5541 B 6 W) *E &~ 2 Eild Vol.41,No.6
2021 4F 3 H ACTA ECOLOGICA SINICA Mar. ,2021

DOI: 10.5846/stxb202001050035

VAT 2L, J5UH: , X XS, ZR R A3 55 g Jr 03 TR K TG X 5D R MM b b PR ke A i 14 38 R I ——— LA 7T BT P 101 A 22
#2,2021,41(6) :2151-2160.
Shi J H, Xiang J, LiuJ, Deng Y B, Li M H, Yu K Y.Remote sensing monitoring of aboveground carbon storage of Pinus massoniana forests in a typical red

soil erosion area in Southern China: Hetian, Changting County of Fujian Province.Acta Ecologica Sinica,2021,41(6) :2151-2160.

Ea AR Ritl) Gu uyi S P D ==F /0 2 s 0 > N g7 == =
iE 2 il
—— DURYT B8] 1 4 41

W'é—‘éll’m,iﬁ /EEI,ZJ’;,'] {}%1’2’3,X]§f_‘1’:j)£1’2’3’,7:}>.§ﬂf] %1,2,3’{_3,_‘\i¢77§71,2,3,*
AR MO E bR B, #8JH 350002

23S FARGTHRL RIS SR E R SR %E I 350002

3 R BRUREAEE I I 5 AT RS A A KT AR 350002

FEE  DARBR At S A AR A X 7R X3 130 TR BB A F /R T X, DA Bl I R 491, 2017 ARBEAL IS 34 5
FEASMBEAAE Sy A, 439 5 R0 Landsat 5215 04 J52 46 5 B AP B8 B8 2 B 43 PR BEAT [0 U3 43 BT, A8 2 55 R A ( ( Pinus
massoniana) ) MR FARATR A ek 1) foe A SRR AL | 5T PR AN AR RRAE SR Y 2 P I — Al 6 S BLIZBEAUAE 20032010 4R 18 ik
FHPEBCIE 4, SEIUBFFEIX 2003 ,2010 2017 4F Ly 2 FA bR M AR AR B £ 12t B9 2 8 S B 25 3 RARp AR R A 98, S5 SR/ BEE IX.
2017 4F-Ih B AR b b AR A BB A o A 1 308 J% Sz RS AR R L 4 €5 M B 4 4R (GNDIVI) S [ 28 S A O 35 B0, ¢, =
0.006e"**"NVor ZAARILG B PRAE RECH 0.57, T3 HE B2 2 82.19% 52003 4F 2010 4F T EEAS MR MY b AR G5k it 2 328 Sk
RIS Crpy = 0.006e1&45NVlao3 = 1128 0 - = =0, 006 177N Vo0 155200 PTG T B TED F) e i 2R BT 0.85 DAL 52003
2010 K 2017 4ERRAER 2019 8.24 t/hm® [11.34v/hm” [16.14 t/hm? | BE AL [ TR#a S o b BROAHR A% 0 B4k 3% 138 1) T s i
o, v B b B AROR it e e T B it A R BB A I Y T T AT, 7 T3 e o 1 R i T ) B e

SRR L RRARAR b AROARBR itk 5 38 S DO AR ARAE 5 I 25 70 S AR
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Abstract; The dynamic changes of forest carbon storage have important indications for revealing the effectiveness of regional
soil erosion control. Take Hetian Town, Changting County as an example. In 2017, 34 Masson pine ( Pinus massoniana )
forests samples were randomly set as the modeling set, and the original waveband, vegetation index and principal component
factor regression analysis of the Landsat images of the same period were used to construct the best inversion model for the

aboveground forest carbon storage of Masson pine forests. The best inversion model, the linear normalization method based
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on the principle of pseudo invariant feature ( PIF ), realizes the applicability correction conversion of the model on the
images of 2003 and 2010, and realizes the inversion of the carbon storage of the Masson pine forests in the study area in
2003, 2010 and 2017. Research on spatio-temporal differentiation characteristics. The results show that the best remote
sensing inversion model for the aboveground forest carbon storage of Masson pine forests in the study area in 2017 is an
index model constructed with the Green Normalized Vegetation Index ( GNDVI) as the independent variable: C,,, =
0.006e"**7"V ! ihe fitting coefficient of determination of this model is 0.57, and the average relative accuracy is 82.19% ;
In 2003 and 2010, the remote sensing estimation models of the aboveground forest carbon storage of Masson pine forests
are; Cppy = 0.006e!/** NVt LI 20 = 0,006 TNVt IR0 The coefficient of determination of the two-period
calibration model is above 0.85; Carbon storage in 2003, 2010 and 2017 were 8.24 t/hm’®, 11.34 t/hm” and 16.14 t/hm*,
respectively, showing an overall upward trend ; the aboveground forest carbon storage increases with the elevation and slope,
and the aboveground forest carbon storage on the sunny slope is higher than that on the shady slope; The growth rate of
carbon storage decreases with the increase of altitude and slope, and the growth rate of carbon storage on the shady slope is

