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Abstract; The global climate change has led to an increasing concern about the dynamics of the carbon storages of the forest
ecosystem. In the past a few decades, remote sensing technology has been frequently applied in measuring forests’ carbon
storage on various scales. Nevertheless, little work has been done in the estimation of the carbon storage of the masson’s
pine, which is a widespread pine species in central and southern China. Therefore, this paper aims to develop a model
based on remote sensing technology to estimate the carbon storage of Pinus massoniana forest using the case of the Hetian
Basin in County Changting, Fujian province, southeastern China. We have carried out field measurements with 50 sampling
sites in November 2010, in order to acquire basic data of Pinus massoniana forest in the study area. Each sampling site has
a size of 20X20m to match the pixel size of remote sensing imagery. The filed-acquired data were correlated with the

corresponding vegetation spectral information derived from a near-synchronized Advanced Land Observing Satellite ( ALOS)
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image. To examine whether the image needs to be radiometrically corrected before it can be used for the task, the ALOS
image was radiometrically corrected with the ICM and TACM models respectively. The difference between the two models
lies in the latter corrects not only solar illumination and terrain effects but also atmospheric effects. Five vegetation indices
were then derived from the ICM- and IACM-corrected images, as well as the original DN-based image. This is to determine
which index would be most suitable for estimating the carbon storage of Pinus massoniana forest in the area. The five indices
used are the Normalized Difference Vegetation Index (NDVI) , the Difference Vegetation Index (DVI) , the Perpendicular
Vegetation Index ( PVI), the Soil Adjusted Vegetation Index ( SAVI), and the Soil Adjusted Ratio Vegetation Index
(SARVI). By studying the agreement between the field-measured data and the data of the five selected vegetation indices
derived from the ALOS image using regression analysis, the TACM-corrected NDVI data with an exponential regression
model appeared to have the highest degree of agreement with the filed data and thus was utilized to calculate the carbon
storage of Pinus massoniana forest in the Hetian Basin area. Accuracy assessment revealed that the model-estimated data
were strongly correlated with field-measured data, suggested by a R” of 0.979, a root mean square error of 3.01t/hm’ , and
a relative error of =1.95% . The estimated data show a slight underestimate by 2% when compared with the measured data.
This suggests that the remote-sensing based model can be effectively used for estimating the carbon storage of the Pinus
massoniana forest in the study area. Nevertheless, an atmosphere correction for the remote sensing image should be carried
out before it can be put in use, because this study has confirmed that the TACM-corrected data, which has been
radiometrically corrected for atmosphere effects, can significantly improve the precision of the estimated results. Based on
the retrieved estimate model, the carbon storage of Pinus massoniana forest in the Hetian Basin in 2010 was revealed, which

was 114.58%10"t in total, with a density of 34.92t/hm’.
Key Words; remote sensing; Pinus massoniana; carbon storage; Changting
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Fig.2 Spatial distribution of Pinus massoniana in the study area
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Table 1 The used vegetation indices

£ FK Name A3 Formula 2% 3k Reference
EAUFEBFEEL Difference Vegetation Index, DVI NIR-Red [27]
JT—A ML B35 8 Normalized Difference Vegetation Index, NDVI (NIR-Red) / (NIR + Red) [28]
T P M BE 3L Perpendicular Vegetation Index, PVI 1(.1\29[{25_7(;‘ 96916 » Green - 0. 084726) / [27]
S LU AR A EAE BX Soil Adjusted Ratio Vegetation Index, SARVI  NIR / (Green +0.087422) [27]
PR BFE 2L Soil Adjusted Vegetation Index, SAVI (NIR-Red) (1+L) / (NIR + Red + L) [29]
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Table 2 Models for retrieving the carbon storage of Pinus massoniana forest

