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Abstract

Background and Obijectives: Forest ecosystems play an important role in Carbon stock and climate change
mitigation because forests can accumulate aboveground biomass and store large amounts of carbon in living
vegetation. Therefore, accurate estimation of aboveground biomass and carbon storage is essential for forest
resource monitoring, sustainable forest management, and the development of community-level carbon credit
mechanisms. However, assessment based solely on field data is time-consuming and labor-intensive.
Consequently, Sentinel-2 satellite imagery, which provides multiple spectral bands and suitable spatial resolution
for vegetation analysis, has been applied in this study. The objective of this research was to estimate aboveground
biomass and aboveground carbon storage in the Mixed Deciduous and Dry Dipterocarp Forest of Ban Wang
Samran Community Forest, Lampang Province, by integrating field data with Sentinel-2 imagery in order to analyze
the relationships among spectral variables, develop an aboveground biomass estimation model, and compare
satellite-derived results with field-based data.

Methodology: This study was conducted in Ban Wang Samran Community Forest, Lampang Province. Field data
were collected from 17 sample plots and used to calculate aboveground biomass by applying allometric equations,
while aboveground carbon was estimated using a constant factor of 0.47. These field-derived values were used as
reference data for model development and validation. At the same time, Sentinel-2 satellite imagery covering the
study area was processed to extract reflectance values from vegetation-related bands, including the blue, green,
red, and near-infrared bands. In addition, 12 vegetation indices were calculated, namely EVI2, GNDVI, MSAVI,
NDMI, NDRE, NDVI, SAVI, SR-RE, SR, VARI, MTVI2, and RTVIcore. Relationships between field-based carbon
values and satellite-derived variables were then analyzed using linear regression, and the most suitable variables
were selected based on the coefficient of determination (R?) for the development of a multiple linear regression
model to estimate aboveground biomass. Furthermore, values derived from field measurements and satellite data
were compared using inferential statistics, a paired t-test at the 95% confidence level, and Pearson’s correlation
coefficient.

Main Results: Field survey results revealed that the Mixed Deciduous and Dry Dipterocarp Forest in the study area
had a moderate potential for biomass accumulation and carbon storage. The mean aboveground biomass was
71.62 t/ha, with a minimum of 52.43 t/ha and a maximum of 140.52 t/ha. Mean aboveground carbon storage was
33.66 tC/ha, ranging from 24.64 to 66.04 tC/ha. Analysis of the relationship between aboveground carbon storage
and Sentinel-2 variables showed that VARI was the best single predictor, with the regression equation y = 0.0009x
+ 0.0109 and an R? value of 0.28. The next best predictors were NDMI, MTVI2, and the red band, each with an R?

of 0.12. Some variables, such as SR-RE, NDRE, and RTVIcore, could not explain the variation in the data. To improve
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estimation performance, a multiple linear regression model was developed using VARI and SR, yielding the
equation: AGB = 409.313 + 996.771(VARI) - 165.375(SR), with an R? of 0.64. Comparison between field-based
values and Sentinel-2-derived estimates showed that the two approaches produced very similar mean values. The
paired t-test indicated no statistically significant difference at the 95% confidence level, and Pearson’s correlation
coefficient was r = 0.80, indicating a strong positive relationship between the two datasets.

Conclusions: The findings of this study highlight the effectiveness of integrating Sentinel-2 satellite imagery with
field-based inventory data for estimating aboveground carbon storage in the Mixed Deciduous and Dry Dipterocarp
Forest of Ban Wang Samran Community Forest, Lampang Province. Although individual spectral variables had
limitations in explaining data variation, combining VARI and SR significantly improved model performance. The
statistical results, which showed no significant difference between field-based and Sentinel-2- derived values,
together with the high correlation coefficient, support the potential of Sentinel-2 data for carbon estimation at the
sample plot level. Therefore, the developed model can serve as a practical tool for sustainable monitoring and
assessment of community forest resources and for supporting the development of local carbon credit initiatives.
Keywords: aboveground carbon; Sentinel-2; vegetation indices; community forest;

mixed deciduous and dry dipterocarp forest
*Corresponding author. E-mail: piyapit@gmail.com; piyapit@mju.ac.th
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Figure 1 Sample plots in Ban Wang Samran Community Forest, Lampang Province.
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Table 1 The various vegetation indices Sentinel-2 used in this study

