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aboveground biomass (AGB) in remote sensing inversion. Red edge band is located in the special wavelength and scope
which change fast at the junction of near-infrared and red bands, which can quickly respond to the small changes of
vegetation canopy structure and chlorophyll content. Compared with other bands, red edge band is more sensitive to
vegetation growth and chlorophyll change. In this study, GF-6 and Sentinel-2 multispectral images were used as data
sources, and the linear and nonlinear models were constructed on the basis of Larch and Scotch pine field survey data for
AGB estimation. The estimation accuracy of all models was compared, and the model with the highest estimation accuracy
was regarded as the optimal model for the final AGB mapping in the study area. The results showed that the red edge
reflectance of GF-6 and Sentinel-2 images were both significantly correlated with AGB ( P<0.05) , and red edge bands were
more sensitive to AGB estimation than other bands. On the whole, the estimation effect of multivariable estimation model
was better than that of univariate model. Multivariate linear regression ( MLR) model obtained the highest determination
coefficient (R>=0.66 for Larch and 0.55 for Scotch pine) and the lowest root mean square error ( RMSE =31.45 t/hm’ for
Larch and 54.77 t/hm’ for Scotch pine). Compared with single data source ( GF-6 or Sentinel-2) , the estimation effect of
multiple linear regression model constructed by combining GF-6 and Sentinel-2 images was significantly improved, and the
RMSE of AGB estimation model for Larch and Scotch pine decreased by 22.9% and 11.2% in highest measure,
respectively. Taking the red edge band as additional variables for AGB estimation can significantly improve the estimation
accuracy and effect of the model. The RMSE of the model was significantly reduced by adding red edge band information to
three groups of data sources which are GF-6, Sentinel-2 and Sentinel-2 combined with GF-6. GF-6 has an observation width
of 800 km and efficient revisit period, which can provide large-scale time series data quickly. As a remote sensing data

source, GF-6 has great potential in forest aboveground biomass estimation and dynamic monitoring.

Key Words: forest aboveground biomass; Larch; Scotch pine; remote sensing inversion; GF-6; Sentinel-2
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FHAREA KR YE 25 FNAS 5 2 B3 90K 92.50 t/hm>Fl 92.8% , FEAAS S RREF AR K, VR IHAAFIAE F#A AGB H1H 4
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*1 PREHEREYESITER
Table 1 Forest aboveground biomass statistical results of the study area

R R /M R I fH PR AR5 B

Z2% X N
Eﬁh[: 1:1 Tﬁ: Plot Minimum Maximum Mean Standard Coefficient of
Study area Specie o o
number value value value deviation variation/ %
Y ) #k3% Wangyedian forest farm FL N 42 60.72 269.87 147.11 54.60 37.1
FEFEHIMIG Saihanba forest farm (RN 100 30.06 414.23 99.65 92.50 92.8
1.2.2 BERGEEEIE b
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Table 2 The selected bands of Sentinel-2 and GF-6 in the study
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wavelength/nm wavelength/nm

L2 5 Band 2-1% I Bt 490 10 [EFivas=s Band 1-i i Bt 485 16

Sentinel-2 Band 3-ZR7% B 560 10 GF-6 Band 2-4%3% B 555 16
Band 4-£19% Bt 665 10 Band 3-£1J B¢ 660 16
Band 5-ZLi/1 7% Bt 1 705 20 Band 4-JT 404N B 830 16
Band 6-£L1 9% B 2 740 20 Band 5-£Li10% B¢ 1 710 16
Band 7-£Li1 9% B 3 783 20 Band 6-£Li1 % B 2 750 16
Band 8- £T4MJ Bt 842 10 Band 7-80% Bt 425 16
Band 8A-£Li10% Bt 4 865 20 Band 8-B{ Bt 610 16
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Table 3 Formulas of the vegetation index
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Vegetation index Full name Expression
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I — AR pleFE E NDVIE Normalized different vegetation index (NIR-Red )/ ( NIR+Red)
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KRAHRARE e 5 ARVIE Atmospherically resistant vegetation index NIR-(2xRed-Blue ) /NIR+(2xRed-Blue)

A WOGH R S5 8 VARIED) Visible atmospheric resistant index ( Green-Red) / ( Green-Red+Blue)

LTI RIS B RGVIL Red-green vegetation index (Red-Green) /( Red+Green )

Red-edge normalized difference
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FATE R PR SRR AL T AGB SRS Zhad Ft b SRR Z [E AR B gk 57 DIl FE TR, 53 A1, BEALAR AR AT LA
ABE IR Hp A i ) E B DA 55 2 B XA TR g kT2 R A e T A e A L
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1.4 KN
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RP=1- - (3)
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Fig.4 Matrix diagram of correlation coefficient between remote sensing variables and AGB of Scotch pine of Sentinel-2 and GF-6
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Fig.6 Importance ranking under different variable group and RMSE change in Saihanba forest farm
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*4 AGB HEAFBNER

Table 4 AGB regression estimation results

WIEIX B IR Y A e ZEL ¥ iR 2

Study area Data source Model Variable R? RMSE/ (t/hm?)

