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ABSTRACT

This study aimed to assess the above-ground carbon stock of woody plants in Khuan
Khaeng swamp forest after severe burning in 2012. Firstly, the swamp area was classified into
different land use and land cover types affected by forest fire using the supervised classification
of Thaichote image. Ground truth and accuracy assessment have been done. Consequently, the
classified image was improved quality through the post-classification technique. The classified
image data was then transformed into GIS layers. A number of 30x30 meter sample plots was
randomly established in each forest class. The total height and DBH of trees in the plots were
measured as variables for calculating the above-ground biomass based on appropriate allometric
equations. Some dead trees found in the study area were also sampled to measure dry weight
in order to perform specific allometric equations as well as for finding the percentage of carbon
concentration. The linear relationship between the data of carbon stock per unit area derived
from allometric calculation and Landsat 8 (OLI) image data were analyzed. Finally, the amount
of above-ground carbon sequestration for the whole area of Khuan Khaeng swamp forest were
spatially estimated using the derived regression equation.

The results showed that the overall accuracy of satellite image classification was 72.58%
(Kappa coefficient = 0.63). The best-suited allometric equation for estimating the above-ground
biomass of the dead swamp tea-tree (Melaleuca cajuputi) dominant species in this area, is W
= 0.0381(DBH?H)"#2 with a coefficient of determination (R?) of 0.93 (W = Biomass). The
concentration of carbon by dry weight is about 48.21%. The total above-ground biomass of
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the Khuan Khaeng swamp forest is 37.92 ton per hectare and 17.83 ton-carbon per hectare,
averagely. Based on statistical test, the carbon stock per unit area of the healthy swamp forest
area, of the degraded forest area, and of the burned forest area were significantly different with
95% confidential level. Meanwhile, there was no statistically different for the other type of forest
classes. Based on the conventional method that relies on field data measurement and allometric
analysis, the total amount of above-ground carbon stock of the whole study area is 174,464.27
ton-carbon. The best regression equation for estimating the spatial above-ground carbon stock
per unit area from Landsat 8 (OLI) image data for this site is 0.0323 (G-R) -6.5495 with R? =
0.2126. Using this model, the total above-ground carbon stock for the study area is 167,570.46
ton-carbon that is slightly lower than the conventional method.

Keywords: Carbon Stock, Swamp Forest, Khuan Khaeng Swamp Forest, Satellite Imagery

[} T
UNANED
PR g = A v g s a4 & a 9y ' < o
Atetidumsanelszdumsinnuns vewmidonuauves lidululhngawaswdenn
maiia Thedagunss el wa. 2555 Taoisuanmsswunanmthawanuauyseitazransznun
Y
TWihonamaiearaiien lne Tyadie3msswundeyanmuuuiny 1niuasIvdeunNgNAeves
o § o o o & o = PN o
m3swuniedfuligunmranisulandrdainiluiudeyaunundlisszuuamsaumagimans 1niiu
o 1 @ 1 1 1 I [
Amsguanntasdegisvnia 30x30 was Tusaazanint wuiannulasazanugaveslddulu
i, o ' { a { o 1 &
mMaguiehuMuamaaiImmilenuaudeaunsuoa lamas Mz ay wiounaguiny
o ' Yy A a W o Y A 9 = ' Y 9 s
fed1a Ifgudumeninonina Il e vuduieadvaumsuea Tamas uazmanNuTuIUU AT DY
3 o a a v g a =y Ao ) a v
M UszdulSnamssafumsveumtienuaunuIaFImwAd Il naziSnamasndy
2 )
msveumiloiuaumaaun lmanudniusiFudusudeyanimaisarniioy Landsat 8 (OLI) tiloii
~ = Y ' v s A A a a d 4 ' 5
aumsiminzauiga 11 lumsdszanummsinnumsvemmtieiuaudsnunveshngaiunia
Hamsany DI msmlanmiinanugndeslaesiniosas 72.58 (Kappa coefficient = 0.63) Tdauns
Ao o ] a A & a y & Ay & A o @ L da
woalawasdmsvlszanunmiatinwmteiuauved Idadavniudumedsadustdaiuiiauluiui fe
= = 1 o oy % =l A
W =0.0381(DBH2H)**** Tif1 R =0.93 (W Ap 173832010) tazmanududuuesmsueu Tagihmiinuiaaunae
[ S I s A a = A dy a d’l A < oA = A
WA 48.21 Wlesigua weilszluuiarminmmtienuduvesnuningauase wui Juradinmmile
g a = o 1 a I a v g a = o 1
NUAUMEY 37.92 dudotanais aadlulsunamsinfuasusumileiuAumae 17.83 fuasusudoanais
Vo aa a v & { a \ \ \
NAMInaaeuaNuuananulumeadavesSuamssnfums ueum o nuALvoaaz an w1 wun
a v d o ddya dyd'l Jou 1 A dyd'l (wdyd' Y
Psinemsdnnumsvewmdeiuauluiuimhwyauysainuthngden Tnsu Audithwgauyseinuiui Tl
= dy A o ﬂy ~ YN A a v a3 4 A dy a 1
v w.et. 2553 naziunthwgawysainuiud T nddl wa. 2555 TS namsdnmumsvewmilouauuanais
v 1 Aw o w oA o A o /2 21 A AA A a v & ¢ a & oy \
fuedniitisd Ay RIzauaNugoiu 95 esidud druiunous Tlsinamsinmnums vewrionu luuangig
o A A o ¢ A & a ! \ &4 A= Y ax S a Adqu
A1 WenimMsrlsamstamnuamsusuwritenuau luuaazaninthveanunanyl Ae3smsauaui 1%
v A v v
mmagdeiheaiionveadsmamsveun ldnnmsszinanaaiinmuuguaumsuea lawas wun
aS a [ <3 g a U < g/’ g d‘ T W @
fSinamstnnuamiueumileiiuauvesthniaunTasauieiuiniiiy 174,464.27 dumsvou luwmy



