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Inversion of aboveground biomass of Pinus tabuliformis plantations based on GF-2 data. GOU
Rui-kun'*, CHEN Jia-gi', DUAN Gao-hui', YANG Rui', BU Yuan-kun', ZHAO Jun’, ZHAO
Peng-xiang'* (' College of Forestry, Northwest A&F University, Yangling 712100, Shannxi, Chi-
na; *Ministry of Education Key Laboratory for Earth System Modeling, Department of Earth System
Science , Tsinghua University, Beijing 100084 , China; *State Key Laboratory of Urban and Regional
Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing

100085, China).

Abstract; Pinus tabuliformis is an important afforestation species in the Loess Plateau. Quick and
accurate estimation of aboveground biomass (AGB) of P. tabuliformis plantations plays an important
role in monitoring regional forest resources. Here, we used multi-spectral remote sensing data of
domestic satellite GF-2 and the field data to estimate the aboveground biomass of P. tabuliformis
plantations in Shibao forest farm of Huanglong Mountain in Shaanxi Province. We calculated eight
texture features and five vegetation indices, and then built models based four texture windows (3x
3, 5x5, 7x7, 9x9) by using five regression methods including normal regression, stepwise regres-
sion, ridge regression, Lasso regression and principal component regression. We used the leave-one-
out cross validation (LOOCV) to test the estimation accuracy of each model. We found serious
multi-collinearity relationships between the extracted remote sensing factors. Most of the remote
sensing factors had significant correlations with aboveground biomass of P. tabuliformis plantations.
GF-2 data could achieve higher accuracy in the inversion of aboveground biomass of P. tabuliformis
plantations in the Shibao forest farm. The best estimation result was the principal component regres-
sion model using 9X9 texture window, and the worst one was the normal regression model using 3x
3 texture window. Inversion of aboveground biomass of P. tabuliformis plantation using domestic
high-resolution satellite imagery could provide a scientific basis for forestry biomass monitoring,
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resource management, and sustainable management in the forestry departments of northwest China.

Key words: GF-2; Pinus tabuliformis plantation; aboveground biomass; leave-one-out cross vali-

dation; regression modeling.
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Fig.1 Location and sketch of Shibao forest farm.
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Table 1 Coordinate and aboveground biomass for sample site

L L i FAE Y L L% A
Sample Latitude and longitude Aboveground Sample Latitude and longitude Aboveground
site biomass site biomass
(t-hm™?) (t-hm™?)
1 35°41'15" N, 109°49'20" E 128.94 11 35°41'22" N, 109°49'18" E 156.51
2 35°42'44" N, 109°49'52" E 214.34 12 35°41'12" N, 109°49'34" E 178.79
3 35°42'59" N, 109°50'12" E 141.01 13 35°41'23" N, 109°49'33" E 170.04
4 35°43'06" N, 109°50'11" E 159.14 14 35°41'24" N, 109°49'32" E 178.87
5 35°43'05" N, 109°50'11" E 158.62 15 35°42'42" N, 109°49'38" E 116.39
6 35°42'44" N, 109°49'53" E 202.37 16 35°42'40" N, 109°49'38" E 122.08
7 35°42'42" N, 109°49'54" E 184.19 17 35°42'47" N, 109°49'39" E 189.69
8 35°43'12" N, 109°49'60" E 145.77 18 35°41'09" N, 109°49'08" E 160.40
9 35°43'11" N, 109°49'58" E 124.56 19 35°40'52" N, 109°49'28" E 152.58
10 35°43'14" N, 109°50'01" E 141.96 20 35°42'19" N, 109°49'24" E 168.88

X GF-2 FAa A7 IE P4 IE 58 59 8 hn FK A IE
FFFE 1 2 10000 HBFE ] L6 H 50 /> b 1 42 il o5 X6 5
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Table 2 Equations for vegetation index

