative area from
the Department of
National Parks, Wildlife
and Plant Conservation

in 2010
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Data EPI 2020 EPI +

- Data of the
conservative area of
mangrove forest from
the Department of
Marine and Coastal

Resources in 2010

Note

* Types of conservation areas classified by the International Union for
Conservation of Nature, IUCN, there are 6 types:

(I) Strict Nature Reserve

(I) National Park

(I Natural Monument

(IV) Habitat/Species Management Area

(V) Protected Landscape/Seascape

(VI) Management Resource Protected Area

** Types of conservation areas, under the responsibility of the Department of
National Parks, Wildlife and Plant Conservation announced in royal decrees,
ministerial regulations, laws and government regulations, they can be classified
into 6 categories:

(1) National Park

(2) wildlife Sanctuary

(3) Non-hunting Area

(4) Forest Park

(5) Botanical Garden

(6) Arboretum
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Table 6 Data and score of Terrestrial Biome Protection - national weight

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | Terrestrial Biome data | World Database on 76.7
Protected Areas (WDPA) (2000 -2020)
EPI+ - Forest area - Royal Forest Department 100
- Conservation area - Department of National | (2012 -2020)

parks Wildlife and Plant
Conservation
- Mangrove conservation |- Department of Marine

area and Coastal Resources
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Biodiversity and Habitat
Terrestrial Biome Protection

global weight

5.2 Terrestrial Biome Protection (Global)

Terrestrial Biome Protection (Global) (TBG) is similar to the terrestrial
ecosystem data of the Terrestrial Biome Protection (National). Terrestrial
Biome Protection (Global) is weighted following a ratio of appearing areas of
the global and terrestrial ecosystems in the conservative area. For example,
if the score is 100, the Nation can protect at least 17 percent (the best

Performance of an individual type of terrestrial ecosystem.
TEWp,

N Y. TEW,,
bc = D TEW,, JEWp,
b> TEW,,

TBG, = Z[W”C X ICTyc]
b

The calculation steps are as follows
1) Calculation of a raw % of Thailand's biomes within protected or
conservation areas as equation (7)
PCTy. = L;TPAjp./TEW), (7)
Where;
PCT,. = Raw % of Thailand's biomes within protected or conservation

areas
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TPAy. = Area of protected or conservation areas

TEW,. = Area of total Thailand's biomes

i = type of terrestrial biome within protected or conservation areas
b = type of terrestrial biome

C = Country

2) Calculation of a credited % of biomes within TPA following Aichi

targets regulated the percentage goal of 17 equation (8)

o {PCTbC if PCTy. < 0.17
be 71017 if PCT,, > 0.17

Where;
ICTpe = Credited % of Thailand's biomes within TPA
If any ratio of the country's terrestrial area situated protected area
(PCTy) is lesser or equal to 0.17, ICT,. is equal to PCT,
If any ratio of the country's terrestrial area situated protected area

(PCTyo) is more significant than 0.17, (ICT,.) is equal to 0.17.

3) weighting Thailand's terrestrial ecosystem from area ratio as
equation (9)
TEW),

_ s rEw, ]!
Wpe = TEW,,
20 5 TEW, ] )

Where;

Wi = weight of Thailand's biome types
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4) percentage calculation as equation (10)
TBG. = Yp[Wpe X ICTy] X 100 (10)

Where;

TBN, = Terrestrial Biome Protection - global weight

Terrestrial Biome Protection (Global) for EPI+

The study found that the calculation and data set used for Terrestrial
Biome Protection (Global) are similar to Terrestrial Biome Protection
(National). Therefore, EPI+ selects to use Terrestrial Biome Protection
(National) for computing as shown in the topic of Terrestrial Biome Protection
(National), and weight follows the ratio of respective terrestrial ecosystem

areas at the global level as shown in Table 7.
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Table 7 Data and score of Terrestrial Biome Protection - global weight

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |Terrestrial Biome data | World Database on 59.1
Protected Areas (WDPA) | (2000 - 2020)
EPI+ - Forest area - Royal Forest Department 100

- Conservation area

- Mangrove conservation
area

- World forest area

- Department of National | (2012 - 2020)
parks Wildlife and Plant

Conservation

-Department of Marine

and Coastal Resources

- WDPA
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Biodiversity and Habitat

Marine Protected Areas

5.3 Marine Protected Areas

Various agencies define Marine Protected Areas (MPA) as tools to
emphasize administration and management and generate the best benefits
in conserving natural resources and marine and coastal ecosystems. However,
one of the definitions widely used is defined by Kelleher and Kenchington
(1992).

"Any area of intertidal or subtidal terrain, together with its overlying
water and associated flora, fauna, historical and cultural features, which has
been reserved by law or other effective means to protect part or all of the
enclosed environment" (Kelleher & Kenchington, 1992).

Regarding the definition of the new protected area by IUCN in 2008,
the commission further explained and interpreted the definition to cover all
content of MPAs specifically in 2012. Therefore, the MPAs definition can
cooperatively use the definition of a general protected area defined as "an
explicit geographical area is approved to be established and have
management based on law or any effective procedure to achieve the
long term natural conservative objectives and correspond with service
of ecosystem and culture value."

In this evaluation, the equation used is comprise as:
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AMP:
MpA =2 l/ x 100
S EEZ;

(11)
Where;
MPA = Marine Protected Area
AMP = Area of MPAs (square kilometers)
EEZ = Area of Exclusive Economic Zones (square kilometers)

Marine Protected Areas for EPI+

Recently, Thailand's Marine Protected Area (MPA), mainly managed
by the government, and aims to conserve, protect, treat, recover,
administrate, manage, and utilize the natural, environmental, and biodiversity
resources wisely and sustainably. Ideally, the management should also
incorporate the local community to engage in the operation. Thailand's MPAs
can be divided into six types: Marine National Parks, Non-hunting areas,
Environmental Protection Areas, Biosphere Reserves, Fisheries Reserve Areas,
and Wetland. Accordingly, the Marine and Coastal Department collects the
area scale to study for each location and documents Thailand's total marine

area database, as shown in Table 8.

Table 8 Thailand Marine Protected Areas

Number of | Total area |Thailand marine
Protected Areas
Area (km?) area (km?)
1. Marine National Park 23 6,549 5,376
2. Non-hunting Area 3 548 280
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Number of | Total area |Thailand marine
Protected Areas
Area (km?) area (km?

3. Environmental 6 11,256 10,369

Protected area
4. Biosphere Reserve 1 305 117
5. Fisheries sanctuary area 56 194.91 19491
6. Wetland 9 3,056 1,727
Total 98 21,909 18,063.91
Overlap area 2,696
15,367.91

Source: Department of Marine and Coastal Resources, 2020

From the calculation equation, the result score of Thailand's total
MPA area is a combination of area scores of six types. On the other hand,
some areas overlapping on another area must deduct the overlapping area
to avoid repeating counting and yield the absolute summary calculation, and
the total net score is 15,367.91 square kilometers.

In The country's combined computed area, Yale University and
Columbia University data use exclusive economic zone (EEZ) data that is
dissimilar to Thailand's veracity of marine area because marine area
boundaries under Thailand's sovereignty according to The United Nations
Convention on the Law of the Sea 1982 - UNCLOS 1982 composed of Internal
Water, Territorial Sea, Contiguous Zone, and Exclusive Economic Zone (Figure

5)
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Figure 5 Maritime Zone

Source: Marine Knowledge Hub

http://www.mkh.in.th/index.php?option=com_content&view=article&id=47&ltemid=153&lang=th

An exclusive economic zone (EEZ) is an area stretches from the
baseline seaward to 200 nautical miles offshore or until meet other countries'
EEZ (conventions 55 and 57). Nonetheless, Thailand's baseline regulates
integrated components between normal and straight baselines. As a result,
Thailand has one part of the marine area belonging to internal water.
Therefore, the calculation of Thailand's marine area must consider entire

marine areas, not only EEZ.

Accordingly, Thailand's total marine area is 323,488.32 square
kilometers, including the internal water of 61,954.04 square kilometers,

254,409.06 of EEZ (areas counted on baseline 200 nautical miles offshore
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encompassing terrestrial sea and Contiguous Zone) 7,125.22 square
kilometers of the cooperated developing area between Thailand and
Malaysia, an area of Thailand's EEZ overlapping with Malaysia with an
agreement in integrated utilization).

Using Thailand's data to calculate the marine protected area indicator

score, it was 47.5, as shown in Table 9.

Table 9 Data and score of Marine Protected Areas

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | - Marine Protected Areas |- World Database on 16.9
Protected Areas (2015 - 2019)
- Exclusive Economic - Flanders Marine
Zone (EEZ) Institute
EPI+ Marine protected area Department of Marine 47.5

and Thailand ocean area |and Coastal Resources (2012 - 2020)
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5.4 Biodiversity Habitat Index

The Biodiversity Habitat (BHV) or Biodiversity Habitat Index (BHI) is
defined as evaluating the effect of terrestrial habit loss, degradation, and
fragmentation on terrestrial biodiversity (Thai score was 48.2/100) as 100
scores indicate individual countries do not lose habitat or degrade, while 0
scores indicate complete habitat loss.

NatureServe (https://www.natureserve.org/) studied the changing and

ruining of habitat and its fragmentation of all countries' terrestrial ecosystems
integrated with data of original resources of plants, invertebrates, and
vertebrates by using the data from a small survey of NASA's MCD12Q1 dataset
and statistical analysis the data by PREDICTS meta-analysis as shown in Figure
6.
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Figure 6 data of Biodiversity Habitat Index

Source: https://www.natureserve.org/

Biodiversity Habitat Index for EPI+
The study evaluating the Biodiversity Habitat Index following Yale
University and Columbia University used habitat data and distribution of living

organisms from https://www.natureserve.org/. Accordingly, as coordinating

with the officers in charge of the website to ask about the data set and
formula equation; they informed that the calculation method was
sophisticated and described an operational concept, is that using the
changing habitat ruining and fragmentation of terrestrial ecosystem, data of
original resources of plants, invertebrates, vertebrates to overlap together.
The study, data collection, and consulting with different agencies

revealed that Thailand had not evaluated the Biodiversity Habitat Index. Thus,
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the recent study uses the Biodiversity Habitat Index from Yale University and
Columbia University's study that assess the Biodiversity Habitat Index from
2005 to 2015. Thailand's score level is 48.2, as shown in Table 10, owing to

the use of a proxy score, resulting in the data's high standard deviation.

Table 10 Data and score of Biodiversity Habitat Index

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |Data on habitat area and | NatureServe 48.2
living organism (2005 - 2015)
distribution
EPI+ Data on habitat area and | NatureServe 48.2
living organism (2005 - 2015)
distribution
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5.5 Species Habitat Index

Species Habitat Index (SHI) is defined as a ratio of suitable habitat for
organisms in natural conditions compared with the base year in 2001
(Thailand's score is 69. 9/100) as 100 scores indicate that individual countries
have not lost habitat since 2001, while 0 scores mean that habitat loss is
severe level. Therefore, SHI is an indicator of population loss of living
organisms that possibly occur and risks the extinction of each species.
The index data, derived from the Map of Life website or MOL

(https://mol.org/), which studies the changes in area scale and habitat quality

of living organisms integrated with the data of living organism distribution,
data analysis from a remote survey and mathematics model using the latest

data in 2020, not released yet, as shown in Figure 7.
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Figure 7 Data of Species Habitat Index from Map of Life (MOL)

Species Habitat Index for EPI+
The study evaluating Species Habitat Index following Yale University
and Columbia University uses the data of habitat and living organism

fragmentation from the Map of Life website or MOL (https://mol.org/).

Accordingly, as coordinating with the officers in charge of the website to ask
about the data set and formula equation; they informed that the calculation
method was sophisticated and described an operational concept, is that using
the area changes, a link between areas, changing an ecosystem intact, living
organism population, overlapping various genetic materials. The study, data
collection, and consulting with different agencies revealed that Thailand had
not evaluated the Species Habitat Index. Thus, the recent study uses Species

Habitat Index from Yale University and Columbia University's study that assess

Thailand's Environmental Performance Index Project

a4


https://mol.org/

Species Habitat Index from 2001 to 2014. Thailand's score level is 69.9, as
shown in Table 11, owing to the use of a proxy score, resulting in the data's

high standard deviation.