higher than that on the sunny slope.

Key Words; Masson pine forests; aboveground forest carbon storage; remote sensing; pseudo-invariant features; spatio-

temporal differentiation characteristics
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Table 1 Masson pine biomass model

25°48'N

25°42'

25°36'

116°18" 116°24' 116°30"E

T A ~R S XY Ny
Optimal model Formula Optimal model Formula
FARHF N Single timber volume V' = 0.000162257D" 7% {50 WA W) B Canopy biomass W = 499.4899126D% %0 jj=1:693 ¢[0.904
- . AW
B4 74 Trunk biomass W = 217.325106 (DH) *53y %* e . W = 482.6386206 (DH) *"v
Single wood biomass

V:ALARME Volume (m*) ;W b I AE#)& Aboveground biomass (t/hm?) ;D if#& Diameter at breast height (cm) ; H: ##5 Height (m) ; CL: &1

Crown length (m)
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Table 2 Vegetation Index
H R ] A 27 3CHik
Name Abbreviation  Formula References
H— LA R4 . .
Normalized Difference Vegetation Index NDVI NDVI= (Nir=Red) / (Nir+Red) [25]
ESQUNIEE R i o .
Green Normalized Vegetation Index GNDVI GNDVI= (Nir-Green) / ( Nir+Green) [26]
TS SAE YR £
WDRVI WDRVI = (aNir-Red) / (aNir+Red 27
Wide Dynamic Range Vegetation Index (aNir=Red) / (aNir+Red) [27]
BrH— AL HLH R %
I NRI=Ni 2
Nitrogen Reflectance Index NR k ir/ Green [28]
) e e L
RS RVI RVI=Nir/Red [25]
Ratio Vegetation Index
BRI EL
DVI DVI=Nir—Red 2

Difference Vegetation Index v ir=Re [29]
e EAE R AL

L : PVI PVI= (Nir-bRed—c) / /1457 [25]
Perpendicular Vegetation Index
BT EY - SE R R AR F R S

" . MSAVI MSAVI= [ (2Nir+1) = /(2Nir+1) 2=8 (Nir—Red) ]/2 [25]

Modified Soil-adjusted Vegetation Index

F 1 Green RERLZOGIHEL ; Red MRRLDGHE ; Nir fURITLLIMBE B ;0 FIBCREL, 72 0.1-0.2 Z ] b A T IEER B ; ¢ Fy B RER
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ARE” o Fr A i e R B I FEbn (5 A [R] i b 1 220070 i p SR PR ), ke, SRyl /b A8 B A OC
PRSI B4 520 | B 9 38 5 3 R 43 20T (Principal Component Analysis, PCA ) 38U 3= i% 43§ ( Principal
Component Factor, PCF) (3 2) &5 &5

PC = 0.902NDVI + 0.977GNDVI + 0.906WDRVI + 0.976NRI + 0.907RVI + 0.894DVI + 0.890PVI +

0.952MSAVI (2)
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FIJH SPSS BAXS 34 A EBFEA A TR B AR G R HPE REL(R®) M F eit it | 3K
(Sig.) AHRARHEDRIE AR OB S ROR . S REI MU G RPR LR 3,
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Table 3 The parameters and fit index of exponential regression model

Name Model summary determination F statistic Sig- standard error
NDVI y = 0.019¢>% 0.41 22.05 0.00 0.49
GNDVI y = 0.006e'¥7 0.57 41.60 0.00 0.42
WDRVI y = 14928652 0.42 23.33 0.00 0.49
NRI y = 0.049¢"% 0.57 42.08 0.00 0.42
RVI y = 0.415¢%7% 0.44 24.82 0.00 0.48
DVI y = 0.602¢'71% 0.41 21.84 0.00 0.49
PVI y = 1.936e>77™ 0.40 21.55 0.00 0.50
MSAVI y = 0.381>% 0.46 26.99 0.00 0.47
PCF y = 0.174e>46% 0.52 34.60 0.00 0.44
Green y = 15.599¢ 17> 0.00 0.06 0.81 0.64
Red y = 16.606e 30 0.01 0.29 0.59 0.64