Research Article

No. Index Formula References
1 Normalized Difference Vegetation Index NDVI = NIR - Red Zhou et al. (2026)
NIR + Red
2 Enhanced Vegetation Index 2 EVI2 = 2.5 x NIR - Red Zhou et al. (2026)
NIR + 2.4 x Red + 1
3 Green Normalized Difference Vegetation Index GNDVI = NIR - Green Nitu et al. (2025)
NIR + Green
4 Soil Adjusted Vegetation Index SAVI = 15 NIR - Red Zhou et al. (2026)
NIR +Red + 0.5
5 Modified Soil Adjusted Vegetation Index 2><N|R+‘]-\/(2><N|R+‘] )2 - 8x(NIR-Red) Zhou et al. (2026)
MSAVI =
2
6 Normalized Difference Moisture Index NDMI = NIR - SWIR1 Zhou et al. (2026)
NIR + SWIR1
7 Normalized Difference Red Edge Index NDRE= NIR - RedEdge Sharifi&Felegari
NIR + RedEdge (2023)
8  Red Edge Simple Ratio SRRE NIR Saini (2023)
RedEdge
9 Visible Atmospherically Resistant Index VAR - Green - Red Zhou et al. (2026)
Green + Red - Blue
10  Simple Ratio SR= ﬁ Xing et al. (2020)
Red
11 Modified Triangular Vegetation Index 2 I (1.5%(1.2x(R800-R550)-2.5%(R670-R550)) Xing et al. (2020)

12 Red-Edge Triangulated Vegetation Index

V (2xR800+1)* -(6xR800-5x4/ R670)-0.5

RTVicore = 100 = (NIR - Red-edge) -10 x (NIR - Green)

Saini (2023)

3. N19aAIzYTRLyA

a o = = d% a
3.1 AT UNIATIN NN BN LAY

Apazifiuuaadan wiileiuaurelifusesiuni DBH slaus 4.50 unsaull uazaanga

1INN97 1.30 LNAT A1NN19979UU A998 NUUURINARENARTA TUIA 40x40 LHAT 1WA 1,600 A1TINNAT 138 0.16

wnans udadundasdasauna 10x10 e a1uaw 17 wlas dnnArausaaaunisuealalusrdsan uyanssu

©

o A

uaztlifess 289 Ogawa et al. (1965) A9l

W, = 0.0396 (DBH”H)***

W, = 0.003487 (DBHH)"*"
W, =(28.0/ (W, +W,)+0.025)"
AGB=W_+W, +W,
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1 v

A = A A a ] 4 v a o
Wa W, = wiadaninwilaiunuludouaesansiu (Rlansu)
= A d’j a ] QI a o
W, = wiadanwwieduduludouaasis lani)
W, = wasdanwmileiusuludsuaeslu (Alaniv)
H = anuguaessulilelassen (wWn9)

AGB =  qqaTan Nt NuAwianNs (Alaniv)

DBH = auwnadurnuAutnanaiienan (Iumumg)

3.2 Bpreilssilu/Funanas AU FUa N Ha LA

1BurnnsinifuA FueumieNuAY AMUIANNALBN MNRaTan wwileiuAulaa N1 seiRiuNgg
Fanwimtleiuauainde 3.1 i ldamsaar1aaesa1fuawvinGy 0.47 (Thailand Greenhouse Gas Management
Organization, 2016)

3.3 NIPWAUILLAIABNN17L 7 TUNIATIN N N UAY

= o o & ] a dl o @ - A A a4 o o o

AN AN NANAUTIZWINUINIUNIATININUFANIONA LA FLARMUANUAY TN IRAD WAL TANAY

A ] ¥ = . ° o v % a & a .