Table 11 Data and score of Species Habitat Index

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 Data on changes in area Map of Life 69.9
scale and habitat quality (2001 - 2014)
of living organisms, and
living organism distribution
EPI+ Data on changes in area|Map of Life 69.9
scale and habitat quality (2001 - 2014)

of living organisms, and

living organism distribution
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5.6 Species Protection Index

Species Protection Index (SPI) is defined as Thailand's terrestrial
protected areas covering and showing the excellence of habitat containing
species' ranges of vertebrate, invertebrate animals, and plant species.
Thailand's score is 84.1 out of 100, as 100 scores indicate that coverage of all
species' ranges in the nation's protected areas, while 0 scores mean the

protected areas do not cover habitats that discover all species. The index

data is derived from the Map of Life website or MOL (https://mol.org/), which
uses the data of living organism distribution compared with the data of
protected area boundaries from World Database on Protected Area (WDPA).

The computed score index is shown in Figure 8.
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Figure 8 Data of Species Protection Index from Map of Life (MOL)

Species Protection Index for EPI+
The study evaluating the species protection Index following Yale
University and Columbia University uses the data of habitat and living

organism distribution from the Map of Life website or MOL (https://mol.org/).

Accordingly, coordinating with the officers in charge of the website to ask
about the data set and formula equation, they informed that the calculation
method was sophisticated and described an operational concept, using the
living organism's distribution overlaps with the protected area data. The study,
data collection, and consulting with different agencies revealed that Thailand
had not evaluated the Species Protection Index. Thus, the recent study uses
the Species protection Index from Yale University and Columbia University's

study that assess the Species protection Index from 1980 to 2019. Thailand's
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score level is 84.1, as shown in Table 12, owing to the use of a proxy score,

resulting in the data's high standard deviation.

Table 12 Data and score of Species Protection Index

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |data of living organism Map of Life 84.1
distribution in protected (1980 - 2019)
area
EPI+ data of living organism Map of Life 84.1
distribution in protected (1980 - 2019)
area
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5.7 Protected Areas Representativeness Index

Protected Areas Representativeness Index (PAR) is defined as
terrestrial protected areas showing the excellence of Thailand's biodiversity.
If the terrestrial protected areas cover Thailand's majority of habitats of
various living organisms, biodiversity is protected within protected area
boundaries. Theoretically, If the index score is high or close to 100, it can
imply that the Nation's terrestrial protected areas are a perfect national
biodiversity representative, but Thailand's score is 21.8 out of 100. If the index
score is high or close to 100, the nation's terrestrial protected areas are likely
a perfect national biodiversity representative. The index data is derived from

NatureServe website (www.natureserve.org), uses the data of protected area

boundaries from the World Database on Protected Areas (WDPA), the
environmental factor data, the data of location discovering vertebrate and
invertebrate animals, and plant species (more than 400,000 data) integrated
with the remote survey data of changing the soil cover from NASA's MODIS.

The computed score index is shown in Figure 9.
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Protected Areas Representativeness Index for EPI+

The study evaluating the Protected Areas Representativeness Index
following Yale University and Columbia University uses the data of habitat

and living organism distribution from NatureServe (www.natureserve.org).

Accordingly, as coordinating with the officers in charge of the website to ask
about the data set and formula equation; they informed that the calculation
method was sophisticated and described an operational concept, is that using
the abiotic environmental data: 1) meteorological data like air temperature,
an amount of precipitation, water data, and water evaporation, 2) soil data

like soil body, soil pH, and soil depth, and 3) topography data including the
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living organism distribution data and protected area to overlap together. The
study, data collection, and consulting with different agencies revealed that
Thailand had not evaluated the Protected Areas Representativeness Index.
Thus, the recent study uses the Protected Areas Representativeness Index
from Yale University and Columbia University's study that assesses Protected
Areas Representativeness Index from 2000 to 2016. Thailand's score level is
21.8, owing to the use of a proxy score, resulting in the data's high standard

deviation

Table 13 Data and score of Protected Areas Representativeness Index

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |data in the environmental | NatureServe 21.8
factors and data of (2000 - 2016)
location  found  living
organisms
EPI+ data in the environmental | NatureServe 21.8
factors and data of (2000 - 2016)

location found living

organisms
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5.8 Concept in preparation for EPI Thailand

The Biodiversity and Habitat scores, prepared by Yale University and
Columbia University, comprise seven indicators. However, in Thailand, data
and calculating methods are restricted, incredibly individual indicators:
biodiversity habitat index, species habitat index, species protection index, and
protected areas representativeness index from Map of Life (www.mol.org) and

NatureServe (www.naturereserve.org). Accordingly, these websites informed

that the calculation method was sophisticated. Therefore, as coordinating
with experts and representative agencies, the recent research proposes a
preparation for the environmental performance index in Thailand's context
(EPI Thailand) compromising indicators as follows.

1) Terrestrial Biome Protection (national)

2) Terrestrial Biome Protection (global)

3) Protected Area Performance

4) Proportion of Protected Area to Country Area

5) Population of Endangered Species

as detail follows.
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1) Terrestrial Biome Protection (national)

Regarding a concept in preparation for EPI Thailand, Thailand's
Terrestrial Biome Protection (national) is calculated using formula
equations and variables similar to computing Terrestrial Biome Protection
(national) of Yale University and Columbia University (EPI 2020). Moreover,
the data set of Thailand is used with EPI by using the data from Thailand's

organization, as shown in the 5.1 article.

2) Terrestrial Biome Protection (global)

Regarding a concept in preparation for EPI Thailand, the Terrestrial
Biome Protection (global) is calculated using formula equations and
variables similar to computing Terrestrial Biome Protection (national) and
the Terrestrial Biome Protection (global). Pay attention to four types of the
internationally significant ecosystem area as follows.

1) World heritage sites (nature)

2) ASEAN heritage parks

3) Ramsar sites

4) Biosphere reserves

evaluating the score from the data of the internationally significant
ecosystem area, the internationally significant ecosystem area situated in the

protected areas, and weighted with the global ecosystem area
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3) Protected Area Performance

Following the Convention on Biological Diversity (CBD), Thailand
creates the nation's biodiversity report and must offer to the convention
secretariat every four years to reflect and convey the Nation's operational
progress following the international environment agreement. The content in
the report includes the evaluation of the operational potential to accomplish
the national goals.

Regards the Protected Area Performance, the data used to assess
the operational potential of the protected areas are the potential evaluation
from gathering the related standard data that the Nation employs to the
strategic operation for the national biodiversity aspect and the practical plans
to achieve the national goals. Nevertheless, this indicator is to assess the the
Protected Area Performance in an overall view of the Nation by collecting
the related standard data that the Nation employs to the strategic operation
for the national biodiversity aspect and the practical plans to achieve the
national goals. Therefore, if a need in preparation of the indicator to evaluate
the protected area potential by answering this indicator following the
reculated hand by assessing the Protected Area Performance of the total
440 conservative areas (data of 2022), Management Effectiveness Tracking
Tool (METT) must be applied because it contains the framework in evaluating
the management of Protected Area Performance of IUCN/WCPA in the
standard formation.

Accordingly, the Department of National Parks, Wildlife, and Plant

Conservation and associated agencies like the Department of Marine and
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Coastal Resources and the Department of Water Resources participate in
evaluating the management of Protected Area Performance mentioned

above.

4) Proportion of Protected Area to Country Area

Proportion of Protected Area to Country Area is to cover terrestrial
and marine areas by using the data from the Department of National Parks,
Wildlife and Plant Conservation, Department of Fisheries, and Department of
Marine and Coastal Resources to calculate the total results of Proportion of
Protected Area to Country Area. The calculation uses formula equation 12.
Later, the obtained score was compared with the best and worst operations
(Best - Worst) at 30 — 0 from criteria in Thailand's protected area regulation at
a percentage of 30 of the Nation's Area.

(terrestrial protected area)  (marine protected area)

+
(Thailand terrestrial area) (Thailand marine area)

5) Population number of endangered species

Population of Endangered Species is to evaluate the endangered
status of invertebrate species, citing information from the Office of Natural
Resources and Environmental Policy and Planning. Moreover, this indicator
means vulnerable species to being endangered from the world or extinct
from the distribution area as the different factors still cause the extinction.

Calculating the score uses the population data of endangered species
compared between the recent year and the previous year. Accordingly, the

population data of Thailand's vertebrate animals are used to compute
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indicator scores such as Bengal tiger, Dugong, Irrawaddy dolphin, and Turtle.
These indicator scores are average for all species following equation 13. As a
result, if the indicator computed scores are 100, the population of
endangered species in the recent year will increase one-fold compared with

the population data of the previous year.

(xprevious year+(xrecent year— Xprevious year))x 100

(13)
(2 X Xprevious year)

Where;

x = Population of Endangered Species

The present research selected two animal groups as the
representative organisms, namely, 1) terrestrial animals: the Bengal tiger
population, and 2) aquatic animals: mammals, and turtles. Rationally, the
Bengal tigers are the terrestrial animal representative due to their hunter
behavior and playing a role in the ecosystem or Niche (Ecological Niche) that
is on top of the ecosystem pyramid. If the Bengal tiger's population number
increases every year in the forest, it reflects that the ecosystem and unique
food resources for the Bengal tigers are intact and their habitats are suitable.
Hence, the conservation of the Bengal population is relative to the
conservation of habitat and various species. The overall view of the
ecosystem for aquatic animals: Dugongs, Irrawaddy dolphins, and Turtle are
representative of herbivorous animals (Dugong), omnivorous animals
(depending on turtle species), and predators feeding other animals in the

aquatic ecosystem (Irrawaddy dolphin). Thus, their population increment can
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reflect the abundance of the ecosystem and the habitat quality. In the future,
if Thailand agencies collect information on various organism populations
continuously, candidate organism names can be added to be the indicators
to increase the number of various animal representatives. Thailand data are
calculated for this indicator: mammals and turtles. The data summary for

calculating the Biodiversity and Habitat is shown in Table 14.

Table 14 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Biodiversity and Habitat

EPI 2020 EPI+ EPI Thailand

Terrestrial Biome Protection
Terrestrial Biome Protection (national)

(national)

Data The data of terrestrial |1. the forest area 1. the forest area data
ecosystem areas and |data 2. the conservation area data
protected areas 2. the conservation

area data

Data sources World Database on 1. Royal Forest 1. Royal Forest Department

/ Agencies  Protected Areas Department 2. Department of National parks
(WDPA) 2. Department of Wildlife and Plant Conservation

National parks
Wildlife and Plant
Conservation

Terrestrial Biome Protection
Terrestrial Biome Protection (global)

(global)
Data Data on terrestrial 1. forest area data 1. Internationally significant forest
ecosystems and 2. conservative area | area data
protected area data 2. conservative area data

3. Global forest area

data
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EPI 2020 EPI+
Data sources World Database on 1. Royal Forest
/ Agencies  Protected Areas Department
(WDPA) 2. Department of

National parks
Wildlife and Plant
Conservation

3. World Database on
Protected Areas

(WDPA)

Marine Protected Areas

Data Marine Protected Marine protected area
Areas and Thailand ocean
area

Data sources World Database on Department of
/ Agencies  Protected Areas Marine and Coastal
(WDPA) Resources
Biodiversity Habitat Index
Data Data on habitat area Data on habitat area

and living organism and living organism

distribution distribution
Data sources NatureServe NatureServe
/ Agencies
Species Habitat Index
Data Data on changes in Data on changes in

area scale and habitat area scale and habitat
quality of living quality  of  living
organisms, and living  organisms, and living

organism distribution  organism distribution

EPI Thailand
1. Department of National parks
Wildlife and Plant Conservation
2. Office of Natural Resources and
Environmental Policy and
Planning / Department of Water
Resource
3. Thailand Institute of Scientific
and Technological Research
4. Department of Marine and

Coastal Resources
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EPI+ EPI Thailand