MBS JR i DN IR B2 e 4cd 25 1CM A IE 1 S ST R e 25 TACM B2 IE () S 4T R 4t
Vegetation DN-based data ICM-corrected data TACM-corrected data

indices i=geqnlEpy R? IR R? AR R?
DVI y = 1.7236¢" %5 0.283 y = 2.0719¢'%%% 0.060 y = 2.0485¢!0-5% 0.060
NDVI y = 0.8376e'> % 0.496 y = 0.0509¢" '3 0.525 y = 0.0328¢'03" 0.746
PVI y = 3.8478e" %6 0.086 y = 4.182¢3% 0.064 y = 11442x>-1070. 1x +39.377 0.049

SARVI y = 273.81x%-587.49x+ 326.36  0.116 y = 149.73x*-325.72x + 192.58 0.047 y = 80.514%-207. 56x+ 147.72 0.062
SAVI y = 0.8388e!0-34 0.495 y = 0.2083¢'% % 0.293 y = 0.1074¢'>465 0.384
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Fig.5 Spatial variations of the carbon storage of Pinus massoniana forest in the study area
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Table 3 The carbon storage of Pinus massoniana forest in the study area

e SA=N ﬁ‘E_

, B e W DA e Ofit At

E&l . Average carbon ERER i

Carbon storage range Area Area proportion Total carbon storage
Level J(t/hm?) S o storage / (x10*t) Total carbon storage

(¢/hm " ’ /(t/hm?) ' proportion/ %
1 C<25 21057.57 64.17 8.44 17.77 15.51
2 25<C<50 4065.04 12.39 35.07 14.26 12.44
3 50<C<75 2264.03 6.90 61.94 14.02 12.24
4 75<C=<100 1811.79 5.52 87.37 15.83 13.81
5 C>100 3616. 15 11.02 145.73 52.70 45.99

B3t Total 32814.58 100 34.92 114.58 100

5 I 3 7R T HF9E X H RARARABRAf 2 20 A AT LU TR . (1) BFSE XN LUIRRR i 5t 1) 5 R A AR
F AR T 50 vhm® (95 BAMREYTE AR (1—2 0) oF S AT FR Y 76. 56 % Bl it & T 50 v/hm® 1y
L B RAMRTE AR (3—5 ) 1015 23.44% T 7 THIAR 64. 17% W9 Z5 EBAMR (1 90) Bt 5 20 2 5 A58 X S AR AR
BRAB RN 15.51% , (2) WA ARG, S it & %) S FEAN AR 322243 A 76 0] HH 23 Lt DX T 425 1 P9 1)
LA 52 N EiE s mmsm 20, Femefit & I A MRS A Bk 6 2 25 SRR AR, 2010 AR5 XY 5 R AA A
BRAk S 114, 58%10° ¢, BREFE K 34,92 v/hm? | W LMK T4 [ 2R BRAFL B HOBR 35 i /KT (41,00 t/hm?) [
FEHIFHEAET  KITHIX — ER A K LR E A HLIX , 2000 4F, A 2 A BURIERIT K L3RR
FH)Ah RIPZFIH | TG XK 3R XA B LB AR, AR AR, IR KD Rk S B IR S AE B, Rk,
ST IX PN L R AA BRI AR AS B34, 25 A PRI i 1 B A5 BB A0 KR (H AR e A d5 )™ 19 b P9 3 A
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ARK—FR IR TR R B T FE Al | Lt i B e (K T bR e i 1 DR R IX 1) R RA R A i
BEfw N, AR AT I Y B S AR A5 A s | IZ XA B R L BA BRI T

MEBVEWTTER , B RANMRR ik i O AG 3 B 2R AR AL G Tk (3R 4) | TR T IR I 10 75 1530 B A 41
B, F 4 AT, EA BT D AL R R i i B T AN 0 — B, W SRR STV R AR AL
HEIX S RIS T4 RS A SR B S A R N IR .l THRTT S5 V0P R vl B, DRt 3 4 R 4
FW U B T A A5 SR AN SEIN 7 1k I i) 4 R A B i vl Lo

F4 TRHRHDEMKTEHBRESILR

Table 4 Comparison of the different research results about the average carbon storage of Pinus massoniana forest