18 Thai J. For. 34 (1) : 16-28 (2015)

2 S, ! a o g ¢ 4 & a o o v .
1’]fnﬁW’]ﬂ’)’]ﬂﬁi\lwuﬁ331’?3’]\11J53J1ﬂlﬂ’]§ﬂﬂlﬂ‘]Jﬂ1§UBULWu@Wuﬂu31ﬂﬁu1N (@]'JLHJ?@‘]’]?J) NUUBUANINDY

a @ a Y a J Y A A A
A1UNYY Landsat 8 (OLI) (ﬁﬂllﬂiﬂﬁig) ﬂ’]ﬂﬂﬁ’Jlﬂﬁ$ﬁﬂﬁﬂﬂi‘lﬂﬂ‘lﬂﬁhﬂﬁﬂﬂﬂf!ﬂ A9 CS = 0.0323(G-R) -

' a v ¢ ¥ a § o a o
6.5495 UA1TR> =0.2126 (CS A 15uaimsinnuasueumiienuan) worhaums hiszunalSuamsin

3 s a4 X a a b4 ' ~ A A s A s
INUMTUDUHUDWUAULBINUNIINNTND 18D INATUNYY Landsat 8 (OLILUD G AD LLUUA 3 Green, R AD LIUUA 4

' a o s { a 1 o o s N o a
Red) WuN ﬁﬂill1mﬂ1iﬂﬂ!ﬂuﬂ1iuﬂulﬁﬁ@ﬁuﬂuw]1ﬂ°]_| 167,570.46 AUATUDU @1ﬂ31ﬂ15ﬂ5$ﬂ1mlluﬂﬂﬂlﬂu

o o w v J 1 ' 3 v ~
AMaIALY: NITNNNUAITUDU 1J1°IN'3: ‘]_]Wh;ﬂ’llulﬂiﬂ VBHANINANUNYY

[*] o
AU
o U A QG Ao a a

msyngnuaziatethmeluniinuims
nizihmgiimaveszma neldimaanudene

o 9 a A o ' PR
futh lfvena narensaininmsyngnaanain 1dne
e Tihnaseanudemeiuihuagszuviing
Ay o ' ' A ' A ' ]
W5euse medaru mana llihusnauthnganunia
FMIAUATAS FITUTIY B FIUADUTUIANDUADU
' Fd F Fa ]
FWIAN WA 2555 MATUDA 115 A5 M IRIAuN
domoszana 9,913 13 dsegluwaimardadth
9 9 1w da 9 1 1 a
nzatey waryadaithueds tazthavuurana
(Protected Areas Regional Office 5, 2011) @11%1¢)
avindsuranilutlimganauilosaindends
UsznounuauthwgilSunamnisivouegiaau