Map of Life

Species Protection Index

EPI 2020
Data sources Map of Life
/ Agencies
Data 1. data in living

organism distribution

2. protected area data

1. data in living
organism distribution
2. protected area
data

1. Map of Life

2. WDPA

Protected Areas Representativeness Index

Data sources 1. Map of Life
/ Agencies 2. WDPA
Data 1. data in the

environmental factors
and data of location
found living organisms

2. protected area data

Data sources 1. NatureServe

/ Agencies 2. WDPA

Data

Data sources

/ Agencies

1. data in the

environmental factors

and data of location

found living

organisms

2. protected area

data

1. NatureServe

2. WDPA

Protected Area Performance

Data in evaluating the operational
performance effectiveness of
regulation under sub-goal of
mater plan in integration for
biodiversity management
Office of Natural Resources and
Environmental Policy and

Planning
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EPI 2020 EPI+

Data

Data sources

/ Agencies

Data

Data sources

/ Agencies

EPI Thailand
Proportion of Protected Area to
Country Area

1. forest area data
2. conservative area data
3. data in a marine protected area
and Thailand ocean areas
1. Royal Forest Department
2. Department of National parks
Wildlife and Plant Conservation
3. Department of Marine and
Coastal Resources

Population of Endangered

Species

1. Bengal tiger population
2. Population of Dugong Duong,
Irrawaddy dolphin, Hawksbill
turtle, Green turtle, Ridley turtle,
and Leatherback turtle
1. Department of National parks
Wildlife and Plant Conservation
2 . Department of Marine and

Coastal Resources
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Ecosystem Services

6. Ecosystem Services

Regarding the Ecosystem services, a preparation for the
environmental performance index by Yale University and Columbia University
from 2006 to 2018 will consider the particular forest service or area covered
by trees: Timber Harvest, Forest Cover, and Tree Cover Loss only. Later, in
2020, EPI 2020 operation derived indicators involving service from the

wetland and grassland increasingly as detailed follows.
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Tree Cover Loss

6.1 Tree Cover Loss

The Tree Cover Loss (TCL) is the measurement of tree cover loss in
the annual average in the last five years divided by the total forest area
boundary in the based-year. If the calculated score is 100, the individual
country seldom loses the forest area. However, if the computed score is 0, it

implies that TCL is severe level.

4
TC5 = Z TCC,_;
i=0

(14)
L = TC5
Where;
TC5 = Sum of last 5 years of tree cover loss (ha)
TCC = Tree cover loss (ha)
TCA = Tree cover area (ha)
TCL = Proportion of tree cover loss

The operation of EPI 2020 uses the calculated data from Global
Forest Watch from 2015 to 2018. The TCL scores are yielded when
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replacement data are added to the formula. Later, the TCL scores are
transformed by replacing the x variable in the transformation formula.
Afterward, the calculated scores are adjusted from 0 to 100, where TCL is the

X variable in the formula. The EPI 2020 score is 23.3.

a formula for TCL data transformation
Inlx + a) (15)

Where;
a = 9.70E-07

When data are transformed, the TCL scores are yielded and later

replaced instead of the X value in the formula
Indicator Score = (X - W) / (B - W)) * 100 (16)

Where;
B = Best performance score (as the regulated score at -10.9436)

W = Worst performance score (as the regulated score at -3.04)

Tree Cover Loss for EPI+

Based on the study evaluating the Tree Cover Loss following EPI 2020,
the forest area data are from Global Forest Watch, and for Thailand, the forest
area data from Forest Department can be used to calculate in the above
formula equation. The last five-year data were computed and compared with
the base-year data of 2000, which yielded a score of 100, as shown in Table
15.

Thailand's Environmental Performance Index Project

63



Table 15 Data and score of Tree Cover Loss

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |Tree cover area Global Forest Watch 23.3
(2015 - 2018)
EPI+ Tree cover area Royal Forest Department 100
(2015 - 2020)
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6.2 Grassland Loss

Grassland Loss (GRL) indicator is defined as the measurement of
Grassland loss as the ratio between the grassland loss in annual average in
the last five years divided by the total grassland area boundary in 1992.
For example, if the calculated scores are 100, it means that an individual
country does not seldom lose the grassland. In contrast, if the score is 0, it

implies that the grassland loss is severe level.

4
GL5 = Z Yearly Grassland loss;_;

i=0 (17
GRL — GL5
"~ 5 X GRA000
Where;
GL5 = Gross loss in Grassland area over five-year interval square
kilometer)

GRL = Proportion of grassland loss

GRA = Grassland Area (square kilometer)
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The data are used in calculations from European Space Agency from
1997 to 2015. When replacing the score with the formula, the GRL scores are
yielded. Later, the GRL scores are transformed to adjust the baes-score from
0 to 100. Where GRL is the x variable in the formula, the EPI 2020 score is
38.7.

The equation for data transformation to yield GRL
Inx + a) (18)
Where;
a = 4.45E-06

When the data are transformed, the GRL is replaced instead of the x variable

in the formula
Indicator Score = (X - W) / (B - W)) * 100 (19)

Where;
B = Best performance (as the regulate score -10.5632)

W = Worst performance (as the regulate score -2.4422)

Grassland Loss for EPI+

Grassland in Thailand is available in tiny-scale quantities. Based on
the data surveyed by the Department of Land Development, grassland is
somehow available in the natural resources. The received data are integrated
with the base year of grassland in 1992 to yield a score. As the EPI 2020 at

2,043.99 square kilometers, the calculated score is 0 because the grassland
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has been changed for various land utilization: agricultural area, living habitat,
forest, wetland, scrub forest, and water area. Therefore, the data on
Thailand’s grassland heavily reduce when compared with the past data, as

displayed in Table 16.

Table 16 Data and score of Grassland Loss

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |Grassland area European Space Agency 38.7
(1997 - 2015)
EPI+ Grassland area Land Development 0

Department (2015 - 2020)
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6.3 Wetland Loss

Wetland Loss (WTL) is defined as wetland loss in annual average in
the last five years divided by the total wetland boundary in 1992. If the score
is 100, the individual does not lose the wetland. Nevertheless, if the score is
0, it implies that wetland loss is severe level. Department of Land
Development data is water areas, including natural water bodies, artificial
water bodies, low land, aquatic plants, mangrove forests and swamp forests.

4
WL5 = Z Yearly Wetland loss;_;
i=0 (20)

WL5

WTL = ——————
5 X WTA2000

Where;

WL5 = Gross loss in Wetland area over five-year interval (square
kilometer)

WTL = Proportion of Wetland loss (square kilometer)

WTA = Wetland area (square kilometer)

European Space Agency data from 1997 to 2015 is used for
calculation. When data is replaced in the equation, the WTL is yielded that
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is later transformed and replaced instead of the X variable in the equation.
Then, the obtained score is calculated for the indicator score to adjust the
based score from 0 to 100. WTL is the X variable in the equation, and EPI
2020 score is 28.3.

transformation equation to yield the WTL score
Inx + (21)
Where;
a = 2.47E-06

when the data is transformed, the WTL is replaced instead of the X variable
in the equation

Indicator Score = (X - W) / (B - W)) * 100 (22)
Where;

B = Best performance score (as the regulated score at -10.5632)

W = Worst performance score (as the regulated score at -2.4422)

Wetland Loss for EPI+

Thailand data from 2006 to 2021 calculates the wetland loss
indicator. The data are wetland changes following cabinet resolution of 112
resources, and the wetland data exclude from those 112 wetland resources.

Department of Land Development analyzes data and reports that the
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calculated score is 100, demonstrating that Thailand does not have wetland

loss and has more wetlands than in the past.

On the other hand, the wetland administration and management
missions are in charge of the Office of Natural Resources, Environmental
Policies, and Planning. Recently, the missions have been transferred to the
Department of Water Resources. Therefore, evaluating the wetland loss
indicator for the next year is possible to change the agency providing the

data.

Table 17 Data and score of Wetland Loss

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | Wetland area European Space Agency 28.3
(1997 - 2015)
EPI+ Wetland area Land Development 100

Department (Department | (2015 - 2020)

of Water Resource)
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Concept in preparation for EPI Thailand

6.4 Concept in preparation for EPI Thailand

The study, collection, and consulting of the experts from the sub-
meeting and the associated agencies reported that Thailand has fewer
grassland areas, and the grassland loss is unsuitable for the EPI Thailand
operation. Thus, the data on the grassland issue is excluded, but the tree
cover loss and wetland loss remain.

Besides, Thailand's context has massively used the service from the
marine ecosystem, but there is no calculation on this matter by Yale
University and Columbia University. Therefore, three systems in the marine
ecosystem are combined additionally. However, the marine ecosystem
cannot precisely measure the boundary because of high environmental
factors and the difficulty in area loss measurement. Therefore, the evaluation
corporation for Ecosystem Service from the ecosystem intact instead.

The Ecosystem Service of EPI Thailand, including 5 indicators as
follows.

1) Tree Cover Loss

2) Wetland loss

3) Integrity of Mangrove Forests

4) Integrity of Seagrass
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5) Integrity of Coral Reef

1) Tree Cover Loss

Regards the concept in preparation for the environmental
performance index in Thailand’s context (EPI Thailand), the calculation of the
Tree Cover Loss uses the formula equation and the variables for the
biological ecosystem protection calculation as similar to the calculation of
Yale University and Columbia University (EPI 2020). Moreover, the same data
set is similarly used with the environmental performance index using the data

from Thailand’s agency (EPI+) as detailed shown in 6.1 article.

2) Wetland loss

The operation of the Wetland Loss is similar to the Tree Cover Loss,
employing the same equation formula and the variables of the calculation
of Yale University and Columbia University (EPI 2020). Moreover, the same
data set is similarly used with the environmental performance index using

the data from Thailand's agency (EPI+), as shown in the 6.3 article.

3) Integrity of Mangrove Forests

The integrity of Mangrove Forests is an abundant biomass
production and carbon storage in a mangrove forest that is an excellent
indicator of ecosystem service. The generous levels of mangrove forests are

classified into three levels (Faculty of Forestry, 2009).
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1) low abundant level of mangrove forest is mangrove tree communities
containing carbon storage in total biomass lesser than 47.89 tons per
hectare

2) moderate abundant level of mangrove forest is mangrove tree
communities containing carbon storage in total biomass in a range from
47.89 to 92.96 tons per hectare

3) high abundant level of mangrove forest is mangrove tree communities

containing carbon storage in total biomass over 92.96 tons per hectare

The integrity of Mangrove Forests considers a ratio of productive
high level of mangrove forest not lesser than one out of three of mangrove

forest area (Best Performance = 33% and Worst Performance = 0)
MCI = (MCR—/MT) x 100 (23)
0.33

Where;

MCl = the mangrove forest abundance is evaluated from the biomass
production and the carbon storage (%)

Mcr = the area of very abundant mangrove forest (square kilometer)

M; = the total mangrove forest area (square kilometer)

4) Integrity of Seagrass
The integrity of Seagrass is defined as a large percentage of the Area

covered by Seagrass at 51 to 75 per cent. The highest indicator score is 100,
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while 0 is the lowest score. If the computed score is 100, the result means
that the good abundant condition of seagrass resources in the recent year
will increase one-fold compared with the data of the excellent condition of

the previous year.

(xprevious year+(xrecent year— Xprevious year)) x100

(24)
(2 X Xprevious year)

Where;

X = the good Integrity of Seagrass

5) Integrity of Coral Reef

The Integrity of Coral Reef is defined as the proportion of covering
an area of (Lived Coral: LC) and (Dead Coral: DC). The percentage of the total
Area in the indicator considers from criteria the good abundant condition of
a coral reef or the proportion between covering an area of LC and DC at 2:1.
The highest indicator score is 100, while 0 is the lowest score. If the computed
score is 100, the result implies that the good abundant condition of the coral
reef in the recent year will increase one-fold compared with the data of the

superb condition of the previous year.

(xprevious year"‘(xrecent year™ Xprevious year)) %x100

(25)
(2 X Xprevious year)

Where;

X = the good Integrity of Coral Reef

Thailand's Environmental Performance Index Project

74



Table 18 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Ecosystem Service.

