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Abstract
Background and Objectives :  Aboveground carbon sequestration, or Net Primary Productivity (NPP), is an
important ecological indicator that reflects the potential growth of vegetation in absorbing and storing carbon
dioxide from the atmosphere through photosynthesis. This process plays a critical role in offsetting carbon
emissions resulting from human activities. Therefore, assessing aboveground carbon sequestration in a specific
region is essential for understanding carbon balance within ecosystems and promoting ecological restoration. This
study selected the Upper Northern Region of Thailand as the study area due to several unique characteristics,
including high ecological diversity, the presence of various forest and agricultural landscapes, topographical
variation ranging from highlands to watershed areas, and seasonal climatic fluctuations. Land use/land cover
(LULC) in this region directly affects the carbon sequestration potential of each land type. However, systematic
studies on the relationship between LULC types and carbon sequestration in the Upper Northern Region of Thailand
remain limited, especially those employing remote sensing technology for detailed spatial analysis. This study aims
to (1) Analyze the relationship between carbon sequestration and changes in land use/land cover, and (2) Predict
future carbon sequestration and land use/land cover changes.
Methodology : The study begins with an analysis of the relationship between land use/land cover and aboveground

carbon sequestration by classifying land use types for three time periods 2016, 2019, and 2024 using the Random
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Forest model. The CASA-Biosphere Model is then applied to estimate carbon sequestration, and the estimated
results are validated using field data through Pearson’s correlation coefficient. Subsequently, future aboveground
carbon sequestration is predicted using the hybrid Markov-CA model to simulate future LULC changes. Regression
equations are then developed to predict the Normalized Difference Vegetation Index (NDVI) and Land Surface
Temperature (LST). These predicted datasets, together with projected LULC data, are incorporated into the CASA-
Biosphere Model to estimate future NPP. Finally, the accuracy of NPP prediction is assessed using Pearson’s
correlation coefficient, Correlation Coefficient, Root Mean Square Error (RMSE), and Mean Absolute Error (MAPE).
Main Results : The analysis using the CASA-Biosphere Model revealed distinct variations in aboveground carbon
sequestration across different land use and land cover (LULC) types, with forest areas exhibiting the highest
sequestration potential (0.249-1.256 gC/m?) due to dense vegetation, complex canopy structures, and robust root
systems, followed by perennial crops (0.245-0.836 gC/m?), while rice paddies and field crops showed moderate
values (up to 0.596 gC/m? and 0.637 gC/m?, respectively), reflecting differences in species composition,
management practices, and growing seasons. In contrast, urban and industrial areas showed very low or negative
sequestration (0.057 to —0.287 gC/m?), indicating their role as net carbon sources as a result of limited vegetation
cover and high anthropogenic emissions. Model validation using three sets of field data produced Pearson’s R?
values of 0.663, 0.710, and 0.994, confirming strong agreement between modeled and observed NPP. Future
projections for 2033 indicate increasing carbon sequestration across most LULC categories, with forests remaining
the highest (up to 1.326 gC/m?), alongside rising values for rice paddies (0.569 gC/m?) and perennial crops (0.778
gC/m?), a trend potentially influenced by climatic conditions that enhance vegetation productivity. The accuracy of
NPP predictions, validated using historical data, achieved a high correlation coefficient (R? = 0.924), demonstrating
the model’'s strong capability to capture spatial-temporal patterns and its suitability for long-term carbon
sequestration forecasting and environmental planning

Conclusions : The assessment of aboveground carbon sequestration under land use/land cover changes using the
CASA-Biosphere Model reveals that forest areas possess the highest carbon sequestration potential, followed by
perennial crops. Agricultural areas show moderate potential, with field crops performing similarly to rice paddies.
Urban and industrial areas exhibit very low or negative sequestration, acting instead as carbon sources. The CASA-
Biosphere Model demonstrates high accuracy when validated with field data. Forecasts for the year 2033 indicate
increasing carbon sequestration for all LULC categories, with forests remaining the strongest contributors, followed
by perennial crops and agricultural areas. The high predictive accuracy confirms the suitability of this approach for

assessing carbon sequestration trends within the study region. The findings support forest conservation and
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sustainable agricultural practices to enhance carbon sequestration and mitigate climate change impacts. The
results can guide policy-making on forest resource conservation by identifying priority areas for preservation and
restoration, as well as informing national greenhouse gas reduction targets under the Paris Agreement. Moreover,
the projected carbon sequestration trends can serve as a foundation for sustainable land management, low-carbon
agriculture, and the development of agricultural carbon credit mechanisms to enhance regional and national carbon
sequestration efficiency.

Keywords : carbon sequestration ; net primary productivity ; CASA-Biosphere model ;

random forest classification ; Markov-CA model
*Corresponding author. E-mail : jirapon7201@gmail.com
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WUANTURUNLANGANNAU denansenulngnsmetsununisiniiuasuau n1sdnlanazianunisilas uilaeiasd
ANNANATYFBNIIINLHUNIIAANIINTNEINIFITHTNR UAZNNTUSIIMINANTzNUANNTAs UL asan wgRannie
nsdnsBlaszegnsldunannasunislszuaanaiieaiansauna Google Earth Engine (GEE) lulpsasiiananly
N13ATIEHTINALULLANA9TNMMNa  (CASA-Biosphere Model) AT WULRNa83IA1ANITAS LULC cﬁﬁﬂiﬁ
dszgnaldnannisaeannspen-dia  (Markov-CA) ivavinunanisiniuarsuauly SedesnisnisAnenysmnnig
\ATENNaNNATauIMATIUANEaE19 Google Earth Engine (GEE) 1nALuuUA1883 CASA uazuuuanaadlauin
wfpanl-die (Markov-CA) atnaifluszun ivaliinnsa1annsal LULC uaz NPP 1A NLNUENgILaTATa AN FLE