I o 2 o Y dy a L= a
Wudwuann i Iludemasedisavesmsing

9 dy o A 9 1
1 Ing¥ wenvnil Salimsyngnudinis wazmth

2 A o A 4 A s
da tolSuamwinuinazyaseuieilgniay

% o

J v X Ao o oa
U m%m'lwamqa*mgwmzﬂ‘ummw aINa

3

v
Tituith hignnsafui ldmiloudnlugagge

A3

A o

~ v A L dy a 24
onnalms lniunemsneas IunuNuRe NNy
(Office of Natural Resources and Environmental
Policy and Planning: ONEP, 2011)

9 '
waanmsna lWihaanan i ldeanmium
ihmgsulasunilacly nanfe szouinavesihng
Gugapde anmnadenTuthngaeunla venvinil
JYR~ 1 2] 4 4
guthumsianassmaasueulaoenlad (co,)
1 [} [ <
dussemeazdaildanuaansalumsinny
s ' o @ A o w1 A ~
AsUouved1anas ewllungeusunUNTaIUN

wawwansznulusesman/asunlasveanmgil
v ]
p1mA A aniu ms lanswdsdeyamsnlasunlas
A a a v g
yosdslnnguA tazlSinamsinnumsuouile
{ a { 4o a W oo &
wuanvesiuithng mnmana lithaanan szidlu
UszTeminemanaunuitodniumsud luilym
R N R s ufudouai
mnavufuiunthng vazduiludoyanamnso
Tdlszndunius W seanauTasia 1 1dnsuaa
' 4 ' '
anudsmeiinavy ez Idaseninlumss iy
) £ 4 ' ) 2
uitlyriimsyngniuivazwnthldunan
)N v 2 s a4 & a
mslsziiumsnninumsveurilonuau
g A A o o | 1 A
vosnunth1d de'ldniianuddailuedisas ag
<3 { A =
win'1A1nMINwsa31he1 Ia (Kyoto protocol) 1A%
o < YA a
M3eous U0 15zAuUINs 1§NAY (land use) M3
wasuuasms1¥nau (land use change) wazth 15
<3| 1 = a A Y a
(forest) (TudIuniavoImsnasa e liimanisan
a [l 3|
Vsinamasmiveulasen lad uTaneduiugisssu
a [ < U a
mM3Usziumsimfusueuvea 15 NA
4 1
Unatindes]dauszinagamaizmsdisnluiui
Inseunguinnnszildeon fagiiudedinigi
= ) Y '
maluTagmssudnnsze: Inadwsielums
Uszifiy esnina e liamsazfounaaly
Frnauiuanaesiy ldannsolsaiuainmg
v g s a4 A a g ) oMY
Aamumsveuvileiuauluiunih ldnsei1d
< Y 9 Jy
dzaan 590157 IHwlszinardesas uaz 1ddoya
0w o ¢ g A
dwisumsih 1y 19se Temd msdAnpasetidums
a o & s A A oa 9
Uszitiumsinnuas veumieiiuauves 1y
' < Y a | ' 4
Pngauaiandeninina lrlihedraguuse el

.71, 2555 TagtlszuaanmuiasinInnaIuInn



M5A15IUMAAS 34 (1) : 16-28 (2558) 19

aumsiea lawa3arem1n1u Ta (DBH) 1azA 1N g
H) vosdu lina ldnnulasdeda uazmslszinm
o < s A4 & a4 q Y Y
MsfnNuA UeMM e uALN Tz gna 14 Toya
IND1BA1UNEY Landsat 8 (OLI) Usiuununga

Y ] ]
NUNAIANNITOADRINAT19INANNFUNUT
Ausgnindeyannalgarnfouiuains vou
A A a o ' A 44 P
milefiuAudemation N ldnamaauu

‘]J d ad
Q NIUUASIBNIT
A ax
NUNANE
U < A j’ ~ 1
Phugaunsatiiionszum 86,942 15
Vv
daegluadunemes g, sunomannsznesa,
duneseuniyad, sunerzedn, suneia lns fania
UATATHITUTIFUALEUNOAIUYYY TINIANNGA
(ONEP, 2011) 94 Figure 1

Laocation of the study area

ML L T e
0 TsOLSD 3000 8500 6000

N
Legend
“-G(L.
i [ 7T

100000

Figure 1 Location of the study area.
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Figure 2 Designed sample plot with vary sizes according to satellite image resolution.
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Table 1 Selected allometric equations used for calculating above-ground biomass of trees in

the study.