AR HNTNITAAINTayanInALNaN Sentinel-2 Avuadudaudssiu Inaldnisiiaszinisannesidadu (Linear
regression analysis) WAEN133LATITUNITOADAELLTUAUNYAULLLTUADY (Stepwise Multiple Linear Regression)
soalilsunsadinanzidayan1vatia antudnenannisimnizanngn nafian spnainaAdnlsy@nsnisniun
(Coefficient of Determination: R?) $aNALATAINNAAIALARDUIBILULANADY LALA ANLBALNIAIAAIUBIAINN
AA1ALAARY (Mean Squared Error: MSE ka¥snide4289A1aatnNad4e9289A21NAATALARDL (Root Mean Squared

¥

Error; RMSE) ﬁwmg@LLﬂmﬁf;@ﬂ"NﬁLm?ﬂmﬁdwi”ummmmfaummgmﬁf@amﬂi:mmmm@%qmwLL@:miﬁ”ﬂLﬁ‘u
& A d” a v aia/ A v v = 1 al' % o o 1 a; 2 I3 ¥
AUt RUAUAEaNNIRARReN A uRaTaLRRLAR IR NULLANaeIt AT Idannsiudagan1AduN
IAEATUILAIAINNARIALARDULASNARALAINNWANANALEADTA Paired t-test NTzAUANNTRNUTDEAZ 95 annNTiu
° = = o ' = v ® - a4 X a . o o
wnannisnmuzangallldlssunudinoadionan nasdnifiuanfusuiiefuau uazsununisgaduiig
Asuaulaeanladianupvesiunguauituiadiancy (Knunrattanasiri et al., 2024)
Tnadunaunisanfineudsudausnisesandayganinaniuuazdoyaninaiotiay Sentinel-2
NN9ATIRARDUAINADAARDUTIATLNUG N1TANUIUATINTNGTDS 1IN LA LT HULLIUR AD9DADDELTILA L

A o , , a P A X a & A o .
LAV (A1) LW@U'WVIJJ@]ﬂqi‘ﬂﬁ‘xuqmﬂqﬂqﬂﬂmﬂqwLL@:’,ﬂqTUﬂuLMuﬂWuﬂLﬂuWuWﬂﬂ']_“i’q WQLL@@]\‘II‘H Figure 2

Results

1. InsvasaruaziFuamaadanwmdenuaueeg s Naan g ans o

=2 ' ¥ 1 ¥ o O IS | < o dld (2
mmiﬁﬂmwmﬂmqmwﬂwm‘qmumm\imsﬁm N@ﬂ‘lﬁm&‘ﬂuﬂqL[FNNN@NLUG&JWW??MV]N'Bﬂﬂﬂizﬂ@U

>
A

3 1 o ° s ¥ Y dl % o ' |3 = 1 v ' o
ﬂlﬂﬂiﬂﬂ@’]ﬂ“ﬁﬂ]\‘i')ﬂ mmu“lumuuwumummmw 7.71 ANNLUATABLENANT WATHAIMNUUIILUL 158.38 AUABLENANT
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Data processing

Horizontal positional accuracy

v

Vegetation index analysis Sentinel 2

\ 4

Sentinel 2 satellite image

Field survey data

v
Allometric analysis aboveground biomass NIR, EVI2, GNDVI, MSAVI,
NDMI, NDRE, NDVI, SAVI,
v RedEdgeSR, SR, VARI, MTVI
The assessment of aboveground carbon and RTVicore
| in sampling plot

v v

Stepwise multiple linear regression analysis
Reliable model from Sentinel 2

v

The assessment of carbon in satellite image

The developing model performance assessment

Validation

- Paired t-test

to estimate aboveground carbon stock

Figure 2 Flowchart of the study
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=
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wnang Tnadanaessiulininoaionmiadaninign Ae doueeadu 58.03 AusiaiEnang savaenIAe douaadna
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NQ@LWH@WH@HiﬂNqﬂV}ZEm sﬁﬂﬂﬂﬂﬂ@ﬂﬂﬂuﬁ??ﬂﬁqmﬂl@ﬂiﬂﬂumuﬂ@qum@\iﬂqmuﬂLu@iﬂuuql’l’uuu@zﬂﬂqﬂqﬂuﬂ']q

ADAPABITLNANNIANEITBY Chave et al. (2005) way Slik et al. (2013) WUI1 A1FURNTFLANNIATINIWUTAN WAL

vl o

Tuiheuuaslwanlumefaufsiasas 70-85 wavatn lndnisazanasuaugegaluivui Ae Azuunulaanune uzyu