a o

d’f dl o :// d’jd 1 ¥ 14 o ! d‘ a < ! ! &
Nunuazanluszaraa A9l N9 "Nllx‘iLuuﬂ’]i‘ﬂﬁ‘xﬂqﬂ[?ﬂ‘]]LLu‘JV]’NHﬁ‘m’m’]‘EﬂQﬂ@’WLW@LﬁlNLﬁlN“ﬁ’ﬂ\i"ﬂ\?’a\iﬂ

a

& A =
ﬂ']qﬂﬁuwuﬂﬂ’] ARARAULUIANLITZN ﬁVLV]EI

Methodology

a o

& Ao =
WUNANUUNITIAE

[
o

WunAn luinunaamileneuunaeslszmalng egiinnaesdaqain 97 a1 22 Allan U 101 09p7 22

al
@ v

Al nzduean uazazAqa 20 @91 25 ALlan U 17 aepnile ANunsouiannatlszinn 96,072 mnsenlawns
dsznausian 9 4amdn laun Wensne @ealunad widasaan 81119 a1 uns Ui welen wazenshng deananananse
o .
A1 (Figure 1)
rmile Ansiafiy a1g1snuguann nEEuN waransnsuiglsragiing
Uszamuane Auuaunetmilagnaeanianione o uuany A @eese
AAnzdueen  Anseiy a1s1snuigUsransdinedssnauans Auuaunegnziusengnies
A A P o ] A 1
mMAwiene Wenawasysnl 8.1ewnae A.14u
Netler Ansaiy Uszmeann Afianunananssunsuayamdnmasysaiinadauy
WWAULNNTNUAY

AAmzITuAN Apsany a1g1snuigulannWHEWN Hudimeuardouniireuiinanaziu

(NN A9) I ULUILLNNTN AL
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Prediction of above ground carbon Sequestration form
Landuse/Landcover in the upper northern of thailand

WGS 84 UTM ZONE 47N
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Figure 1 Study area

dayai 1 lunisdnm

1)

2)

3)
4)

nnEngAIiiEd Landsat 8-9 OLI iuninanannaiianniauazi@amdaiui 30 wns ddndagaann
dminaudisassilineuieanigewEng (USGS) inuunannasu GEE Inaldgndesya USGS Landsat 8-9
Level 2 Collection 2 Tier 1 Aid1un stfuufidsussainia ialdlunisinsziitladanissudanndan uay

nsanuunnslinawaslnaguau ludameuiivian D wseu (I a.A. 2016 2019 waz 2024)

k7 a

a = a ¥ [ A dgll tdl A 1 A
DHARUUNHINNADTURFULININLILDUNAY senpaulunuin Awilenauuuresdssndlne Tudaanau

FunAN 09 weneu (T A.A. 2016 2019 way 2024 )

1

BAANNLENTIRANE AR NNINARILI WA WAL ULAZ BN ENAIIY

1

m;l]@mﬁ’]i“mmiﬁﬂLﬁumi‘r‘uﬂﬂumﬂ'&‘mumn Sangnam & Charoenpanyanet (2016)

19T aNA

1.

nsatasziANdNTusssnd e N siniiuA fuawuilafuauannisldnawaalnaguau Busuainnig

anuunnsldnanly 3 4aenatdaadsnisatuunuuulngu annanaiaanaLian Landsat 8-9 OLI &N

yvala

AntulsziiuANANTusszudnan s R AuLarLFu N TN AUATFUa LM RaNWAulae 1d CASA-
Biosphere model WAZINN9AFIAABLANYNABsTayAaLFNIUNNIINIA LA FUaUA lAaINN1T3ATIZIT
U

dayanipauinlunuiihaaiulnanisuiAranduiusdudsc@nsuuniasdu (Pearson’s correlation

coefficient)
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1.1 mMaanuunnisldnawasnaguan faedgnisauunuuutings (Random forest)

a

¥

a k3 o‘d‘a v o o 1 !
nsudanAnunisldlsslaminausaaatent nana uiun1sal wundseinndeyawuuiigs
(Random forest) Iagvinnsiiudaganinaiaiaufaedbnandase Teusnununndnanssulnaguagld

o A o o o o ) | & a = A, |
mmquW?ﬁ‘mLﬂumrJT')ﬂIuﬂ’]?Vnm')@ﬂq\jm'ﬂ%!@ (Cluster sampllng) 1u°ﬁ'NLm@uﬂu’]ﬁl]ﬂ\ﬁLNH’]EHLW@Q’]EW’I’]

o I3

nsanuunlaatsialauLaznanisaunns Mlseleminauasgnaniuiiudeyauuunanne s GEE

nuagluuunisldnau ldun 1) Wundlsd (Forest land) Usznausae wunthauen Aunthawen waziui
Piugyanssne 2) AuAundna (Rice land) Usznausae Auiullss 3) Wuidels (Crop land) Usenausag 15
d19Tne ldua Naaou usenunninisldnanssulu ANUNERINTTH 4) ARG (Perennial land)