Species

Allometric equation Note

Melaleuca cajuputi saplings and other
species

Source: Wanthongchai (2013)
Melaleuca cajuputi trees

Source: Tange et al. (2000)

*Ws = 105.04(D)16
*Wb = 20.059(D)>!41°
*WI = 6.247(D)>%18

#W = 0.062(D2H)*!

Study at Nakhon Si Thammarat
Province

Study at Narathiwat Province

Other trees besides Melaleuca cajuputi  **Ws = 0.0396(D?H)*?32¢  Study at Trat Province
Source: Ogawa et al. (1965) **Wb = 0.006002(D>H)!-0%7
W1 = (18.0/Wtc+0.025)!
Notes: D = Diameter at breast height (cm) Wl = Leaves of biomass
H = Total height (m) Wtc = Stem + branch of biomass

W = Total biomass * = Biomass in gram

Ws = Stem of biomass ** = Biomass in kilogram

Wb = Branch of biomass

a 1 a v I J
Ysziiumanlsnamsinmnuas e umile
-dy a = A dy a 9 ] .
WuAuMNIaTIn Mo nuay Tae iy (sapling)
@ Y ] 9 9y 9 J 1
01 ng) (tree) 1marudnduvesmsvounnaa
§ Yo Y
(default value) ¥4 IPCC (2006) lamuualiian
Vo Ay ' Y A Y
IR 0.47 T3 eeay 47 du laiiavinae 14
' Yy Y s ANy a 7Y
AMANUTUTUVDIAT UBUN 1AM NAI IS DEAL
s { ' a P
MiveuNazaned uazInziaNuuslsIuuy
N19AYI (one way ANOVA) 521IWUTuams
o g ¢ A & a ) W A o
AANUMTUIUIM LN UANYBIAazaMWI Nszal
A o D PR v o '
ANUTONU 95 10T IHUA ANLIANUFUNUTILHIN

- o g s a4 & a o
USamsdamums oo nuay (fauilsanw)
AumdeyaITIRavveIa1Iiion Landsat 8 (OLI)
TuaenauineIvosnunswssa 1aun G, R, NIR,
G-R, NIR-R, NIR/R, NDVI, TNDVI, GVI tag Fec

Y a a 4 a Y .
@wnlsdase) Tasdlnigimsonnoodudy (linear

4
regression analysis) ttaz 1dduilszanimsdadule
2 a v o d o Aaa
®R?) oFveanuduius haumsnanga lseunm
a v I g a ]
mlSnamsinfuasueumienuauveday
1 dy A < o @ ~
anmmihluiuiithngane S iaunsei 55y



22 Thai J. For. 34 (1) : 16-28 (2015)

NanazI 1ol

a d \ =)

NITAUATISHNTIND AT INEN
MIATINAOUANNYNABIVDIMITUNToLA

mmmeauiion Inelea Tasmsasiedeundugn

ApgueamssuundoyamwideyaniaguIuaIy

Y

9ATIADUNIMUA 62 99 TaRamsSuundoyanm

= Y Vw9

llﬂﬂllgﬂ@l@ﬂiﬂﬂi’m (Overall accuracy) I(N1NVUIDY

| aa g . "o
a2 72.58 uazamanauaili (Kappa coefficient) 1AL

v
0.63 %14 Table 2 M3 wundoyannlumsinyings
1 wud Thwgauyseiliienyszana 19,632.44 1

1]
~

ﬂ1w§g§ﬂn1mmﬁgﬁaﬁﬂ§:mm 24,788.84 13 i
Yl st w.er, 2555 Sitelszana 7.468.38 15 it
Il T3t3 weer. 2553 ClaiTau T 1wt wat. 2555) 3
oftilszana 47173015 n¥AsnIsuiienseana
29.839.87 13 wihfifreftdssina 363.50 15 uaz
aunfiiiofszaina 131.08 15 Meazidoaluns

WUNUAAIN Figure 3

Table 2 Contingency table used to assess the accuracy of the satellite image classification.