UZNANNADY 39 172N 57 2817 IRUFAY e LAZFALUN ATNANAL

818



B 9IANTIMENANARTYINT TN 31 (21TUT 3) Mueneu — FuanAN WA, 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

Table 2 Aboveground biomass and carbon stock of sample plots from Sentinel-2 satellite data at Ban Wang

Samran Community Forest, Lampang Province

Aboveground biomass (tha”) Carbon stock (tC ha™)
Plot Field data Field data
No. Stem Branch Leaf Total Sentinel-2 Stem Branch Leaf Total Sentinel-2
(W) (W,) (W) (W) (c) (C,) (C) ()
1 55.56 11.02 2.00 68.57 51.47 26.11 5.18 0.94 32.23 24.19
2 4414 8.48 1.66 54.27 51.72 20.74 3.98 0.78 25.51 24.31
3 58.00 11.24 212 71.37 77.46 27.26 5.28 1.00 33.54 36.41
4 42.61 8.30 1.53 52.43 52.88 20.02 3.90 0.72 24.64 24.85
5 59.51 11.93 2.15 73.59 80.03 27.97 5.61 1.01 34.59 37.61
6 55.48 11.26 1.92 68.65 62.88 26.07 5.29 0.90 32.27 29.55
7 57.62 11.08 2.16 70.86 69.76 27.08 5.21 1.02 33.30 32.79
8 56.70 11.02 212 69.83 60.06 26.65 5.18 0.99 32.82 28.23
9 112.24 25.08 3.20 140.52 113.13 52.75 11.79 1.50 66.04 53.17
10 58.55 11.37 217 72.09 66.73 27.52 5.34 1.02 33.88 31.36
(N 55.45 10.84 2.02 68.32 76.01 26.06 5.10 0.95 32.11 35.73
12 56.69 10.90 214 69.72 84.08 26.64 512 1.00 32.77 39.52
13 45.39 8.62 1.72 55.72 55.63 21.33 4.05 0.81 26.19 26.14
14 47.44 9.16 1.76 58.37 69.71 22.30 4.31 0.83 27.43 32.76
15 52.60 10.29 1.95 64.83 86.05 24.72 4.83 0.91 30.47 40.44
16 56.61 11.07 2.09 69.78 76.1 26.61 5.20 0.98 32.79 35.77
17 71.86 14.14 2.61 88.61 83.82 33.78 6.64 1.23 41.65 39.39
Mean 58.03 11.52 2.08 71.62 71.62 27.27 5.41 0.98 33.66 33.66
SD 15.59 3.77 0.38 19.72 15.87 7.33 1.77 0.18 9.27 7.46
Variance 243.10 14.24 0.15 388.97 251.84 53.71 3.15 0.03 85.91 55.64

2. ANBNNLE NI WL TN A NS LA U U N LA LA LIAIN 28N A LUAN YA LU LATIN I TANA LN TN IS A AT

= 2 = .
NINTTEY INABHANTWNAVUNEIN Sentinel-2

LANNTIAT SN ANRE T U AN AN NN LA FL UM RUA LA UL LU At TR ef T a0
wazsTifTnssniandeyaninanaiian Sentinel-2 wudn faudsfildaouduiusangaie VAR taadldn R® Wiy
0.28 LAZRANNTTWINAL v = 0.0009x + 0.0109 wdA991 VARI 1115085018 ANuL s sauteaA N siniLAnfue Y
witeiuAuldtasay 27.84 1099907 14U NDMI HA1 R? = 0.12 wazauns y = 0.0006x + 0.0201, MTVI2 il

R®=0.12 LAZ&NNT y = 0.0006x + 0.5211 LA R WA R? = 0.12 WAZANNT y = -1.4292x + 1,759.7296 ANNANAL
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o o ' k2

TNl su19fa i A NANRUTTUANNIIANAUANIFUA WAL N WA UABUTINAININ 11 SR-RE, NDRE way

RTVIcore §A1 R? winffu 0.00 %4 3 fauils wanaliiuinsanilsmaniianuaidnsanininviza lddaanudunug

TunrsasunaninlasuwlasresAinisinifuaFuatmtaNuaulununAne wanainildianas B, G way NIR

o

AlFATAINAN A UTA LT 1R T WU TneH AT R2 117U 0.05, 0.02 WAy 0.06 ANA1AU (Table 3) Tasaunns