B £ AR

Vegetation index Calculation formula

A —AEAE B HE E NDVI:pNIRI “PRED
NDVI PNir1 FPRED
R A AR 4L EVI=C (Pnir1Pren)
EVI (Pxiri+C 1PN = CaPre +C3)
ESSTRIEVIERIE 2 1e GNDVI:pNIRI “PGREEN
GNDVI PRI TPGREEN
ERIEIE
Div{lﬁi‘ BN DVI=pyipi=Prep
- T R B R 4L SAV[=(]+L) (Pximi=Pren)
SAVI (Pxiri +Prep 1)

NDVI: Normalized difference vegetation index; EVI: Enhanced vegeta-
tion index; GNDVI: Green normalized difference vegetation index; DVI:
Difference vegetation index; SAVI: Soil-adjusted vegetation index. T [f]
The same below. pyips Prin Pereen M Prpos 2PN GF-2 FEARITLTAN
2 g BRI paire s Prep » Porers and pp g were the reflec-
tances of the near-infrared, red, green and blue bands of the GF-2
image, respectively; EVI i1 &% C,=6.0, C,=7.5, C;=1.0, G=
2.5 The coefficients in the EVI calculation were C, =6.0, C,=7.5, Cy=
1.0, G=2.5; SAVI & L N+ HEHTT ZEL, —/BH 0.5 In the SAVI

calculation, L was the soil adjustment coefficient, generally taken as 0.5.
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Table 3 Texture feature based on co-occurrence measures

SRR Ha st

Texture feature Calculation formula

¥fH N-1

Mean 2 iP;
ij=0

I3 2% N-1

Variance ,ZOPU x (i — mean)?
ij=

I N-1

Entropy ,zz)PU x (- hlPL,)
i=

ZBirs N-1

Second moment ,EBP ;,'2
i=

AR V-1

Correlation 2 P

. PR

Homogeneity S i-))?

XHH oo

Contrast _z:)LPU x(i-7)°
i=

Dissimilarity 2 Py x1i =l

=0

*4 EREFRININETE
Table 4 Remote sensing factors and corresponding varia-
bles

BRI ¥ X 7 728 T

Remote sensing factor Corresponding variable
H1{H Mean Xy

ZB4E Second moment %y

X LG Contrast Xy

FHFME Correlation Xy
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J#H Entropy Xg
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J7 2% Variance xg
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Fig.2 Heat map of correlation coefficient matrix.

AGB. #i Y& Aboveground biomass. &l The same below.
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Table 5 RMSE of different regression models with diffe-
rent texture windows

ARG FEEE ESEE R RREE R EE
wH A A A A A
Different Normal Stepwise Ridge Lasso Principal
texture regression  regression  regression  regression  component
window model model model model regression
model
3x3 0.95 0.86 0.53 0.81 0.49
5%5 0.80 0.74 0.48 0.46 0.45
%7 0.72 0.69 0.47 0.49 0.44
9x9 0.76 0.65 0.45 0.46 0.43
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Fig.3  Scatter diagram of measured AGB and predicted AGB
(nomalization) of ordinary regression model.

% P<0.05; * % P<0.01. ] The same below.
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Fig.4 Scatter diagram of measured AGB and predicted AGB

(nomalization) of stepwise regression model.
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Table 6 R? of different regression models with different
texture windows

UNCEE: B2 % A [/2 I VE IR 4 0 /2 e 5 I E|
& H LY o i i i
Different Normal Stepwise Ridge Lasso Principal
texture regression  regression  regression  regression  component
window model model model model regression
model
3x3 0.48 0.52 0.71 0.59 0.75
5%5 0.55 0.59 0.76 0.78 0.79
X7 0.61 0.63 0.77 0.76 0.80
9x9 0.62 0.68 0.79 0.79 0.81
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Fig.5 Scatter diagram of measured AGB and predicted AGB

(nomalization) of ridge regression model.
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Fig.6  Scatter diagram of measured AGB and predicted AGB

(nomalization) of Lasso regression model.
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