Land Use Class Producer’s Accuracy User’s Accuracy

Healthy Swamp Forest 64.29 75.00
Degraded Swamp Forest 60.00 75.00
Burned Forest in 2012 100.00 50.00
Burned Forest in 2010 37.50 100.00
Water Bodies 0.00 0.00
Agriculture Area 95.45 75.00
Overall accuracy (%) 72.58

Kappa coefficient (K) 0.63
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Figure 3 Map of land cover classes derived

from the supervised classification.
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Table 3 Derived allometric equations used for estimating the dead swamp tea-tree (Melaleuca

cajuputi) found in the study area.

Estimation model R?
W = 0.0004(D,)>*" 0.5608 (1)
W = 0.0076(D,,)* 1302 0.7742 )
W = 0.1986(H)2053 0.8982 3)
W = 0.0137(DBH)>0519 0.9203 4)
W = 0.0381(DBH2H)-8952 0.9314 (5)

Note: W = Total biomass (kg/tree); R? = Coefficient of determination
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MIVeUVSNUSIAUS0BAY 46.51

Table 4 Percentage of the carbon concentration by dry weight of the dead swamp tea-tree

(Melaleuca cajuputi) caused by forest fire in 2012

Sample No. Percent carbon
1 47.68
2 48.71
3 49.02
4 47.44
Average 48.21
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Table 5 ANOVA statistics table of the test of the differences among the estimated carbon stock
of the different forest covers in the study area.

95% Confidence

Mean Std. Interval

Group 1 Group II Difference  Error Sig.

Lower Upper
Bound Bound

Healthy Swamp Forest Degraded Swamp Forest 16.21883"  4.94662  0.002 6.2618  26.1759

Burned Forest in 2010 14.99429"  5.08324  0.005 47623 252263
Burned Forest in 2012 19.14362"  4.56234  0.000 9.9601  28.3271
Degraded Swamp Forest ~ Healthy Swamp Forest -16.21883" 494662 0.002 -26.1759  -6.2618
Burned Forest in 2010 -1.22455  5.36429  0.820 -12.0223 9.5732
Burned Forest in 2012 2.92479  4.87353 0.551  -6.8851 12.7347

Burned Forest in 2010 Healthy Swamp Forest -14.99429"  5.08324  0.005 -25.2263  -4.7623
Degraded Swamp Forest 1.22455 536429 0.820  -9.5732  12.0223

Burned Forest in 2012 4.14933  5.01214 0412  -59396 14.2382
Burned Forest in 2012 Healthy Swamp Forest -19.14362"  4.56234  0.000 -28.3271  -9.9601
Degraded Swamp Forest -2.92479  4.87353  0.551 -12.7347 6.8851
Burned Forest in 2010 -4.14933  5.01214 0.412 -14.2382 5.9396

Note: * = 95% confidential level
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1 1 o 4 { U 1 [ @ o @
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d’l A o a v 4 A
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Table 6 Above-ground carbon stock of the area, based on allometric equation estimation.

Area Above-ground carbon stock
ForestType Rai Hectare (It&()lll::;itl:(i)crj(lllz:tt:;g) Ton-carbon

Healthy Swamp Forest 19,632.44 3,141.19 30.14 94,675.48

Degraded Swamp Forest 24.788.84 3,966.21 13.92 55,209.70

Burned Forest in 2010 4,717.30 754.77 15.15 11.434.74

Burned Forest in 2012 7,468.38 1,194.94 11.00 13,144.35

Total - - - 174,464.27
mﬁmswﬁmaums‘ﬁma{’waﬁlumiﬂszmm Gy G, R, NIR, G-R, NIR-R, NIR/R, NDVI, TNDVI,
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v Y