FH 2 3 AT, BREROGIE B S ST R AL G BEUST R AN, AR B8 SCaAR Sig HYY 4 0.00, B AL AT i 3%
P, HFP LI GNDVI NRI PCF &y AZZ A& I R R TF 0.5, F GiHE S 3 0 42.08 41.60 34.60 , {4
FRETRZE 1M 0.42 .0.42 0.44 , W1 BEPEX = 2 18 BB AL R A A AR

2
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Fig.2 Results of three optimal model inversions
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Table 4 Results of three optimal model inversions

AR bR AR ¥ iR 2% SRR
Estimated index Estimation model Root mean square error Average relative accuracy
GNDVI Cyo17 =0.006¢ 357N Ving17 2.77 82.19

NRI Cio17 =0.049¢"*NRlz017 3.24 80.87

PCF Cio17 =0.174"462PCF o017 5.04 77.82

2.2 2003 4F 2010 A B8 2 T 3 IMRA B et 1) S 15
ST AR AR B 2 PR 00— 1k (PIF) |, AR 4R B = R AR 1) 5 GNDVI fE SE A I, LIRS IE 2 5 1
2010 4F GNDVI SR KL IE 2003 4E () GNDVI 5248, fe 44558 =528 GNDVIERIALIEC R (R 5) . P
RIS RPYIRE] 0.85 LUE  BARR LA AR v L AN R RHH AR IE 72K . R A 7 iR IR 2246 10 1R A
IERA%(2003 42010 4F) 525 2R M AHLIE X R R IREE R LK 6, KIEF 14 GNDVI AR iR iR 2
BINFRIERT
£5 3MPEMERLRIT GNDVI ELEMER

Table 5 Linear relationship between GNDVI of invariant points in the image of the three periods

g=0) AT hE BB

Year Regression equation Coefficient of determination
2010 GNDVI,y; = 1.0564GNDVI,;, + 0.1102 0.86

2003 GNDVI,,, = 1.0819GNDVI,y; — 0.0290 0.95

GNDVI,y; = 1.1429GNDVL,y, + 0.0796

#4525 112017 45 GNDVI 5 2003 4 2010 4F GNDVI {545 56 2 2000 A 8 48 25 BAMR . | AR AHiR
it 1B SR AT AL = 0.006e" ™ 1 £531] = AN AT B 0] T AR 55 R MM AR D PR B A 2 38 SR I Y A AR
VL 7, R 8 Sl SRR J7 38 2003 4F 2010 4F Az 2017 4ER 7T En] FHAE 5 R AMAR L EARA B

®6 RIEREHKS 2017 £31% GNDVI EHFIRIRE R7 DEMMWM EARAREREEE R ERE
Table 6 The root mean square error of the GNDVI value of the Table 7 Remote sensing inversion model of aboveground forest
image before and after correction and the 2017 image carbon storage of Masson pine forests
o YI /MR 1% ZE Root mean square error iﬁﬁj\ Elﬂﬂ }7*% '
Period AT B ear egression equation _
Before correction After correction 2003 Conos = 0.006e C16-4086GNDVIy03+1.1428>
2003 —2017 0.1704 0.1354 2010 Carp = 0.006¢ !> 16676NDVIzg 015821
2010 —2017 0.1542 0.1110 2017 Cpop7 = 0.006e¢'+3576NVIo17

R X I i e 550 A 43 A 90 B, B B % i R0 4% 0 0—10 t/hm?  10—20 +/hm* , 20—30 t/hm? , 30—40
t/hm* 40—50 t/hm’ ,>50 t/hm’*iX 6 NEHMFTHETT, 1550 5 AL FAAMRATR i i 50 AR LA (WL 3)
2.3 THRAMMHL T ARACHR A R (4 5 45 43 SRR
2.3.1  DhERAMMRME MR RR A 2 A% I R) 43 SRR AE