YLVG HRgHB
B TR
ONCETR) b . o AL A
. . . Wi MNIES Red soil hilly . ;
Sichuan (including  Three Gorges . . . . Hetian Basin
. . Zhejiang Jiangxi region in central . N
Chongging) Reservoir area in Fujian
and southern
Jiangxi
S A 27 =N 2
AL (/) 22.01 27.48 25.62 14.89 37.43 34.92
Average carbon storage
S 3k Reference [32] [33] [34] [35] 1367 Ty

4 HitHitie

(1) I B S AR AT X R T AR R A P 1 ik i i R4 DR 80, SR P 3 7 P A/ 52 M 98] A A8 71 ALOS
SEABOCTE AR R 3 10 B AR fif i S JE A TR P 5 ey, FL S T 45 SR T A5 B S et BF 51X 5 R AP Tt
i o e s 6] 3 S REAE

(2) TER U B AR IR B ST it i S AT I | SR FH 28 AR T 5 10 18 S8 A Kl T 4 g A 1
FCE RS EE

(3) 7] FAFF 21X 14 25 FE AR AR S B A B Ry 114 58X 10 ¢, B4 4y 34. 92 v/hm” , W] A% T4 [ FR M e e
B REKF, 3X 5 TR A A 2% B RRARAR BT o LU AR RAT O, (A PRI 45 A i B3, U RE B 3, T
AT 2 X1 A MBI 16 HAT BOR 9 7

HT T A KIS 2 T T 3 4 52 A5RS04 B s A Y LA I [ A 2 ] b 8 85 & Ml A o
Tt
Brigh: USRS AR RIBEE A TS SE R 5 25 T PAMA A T RrIEOHS
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Appendix  The field-measured data of Pinus massoniana of in the Hetian Basin

TR T
5273 S SRR /rtﬁl:&;fﬁ $A{/T:fei K R R 4@?};&1& $Ai§§i‘%

Alttade/m  DBI fem  Height /m ;;;/LIZZ) carbon sorsge Alliude/m  DBH fem  Height /m i/hn};) carbon sorage

/(t/hm?) /(vhm*)

326 6.1 4.6 2850 1.53 258 6.5 4.4 1075 2.74
316 6.1 4.5 1950 1.06 305 6.6 4.8 1000 2.75
327 9.2 6.2 1200 4.75 280 6.7 4.9 1100 3.17
323 11.0 6.2 900 5.62 282 6.0 4.5 1375 3.05
331 7.5 5.9 2850 9.73 280 7.2 5.2 950 3.25
275 16.7 14.7 1350 48.28 378 9.2 6.6 1950 11.40
288 20.3 16.7 925 54.39 391 8.5 6.7 2225 12.36
279 16.3 15.4 1300 46. 46 325 5.6 3.7 750 1.52
401 10.0 7.3 2775 10.86 310 6.9 4.1 300 1.14
304 13.5 1.1 3225 65.13 310 7.8 5.5 1575 17.13
301 13.6 10.5 3275 59.13 314 7.9 6.0 1325 5.79
279 6.7 5.6 3925 8.04 312 7.0 5.2 1775 15.85
281 5.6 5.2 4650 2.41 281 18.4 18.1 1175 69.13
268 5.8 5.1 3450 2.35 306 12.4 11.3 1500 27.18
292 6.8 6.7 2400 6.51 326 8.2 5.8 2600 10.84
290 9.1 8.0 1750 11.34 306 8.9 6.9 3033 36.83
287 9.2 8.4 1475 10.17 346 11.5 9.9 2444 52.22
319 9.9 7.8 2475 28.03 332 11.1 9.6 2075 48.49
325 8.8 7.3 2575 23.51 383 8.9 7.3 2900 28.00
286 11.7 6.3 725 3.19 294 6.8 4.9 1425 9.54
307 4.5 3.6 1050 1.44 319 14.4 8.6 975 14.63
304 6.1 4.8 925 2.40 319 8.2 7.1 3175 24.35
300 7.6 5.6 1625 12.08 294 12.3 16.0 2175 55.11
297 7.8 5.5 1375 5.45 306 7.9 5.1 500 2.27
290 6.8 4.6 900 6.11 314 19.5 16.3 700 39.01
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