1
=

andaga Sentinel-2 daulugdAn R? agluszaumfaliunans Tnadfgeiigaldiiu 0.30 ilasandagyanin
Anian Sentinel-2 annnsalduszanuuAnaaTioninlaluszaunilanazaail Red-edge 1uanninaaiinuy
Y a4 v @ - o A o . ~ | = o . a

AuANEY 7 wand liiuduuusuasdainanssnaIndaya Sentinel-2 Wievad1ufgaa1adldaunmasune

v

AonulstluaasAiAsuenmiianuAulAatnsanysal el fuaumte iuAu il ue g fuanw e
o ~ ~ \ = o o o o o oA Y y R |
nsaziauuasasNTINsTIAeNat R uidduiusiuadaaudansmon i annanutazesull Annumuuiy
IR ¥ A o & oA o T a o = . 2
1295l TaseaieBousen uazdnwaizianizaasvuiin dAsluminiansandaudsfimunzanainen R g9gn
Aot VAR asifluannisimnnzanigadinivdi ldlddssundianfuaumiieiuiuanndayaninaiaiie s

Sentinel-2 Tun133481l

Table 3 Mathematical forms of linear regression equations and coefficient of determination (R2) values for various

indices derived from Sentinel-2

2

Index Equation R
B y =-0.3723x + 1,525.6860 0.05
G y = 0.2335x + 1,778.5567 0.02
R y =-1.4292x + 1,759.7296 0.12
NIR y=-1.1776x + 4,170.9162 0.06
EVI2 y = 0.0005x + 0.7190 0.03
GNDVI y =-0.0002x + 0.4020 0.06
MSAVI y = 0.0002x + 0.5760 0.04
NDMI y = 0.0006x + 0.0201 0.12
NDRE y = 0.0000x + 0.2527 0.00
NDVI y = 0.0002x + 0.4060 0.03
SR-RE y = 0.0000x + 1.6807 0.00
SAVI y = 0.0004x + 0.6089 0.03
SR y = 0.0013x + 2.3878 0.03
VARI y = 0.0009x + 0.0109 0.28
MTVI2 y = 0.0006x + 0.5211 0.12
RTVicore y =-24.7115x + 144,506.8862 0.00

Remark:y = aboveground biomass (t ha™'); x = vegetation-related spectral bands and vegetation indices.
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14AARINABUNINTA TIANAUS LA NNUILUULAZ TATNATINTAINTNIT T LT ANANNUS T ARITRY SR "Q?JLLLLI

o =
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o

Fnwmtleiumu Hgtlannnsnail AGB = 409.313+996.771 (VARI) - 165.375 (SR) uansen R® = 0.64 (Figure 3)

Sentinel-2
150

100

50 y = 0.6476x + 25.241
R?=0.64

Aboveground biomass (t ha™)

0 50 100 150

Sentinel 2 model (VARI - SR)

Figure 3 Relationship of data between the Aboveground biomass and VIs values based on the
Sentinel-2 satellite image data
nan i FeufauliunuutadaninuasdTunua fuewvilafiuautesulasiaed199ie 17 ula seudng
1

> = . ' . P = 4 & a o ada
@H@mmammm:mﬂgamwmqwmu Sentinel-2 (Table 2) WL AMRAUNIATINTINEUUANUAULDINIRDIITNAN

winiui 71.62 fusleianang asiiAdaudasuuninsgiueesdayaninauin 19.72 suseiannis anicideyaann
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Figure 4 Estimated map of aboveground biomass and Carbon stock derived from Sentinel-2 satellite imagery in

Ban Wang Samran Community Forest, Lampang Province.

Table 4 Paired t-test statistics results between Carbon stock field data and Sentinel-2 Satellite image data.

Results Carbon stock field data Sentinel-2 Satellite image data
Mean 33.66 33.66
Variance 85.91 55.64
Observations 17.00 17.00
Pearson Correlation 0.80

Hypothesized Mean Difference 0.00

df 16.00

t Stat 0.00

P(T<=t) one-tail 0.50

t Critical one-taill 1.75

P(T<=t) two-tail 1.00

t Critical two-tail 212
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