[ '
=

dsznaudag fuanenis fudn 5) Aungu < (Other land use) tsznaudag faliiaauazeun1sAl wyting

v '
°

AnUAisNENg HhugAANTIN Lnan nu Rufit A sl sasludeiuRtaeRiisngUsrasite 1luma
nemIngsuLsdaliiniamazlgn

nazuaunsafeteyasaeted miunislinuuudaiaes Random Forest BAINNITuLlafAINNIN
3 ¥ a a Aﬂ‘ 3 Aﬂsj tﬂld 1 o a 6 1 o a4 Y
ptanening lin1InaNAaTUNe N UNNTNTIOY F9NALNITTATIZWAT ATENTNIIOL (NDVI) Unasdaya
Y a ey a Y ] a P a
gegenldisznaunisfiaaanliun nandaaianAINaTIBEAgIAIN Google Earth $2ULNNIRAAIN
anunisainismenzlgniviiasegiazesdszna naaindrineauimuwimatulagesnAuaziansauwme
wuinsldnauannanimuau wazwauml ldainnsudhld nisidenqasiaedingldas Stratified Random

Sampling Tnaiguqasaatsanusazszinn nisldnau/aealnagusu nmudndouiuiaseungy haniium

= 1 ¥

Faatendauiduiiamaaiuluiatiatnaias 90 1ums (3x3 pixels) Inausazandantinginiuet iy

[
<A

300 A9 LNAUANIALN A HANAUSIEINUN Auanqafaetresdiuiunisidnlull 2016, 2019 uaz 2024
dszinnaz 300 4a Wi 1500 qasaetinesiatl IngnisnsyanafanedqasineenaA il umaINane1es

N & 4 = ¢ & A i~ = :
Quﬂi:mﬂiuwuwmmmu@mau‘uu ATDLAQNVNWUNYLLT NTTUGI AZNTILAN

|
yaia

WULA1809N199 LunuLLL 4N (Random Forest) Nldlunnsatuunnsldnau/a@elnaguin uu

unannasu Google Earth Engine M€ ee.Classifier.smileRandomForest() Inginnuuani1sAmasaail
d v U 1 [ 2% d‘ d’j U 1 AI o a ] v
@Wu']umuvl,?\l (numberOfTrees) NNNL 100 AL LUEAIRINNITNARBULLANAUNLAINNITIWNNANUWIULNU 100 1NVL@]

WnAN L UENae N g AT @mm@mwmmmme@mﬂu Training Dataset 70% &1915UN1HN

U

a

LUUANa89 LAy Validation Dataset 30% @WM?UﬂW?ﬂﬂ‘tLﬁ%ﬂ?”ﬁ%ﬁﬂﬁWL‘lemu Tmﬂﬂw,mw'am”lmﬁ

'
yaa a

Stratified Random Split iNasn#dndauaasusazlszinn nasldnawdslnagusu MFIanTUYINAg

AFINABLAIINYNABITDINITATUUN NFLENR u/mﬂnmmu AnelunandAINdLau (Confusion Matrix)

! o ¥ k% a dl % o 1
i‘fJJJm.l°1|ﬂH@ﬂ’)ﬂ@\‘lﬂimuﬂ’]i‘@i‘qﬂ’ﬂL’W]'JQEI’N

27



B IENTIMENANARTYSN TN 31 (1TLT 1) WN9IAN — BB W.A. 2569

e — BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January —April 2026 Research Article
BURAPHA SGIENGE JOURNAL
ISSN 2985-0983 (online

1.2 Mseseinnsinifuafeumiie AU e Ldaes CASA-biosphere model
nsAnsAfelFuLUsand CASA-Biosphere Model 184 Potter et al. (1995) (81989a1n Sangnam
& Charoenpanyanet, 2016 ) 55'\‘1LﬂuiuLm@ﬁm‘?ﬂﬁumLﬁfﬂfimmgﬂLLuumim?\im{mw?@mwam%mmm
w1 TasnisAuInann dayailadanisaninwindanuuunisdimassasinadniudayagnmgiainaniil
fﬂqrﬁ;ﬁﬂw‘iwmLmz%@uﬂ@mmLﬁmm%ﬁmqmﬁmﬁmnmnmuﬁwmwﬁwmmLmuLLm@ﬁﬂt?wﬁqmuLﬁ@

1lszainnurn NPP aeiannissiallil
NPP(x,t)= S(x,1)-FPAR(x,t)-E* -T(x,t)-W(x,t) (1)

Imel NPP = ansdaugrsrasaIfuauTiasaInnsglauaznisdaunsziuasnes
- | = v = P a o o -

W WA nuaasianisiniuansueugnaliluansu 9n uarluaesivg

Sxy = ANSaAn9RAmeT

FPAR(x) = Andaure9FaZ N1 1un1989A L WAL RINTN A EFD LD AURINCT

aunsaganauen lild

e = Atszansninwasiinnslduaswingy 0.389 gC MJ-1 PAR
Ty = ANRUUNH (1A iEad) AL 0-1
Wiy = AT WAL

peIAN FPAR, T hazA W iua A urndlsainnainanaanqiianannsaun leannannissase bl

1.2.1 FPAR Aadngdourasiadnldlunisdunnmeiiasnesitndiuzeuaeanedlgaunsnganaw

1y

FPAR = NDVI * 1.25 - 0.025 (2)

Imel NDVI = Ansaiiingsns (RAN921979 -1 D4 1) @egnunsaauanslaangunig

(NIR-VR)
NDVI = (3)
(NIR+VR)

el NIR=Faziauluisenauaunsiealng (Near-Infrared)
VR = Anaziaulutisnandune (Red)

TININENEIAIAEN Landsat 8-9 OLI { NIR A8 WLWA 5 WAZ VR A LUUA 4

1.2.2 T AaAgonnd
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iz}
LST= —/
1+(\ xTB P)InE

a

Ine LST = Angaungs

al

TB = A1AYNATNUDI NN NIBINWTNEANLTIZIN

o

Research Anicle

= B A
)\ = ARNNYNIAAUIBIANINNTIL AT AN AR AANNILAZ AR AIINENI

AR Spectral Radiance (}\21 1.5um)