EPI 2020 EPI+ EPI Thailand
Tree Cover Loss Tree Cover Loss
Data Forest area data  Forest area data Forest area data
Data sources Global Forest Royal Forest Royal Forest Department
/ Agencies  Watch Department

Grassland Loss
Data Grassland area data Grassland area data

Data sources European Space  Land Development

/ Agencies  Agency Department
Wetland Loss Wetland Loss
Data Wetland data Wetland data Wetland data

Data sources European Space  Land Development Land Development Department,
/ Agencies  Agency Department, Department of Water Resource
Department of
Water Resource

Integrity of Mangrove Forests

Data The abundant data on mangrove forest
Data sources Department of Marine and Coastal
/ Agencies Resources

Integrity of Seagrass

Data The abundant data on seagrass
resources

Data sources Department of Marine and Coastal

/ Agencies Resources

Integrity of Coral Reef

Data The abundant data on coral reef
Data sources Department of Marine and Coastal
/ Agencies Resources
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Fisheries

7. Fisheries

The Fisheries in preparing the environmental performance index by
Yale University and Columbia University in EPI 2020 is divided into three
indicators.

1) Fish Stock Status

2) Regional Marine Trophic Index

3) Fish Caught by Trawling

and as detailed follows.
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Fisheries

Fish Stock Status

7.1 Fish Stock Status

The Fish Stock Status (FSS) is defined as the percentage of a country’s
total catch that come overexploited or collapsed fish stock, base on an
assessment of all fish stock caught within a country’s exclusive economic
zone (EEZ). Based on this concept, a country should decrease or limit catches
from overexploited or collapsed fish stock. As reporting the EPI 2020 score,
the data used in the calculation includes two parts.

1) data of Fish Stock Class (FSC) condition is classified into five levels:
1 = collapsed, 2 = Overexploited, 3 = Exploited, 4 = Developing, and 5 =
Rebuilding.

2) data of Catch (CTH) quantity as equation

_ Y e[FSCrz1e X CTH,| 4 Xe[FSCi=z,e X CTH,|

FSS
2 CTH, (26)

Where;
FSS = Fish Stock Status
FSC = Fish Stock Class
CTH = Catch
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Consider the resource condition of EPI 2020 using data from Sea

Around Us by classifying the exploited condition following Kleisner and Pauly

(2015), as shown in Table 19.

Table 19 Conditions for determining resources status.

Criteria Score condition
Rebuilding 5 Year of landing > year of post-max. min landing
AND post-max. min. landing < 10% of max. landing
AND landing is 10-50% of max. landing
Developing 4 Year of landing < year of max. landing AND landing
is < or = 50% of max. landing OR year of max.
landing = final year of landing
Exploited 3 Landing > 50% of max. landing
2 Year of landing > year of max. landing AND landing
Overexploited is between 10-50% of max. landing
Collapsed 1 Year of landing > year of max. landing AND landing
is < 10% of max. landing

Source: Kleisner and Pauly, 2015

The calculation of EPI 2020 is cited from data set from Sea Around

Us (www.seaaroundus.org). Considering the condition is used data set from

1950 to 2014. When calculating following the method of Sea Around Us, the

obtained scores are indifferent because of two reasons as: data of the catch

at Sea Around Us comes from FAQO, which is obtained from the Department
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of Fisheries. However, both FAO and Sea Around Us transform data before
calculating FSS.

In addition, the mentioned data is the previous data set before
Thailand resolved various problems of illegal, unreported and unregulated
fishing (IUU Fishing). The data shown in the fisheries statistics of Thailand
include the number of aquatic animals caught by Thai fishing vessels from
oversea fisheries combined with the catch from EEZ. Consequently, the

evaluated score of EPI 2020 was 3.3.

Fish Stock Status for EPI+

Thailand’s using data for the fish stock status is the data on the catch
of aquatic animal from five groups: pelagic fish, demersal fish, shrimp, crab,
and squid from the Department of Fisheries. The data set was from 2012 to

2020. The evaluated score was 100, as shown in Table 20.

Table 20 Data and score of Fish Stock Status

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |the quantity of fish|Sea Around Us 3.3
caught (1950 - 2014)
EPI+ the quantity of fish Department of Fisheries 100
caught (2012 - 2020)
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Fisheries

Regional Marine Trophic Index

7.2 Regional Marine Trophic Index

Regional Marine Trophic Index (RMS) is defined as the degree to which
country id depleting species at higher trophic levels and fishing down the
food web, indicating the health of a country’s fishing stock based on
expected cate and change overtime.

The data used in the calculation consist of the catch of aquatic
animal in Thailand and the Regional Marine Trophic. There were used to
calculate the slope of RMTI from the year with the highest value to 2014,

based on information from the Sea Around Us (www.seaaroundus.ore).

Regional Marine Trophic Index for EPI+

Evaluating the regional marine trophic index following the study of
Yale University and Columbia University uses the data of fish catch and
marine trophic from Sea Around Us. From coordinating with the website
administrator inquiring about the data set used and formula equation, it was
found that the administrator could not reveal the calculating method. They
can only explains the operational concept in using the fish catch and marine
trophic data. Based on the study, data collection, and consulting with experts

and various associated agencies, it was found that Thailand has not evaluated
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the marine trophic index. Therefore, in this study the Regional Marine Trophic
Index scores reported by Yale University and Columbia University, relying on
the database of Sea Around Us, were used as an indicator for Regional Marine

Trophic Index which employed the score of 23.7.

Table 21 Data and score of Regional Marine Trophic Index

Data sources Score

EPI Data
/ Agencies (Year)
EPI 2020 | Regional Marine Trophic|Sea Around Us 23.7
Index (RMTI) (2014)
EPI+ Regional Marine Trophic | Sea Around Us 237
Index (RMTI) (2014)
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Fisheries

Fish Caught by Trawling

7.3 Fish Caught by Trawling

Fish caught by trawling (FGT) is the percentage of fish caught by
bottom or pelagic trawling per total fish caught in Thailand’s EEZ.

Data used to calculate fish caught by trawling consist of fish catch by
gear type in EEZ (FGT), and fish catch (Catch: CTH). Fishing gears are classified
into five groups: bottom trawling, pelagic trawling, gillnets, longline, and

other. as shown in the equation

por =1 2e FGTeg
2. CTH, (27)
Where;
FGT = Caught by gear type and EEZ
CTH = Caught by EEZ

Fish Caught by the Trawling for EPI+

Calculating the score of the Fish Caught by Trawling uses data of fish
catch, classified by Thailand’s fishing gears from the Department of Fisheries,
to compute the percentage of fish catch by trawling following equation 27.
The obtained score is 4.4, which differs from the EPI 2020 score of 5.5 because
EPI 2020 uses a data from Sea Around Us which comes from FAQ. FAO
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obtained data from the Department of Fisheries. However, both FAO and Sea

Around Us transform data before calculating in the equation.

Table 22 Data and score of Fish Caught by Trawling

Data sources Score
EPI Data

/ Agencies (Year)

EPI 2020 |the quantity of fish Sea Around Us 5.5
caught by various fishery (1950 -
gears 2014)

EPI+ the quantity of fish Department of Fisheries 4.4
caught by various fishery (2020)

gears
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Fisheries

Concept in preparation for EPI Thailand

7.4 Concept in preparation for EPI Thailand

Based on data collection, and consulting with experts and
representatives of associated agencies concerning fishery issues, it was agree
that the Fish Stock Status, which is the original indicator according to the EP!
2020 should be retained. However, Marine Trophic Index should not be used
because of the data limitation and the difficulty to access equation formula
as well as Fish Caught by Trawling because this indicator does not reflect
Thailand's fishery management efforts after 2015. Therefore, the data on the
Abundance of Demersal Fauna (ADF), which reflects the progress in the
management of Thailand’s fishery resources, was selected to be an indicator.
This is partly a result of regulating the trawling fishery and controlling the
fishery activities by issuing the fisheries permit to balance the fishery

resources that are available in Thailand at the time, as detailed follows.

1) Fish Stock Status
Regards the concept in preparation for EPI Thailand, calculating the
fish stock status uses the equation formula and variable similar to Yale

University and Columbia University (EPI 2020) and the data set uses
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Thailand’s data set as similar to the environmental performance index from

Thailand’s agency (EPI+), as detailed shown in 7.1.

2) Abundance of Demersal Fauna (ADF)

Demersal fauna are more sedentary than pelagic fish, and most of
the products are obtain from trawling fishery which reflects the management
of Demersal fauna resources in Thailand. Therefore, guidelines for the
preparation of data were proposed as detailed follows.

The abundance of Demersal Fauna (ADF) is defined as the percentage
of demersal fauna catch per unit of effort (CPUE) at the calculating year,
divided by demersal fauna catch per unit of effort (CPUE) at the Maximum
Sustainable Yield (MSY).

ADF — CPUE;
CPUE p5y (28)
Where;
ADF = Abundance of Demersal Fauna
CPUE; = Catch per unit of effort at the calculating year

CPUEs= demersal fauna catch per unit of effort (CPUE) at the
Maximum Sustainable Yield

Calculating the catch per unit of effort as equation follows

CPUE. — CATCH;
'~ EFFORT (29)
Where;
CATCH,; = Total catch of demersal fish, trash fish, shrimp, crab,

squid, shell, and krill of an exciting year
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Effort = Catch per unit of effort is total catching of demersal fauna in

the studying year with CPUE score of survey vessel of Department of Fishery

Table 23 Summary of data set for calculating the EPI 2020, EPI+ and EPI

Thailand score in the Fisheries.

EPI 2020 EPI+ EPI Thailand
Fish Stock Status Fish Stock Status

Data the quantity of fish the quantity of fish the quantity of fish caught

caught caught
Data sources Sea Around Us Department of Fisheries 'Department of Fisheries
/ Agencies

Marine Trophic Index

Data Regional Marine Trophic Regional Marine Trophic

Index Index
Data sources Sea Around Us Sea Around Us
/ Agencies

Fish Caught by Trawling

Data the quantity of fish the quantity of fish

caught by various fishery caught by various fishery

gears gears
Data sources Sea Around Us Department of Fisheries
/ Agencies

Abundance of Demersal
Fauna
Data quantity of demersal fauna
caught and catch per unit

Data sources Department of Fisheries
/ Agencies
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Climate Change

8. Climate Change

Among the environmental performance index (EPI) by Yale and
Columbia Universities, climate change is one of the most important indices,
receiving the relatively high scores or weighing scores throughout the EPI
assessing period. In this handbook, the 2020 methodology is adopted to
determine EPI score for Thailand.

To evaluate EPI score on Climate Change using the 2020
methodology, the required data is greenhouse gas (GHG) emissions from all
sectors, obtained from the estimation using the IPCC Guidelines for National
Greenhouse Gas Inventories. Previous EPI reports on climate change are
initially emphasized on sustainable energy in the 2006 report, while during
the 2008 to 2018 reports the index is on climate and energy. Until the EPI
2020 report, the index is directly on climate change. As a result, the diverse
indices are adopted to estimate EPI score on climate change, including
indicators on energy and climate (e.g., energy efficiency, alternative energy,
carbon dioxide emission from power generation and industrials, various GHG
emissions.

Based on extensive review, GHG emissions in total and by gas have

been reported in the national GHG inventory of Thailand since 1994.” At
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present, Thailand’s National Communications are performed continuously
from 2000 until now. The Office of Natural Resources and Environmental
Policy and Planning (ONEP) is a national focal point under the United Nations
Framework Convention on Climate Change (UNFCCC). ONEP is responsible for
the collaboration with the more than 40 relevant agencies for activity data
and preparing the Biennial Update Reports (BURs) for every two years and the
National Communications (NCs) for every four years.

In this handbook, data obtained from the ONEP is adopted to assess
EPI score on climate change, due to using the IPCC methodology for
estimating GHG emissions and removals, in accordance with the method by
Yale and Columbia Universities. Additional data is obtained from the
Department of Alternative Energy Development and Efficiency (DEDE), Office
of the National Economic and Social Development Council (NESDC), and
National Statistical Office (NSO).

In the EPI 2020 methodology, GHG growth rate is a slope obtained
from the linear relationship between GHG emission and time, so called
averaged GHG emission per year. Details are as following.

1) Unadjusted growth rate is directly adopted when there is a positive
relationship between GHG emission and time or GHG emission
increases with time.