] FH B o B2 A AR b b RO B i 48 345 R UL IR 4, 2003 ,2010 &2 2017 4F Ml AR A B #2401 A
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Fig.3  Aboveground forest carbon storage of Masson pine forests from 2003 to 2017
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1E 0—10 t/hm” i X 35 b 2010 4E 38720 T 27.84 D H 4
Ko 2010 4FHb b AR B Af i AE 10—20 v/hm® ,20—30
t/hm* 30—40 t/hm” .40—50 t/hm*F1>50 t/hm* A X 45,
kb 2003 =43 BN T 3.45.1.68.,0.71.0.34 Al 1.25 4~
53852017 AFEHD T MORRR A% i 7€ 10—20 v/hm® 20—
30 /hm’ .30—40 /hm’ .40—50 t/hm*F1>50 t/hm”fY X
B 2010 4E 50BN T 17.28 .6.05.2.77 ,1.07 F1 0.67
MR
232 DA AR SR 23 18] o SRR
A&l 5 AT7A1,2003 42010 41 2017 4 5 A Ak
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Fig.4 Change of aboveground forest carbon storage for Masson

pine forests from 2003 to 2017

i MR i 7E VAR <300m 1) DX Sali e it i e/ FE VAR >500m 19 DX Il fith ot o5 K, e i Sk I g %) - v 1
B4, 2003—2010 4, &M HOBR B b B AMRORBR A% 39 4 303 51 107.82% ,59.94% ,27.92% ,37.78% |
26.08% .5.77%F1-9.90% ; 2010—2017 4, 25 Ve PR 46 B b b b BROR Bl i £ 15 1< 58 2931 o 123.22% . 84.35%
34.26% ,16.51% .20.44% ,24.85%F1 21.16% , & ARFIYL H Bl VAR PA 14 sk £ 2t 185 SR R AR A AR AIE

1 &1 6 W1, 2003 4F 2010 4FF1 2017 4F- 55 EEAS AR E MR i i 12 26 33 8 0—5° iy DX e it o fe 20 AR 3%
JE>45° (1) DX Sl fi 1t A A, Bl i ek Pt 3% B85 P38 i 34 0, 2003—2010 A5 [1] , 45 3% B M b MROR B fif 12 354 5243
W 53.71% 46.09% 37.99% 25.94% 16.36% .14.56% ;2010—2017 4F | 453 FF b b bRARR i 185 4 543 5]
4 81.52% 70.27% 41.86% 28.51% 8.31% 4.27% , 3% IR 1 i 3552 FoE 180 00 e - 184K S5 B AT B R A

& 7 R 1) BHYE (67.5°—247.5°) Bt i T FA 3% (0—67.5°,247.5°—360°) , 2003—2010 4E 4] , 1] BH
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e NS B3 M b AR B A 1K 220 W1 35.06% .53.96% 32010—2017 4E [, 1] P FNEs B35 b b AR i i
KRR 28.02% (119.39% , F2 P H T BB b b ARA B fifh B 3864 R 5 T 1) BHIE

#*8  2003—2017 £ D EMKI EMARBRBEES RFEITR

Table 8 2003—2017 Masson pine forests aboveground forest carbon storage classification statistics table

2003 2010 2017
b . A . A . A
Carbon slorage/ ([/hmZ) ﬁ*/\ Hﬁfﬁﬂ ﬁf/\ Lt{gd E*/\ LE@U
Area/hm? Ratio/ % Area/hm? Ratio/ % Area/hm? Ratio/ %
(0,10] 11548.17 80.35 10480.14 79.92 6479.37 45.08
(10,20] 1236.78 8.61 1733.04 12.06 4216.86 29.34
(20,30] 575.28 4.00 816.12 5.68 1685.07 11.72
(30,40] 312.03 2.17 414.18 2.88 811.98 5.65
(40,50] 221.85 1.54 270.81 1.88 424.08 2.95
>50 478.62 3.33 658.44 4.58 755.37 5.26
50 150
—=— 20034 —u—2003—20104F K&
. —eo— 20104¢ —e—2010—20174FH K&
G —a— 20174
£ 40 + -
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Fig.5 Aboveground forest carbon storage and aboveground forest carbon storage growth rate of Masson pine forests at different altitudes
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Fig.6 Aboveground Carbon storage and aboveground carbon storage growth rate of Masson pine forests at different slope
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Fig.7 Aboveground Carbon storage and aboveground carbon storage growth rate of Masson pine forests at different aspect
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