1o

€= ANANNATNNTD TN TUEISE

Feluannnsil fesunen TB (81N13 4) uazAN € (ANN19 5) Neuaudngaunisfinann

Ipegunsam lsannannissasaldil

K2
K1
In(m)

B =

(5)

Tael TB = m'ﬁﬂmmd’]wmqmmﬁﬁummwﬁwmfaLﬁﬂu (Brightness Temperature)

LA = A1 TOA spectral radiance (Watt/(m**srad* um))
K, - A1 Band-specific thermal conversion constant

K, = A1 Band-specific thermal conversion constant

& = EvegPv + Esoil (1-Pv)

o

98l € = AANNAINT7D TN TUReTIR

Pv = ANANNAIN13D TN TR AT N TN T0L

1o a =)

Eveg = AANNANT0 TUNTLE T R weseudANL sz 0.99

€soil = ANANAINNID WA FUESIRUB9AUN A UTTHNDL 0.97

o a

9@ Pv A ANNAN1T0IUN1TWESIS R AR NTNg T4 TeRINITD AN lAANN&NNNT

prasialilil

(NDVI - NDVImin)
py = ——
(NDVImax - NDVImin)

Tne NDVI,__ = HAwinfiu 0.4

a

NDVI_ = {Ayiniy 0.2
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o Ao ' a v o v = ' a &K 9 °
NAIMNNATRIDUNTIATDEUNNLA mwmuqmvlmwumﬂLﬂummmmu BIABININIT

fuArgupiidunisnesagadaa aniudfuaiguugilidaAegszndng 0-1 AuaNn19209
CASA-Biosphere Model Tneldrngrungil (asraaimiag) 4340140 Soundsananiilingumngd

a al

TUNLANNAMTE ADUU UL TN A NN AU UAIANNNT

T = temp(°C) - tmin / tmax — tmin (8)

a =

Tne T = Angoungd (|aLdea)

a

temp (°C) = AW LST ﬁmumiﬁwmﬂfqmmﬁLﬂumifmmmmm%m wazilsuAn
grunnRlilA10EsT1Ie 0-1

a

t. =  Aguugisigaainaniigaioninansadamdadeundslununniamiea

min

pauLLaaslsmnalne
! a ~ A a o o w o A A A

t = Aguugigegaanannilantaningnsedindndaunaluiunniamilaa
AauLLaaslszmalne

1.2.3 W ABA1A NI lLAL

SMI = LSTmax - LST / LSTmax — LSTmin (9)

el SMI = A NT W lLRL

g

LSTmax = AN RNLRagI4n
LSTmin = ANgIumM)RNuHasIgn
ZJ/ o 1 dl v o o 1 v U £ ] a o [~3 [ A d” a
anntuiAnlaainnisAursananadesudgnislssilunisinifiuasfuaumile NuAnan
AMNEngARENARE LU LANARSTINMARATTEN (CASA — Biosphere model) uananniluyinnisdszifiunisnin
WiuAfusumilenuauiudayatFuunisinifiuasuenmiiaiuiueseanisandeayaniaauin Tng
AN9MANE N T ANT AN NN UF LN FAU (Pearson’s correlation coefficient) ANANENLs2ANTaNANRUS
(Correlation Coefficient) AMAANNAAIALARBLNNAIGDL2AETINTIE8Y (Root Mean Square Error : RMSE) wa
ANAIAINARTALAREUANYIIaAY (Mean Absolute Error : MAPE) IAatagaiudndaa uduiug bl
a = o A ' a A a = Y
Aanamaaiuizeld MuaziBaniufingunsaAnenlaain (Zhang et al., 2022)
2. memanisainannifiuansuetmiiauauann nsldnawaslnagua (LULC) Tuauan
. v & e a X oa Y Xy " o
nsiwenisinifiuafueumtenunu Wuliauawduneuil dunanusnAanisaianisnidasys

Asldlss Tamaulaalduuuanaas Markov-CA e A Ntnazdulunislasuiilagaes LULC Tae

o 5 PPN . o v = v A PN = J I~
‘V]"I‘LL’Wﬂ@qﬂﬂ]ﬂﬁg‘@ﬂﬂﬁlﬂﬂmu@ﬂ\ﬂﬁﬂL'J@’]LLZ\]?JI;’]’JLLﬂ?V]’W\‘lﬂﬁuﬁx‘i wipdanngNa liiAan s AUl a9 dunaun
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assAanIsaFeaNnIInAnaEaL&u (linear regression) tvavnuiedaga NDVI uag LST defoutlsniesu

|
o

dewrndeniidnAyeenisLlszidiuen NPP me%um@uﬁmuﬁﬂmﬁqmaﬁﬂgm flgannmsvnusayins
Aan10d NPP lueunaning ldiluuanaas CASA-Biosphere model LALTNNIATAERLIANNLN T 0T TR
wensadiuALszann NPP Tuﬂﬂaaﬁuﬁwm'smmzifuﬂi:awémﬁmﬁuﬁimuLﬁﬁfﬁu
2.1 meanisaimswanuulag mﬂ%’ﬁau/ﬁqﬂnmuﬁu Tneldiuuanaas Markov-CA