2) Unadjusted growth rate is calculated into adjusted growth rate
when there is a negative relationship between GHG emissions and
time GHG emissions decrease with time. Adjusted a growth rate is

also calculated by using slope and the Spearman’s correlation
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coefficient, derived from GHG emissions and gross domestic
product (GDP).
Additional required data to calculate GHG emission rate, fluorinated gases (F-

gas), black carbon, forest cover change, are provided in the following section.
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Climate Change
Carbon Dioxide (CO,) Growth Rate

8.1 CO, Growth Rate

CO, growth rate (CDA) is the rate of CO, emission with time. The GHG
(CO,) emitted is from the anthropogenic activities as listed in the IPCC
Guidelines for National Greenhouse Gas Inventory. The CO, emissions from
all sectors are included, but not for the Land Use, Land-Use Change, and
Forestry (LULUCF).

CO, growth rate is calculated from all CO, emissions in Thailand,
excluding LULUCF, called CDO. CDO is then log-transformed to “ln CDO” The
relationship between In CDO and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate CDB
from the equation of CDB = exp () -1.

The CDB is directly used as CDA when CDB is > 0. If CDB < 0, CDA is
calculated by using the equation of CDA = CDB x (1 — CDR). CDR is obtained
from the relationship between CDO and GDP. All of the mentioned equations

are shown as follows.

In (CDO) = a + ft
CDB = exp(f) —1
CDA = { CDBif CDB =0
~ ICDB x (1 —CDR)if CDB <0
CDR = corr(CDO,GDP) (30)
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Where;
CDR = Correlation coefficient
GDP = Gross Domestic Product
CDO = Emissions of carbon dioxide
CDB = Carbon dioxide growth rate

CDA = Adjusted carbon dioxide emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained CDA is then ranked in according to the best and worst

CDA from all countries Finally, the score of CO, growth rate is obtained.

Performance Nominal Raw
Best -0.0759 -0.0759
Worst Q5th percentile 0.1003

Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

The EPI 2020 score on CO, growth rate is derived from the data by
Potsdam Institute for Climate Impact Research during 2008 to 2017. The EPI
2020 score on CO, growth rate is 38.2.
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CO, Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the CO, growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 have been approved by the National
Committee on Climate Change Policy (NCCC). Based on the obtained CO,
growth rate for EPI+, Thailand’s score is 48.7, which is higher than the EPI
2020 score by the data from Yale and Columbia Universities (38.2), as shown
in Table 24. The pattern of CO, emissions between EPI 2020 and EPI+ is
consistent. Despite the 2006 IPCC Guidelines is applied to estimate the GHG
emissions, the EPI 2020 from Yale and Columbia Universities is derived from
modelling the GHG emission data by Potsdam Institute for Climate Impact
Research. For EPl+, GHG emissions are directly adopted from the national
GHG inventory of Thailand. Due to different data sources for evaluating EPI

2020 and EPI+, the obtained scores for this EPI are different.
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Table 24 Data and score of CO, Growth Rate

- Gross domestic product

Resources and
Environmental Policy and
Planning

- Office of the National
Economics and Social

Development Council

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |CO, growth rate Potsdam Institute for 38.2
Climate Impact Research | (2008 -2017)
EPI+ - CO, emission rate - Office of Natural 48.7

(2007 -2016)
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Climate Change
Methane (CH,) Growth Rate

8.2 CH4 Growth Rate

CH,4 growth rate (CHA) is the rate of CH, emission with time. The GHG
(CH4) emitted is from the anthropogenic activities as listed in the IPCC
Guidelines for National Greenhouse Gas Inventory. The CH,; emissions from
all sectors are included, but not for the Land Use, Land-Use Change, and
Forestry (LULUCF).

CH, growth rate is calculated from all CH; emissions in Thailand,
excluding LULUCF, called CH,4. CHy is then log-transformed to “ln CH,” The
relationship between n CH, and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate CHB
from the equation of CHB = exp (B) -1.

The CHB is directly used as CHA when CHB is > 0. If CHB < 0, CHA is
calculated by using the equation of CHA = CHB x (1 — CHR). CHR is obtained
from the relationship between CH, and GDP. All of the mentioned equations

are shown as follows.

In(CH,) = a+ ft
CHB =exp(pB) —1

CHA = { CHBif CHB =0
" |CHB x (1 —CHR)if CHB <0
CHR = corr(CH,4, GDP) (31)
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Where;
CHR = Correlation coefficient
GDP = Gross Domestic Product
CH; = Emissions of methane
CHB = Methane emission growth rate

CHA = Adjusted methane emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained CHA is then ranked in according to the best and worst
CHDA from all countries Finally, the score of CH,4 growth rate is obtained.

Performance Nominal Raw
Best -0.0107 -0.0107
Worst 95th percentile 0.0512

Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)

The EPI 2020 score on CHy growth rate is derived from the data by
Potsdam Institute for Climate Impact Research during 2008 to 2017. The EPI
2020 score on CH4 growth rate is 85.4.

CH, Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the CH,; growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 has been approved by the National
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Committee on Climate Change Policy (NCCC). Based on the obtained CH,
growth rate for EPI+, Thailand’s score is 100, which is higher than the EPI 2020
score by the data from Yale and Columbia Universities (85.4), as shown in
Table 25. The pattern of CH; emissions between EPI 2020 and EPI+ is
consistent. Despite the 2006 IPCC Guidelines is applied to estimate the GHG
emissions, the EPI 2020 from Yale and Columbia Universities is derived from
modelling the GHG emission data by Potsdam Institute for Climate Impact
Research. For EPI+, GHG emissions are directly adopted from the national
GHG inventory of Thailand. Due to different data sources for evaluating EPI
2020 and EPI+, the obtained scores for this EPI are different. Despite trends
of data used for EPI 2020 (2008 - 2017) and EPI+ (2007 - 2016) are not

consistent, a similar data pattern is observed during 2010 to 2016.

Table 25 Data and score of CH, Growth Rate

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | Methane growth rate Potsdam Institute for 85.4
Climate Impact Research | (2008 -2017)
EPI+ - CH, emission rate - Office of Natural 100

Resources and (2007 -2016)
Environmental Policy and
Planning
- Gross domestic product |- Office of the National
Economics and Social

Development Council
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Climate Change
Nitrogen dioxide (N,O) Growth Rate

8.3 N,O Growth Rate

N,O growth rate (NDA) is the rate of N,O emission with time. The GHG
(N, O) emitted is from the anthropogenic activities as listed in the IPCC
Guidelines for National Greenhouse Gas Inventory. The N,O emissions from
all sectors are included, but not for the Land Use, Land-Use Change, and
Forestry (LULUCF).

N,O growth rate is calculated from all N,O emissions in Thailand,
excluding LULUCF, called NOT. NOT is then log-transformed to “ln NOT” The
relationship between (n NOT and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate NDB
from the equation of NDB = exp (B) -1.

The NDB is directly used as NDA when NDB is > 0. If NDB < 0, NDA is
calculated by using the equation of NDA = NDB x (1 — NDR). NDR is obtained
from the relationship between NDO and GDP. All of the mentioned equations

are shown as follows.
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In(NOT) = a+ fit
NDB = exp(f) —1

NDA = { NDBif NDB =0
~INDB x (1 — NDR)if NDB <0
NDR = corr(NOT, GDP) (32)

Where;
NDR = Correlation coefficient
GDP = Gross Domestic Product
NOT = Emissions of nitrous oxide
NDB = Nitrous oxide emission growth rate

NDA = Adjusted nitrous oxide emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained NDA is then ranked in according to the best and worst

NDA from all countries Finally, the score of N,O growth rate is obtained.

Performance Nominal Raw
Best -0.0195 -0.0195
Worst 95th percentile 0.0525

Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)

The EPI 2020 score on N,O growth rate is derived from the data by
Potsdam Institute for Climate Impact Research during 2008 to 2017. The EPI
2020 score on CO, growth rate is 65.7.
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N,O Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the N,O growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 have been approved by the National
Committee on Climate Change Policy (NCCC). Based on the obtained N,O
growth rate for EPI+, Thailand’s score is 57.9, which is lesser than the EPI 2020
score by the data from Yale and Columbia Universities (65.7), as shown in
Table 26. The pattern of N,O emissions between EPI 2020 and EPI+ is
consistent. Despite the 2006 IPCC Guidelines is applied to estimate the GHG
emissions, the EPI 2020 from Yale and Columbia Universities is derived from
modelling the GHG emission data by Potsdam Institute for Climate Impact
Research. For EPI+, GHG emissions are directly adopted from the national
GHG inventory of Thailand. Due to different data sources for evaluating EPI

2020 and EPI+, the obtained scores for this EPI are different.
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Table 26 Data and score of N,O Growth Rate

- Gross domestic product

Resources and
Environmental Policy and
Planning

- Office of the National
Economics and Social

Development Council

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | N,O growth rate Potsdam Institute for 65.7
Climate Impact Research | (2008 -2017)
EPI+ - N,O emission rate - Office of Natural 57.9

(2007 -2016)
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Climate Change
Fluorinated gas (F-gas) Growth Rate

8.4 F-gas Growth Rate

F-gas Growth Rate (FGA) is the rate of fluorinated gas emissions with
time. The GHG (F-gas) emitted is from the anthropogenic activities as listed in
the IPCC Guidelines for National Greenhouse Gas Inventory. The Fluorinated
gas emissions from all sectors are included, but not for the Land Use, Land-
Use Change, and Forestry (LULUCF). According to the EPI 2020 by Yale and
Columbia University, F-gases included HFCs, PFCs, and SF4 obtained from the
Industrial Processes and Product Use sector (IPPU).

F-gas growth rate is calculated from all F-gas emissions in Thailand,
excluding LULUCF, called FOG. FOG is then log-transformed to “ln FOG” The
relationship between (n FOG and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate FGB
from the equation of FGB = exp (B) -1. The FGB is directly used as FGA. All

of the mentioned equations are shown as follows.

In (FOG) = a + ft

FGB = exp(f) —1
FGA = FGB (33)
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Where;
FOG = Emissions of fluorinated gas
FGB = Fluorinated gas emission growth rate

FGA = Adjusted fluorinated gas emission growth rate

a = Intersection X-axis
B = Slope
t = Year

The obtained FGA is then ranked in according to the best and worst

FGA from all countries Finally, the score of F-gas growth rate is obtained.

Performance Mominal Raw
Best -0.0394 -0.0394
Worst 5th percentile 0.2366

Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)

The EPI 2020 score on F-gas growth rate is derived from the data by
Potsdam Institute for Climate Impact Research during 2008 to 2017. The EPI
2020 score on F-gas growth rate is 94.4.

F-gas Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the CO, growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 have been approved by the National
Committee on Climate Change Policy (NCCC). Based on the obtained F-gas
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growth rate for EPI+, Thailand’s score is 83.0, which is lesser than the EPI 2020
score by the data from Yale and Columbia Universities (94.4), as shown in
Table 27. The pattern of F-gas emissions between EPI 2020 and EPI+ is
consistent. Despite the 2006 IPCC Guidelines is applied to estimate the GHG
emissions, the EPI 2020 from Yale and Columbia Universities is derived from
modelling the GHG emission data by Potsdam Institute for Climate Impact
Research. For EPl+, GHG emissions are directly adopted from the national
GHG inventory of Thailand. Due to different data sources for evaluating EPI

2020 and EPI+, the obtained scores for this EPI are different.

Table 27 Data and score of F-gas Growth Rate

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |F-gasses growth rate Potsdam Institute for 94.4
Climate Impact Research | (2008 -2017)
EPI+ F-gas emission rate Office of Natural 83.0

Resources and (2007 -2016)
Environmental Policy and

Planning
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Climate Change
Black Carbon Growth Rate

8.5 Black Carbon Growth Rate

Black Carbon Growth Rate (BCA) is the rate of black carbon emission
with time. The black carbon emitted is from the anthropogenic activities as
listed in the IPCC Guidelines for National Greenhouse Gas Inventory. According
to the EPI 2020 by Yale and Columbia Universities, sources of black carbon
considered are obtained from the Energy and Waste sectors.

Black Carbon growth rate is calculated from all black carbon
emissions in Thailand, called BLC. BLC is then log-transformed to “ln BLC”
The relationship between In BLC and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate NDB
from the equation of BCB = exp (B) -1.

The BCB is directly used as BCA when BCB is > 0. If BCB < 0, BCA is
calculated by using the equation of BCA = BCB x (1 - BCR). BCR is obtained
from the relationship between BLC and GDP. All of the mentioned equations

are shown as follows.