1 = Y 1 A dgl a 2 ~ 9 9
NUUBYANINDIAUNYY Landsat 8 (OLI) ”lmm MUDBNUAUIINNIATININNHNIIINTDYAATID



26 Thai J. For. 34 (1) : 16-28 (2015)

MATMLUTIUMSMUIURBFUMNITIEA Talmes
o 1 a v ~
fummstsznanlsunamssnnunsueui 1dan
aumsanuaniusiudeyan e iion Fanun
- v & s o a o o
AsaMItNNUMIUIMMHBNUAUTA NN TS
nudeyadriinmwieatuiion lugaumsoanoslag
Auls9a52 Ao HaA1NTE U AU TN
uendies (G-R) unfige Idaums fie €S =0.0323
o 1 a v
(G-R) -6.5495 (R* = 0.2126) 1S uaumsnniny
9
A VeMMTpNLALAUA G-R 1M IATIEHANY
uls51l59u (ANOVA) iiemimanuiitisdagni
adaveaaumsn I wud danuduius iyl
o o o A Y A o P4
HedAyNszauaMuFoI 95 1o Fduda (0L=0.05)
(F=10.263) U519INYA CR: F > F =4.10
0.05 (1, 38)
MIATINAOVANUANANTEHINATINY
Y v
MIANADAI VWML ANUALIINLIAFININAM
NNYeYAdITINMAAUINUUTIUMIATIUABANMS
woa lawassuau 10 wasnuammsdseualSuu
mafnRuasueu ldnnaumsanuduius i
Yoyanmotoaruiion u fnanasanuRdala
Taal§3I5MINAAOUILY t-test NTZAVANNIBDIY
I 1 " @
95 1lasiFud nmamsnagey wui Miadd
NAABVADA t = 1.026 UAZA1 Sig. = 0.332 Fem
Sig. MNMINATOVIAIMWADANINNIT A = 0.05
2 09./l = Y a
aatiu Seagl1dn aumsmsdsznalsnams
o & ¢ 4 A a dyy v '
Annuas ueumilonuaun ldsndeyaninnie
= A 9 a v 4
e eldlszananlsuanssmmnuasueu
A A a ] YAy T w Aa
mitenuaud lian lluanaaduniada

3

A

(Y < J = a
ﬂ‘lﬁﬂ533»11ﬂ!ﬂ‘lﬁﬂﬂ!ﬂﬂﬂ1§ﬂﬂu!°ﬁu®‘wuﬂu
\l \ 5 d‘ \l
vownazamwihlunuiithwg
o 1 a o <
Waumsudszaanlsunamsnany
Y
asveumitioiiuAuIINToyanInawa1uiion
1 A o a
Landsat 8 (OLI) Tagl4a1 G-R fuiludiualsdaszin
9
Muammlsuamssnduasueurton Ay
v
o o 1 a v
119 50 wlag uagihmsasteaeunlsuamsnnny
2
MIVUMToNUAUIINMATUINA VYT WIS
v g ¢ { a A i
Arnumsveumte AL Idnnmsumua luaums
Fanuuanaanunse 1 Tagl¥snsnaaeuuuy
S . L o
t-test NTLAUANWFONU 95 o IFud Mnwams
nagey WuN Wadmaaouana t=0.621 Lazm
Sig. = 0.538 %4A1 Sig. MAMINATOVTAINMIADA
F
1NN AL=0.05 aeriu Jeargal 1831 msdszanma
a v g s I a i
PSnamssnnuasueumiloiiuaunndeyanmae
AINBY Landsat 8 (OLD) AUMIUTzanaaInuia
Fanmasnaunndeyavina liniaanaaau
' 2
Tian luuanarsdulumaada aaiu mslszua
a v g a 1
USiamstafuamsueumiefuauINMTN U
Tuaumsnanesnoamdoyaninmiea1niioy Landsat 8
o v I's
(oLD ewsanszit ldlugimsinmunsuewmile
A a ] L 4 ' f ]
nuauaeniaiienvesaazaniwilugidoya
a g c!' 1 9 o 1 Lﬁl d’ d!
Faud (uaaam lalunng i luiui) Fsgunso
a v 4 =1 dy a k4
sznanlsuamsinmnuamsueumileiiuausn 1@
M 167,570.46 §UA1SUBU G4 Table 7

Table 7 Above-ground carbon stock of the area, based on spatial estimation using satellite

image data.
Area Above-ground carbon stock
Forest Type ite i
» Rai Hectare Satellite image data Ton-carbon
(ton-carbon/ hectare)

Healthy Swamp Forest 19,632.44 3,141.19 21.99 69,074.78
Degraded Swamp Forest 24,788.84 3,966.21 17.48 69,329.43
Burned Forest in 2010 4,717.30 754.77 13.09 9,879.91
Burned Forest in 2012 7,468.38 1,194.94 16.14 19,286.34
Total - - 167,570.46
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