LuLsnaadlasa Markov-CA luA3095 0T HAIUAINN AN T0TRIABI UL LA DR AS 180
wunlunnsdeuudas LULC Tuauan Ine Markov Chain ¥inutihfidnwansamindasnsvinazidunis
Wanuulasanndeyaidananluedn dau Cellular Automata (CA) sraeennasuudandeiuiilagd
ﬂgmmm’mm‘ﬂ?mLL@x%m%wamnﬁumﬂﬁLﬁm LLLS1a09 CA-Markov A48T ¥ MM eRaFun e
FuhfinisAuulasesifntuusnd Thanianisainnsnlasuulasinisaannlssinnnis 1 fimwaan
mmﬁwﬁqﬁ 1 lelaAnsinnuiig 2 Faaunnsd 2 (Selmy et al., 2023 : Ma et al., 2012) nnsAnmA s
Markov-CA ifteanannsainsulaeniutlases LULC Afndsasiindi uindiaedildpanuirasiluaednis
Wanuhuiapanisafaniunnsal LULC Tuauanlpaiansaunainaniunisaifaqiiudaadaya LULC (@

2019 waz 2024) sanfiudayarandu (Sope) Fauiuiudsinszsuliifanisasuladlusweal (2033)

Py Py ... P
Pi=|Py Py ... Py
Pn.l Rt? ‘e Pnn
0< P < landE;;lP{j =1,4,ij=12,...,n
St =Py x5 (8)

'
=2 2% 1

e P(i,) wnuauiiazdunisilasuidasainaana i llfapana j Teasdieumauiiazsdulunis

v
a

wasueuandsznnis dnaudsznnuils (n) lludndszinnuils InaiAAews 0 89 1St wanana
anuzn19ldNAuTaqiiu o 1981 tluanied S t+1 wansdsanuznisldnauluadudaly o an t+ 1
dautsyneay Cellular Automata A1884N13N3EA8FAT N URT2In1 T AsuwU a9 LULC TnsAniianeanang
g v . ) =< o 1% a ) o .
ANWUNINALALN (neighborhood influence) FaAuanlagliinALiA convolution iU kernel 1WA 3x3 pixel
(90%90 L1AT) A1UFULAALAATE LULC az@F1annunanuasld convolve() iNa AU AN UL WL 8
AaaduluLFlndiAgs Senuilndmesinang LULC Uszinnlanin aanutiazduluninddaswddu
I S - 4 4 S 5 4
paraiufiaziainau axfauidingnisailulanassnnmailasuulasnisldnauinifisauseiiasainug
tdld W‘d‘n o = o 1 U = d’l £ o £ a
nsldNAuanzRasfuaguaansAneildaainaindu (slope) aandasa SRTM Aduazidan 30
o o P o o ., . X Ao o | (%
was udaudsduiafeunanlun1sAIuIuANNWINIZEN (suitability) 129RNuRg vSuLAazLszIAnng g

ﬁau Iﬁﬂﬁ’]ﬂuﬂﬂ{]ﬂ’ﬂmLMQJﬁZ’&NM’]N@Vﬂ‘]ﬂ’MXWWQﬂ’]EIﬂ’WW WULANA8Y Markov-CA 39uadALlsznauieany
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@91 l8n Markov transition probability, neighborhood influence, kag suitability i dafuiles oAy
Hnaziilugsu (total probability) seansilAsuulasdmiunsay pixel lagIldaun1s Markov-CA wdnannti
NN13A39a8a UANNYNABY IRt TNTANALAL (Confusion matrix) LazAdulerAnsuati (Kappa
coefficient)
2.2 NN3vwe NDVI wae LST saedsnsnaneeidadunaiesouls

AN ALl aseed NDVI uay LST Tuiufidnunldinafianisnanesidadu (Linear
Regression) ANann"37 3 iNeai1autdraetuuatiuaindayas (@ a.a. 2016-2024) uazaraniandanludl
(2033) Inensannesidadudumaiianieadnimunzandmiunsieesiis idudeyaaunsunaiuay
I&5un9in U detiaunsnanalunisaanisainisilasuul asdeusndes (Ma et al., 2022; Wang et al.,

2015) uan19iAszvinanslugtuuunsvaynsunariuansuui iiunisddauutlas uazunundanung

° g o a P = = v g aad o o
“]’1LLuﬂ‘W‘uV][ﬂ’]ﬂJﬁ‘ZﬂU’ﬂqmuQNLL@%LL%QI%NT]’]?L?J@EI%LL‘]J@\?L‘W@LL@@\?H’]?H?&Q’]H&WSLHNWWHVI AITHNLLNUEINUBN

wuuanaeegnilsziiiugngAn RMSE (Root Mean Square Error) Wiagiuguannuuiiianea1edn1snanigng

Y()=Bo+P1-t+€ (10)

o

T WUUA1ADIN170A DB ENLTILE UL N NI AN AN UTITILEUITUINANAEE (V) BAZLIAT (1)

Taef B1 unupnudiaesuualtdy Jeuantednanisasulassall A1 Bo AaAAs (intercept) Taiiluan

a % o o

Busugeaninilasunlad uay € AAAIANNARIALAAAUNINATA N1INAdaUTEd AN INEDA LTAN

Yy v
a K o a o 1

AuilsrAnsnnasindula (R2) uazAtandu (B1) iaszydtuueiinnfnauiuiidudAnyvisely

2.3 nMeaansainsiniiuaffuetmiieiuauaInnsdNAwAsLnAguAY
NPP (future)= S(future)-FPAR(future)-E* - T (future)-W (future) 11)

\slelddayn NDVI uaz LST finnanianflfuda fasiililiszunanatinuuuusiaes CASA Taadn NDVI azgnldlu
nasA1uans FPAR (Fraction of Photosynthetically Active Radiation) d9u@n LST azgnldlunisaiuans T
(Temperature) uaz SMI (Soil Moisture Index) zgmﬁ’mfz 1inA1 FPAR, T-stress, way SMI ﬁiﬁmﬁmqméquﬁui@m
F9Rmaganiine (S) PFannisinuneuasAssaninnaeinislduag (Epsilon) \avndn NPP uadwsildaanin NPP

Aansnidmiueunpe lud (2033) Taunsni wFeuisuiuniw NPP lufaqiiu iediasnziinisidasuutlasuazii
Anuidn ladimsiasulszinmnisldnaudinanssnusiaaangananysnfiesszuutinAegngls nanainiuiinismsasey

ANYNAaY Aae Pearson’s correlation coefficient sznang NPP luilaqii uaz NPP aunas anisgusiaating 1000 qn
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DATA INPUT

PHASE 1
Data Collection
(2016, 2019, 2024)

ANALYSIS MODELS.