In (BLC) = a + ft
BCB =exp(f) —1

BCA — { BCBif CDB =0
~ |BDB x (1—BCR) if BDB <0
BCR = corr(BLC,GDP) (34)
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Where;
BCR = Correlation coefficient
GDP = Gross Domestic Product
BLC = Emissions of black carbon
BCB = Black carbon emission growth rate

BCA = Adjusted black carbon emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained BCA is then ranked in according to the best and worst

BCA from all countries Finally, the score of Black Carbon growth rate is

obtained.
Performance Nominal Raw
Best -0.0187 -0.0187
Worst 95th percentile 0.0526

Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)

The EPI 2020 score on Black Carbon growth rate is derived from the
data by The Community Emissions Data System (CEDS) during 2005 to 2014.
The EPI 2020 score on CO, growth rate is 42.6.
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Black Carbon Growth Rate for EPI+

Literature reviews on estimating black carbon in Thailand reveal that
official data is unavailable and reported. Methodology to estimate the
emission of black carbon is similar to the IPCC Guidelines for GHG emissions,
which is the multiplication between activity data and emission factor of GHGs
(or black carbon). Emission sources for black carbon in the EPI 2020 are fuel
combustions from the Energy sector and waste incineration from the Waste
sector. In addition, black carbon from biomass burning in the Agriculture and
LULUCF sectors is also significant but being available in research articles and
not being an official data of Thailand.

Based on the above reasons, estimating black carbon emission for

EPI+ in Climate Change is scoped into three categories according to the 2006
IPCC Guidelines as the following.

1) Fuel combustion in the Energy sector is estimated by gathering
the fuel consumptions from Thailand Energy Balance by the
Department of Alternative Energy Development and Efficiency
(DEDE) and adopted the emission factors and other coefficients
from references used in Yale and Columbia Universities.

2) Biomass burning from agricultural and forest lands is used to
estimate GHGs and precursor gases from this activity according to
the National GHG Inventory of Thailand (3C1b and 3C1b). Hence,
CO emission from biomass burning is adopted to recalculate the
activity data (biomass burnt). This biomass burnt data is then

multiply with emission factors from the references.
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3) Waste combustion by incineration is used to estimate GHGs and
precursor gases according to the National GHG Inventory of Thailand (4C). To
determine the emission of black carbon of this activity, proxy method is
applied to find the appropriate equation or good regression coefficient (r?)
between emissions of black carbon and CO,, by using Thailand’s data from
Yale and Columbia Universities. The calculated r? is 0.96 obtained from the
linear equation between these two variables. The developed equation is then
used to estimate black carbon emissions from CO, emission data in this

subcategory in Thailand’s GHG Inventory.

Data on GHG emissions from the National Inventory by the ONEP and
data from the DEDE is used to calculate the black carbon growth rate and
scoring according to the EPI 2020 methodology by using the data set from
2007 to 2016. As a result, Thailand’s score of black carbon growth rate is 72.3,
which differs from the EPI 2020 score of 42.6, as shown in Table 28. These
black carbon scores are different. Due to unavailable data on black carbon in
Thailand’s National GHG Inventory, EPI of black carbon by Yale and Columbia
Universities is estimated by transforming the inventory data submitted to
UNFCCC into the same 2006 IPCC GLs, as presented in the Community
Emissions Data Systems. This transformed data of black carbon is used to
calculate the black carbon growth rate based on some assumptions. For EPI+,
black carbon emission is directly obtained from Thailand’s governmental
agencies for activity data of the Energy and Agriculture, Forestry and Other

Land Uses (AFOLU) sectors and for the proxy data of the Waste sectors. As a
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result, the data used to estimate black carbon emissions in this study are

broader than the Yale and Columbia Universities. In addition, black carbon

emissions from biomass burning in the AFOLU are more variated than from

the Energy sector.

Table 28 Data and score of Black Carbon Growth Rate

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |Black Carbon growth rate | Community Emissions 42.6
Data Systems (2005 -2014)
EPI+ - data on the fuel quantity | - Department of 72.3
of the energy sector Alternative Energy (2007 -2016)

- data on the gas emission
from burning of the
agricultural biomass,
forest, land use sectors,
and garbage incineration
in the incinerator of the
waste sector

- Gross domestic product

Development and
Efficiency

- Office of Natural
Resources and
Environmental Policy and

Planning

- Office of the National
Economics and Social

Development Council
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Climate Change

Carbon dioxide (CO,) Emission from

Land Cover

8.6 CO, Emission from Land Cover

CO, Emission from Land Cover (LCB) is the rate of CO, emission from
land cover change with time. The CO, emission from land cover change is
from the anthropogenic activities as listed in the IPCC Guidelines for National
Greenhouse Gas Inventory. According to the EPI 2020 by Yale and Columbia
Universities, sources of CO, emission from land cover change considered are
obtained from above-ground biomass, underground biomass, and dead tree,
and estimating CO, emission by using the IPCC default emission factor.

Source of CO, emission from land cover change by Yale and
Columbia Universities is obtained from the FLINT system by Mullion Group in
Australia. To estimate the emission, data on forest cover change from Hansen
et al. (2013) and IPCC tier 1 emission factors (Eggleston et al., 2006) are
applied for changes in aboveground and belowground biomass and dead
organic matter only for the forest lands.

CO, emission from the land cover is calculated from all CO, emission
from the land cover in Thailand, called CDL. CDL is then log-transformed to
“ln CDL” The relationship between In CDL and time is performed, and the
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linear slope obtained is the growth rate or B value. Then the B is used to
estimate LCB from the equation of LCB = exp (B) -1.
In(CDL) = a + ft
LCB = exp(B) —1 (35)
Where;
CDL = CO, emissions from land cover change (LULC)

LCB = CO, Emission from land cover emission growth rate

o = Intersection X-axis
B = Slope
t = Years

The obtained LCB is then ranked in according to the best and worst

CDA from all countries Finally, the score of CO, Emission from Land Cover is

obtained.
Performance Mominal Raw
Best Sth percentile -0.0786
Worst Q5th percentile 0.1685

Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

The EPI 2020 score on CO, Emission from Land Cover is derived from
the data by Mullion Group during 2001 to 2015. The EPI 2020 score on CO,
growth rate is 35.5.
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CO, Emission from Land Cover for EPI+

Based on data reviewing in Thailand, CO, emissions from the Forest
lands Converted to Croplands (3B2b) and to Other Land Uses (3B6b) reported
in the National GHG Inventory with the 2006 IPCC GLs by the ONEP, are closely
related to the data used by Yale and Columbia Universities.

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the CO, emission from land cover for EPI+ (2020) in this handbook. These
data from 2005 to 2016 have been approved by the National Committee on
Climate Change Policy (NCCC). Based on the obtained CO, emission from land
cover for EPI+, Thailand’s score is 85.7, which is higher than the EPI 2020
score by the data from Yale and Columbia Universities (35.5), as shown in
Table 29. This differ is because Yale and Columbia Universities adopted the
data on forest cover change from the downscaling FAOSTAT data, while EPI+
data is obtained from different method reported by the responsible agency.
In addition, the data during 2014 - 2015 is widely different between these

two data sources.
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Table 29 Data and score of CO, Emission from Land Cover

cover rate

Resources and

Environmental Policy and

Planning

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |CO, emissions from land | FLINTpro® 35.5
cover change (LULQ) (2001 -2015)
EPI+ CO, emission from land | Office of Natural 85.7

(2005 -2016)
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Climate Change

Greenhouse gas per Capita

8.7 GHG per Capita

GHG per Capita (GIB) is defined as the total greenhouse gas emissions
per head. The GHGs (CO,, CHy, N,O and F-gases) emitted are from the
anthropogenic activities as listed in the IPCC Guidelines for National
Greenhouse Gas Inventory. The GHG emissions in GgCO,eq from all sectors
are included, but not for the Land Use, Land-Use Change, and Forestry
(LULUCF). Total GHG emissions are then divided by population.

GHG per Capita (GIB) is calculated from total GHG emissions from all
sectors in Thailand, excluding LULUCF. Total GHG emissions including CO,,
CHg, N,O and F-gases, is derived from multiplying the emissions with global
warming potential (GWP) of each gas, which is 25 and 298 for CH, and N,O,

respectively. Then the GHP is calculated by using the following equations.

GHG = CDO + FOG + 298 x NOT + 25 x CH4
GHP = GHG + POP (36)
Where;
CDO = Emissions of carbon dioxide
FOG = Emissions of fluorinated gas

NOT = Emissions of nitrous oxide
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CH4 = Emissions of methane

GHG = Total greenhouse gas emissions

POP = Population

GHP = Emissions of GHG

Values of 25 and 298 = The GWP of methane and nitrous oxide,

respectively

The obtained GHP is computed to become a score to compare with

GHP scores of other countries, evaluated with the best and the worst scores

as follows.
Performance Nominal Raw Transformed
Best 5th percentile 0.001 -6.9467
Worst Q5th percentile 0.0225 -3.7924

Source: Wendling, Z. A, et al. (2020) (epi.yale.edu)

The EPI 2020 score on GHG per Capita is derived from the data by
Potsdam Institute for Climate Impact Research in 2017. The EPI 2020 score
on CO, growth rate is 37.7.

GHG per Capita for EPI+

Data on Thailand’s GHG emissions (CO,, CH,, N,O and F-gases) by the
ONEP are used to calculate the GHG per Capital for EPI+ in this handbook.
The estimation is performed according to the EPI 2020 method and adopted
the data in 2016, which GHG data has been approved by the National

Committee on Climate Change Policy (NCCC) and annual population data is
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from the Department of Provincial Administration. Based on the obtained the
GHG per Capital rate for EPI+, Thailand’s score is 44.9, which is higher than
the EPI 2020 score by the data from Yale and Columbia Universities (37.7), as
shown in Table 30. This different score of GHP is due to different data sources
between EPI+ and EPI 2020 by Yale University's and Columbia University. In
addition, this difference is an overall change of each greenhouse gas as

described previously.

Table 30 Data and score of GHG per Capita

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | GHG emissions per capita |Potsdam Institute for 37.7
Climate Impact Research (2017)
EPI+ - GHG emission rate - Office of Natural 44.9
Resources and (2016)
Environmental Policy and
Planning
- Population number - Department of

Provincial Administration
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Climate Change

Greenhouse gas Intensity Trend

8.8 GHG Intensity Trend

GHG Intensity Trend (GHP) is the rate of total GHG emissions per Gross
domestic product (GDP) with time. The GHGs (CO,, CH,4, N,O and F-gases)
emitted are from the anthropogenic activities as listed in the IPCC Guidelines
for National Greenhouse Gas Inventory. The GHG emissions in GgCO,eq from
all sectors are included, but not for the Land Use, Land-Use Change, and
Forestry (LULUCF). Total GHG emissions are then divided by GDP, called GHI.
GHI is then log-transformed to “ln GHI” The relationship between In GHI and
time is performed, and the linear slope obtained is the growth rate or B
value. Then the B is used to estimate GIB from the equation of GIB = exp (B)
-1. AUl of the mentioned equations are shown as follows.

The GIB rate is calculated from all F-gas emissions in Thailand,
excluding LULUCF, called GHI. GHI is then log-transformed to “ln GHI” The
relationship between In GHI and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate GIB
from the equation of GIB = exp (B) -1. All of the mentioned equations are

shown as follows.

GHG = CDO + FOG + 298 x NOT + 25 x CH4
GHI = GHG + GDP
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In (GHI) = a + it
GIB = exp(B) —1 (37)
Where;

CDO = Emissions of carbon dioxide
FOG = Emissions of fluorinated gas
NOT = Emissions of nitrous oxide
CH4 = Emissions of methane
GHG = Total greenhouse gas emissions
GDP = Gross Domestic Product
GHI' = GHG Intensity
GIB = GHG emission growth rate

] = Intersection X-axis
B = Slope
t = Years

The obtained GIB is computed to become a score to compare with

GIB scores of other countries, evaluated with the best and the worst scores

as follows.
Performance Nominal Raw
Best Sth percentile -0.0673
Worst 95th percentile 0.0297

Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)
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The EPI 2020 score on GHG Intensity Trend is derived from the data
by Potsdam Institute for Climate Impact Research during 2008 to 2017. The
EPI 2020 score on GHG Intensity Trend is 40.4.