HEAL ) k37 ke 2 5 AR LR PR R Sentinel-2_Band2 0.20 48.23
AR L P A Sentinel-2_NDVI 0.23 47.34

Sentinel-2 _ RENDVI, Sentinel-2 _ Band5,
Sentinel-2_RECI, Sentinel-2_Band7, Sentinel-
BEHLARK 2 _ EVI, Sentinel-2 _ Band6, Sentinel-2 _ 0.32 44.39
Band8A, Sentinel-2 _ RGVI, Sentinel-2 _
NDVI, Sentinel-2_VARI

Sentinel-2 _ RENDVI, Sentinel-2 _ VARI,
Sentinel-2 _ Band2, Sentinel-2 _ Band3,

JEL P B . .
FrBHEEA Sentinel-2 _ Band7, Sentinel-2 _ Band8, 0.43 40.84
Sentinel-2_Band8A
NS PRAR A ] GF-6_Band4 0.18 48.83
HUAREAEZMEIE GF-6_EVI 0.23 47.25
R HLAR AR GF-6_RENDVI, GF-6_RECI, GF-6_Band5 0.21 48.59
GF-6 _EVI, GF-6_RENDVI, GF-6_RGVI,
E = ulE GF-6_Bandl, GF-6_Band6, GF-6_Band7, 0.47 39.23
GF-6_Band8
M IE 2 5+ o
" 2 AR H 2 [ ) Sentinel-2_Band2 0.20 48.23
= 5}/\7?
PR R MERIE GF-6_EVI 0.23 47.25
R HLAR PR Sentinel-2_RENDVI, GF-6_RENDVI 0.34 43.96
GF-6_RENDVI, GF-6_RGVI, GF-6_Bandl,
. GF-6 _ Band5, GF-6 _ Band8, Sentinel-2
EZ0e Al - ’ - ’ - : :
ZFEAEFH ARVI, Sentinel-2_NDVI, Sentinel-2_Band7, 0.66 31.43
Sentinel-2_Band8
FEFEIMI e 2 5 PRAR A P[] 1 Sentinel-2_ARVI 0.49 65.16
PSR ARLEPEMIIT Sentinel-2_ARVI 0.53 62.74
Sentinel-2 _ RENDVI, Sentinel-2 _ ARVI,
Sentinel-2_VARI, Sentinel-2_RECI, Sentinel-
FEHLARAR 2 _ Band6, Sentinel-2 _ Band7, Sentinel-2 _ 0.43 69.72
Band5, Sentinel-2_RGVI, Sentinel-2_NDVI,
Sentinel-2_Band8A
. Sentinel-2_RECI, Sentinel-2_ARVI, Sentinel-
A/ 2y I - ’ - ’ . .
ZICRAE NI 2_VARI, Sentinel-2_Band2 0:53 61.65
[=¥wanss PRAR A [ 1 GF-6_RECI 0.56 60.72
PR AESAEE  GF-6_RECI 0.59 58.35
GF-6_RENDVI, GF-6_NDVI, GF-6_RECI
o e _ , _ , _ ,
HEBLARH GF-6_VARI, GF-6_Band5 0.57 60.26
. GF-6_RECI, GF-6_RENDVI, GF-6_ARVI
4 25 | _ ) — 3 — 3 ) )
Z Itk tInlA GF-6._EVI 0.62 57.24
Mle 2 5+ o
j /J\;Z AL LW GF-6_RECI 0.56 60.72
m JT /N
HUREARLAERIE  GF-6_RECI 0.59 58.35
GF-6_ RENDVI, Sentinel-2 _ RECI, GF-6 _
) RECI, Sentinel-2 _ Band4, GF-6 _ NDVI
e , _ , _ ,
HEBLERH Sentinel-2_RENDVI, GF-6_RGVI, Sentinel-2 061 3731
_Band5, Sentinel-2_Band7, GF-6_Band5
GF-6 _RECI, GF-6 _RENDVI, Sentinel-2 _
&5k P Band2, Sentinel-2_Band3, Sentinel-2_Band8, 0.65 54.77

Sentinel-2_ARVI, Sentinel-2_RECI, Sentinel-
2_RENDVI
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x5 FBRAHERESTEERABUER

Table 5 Multiple linear regression estimation results after eliminating red edge band

F5E X IR A T R iRz
Study area Data source Variable R? RMSE/ (t/ hm?)
AL ) k3% 25 Sentinel-2_B2, Sentinel-2_B3 0.29 45.19

(=% vates GF-6_B4, GF-6_EVI, GF-6_RGVI 0.22 47.61

W 2 B4 gj}—t?n;lzirg;i,dg GF-6 _ Band4, Sentinel-2 _ Band2, 0.33 4414
FEFMRI i 2 5 Sentinel-2_Band2, Sentinel-2_Band8, Sentinel-2_NDVI 0.49 65.82

[P ivaye2 GF-6_ARVI, GF-6_EVI 0.54 62.15

WIS 2 S+ 085 GF-6_ARVI, Sentinel-2_VARI 0.57 59.67
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Fig.7 Fitting diagram of AGB regression models of Larch based on Sentinel-2, GF-6 and federated data source
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Fig.9 AGB Spatial distribution of Larch in Wangyedian forest farm
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Fig.10 AGB Spatial distribution of Scotch pine in Saihanba forest farm
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Fig.11 Scatter plots of residuals and modeling variables
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