Classification
PHASE 2
Relationship between carbon

sequestration and changes in
LuLe

PREDICTION MODELS.

PHASE 3
Prediction of above ground
carbon Sequestration form

i [luu(.mnq?umum
[+ Modet : Markov-Ca Hybeid Mode

] L
e ! [Nuv._uunw.m.m ]r Expected Ou
1 | Models : Linear Regression, CASA ! L

Figure 2 Methodological framework of the study

Results
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o

oWt (Forest) TutosBusuiinanssunaquivunfesay 64.33 109n1ALMide Teanaaideiasas 63.97 lull

¥ |
a A

(2019) uazanassiaitiaaianiesas 63.01 Tull (2024) wassliiudenisgrydeiunilddszannferss 1.32 Tudos
A = o & A a P o o a & & A D ) )
FTHTNATEIUNN BUzIRETUNUANSINEATUALAANTINDY 7 NAURNIseedaRinTL Tnauiuda (Rice field)

wudrdnisinauanfesar 2.99 lutlusniiufasay 3.33 ludaanans uazferas 3.43 ludgaing doununivals

(Crop land) Hn17iinTuatinawmutanainfesas 3.14 uiasay 6.88 uaziintusaiiaadudasas 8.59 Aua1aL Nuh

¥ [
A

T¥8iusi (Perennial Plant) fidluusTslinauduiuainfesas 1.41 uiauay 1.52 uazdesas 2.06 Tuaneinuiiay <

e

(Others) Annsanasanniasas 28.13 iludaas 24.30 uariasay 22.64 pndaaoa1nAne nasilasuutlaamantl
azyiauliiudILsINARLAINNITENAIIBIAANITHNTINHATUAT NN TN W NAINasian1 g o e U Tl udaann
uuldvinnisasmagauANgnAeseInIsaunilszam LULC Aaaimvisndaanudiliai (Confusion Matrix) Fauangia

AaNgnAasinegan (Overall Accuracy: OA) Winfiusasay 94.286 94.668 92.22 AINATAL
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LULC Classes

W Forest
Rice
Crop
Perennial
Other
a) 2016
Figure 3 Classification of LULC in 2016 2019 and 2024
Table 1 Area cover of LULC in 2016 2019 and 2024
2024
LU/LC
km? % km? % km? %
Forest 61,800.76 64.33 61,435.49 63.97 6,0518.91 63.01
Rice 2,876.29 2.99 3,202.39 3.33 3,580.63 3.43
Crop 3,021.98 3.14 6,612.56 6.88 8,260.59 8.59
Perennial 1,357.31 1.41 1,452.47 1.52 1,981.13 2.06
Other 27,003.29 28.13 23,362.50 24.30 21,720.37 22.64
Sum 96,059.63 100 96065.41 100 96,061.63 100

*Note : Clouds were removed from the satellite imagery, resulting in an overall area loss of no more than 5% of the total coverage.

Table 2 Confusion matrix of LULC classification in 2016

2016 Random Forest Classification Point
LU/LC Forest Rice Crop Perennial Other Total
Forest 655 0 14 8 0 677
Rice 0 61 4 0 7 72
Crop 1 1 37 0 2 41
Perennial 18 0 0 141 0 159
Other 3 2 0 0 96 101
Total 677 64 55 149 105 1,050
PA (%) 95.900 84.722 90.243 88.679 95.049
UA (%) 96.750 95.312 67.272 94.631 91.143
OA (%) 94.286

e
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Table 3 Confusion matrix of LULC classification in 2019

2019 Random Forest Classification Point
LU/LC Forest Rice Crop Perennial Other Total
Forest 709 0 0 0 23 732
Rice 0 302 5 1 0 308
Crop 19 7 94 1 0 121
Perennial 26 1 0 401 0 428
Other 9 2 0 0 163 174
Total 763 312 99 403 186 1763
PA (%) 96.857 98.051 75.806 93.691 93.678
UA (%) 92.922 96.794 94.949 99.503 87.634
OA (%) 94.668
Table 4 Confusion matrix of LULC classification in 2024
2024 Random Forest Classification Point
LU/LC Forest Rice Crop Perennial Other Total
Forest 470 4 0 2 27 503
Rice 1 264 2 0 1 268
Crop 6 " 50 0 0 67
Perennial 44 1 0 326 0 371
Other 2 0 0 0 107 109
Total 523 280 52 328 135 1,318
PA (%) 93.439 98.507 74.626 87.870 98.165
UA (%) 89.866 94.285 96.153 99.390 79.259
OA (%) 92.22

2.m3lnnzdANdiiusIeInsiniumfueuaINuaLIngg 1 TAWA InAguaY

N1TATUINL NPP A1NUULA1ae43aNman1t1  (CASA-Biosphere Model) luiuinnawmilanauuuses

szinalnedanmeuiuian-wene (3 A.A. 2016 2019 uay 2024) wanliidiun1InsvansfainaInuae ANNAN T

nugiatansuaznsldlsclomiau  Auanandusugnadanas (Net Primary Productivity: NPP) Tngisanag] lugag