GHG Intensity Trend for EPI+

Data on Thailand’s GHG emissions (CO,, CH,, N,O and F-gases) by the
ONEP are used to calculate the GHG Intensity Trend for EPI+ in this handbook,
according to the EPI 2020 method. These data from 2007 to 2016 have been
approved by the National Committee on Climate Change Policy (NCCC).
Based on the obtained GHG Intensity Trend for EPI+, Thailand’s score is 50.2,
which is higher than the EPI 2020 score by the data from Yale and Columbia
Universities (40.4), as shown in Table 31. This differed score is due to different
data source used in the EPI+ from the national GHG inventory of Thailand
and EPI 2020 by Yale and Columbia Universities. Despite this different data
source, the pattern of GHG Intensity Trend between EPI 2020 and EPI+ is

consistent.
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Table 31 Data and score of GHG Intensity Trend

- Gross domestic product

Resources and
Environmental Policy and
Planning

- Office of the National
Economics and Social

Development Council

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | GHG intensity trend Potsdam Institute for 40.4
Climate Impact Research | (2008 -2017)
EPI+ - GHG emission rate - Office of Natural 50.2

(2007 -2016)
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Climate Change

Concept in preparation for EPI Thailand

8.9 Concept in preparation for EPI Thailand

Based on the EPI 2020 methodology for Climate Change by Yale and
Columbia Universities along with the discussion by the experts from the
relevant agencies, it is appropriate to adopt all 8 EPIs in Climate Change for
assessing EPI Thailand in this handbook. The methodology and data sources

used are described in the EPI+ above.
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Table 32 Summary of data for calculating the EPI 2020, EPI+ and EPI

Thailand score in the Climate Change.

EPI 2020

Data CO, growth rate
Data sources Potsdam Institute for

/ Agencies  Climate Impact Research

Data Methane growth rate
Data sources Potsdam Institute for

/ Agencies  Climate Impact Research

Data N,O growth rate
Data sources Potsdam Institute for

/ Agencies  Climate Impact Research

Data F-gasses growth rate
Data sources Potsdam Institute for
/ Agencies  Climate Impact Research

Data Black Carbon growth rate

EPI+ / EPI Thailand

CO, Growth Rate
1. CO, emission rate
2. gross domestic product data
1. Office of Natural Resources and Environmental
Policy and Planning
2. Office of the National Economic and Social
Development Council

CH, Growth Rate
1. CHq emission rate
2. gross domestic product data
1. Office of Natural Resources and Environmental
Policy and Planning
2. Office of the National Economic and Social
Development Council

N,O Growth Rate
1. N,O emission rate
2. gross domestic product data
1. Office of Natural Resources and Environmental
Policy and Planning
2. Office of the National Economics and Social
Development Council

F-gas Growth Rate

F-gas emission rate

Office of Natural Resources and Environmental Policy

and Planning
Black Carbon Growth Rate

1. data on the fuel quantity of the energy sector
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EPI 2020

EPI+ / EPI Thailand
2. data on the gas emission from burning of the
agricultural biomass, forest, land use sectors, and
garbage incineration in the incinerator of the waste
sector

3. gross domestic product data

Data sources Community Emissions Data 1. Department of Alternative Energy Development and

/ Agencies  Systems

Data CO, emissions from land
cover change (LULC)
Data sources FLINTpro®

/ Agencies

Data GHG emissions per capita

Data sources Potsdam Institute for

/ Agencies  Climate Impact Research

Data GHG emissions per GDP

Data sources Potsdam Institute for

/ Agencies  Climate Impact Research

Efficiency
2. Office of Natural Resources and Environmental
Policy and Planning
3. Office of the National Economics and Social
Development Council

CO, Emission from Land Cover

CO, emission from land cover rate

Office of Natural Resources and Environmental Policy
and Planning
GHG per Capita

1. GHG emission rate
2. data on the population number
1. Office of Natural Resources and Environmental
Policy and Planning
2. Department of Provincial Administration

GHG Intensity Trend
1. GHG emission rate
2. data on gross domestic product
1. Office of Natural Resources and Environmental
Policy and Planning
2. Office of the National Economics and Social

Development Council
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Pollution Emissions

9. Pollution Emissions

Reviewing the method for evaluating the EPI in Pollution Emission
found that data on the evaluation for the EPI 2020 is the emissions of
precursor gases from various sectors, including sulfur dioxide gas (SO,) and
oxides of nitrogen (NO,) emitted from the relevant activities. To evaluate EPI
score on Pollution Emission, the required data is the precursor gas emissions
from all sectors, obtained from the estimation using the IPCC Guidelines for
National Greenhouse Gas Inventories. Previous EPI reports on pollution
emission are initially emphasized on air, air quality, air pollution or not being
included in some years. Until the EPI 2020 report, the index is called pollution
emission. As a result, the diverse indices are adopted to estimate EPI score
on pollution emission, including indicators on air pollution, especially
ambient air (e.g., ozone, particulate matter, SO,, NO,, non-methane volatile
organic compounds (NMVOCs).

Based on extensive review, SO, and NO, emissions have been
reported in the national GHG inventory of Thailand, which is the same data
source for the EPI+ on climate change. For the EPI 2020, EPI on pollution

emission is composed of two indicators. Details are as the following.
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Pollution Emissions

Sulfur dioxide (SO,) Growth Rate

9.1 SO, Growth Rate

SO, Growth Rate (SDA) is the rate of SO, emission with time. The SO,
emitted is from the anthropogenic activities as listed in the IPCC Guidelines
for National Greenhouse Gas Inventory. The SO, emissions from all sectors
are included, but not for the Land Use, Land-Use Change, and Forestry
(LULUCF).

SO, growth rate is calculated from all SO, emissions in Thailand,
excluding LULUCF, called SO,. SO, is then log-transformed to “ln SO,” The
relationship between n SO, and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate SDB
from the equation of SDB = exp (B) -1.

The SDB is directly used as SDA when SDB is > 0. If SDB < 0, SDA is
calculated by using the equation of SDA = SDB x (1 — SDR). SDR is obtained
from the relationship between SDO and GDP. All of the mentioned equations
are shown as follows.

In(S0,) =a+ft

SDB =exp(f) —1

DA = { SDBif SDB >0
“|SDB x (1 —SDR)if SDB <0
SDR = corr(50,,GDP) (38)
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Where;
SDR = Correlation coefficient
GDP = Gross Domestic Product
SO, = Emissions of SO,
SDB = SO, emission growth rate
SDA = Adjusted SO, emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained SDA is computed to become a score to compare with

SDA scores of other countries, evaluated with the best and the worst scores

as follows.
Performance Nominal Raw
Best -0.0394 -0.0394
Worst 95th percentile 0

Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

Calculating EPI 2020 score uses data for calculating the SO, Growth
Rate by The Community Emissions Data System (CEDS). The data set is from
2001 to 2015, and the computed score is 100.
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SO, Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the SO, growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 have been approved by the National
Committee on Climate Change Policy (NCCC). Based on the obtained SO,
growth rate for EPI+, Thailand’s score is 100, which is similar to the EPI 2020
score by the data from Yale and Columbia Universities (100), The pattern of
NOy emissions between EPI 2020 and EPI+ is consistent. Despite the 2006 IPCC
Guidelines is applied to estimate the GHG emissions, the EPI 2020 from Yale
and Columbia Universities is derived from modelling the GHG emission data
by The CEDS. For EPI+, GHG emissions are directly adopted from the national
GHG inventory of Thailand. Due to different data sources for evaluating EPI
2020 and EPI+, the obtained scores for this EPI are different.

Despite of different data source, a similar decreasing trend of SO,
emission is observed for data by Yale and Columbia Universities and
Thailand’s responsible agency. As a result, the SO, score is 100 for both data
sources of the EPI 2020 and EPI+, as shown in Table 33.
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Table 33 Data and score of SO, Growth Rate

- Gross domestic product

Resources and
Environmental Policy and
Planning

- Office of the National
Economics and Social

Development Council

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | SO, growth rate CEDS 100
(2001 -2015)
EPI+ - SO, Growth Rate - Office of Natural 100

(2007 -2016)
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Pollution Emissions

Nitrogen oxide (NO,) Growth Rate

9.2 NO, Growth Rate

NO, Growth Rate (NXA) is the rate of NO, emission with time. The NO,
emitted is from the anthropogenic activities as listed in the IPCC Guidelines
for National Greenhouse Gas Inventory. The NO, emissions from all sectors
are included, but not for the Land Use, Land-Use Change, and Forestry
(LULUCF).

NO, growth rate is calculated from all NO, emissions in Thailand,
excluding LULUCF, called NO,. NO, is then log-transformed to “ln NO,” The
relationship between n NO, and time is performed, and the linear slope
obtained is the growth rate or B value. Then the B is used to estimate SDB
from the equation of NXB = exp (B) -1.

The NXB is directly used as NXA when NXB is > 0. If NXB < 0, NXA is
calculated by using the equation of NXA = NXB x (1 = NXR). NXR is obtained
from the relationship between NO, and GDP. All of the mentioned equations

are shown as follows.

In (NO,) = a + Bt

NXB = exp(f) —1
NXBif NXB =0
NXB x (1 — NXR) if NXB < 0
NXR = corr(NO,, GDP) (39)

NXA={
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Where;
NXR = Correlation coefficient
GDP = Gross Domestic Product
NO, = Emissions of NOy emission
NXB = NOy emission growth rate
NXA = Adjusted NO, emission growth rate

a = Intersection X-axis
B = Slope
t = Years

The obtained NXA is computed to become a score to compare with

NXA scores of other countries, evaluated with the best and the worst scores

as follows.
Performance Nominal Raw
Best -0.0394 -0.0394
Worst 95th percentile 0.0892

Source: Wendling, Z. A,, et al. (2020) (epi.yale.edu)

The EPI 2020 score on NOy growth rate is derived from the data by
The Community Emissions Data System (CEDS) during 2001 to 2015. The EPI
2020 score on NOy growth rate is 57.4.
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NO, Growth Rate for EPI+

Data on Thailand’s GHG emissions by the ONEP are used to calculate
the SO, growth rate for EPI+ in this handbook, according to the EPI 2020
method. These data from 2007 to 2016 have been approved by the National
Committee on Climate Change Policy (NCCC). Based on the obtained SO,
growth rate for EPI+, Thailand’s score is 57.6, which is close to the EPI 2020
score by the data from Yale and Columbia Universities (57.4), as shown in
Table 34. The pattern of NO, emissions between EPI 2020 and EPI+ is
consistent. Despite the 2006 IPCC Guidelines is applied to estimate the GHG
emissions, the EPI 2020 from Yale and Columbia Universities is derived from
modelling the GHG emission data by the CEDS. For EPI+, GHG emissions are
directly adopted from the national GHG inventory of Thailand. Due to
different data sources for evaluating EPI 2020 and EPI+, the obtained scores

for this EPI are different.
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Table 34 Data and score of NO, Growth Rate

- Gross domestic product

Resources and
Environmental Policy and
Planning

- Office of the National
Economics and Social

Development Council

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 |NOy growth rate CEDS 57.4
(2001 -2015)
EPI+ - NO, Growth Rate - Office of Natural 57.6

(2007 -2016)
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Pollution Emissions

Concept in preparation for EPI Thailand

9.3 Concept in preparation for EPI Thailand

Based on the EPI 2020 methodology for Pollution Emission by Yale
and Columbia Universities along with the discussion by the experts from the
relevant agencies, it is appropriate to adopt both two EPIs in Pollution
Emission for assessing EPI Thailand in this handbook. The methodology and

data sources used are described in the EPI+ above.
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Table 35 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Pollution Emission.
EPI 2020 EPI+ / EPI Thailand
SO, Growth Rate

Data SO, growth rate 1. SO, Growth Rate

2. data on gross domestic product
Data sources CEDS 1. Office of Natural Resources and Environmental
/ Agencies Policy and Planning

2. Office of the National Economics and Social

Development Council

NOy Growth Rate

Data NOy growth rate 1. NO, Growth Rate

2. data on gross domestic product
Data sources CEDS 1. Office of Natural Resources and Environmental
/ Agencies Policy and Planning

2. Office of the National Economics and Social

Development Council
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Agriculture

10. Agriculture

The Agricultural of the EPI changes to use an indicator each year.
Notably, from 2006 to 2014, data on Agricultural subsidies and Pesticide
reculation were selected highlights. Later, in 2016, the selected indicators
were Nitrogen Balance and Nitrogen Use Efficiency, and from 2018 to 2020,

the indicator was the Sustainable Nitrogen Management Index (SNMI), as

detailed.
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Agriculture

Sustainable Nitrogen Management Index

10.1 Sustainable Nitrogen Management Index

The Sustainable Nitrogen Management Index (SNMI) is the
environmentally efficient measurement of agricultural products and creates
a Nitrogen Use Efficiency (NUE) balance, yielding the top products. The
reculated, efficient condition in cultivating the crucial emphasizes nitrogen
use efficiency (NUE) and land use efficiency (production quantity).