-0.245 T4 1.256 gC/m? B9ALTRUINAINUANFANNTRAN NN SNARTUAUgEIesTULTINARNS 7 Tuniniall Wuh

Aa o o . a PR . ~ & A X A
NuA1 NPP @‘QNﬂﬂizr‘ﬂﬂmQ@%luuiLqmwmﬂqqmﬁuqLLuuﬂJ@QWﬂ]W??mZEQ IﬂﬂL@quwumﬂqvlmuL‘ﬂmQLTqLL@z‘Wu‘VI

A A J

A o P pRps 4 X daa a o= o ] a o
MNPFTNTTHNNHNITAANITA Tuﬂjmt‘wwum Lﬁd‘ﬂ\‘iLL@:‘WLWW]NMi‘ﬁ‘umu@mﬂ@m‘ﬁ‘m}@\mgiﬂﬂmLLuQTu:LJ LAAIAT NPP v1p1

naMnNIInszaNeleinuzed NPP dauansliiiingluuuiaenadeeiuannwandauni1an1an I g szAuAINgs
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Fannwldeenealidse@ndnin Nunurdquaziuniels (Cropland) w@asAn NPP AAanaiulugag 0.298 - 0.596
=

gC/m? FuanataAnanINsaRTA ludwnglgn tnaannziunlgndouasials wunliEusiu (Perennial) wans

A1 NPP lugiag 0.245 - 0.836 gC/m? ASELIAGNAIUENINITLA IUNUgNAudnNRgduLLN s eyR L IR IuANGNeaN

' '
a
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Net primary productivity (NPP)
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Figure 4 NPP of LULC types in 2016 2019 and 2024 form CASA-Biosphere model
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Table 5 NPP Statistical data of LULC types 2016 2019 and 2024

Net primary productivity in LULC (gC/m?)

2016 2019 2024

NPP_LULC Max Mean Min Max Mean Min Max Mean Min
Forest 0.987 0.819 0.249 1.141 0.956 0.358 1.256 0.856 0.364
Rice 0.564 0.455 0.345 0.596 0.447 0.298 0.478 0.346 0.214
Crop 0.637 0.443 0.248 0.624 0.483 0.342 0.611 0.450 0.289

Perennial Plant 0.784 0.515 0.245 0.836 0.689 0.542 0.799 0.570 0.341
Other 0.012 -0.117 -0.245 0.034 -0.156 -0.145 0.057 -0.115 -0.287

Table 6 NPP Total data of LULC types 2016 2019 and 2024

Total NPP (MgC/a)

NPP total 2016 2019 2024
Forest 19,208.46 15,513.87 14,221.48
Rice 1,032.36 1,599.41 2,278.50
Crop 2,692.88 4,275.18 6,538.63
Perennial Plant 213.94 376.94 426.12
Other <o <o <o

*Note : Total NPP values in the table are calculated by converting NPP values (gC/mz) per time period to total values (MgC/a).

3.011M799801AINGNABIIEY NPP AlTayAN1AGUIN

NNIAINRAABLANYNARTBNILLANARIAdaaNIAGUIN 3 TaLdnINadnEINaula A n Figure (5-6) adayai 1

al

' ¥ |
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'
v ea ! ! IS A

m@mil,i_l?‘ﬂuLﬁﬂmmmmqmﬁuwuﬁmmm:m’mﬁhﬁdfmvl,é’l,l,mmﬁﬁﬁmmmnLmufﬁmm IPaAT R? Winfu 0.663

%

gpdayad 2 Hand199a 7 qaniA1 NPP ludas 35.37-56.32 Mg/ha Gaiiuiundgnlsitiusuniiany lutdae 14-20 1

]

#19B9193}aa1n Sangnam & Charoenpanyanet (2016) AYNANALS TUNgNTLAAITHIUI ULILA1A98NNT0RTI4L

Wi NPP galsl usianaiinnstlsziiuannaindnaonuiiuasadniias wuan R2 Wiy 0.71 gadeyan 3 tsznausae

a

fayadn99a 3 qaNiuandAn NPP geunlugaq 120.75-127.08 Mg/ha aaiiunuitlgnldEuduanguinnd 20 1

B
aaa

ANANAUS NN Huan I udIwL LA aeaNsangA UNUATE NPP gels TnafliAn R? winiu 0.924 nanns
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NPP and perennial 7-13 years old. NPP and perennial 14-20 years old. NPP and perennial over 20 years old.

NPP Model vs NPP Field Survey (Set 3)

. NPP Model vs NPP Field Su Set 2
NPP Model vs NPP Field Survey (Set 1) 4 rvey ( d ) = measured_npp = measured_npp...
® measured npp  —— measured_npp.. ¢ measured_Npp T measurec_npp.- 1275

40 3
- 5 . w=111.793x-33 438 2
E 2 - =3
3 2 R-squarad (R) = 0.710 £ 1250
= 2 5
o Q o
) . S . . 3
o - 2 b 1225 v = 111.793:¢-33.438
o 2
if - y = 160.793:-33.438 :31 EJ F-squared (R) = 0.924
2 Resquared (R = 0.663 g . =

0 1200

00 05 10 05 10 02 04 06
NPE from Mode! (g Gimime) PP from Model (g Gtime) NPP from Mode! (g CGimime)

Figure 6 Pearson’s correlation coefficient of NPP Model between CASA-biosphere model and field surveying

Table 7 The Pearson’s correlation coefficient, Coefficient of Determination,

RMSE and MAPE between actual NPP and simulated

Dataset R R® RMSE MAPE (%)
(Age 7-13) 0.612 0.663 42.148 29.235
(Age 14-20)  0.693 0.710 23.59 24.359
(Age 20+) 0.884 0.924 122.63 17.654

4.n1sa1amsalnisulaeilasns linaw/ainaguay

nnsaan siuaneliiiuiegluuunisidasuulasaes LULC Muansneiuattednaulugosssazioan
&unmnisal Tnawiandaoniiaziiusesniaasuiulideyadsaninaaiuadasnmuazuualifunisulasuutlas
Ao 4 I ya X o . o
1asdsvinniauusazlsvinn dedayawmaidgnihunldiduiugiudmiunisaianisalnsidasuulasluaunan
WUUANa83 Markov-CA Mithanldaisnsaadienisaianisniztuuy LULC Tudsiundwiud (2033) Iiatdnelszan

ANNANSA TAEILLILIAN A RHAN KA1 WU [N A s UL AR NINA T AT AN TN LA N AN AN T AN 0 F
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lsrlamMmauuazAinaguaussus (I a.a. 2019, 2024 auiiat] 2033) A Figure (7-8) uaz Table 8 WUNLszLAN
nsldUsslamMmauduu hiisduatrsdaan laun Aunundraiisauieuay 5.73 Nunielsiisauienas 9.32 uay
R A dda oy d X dywe  d dd
nunldEwiuniinauienas 2.49 luansnnunniuua inanasuinigaaeiunt bl uaziunau 9 n1smsagey
ANNYNABITDILLLA1AIV tAENT9guF0EN9 1,000 4a wazAIwItilag Confusion Matrix AN Table 5 F4WLF
wuuanaes ldlunisananisaliiataangnsiasinesan (Overall Accuracy) Winiufatas 89.536 uazAdnilszand
w11l (Kappa Coefficient) infiufasay 87.405 auaasliliiud uunatase Markov-CA A ldfiszansningauay
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LULC Classes
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Figure 7 LULC inputs (2019 and 2024) and LULC prediction (2033)
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Figure 8 LULC changes in the period of 2019 2024 and 2033 from Markov-CA method
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Table 8 Prediction result in 2033 of LULC Classification

2019 2024 Change Prediction 2033
LULC
km? % km? % km? % change

Forest 61,435.49 63.97 60,518.91 63.01 58,821.92 61.70 -

Rice 3,202.39 3.33 3,580.63 3.43 5,505.60 5.73 +

Crop 6,612.56 6.88 8,260.59 8.59 8,963.14 9.32 +
Perennial 1,452.47 1.52 1,981.13 2.06 2,395.23 2.49 +

Other 23,362.50 24.31 21,720.37 22.61 20,378.17 21.21 -

Sum 96,065.41 100 96061.63 100 96064.06 100

Table 9 Confusion matrix of LULC classification in 2033

2033 Markov-CA Prediction from GEE Point

LU/LC Forest Rice Crop Perennial Other Total
Forest 382 0 0 0 26 408
Rice 0 34 1 0 3 38
Crop 1 4 51 0 2 58

Perennial 0 0 0 13 4 17
Other 18 7 3 1 119 148
Total 401 45 55 14 154 669
PA (%) 93.627 89.473 87.931 76.470 80.405

UA (%) 95.261 75.555 92.727 92.857 77.272

OA (%) 89.536

Kappa 87.405

5.117A10N1904 NDVI uae L ST

HaaNsN17ANAN17d NDVI Laz LST Tngl Linear Regression wanauualiunindasundasndr Ay luiug

nAwiaRauul N33z NDVI adndayas 10 dwugtuuunisidsuulaefiuansreiunniiui Inaauunidu 3

o o ° o

sziny A NuinauedeldadAty (NDVI > 0.4) WuAASH (0.2 < NDVI < 0.4) uaziuianasazneluadAny

o

(NDVI < 0.2) A1 RMSE 289UU1UA18897 0.033 LAAIAINUILT0DRRA N1931ATIZWINELABUNL NDVI 494AT99

]

NINGYIAN-AATAN UAZANGATINNHNIAN-HEUew navinwed] (2033) wuwwalHiuinauluunaiui (NDVI > 0.04)
wazanadluLNgivud (NDVI < 0.02) §15Un19Aan19nd LST WUgUunHIaatseinauatjszindng 20-42 a9 maLias
Huualilsawandesludos (I a.A. 2019-2024) grungiinaunuagnanadsaiiios ausiguuniineuioungad

qngednlull 2019 U EFHanas N19AIANTIAIT (2033) LARIYUUNTIRALANGA 16.2 AIALTALTHA UATEIQA 36.4

QA

v

aeAgaTea axieutaaguninndienuauuAnstanenimansuazggnia wenani gelinistsuifiuaiy
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a) Monthly average change over the NDVI b} Monthly average change over the LST C) Calibration of predicted NDVI

analysis period. analysis period data with historical NDVI data.

Figure 9 Monthly average NDVI LST and Calibration
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Net primary productivity (NPP)
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Figure 10 Comparison between existing NPP (2016 and 2024) and prediction of NPP (2033)
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Table 10 Statistical data of prediction of NPP in 2033 of each LULC type

Prediction of NPP in 2033 of each LULC type

NPP_LULC Max (gC/m?) Mean (gC/m?) Min (gC/m?) NPP Total (MgCl/a)
Forest 1.326 0.902 0.477 10051.24
Rice 0.569 0.440 0.312 2317.34
Crop 0.636 0.425 0.214 7104.23
Perennial 0.778 0.568 0.359 411.38
Other 0.110 -0.105 -0.321 <o

*Note : Based-on the classification accuracy at > 90%

6.1 N1IAPAFBLAIINYNFBIIRINTIVINWIEY NPP Tuananiuiiaqiiu
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Figure 11 Pearson’s correlation coefficient between existing NPP and prediction of NPP
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