Nitrogen use efficiency (NUE) monitors the nitrogen use efficiency to
produce agricultural products. The score is relatively positive with
environmental efficiency. However, using the NUE score sets an efficient
priority for individual countries under SDG2 with targets associated with the
second development: stop starvation, achieve food stability, upgrade
nutrition, increase nutrition and encourage agricultural activities. However,
some problems remain due to many reasons.

1) NUE is the total score of nitrogen added to the soil, such as
chemical fertilizer (Nfer), Manure fertilizer (Nman), the number of fixed
nitrogen by beans (Nfix), accumulated nitrogen in the soil (Ndep), and the
number of nitrogen stored in products (Nyeild). Commonly, the NUE score
ranges from 0 to 1. Specifically, the score in a range from 0.5 to 0.9 implies

that the nitrogen use efficiency loses a little nitrogen, but the NUE core is
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possibly higher than 1 in case of lost nitrogen, stored with products and not
adding nitrogen returns to the soil, leading to ruin soil and reduce soil intact
and products.

2) The NUE score highly increases with little nitrogen fertilization
yielding low products. In this case, it does not correspond with SDG2, which
will diminish hunger.

Therefore, SNMI must consider two parts: NUE and NYeild, to arrange

a score order in the agricultural aspect of individual countries.

Yale University’s and Columbia University’s data is used in preparing
the Agricultural of EPI 2020, citing the University of Maryland, Center for
Environmental Science (UMCES). The outcomes from Sustainable Nitrogen
Management Index (Zhang and Davidson, 2019) are presented as shown

calculating equation.

SNMI,, = /(1 — NYield},)? + (1 — NUE},)? (40)
Where;
i NYield,,/NYield,es (NYield,, < NYield, )
NYield:, = . )

(NYleldw > NYteldref)

NUE,, (NUE,, < 1)

NUE?, ={1— (NUE., — 1) (1 < NUE,, <2)

0 (NUE., > 2)

Specify a value of NYield,es at 90 kg N ha™* yr
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Calculating following the above equation uses the variable to

compute the NUE score as a displayed equation.

N.

NUE = yield
Nfer + Ninan + Nfix+Ndep (a1)
Where;
Nyiew = Harvested Nitrogen is the number of nitrogen stored in plant

products, using the data on the total plant product quantity from FAOSTAT
(Yco,cr,yr), and the nitrogen quantity in each plant (NCcr) from Bouwman et

al. (2005) as shown equation.

Nyield,co.cryr =Yco.cryr * NCcr

Where; co = country, cr = crop, YT = year

Nrer = Nitrogen fertilizer is the number of the use of nitrogen
fertilization which uses the data from FAOSTAT, containing the data on the
fertilization use of individual countries from 1961 until nowadays. Moreover,
using data on each plant’s fertilization use rate from International Fertilization

Association (IFA) (Heffer, 2013) as shown equation.

N QNfer,co,yr (42)
Ecr(nfer_IFAco,cr * Aco,cr,yr)

Nfer,co,crjyr = nfer_IFAco,cr

Nman = Manure nitrogen is the number of the use of manure
fertilizer per year of individual countries (Ramankutty et al., 2008; Bouwman

et al,, 2013).
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Neix = Fixed Nitrogen is the annual nitrogen fix rate (Zhang et al,,
2015)
Ngep = Nitrogen deposition is the annual accumulated nitrogen rate

of individual countries (Ramankutty et al., 2008; Bouwman et al., 2013).

When Yale University’s raw data is monitored, the result finds that
Yale University’s data set, used for evaluating The EPI 2020, is data on the
plant products from FAOSTAT in 2015. Thailand's score is 33.1.

Sustainable Nitrogen Management Index for EPI+
Regarding collecting the data and consulting with the experts and
associated agencies, EPI+ uses Thailand’s data for calculation.

Nyieiw  Harvested Nitrogen is the nitrogen quantity stored in the plant
product, and data is each plant’s product quantity in 2020 by
the Office of Agricultural Economic and Office of Cane and
Sugar (Yco, cr, yr) and the individual plant’s nitrogen quantity
(NCcr) from Bouwman et al. (2005).

Nfer Nitrogen fertilizer is the number of nitrogen fertilizers used and
data on the individual plant’s plantation sites in 2020 by the
Office of Agricultural Economic and Office of Cane and Sugar
and each plant’s fertilizer use by the Department of Agriculture,
Ministry of Agriculture and Cooperatives.

Noan  Manure nitrogen is the number of each plant’s annual manure
fertilizer use, citing calculating method and predicting the score

from Ramankutty et al. (2008) and Bouwman et al. (2013).
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Neix Fixed Nitrogen is the annual fixed nitrogen rate (Zhang et al,,
2015) combined with data on the number of soybean products
by the Office of Agricultural Economic.

Ngep Nitrogen deposition is the annual accumulated nitrogen of
individual countries, citing the calculating method and
predicting the score from Ramankutty et al. (2008) and
Bouwman et al. (2013).

When Thailand’s product quantity data and the individual plant’s
fertilizer use rate are computed for Sustainable Nitrogen Management Index
and compared with the operational score at best — the worst level at 0 to
1.3641 following the regulated score of EPI 2020. Results show that the
obtained score is 41.6, increasing by 8.5, resulting from using the recent data,

as shown in Table 36.
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Table 36 Data and score of Sustainable Nitrogen Management Index

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | SNMI University of Maryland, 331
Center for (2015)
Environmental Science
(UMCES)
EPI+ - plantation sites, - Office of Agricultural 41.6
harvest areas, and Economics (2020)

product quantity

- plantation sites,
harvest areas, and
product quantity,
especially cane

- the individual plant’s
fertilizer use quantity
(data is a constant
score)

- the manure use
quantity and the annual
accumulated nitrogen
rate

- the annual fixed

nitrogen rate

- Office of Cane and
Sugar Board

- Department of

Agriculture

- Bouwman et al,, 2013

- Zhang et al,, 2015
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Agriculture

Concept in preparation for EPI Thailand

10.2 Concept in preparation for EPI Thailand

The EPI Thailand is created to reflect the nation’s operational results.
For example, EPI Thailand uses Sustainable Nitrogen Management Index,
following a similar calculation with EPI 2020 and Thailand’s recent data (as

detailed shown following EPI+ in the previous article) as shown in Table 37.

Table 37 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Agriculture.

EPI 2020 EPI+ / EPI Thailand
Sustainable Nitrogen Management Index

Data SNMI 1. plantation sites, harvest areas, and product quantity
2. plantation sites, harvest areas, and product quantity,
especially cane
3. the individual plant’s fertilizer use quantity (data is a
constant score)
4. the manure use quantity and the annual
accumulated nitrogen rate
5. the annual fixed nitrogen rate

Data sources University of Maryland, 1. Office of Agricultural Economics

/ Agencies  Center for Environmental 2. Office of Cane and Sugar Board

Science (UMCES) 3. Department of Agriculture

4. Bouwman et al,, 2013
5. Zhang et al., 2015
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Water Resources

11. Water Resources

The study in Environmental Performance Index preparation by
incorporation between Yale University and Columbia University found that
the water resource uses indicators in various dimensions: using the data of
water consumption and nitrogen loading in 2006, water quality index and
water stress index 2008. water quality index, water stress index and water
scarcity index in 2010, change in water quantity in 2010, and later, change to

use wastewater treatment indicator from 2014 to 2020 as follows.
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Water Resources

Wastewater Treatment

11.1 Wastewater Treatment

Wastewater Treatment (WWT) is defined as the percentage of
wastewater that undergoes at least primary treatment in each country,
normalized by the proportion of the population connected to a municipal
wastewater collection system, and data is included as follows.

1) a proportion of treated wastewater per total wastewater in the

community (wastewater treatment level: WST)

2) a proportion of the number of service users per total population

(sewerage connection rate: CXN)
WWT = WST x CXN (43)

Where;
WWT = wastewater treatment
WST = wastewater treatment level

CXN = sewerage connection rate

Calculating for EPI 2020 uses data from 2015 on the treated
wastewater and approaching the wastewater treatment by the population of

Malik et al.,, and the calculated score is 2.0.
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Wastewater Treatment for EPI+

The study in calculating for the Wastewater Treatment collects data
of associated agencies from calculating data set and consulting with experts,
and organizations, and consequently, uses the wastewater treatment from
Thailand’s data: 1) total wastewater volume, 2) treated wastewater volume,
and 3) user number for service of wastewater treatment system by Pollution
Control Department (PCD) and data on Thailand’s annual population number

by Department of Provincial Administration (DOPA). Therefore, when the

above equation calculated data in 2020, the obtained score was 2.6.

Table 38 Data and score of Wastewater Treatment

Data sources Score
EPI Data
/ Agencies (Year)
EPI 2020 | Treated wastewater Malik et al., 2015 2.0
volume and sewerage (2015)
connection rate
EPI+ - Total wastewater and - Pollution Control 2.6
treated wastewater Department (2020)

volume, wastewater
treatment system users'
number

- Population number

- Department of

Provincial Administration
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Water Resources

Concept in preparation for EPI Thailand

11.2 Concept in preparation for EPI Thailand

The EPI by Yale University and Columbia University in the Water
Resource considers merely the wastewater treatment dimension. Therefore,
summarizing to use the same previous indicator is the Wastewater
Treatment. Regarding corresponding with a significant tendency in
wastewater treatment, compared with the international level, proposing a
considering concept in water resource management is added by using a
Water Security Index to reflect the overall operation concerning water
resources and follow with the master plan and national strategy of Thailand

as detailed follows.

1) Wastewater Treatment

A concept in EPI Thailand's preparation for Wastewater Treatment
uses a similar calculating formula and variable to Yale University and
Columbia University (EPI 2020), and Thailand's data set is the same as the
environmental performance index using the data of EPI+ agencies as

displayed in detail in 11.1 article.
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2) Water Security Index
Thailand operates the Water Security Index preparation by the Office

of The National Water Resources, covering water management in various
dimensions as a displayed equation.

WSI = (WSM +WUM)/2 (44)

Where;
WSI = Water Security Index
WSM = watershed management (reinforcing the Nation’s water security)
Equation: WSM = (WDS +WQl)/2
Where; WDS = Water demand-supply (water consumption
security index)
WQI = Water quality index (water security Index for
environment)

WUM = water use management (increasing the productivity of the entire
water system as a wise utilization and adding value in water usage as well as
the international level.

Equation: WUM = (WFU + WFE)/2

Where; WFU = water security index for urban area
WFE = water security index for economic
development
Using the criteria in regulating the operation, the result score as the
best — the worst following five levels of WDS WQI WFU WFE data, evaluated

by the Office of the National Water Resources.
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Table 39 Summary of data for calculating the EPI 2020, EPI+ and EPI Thailand

score in the Water Resource.

EPI 2020

EPI+

Wastewater Treatment

Data Treated wastewater

volume and sewerage

connection rate

Data sources Malik et al., 2015

/ Agencies

Data
Data sources

/ Agencies

1. Total wastewater and
treated wastewater
volume, wastewater
treatment system users'
number

2. population number
1. Pollution Control
Department

2. Department of

Provincial Administration

EPI Thailand
Wastewater Treatment

1. Total wastewater and
treated wastewater
volume, wastewater
treatment system users'
number
2. population number
1. Pollution Control
Department
2. Department of
Provincial Administration

Water Security Index
Water security indicator
Office of the National

Water Resources
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