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Estimation of forest biomass using high spatial resolution remote sensing imagery

in north subtropical forests
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Abstract; Taking Taizishan Forest Farm in Hubei Province as the study area and using GF-2 and SPOT-6 satellite images
as the data source, texture features under different window sizes and spectral features were extracted. Using random forest
algorithm and Taizishan forest data obtained by field investigation, we construct forest biomass inversion model. The results
show that (1) although the spatial resolution of GF-2 and SPOT-6 are different, the correlation coefficients (0.75, 0.78, 0.
73, 0.61) of the reflectance of different wavebands indicate that the waveband reflectance of the two images is relatively
high. The high correlation indicates that the radiation performance of the two is similar. (2) By analyzing the influence of
different texture features on the biomass model, it is found that the mean and contrast values have a good effect on biomass
inversion. (3) High resolution remote sensing data has a good performance in biomass retrieval, and the accuracy of the

GF-2 biomass model (R*=0.88, RMSE=27.11 Mg/hm’) and the SPOT-6 biomass model (R*=0.89, RMSE=23.93 Mg/
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hm®) is similar. (4) The two images have no significant differences in the biomass prediction values of different forest

types, and both are suitable for predicting the biomass of different forest types.

Key Words: forest biomass; high spatial resolution remote sensing; textural feature; random forest
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FE R HARPREYIRT T IS E N A9 IE 138 B 204 J& UL 400 RS, 1M IX DL T AR 3 Horp S g ki A
WA ( Quercus acutissima ) . ¥ B2 Bk ( Quercus wvariabilis ) . ¥ K ( Cunninghamia lanceolate ) . 5 F& ¥ ( Pinus

massoniana) A ( Cupressus funebris) F%( Cinnamomum camphora )27
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Table 1 The spectral bands and resolution of GF-2 and SPOT-6

157 PRI B A% High spatial resolution remote sensing

T2 Satellites

GF-2 SPOT-6
JtJE 5 Country [ 1
43¥E 3R Resolution 1 m4{f;4 m 263 1.5 m 44,6 m £26i%
I 5% Coverage 45 km 60 km
15 E] Revisiting period 5d 5d
WKL Wavelength 418,0.45—0.90 pm £ 0.45—0.89 pm 4 0.455—0.745 pm  Z563E 0.45—0.89 pum

AR AR b A= e 5 AR AR R A D2 (3R 2) T AR 1 AR i W
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Table 2 Allometric biomass equations of dominant species

B F Species [F1 977 #2 Regression models Al Species [F1JH 75 #2 Regression models
LR Pinus massoniana W = 0.1056 (D*H) *84 M Cinnamomum camphora W = 0.112503(D*H)

BRAR Quercus acutissima W = 1.13796 x 1073 p>0825 21154 | [igifAk Hardwood forest InW =-1.982 + 1.209In(D?*)
2K Cunninghamia lanceolate W = 0.257 (D*H) *%7

W= ¥)& Biomass; D : 4% Diameter at breast height;H:%fE Height

P PR A s 2 R0 ) AN ] 32 803 D B R TR bR | B I bR o i b, G e i TR SE A 45 B, bk 34
B, Witk 27 B, it 2 A A AE M TR SRS R R A B A R RS (3R 3) .
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Fig.2 Histogram of diameter at breast height, tree height variables
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Table 3 The existing biomass distribution in the sample plots

R Y R B N IE] R/MH SEMH P2 A SEI S

Plot type Count Maximum Minimum Mean Mean DBH/¢cm  Mean tree height/m
£ FTRAE MR Mixed forest 45 224.19 30.88 118.13 13.66 11.14

£F AR Coniferous forest 34 146.80 28.65 91.35 15.60 10.31
[&mH#k Hardwood forest 27 485.44 11.28 158.60 15.07 13.10

DBH . 5§# Diameter at breast height;’}:%%iﬂiﬂ\j Mg/hm2

2 HIRAE

2.1 REGERAFIE
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Table 4 The calculation formula of vegetation index

FE B FE AL Vegetation index

A3 Equations

U AB B 54X Ratio Vegetation Index

ZAHAHBEHE Difference Vegetation Index

I —ALAE B 5 % Normalized Difference Vegetation Index

HATRAE DY FE 4L Enhanced Vegetation Index

NIR
R

NIR - R
NIR - R
NIR + R
)5 NIR - R
NIR + C,NIR - C,B + C,

B WU B Blue; R £LU5 Bt Red; NIR  iE LM BE Near infrared;; C, \C, ,C; A HESRAR B H8 5000 2280, BUE 7+ 510 6.0.7.5 .1
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Table 5 The calculation formula of texture feature value

15477 Caleulation method LUK F Texture feature AR Equations
PRI S S A o
Gray level co-occurrence matrix HIE(ME) izol Py
N-1
525 (VA) > Py (i-ME)?
ij=0
N-1 P'j
Y5 (HO R B
) i
N-1
XL (CO) ZiPij<i_j)2
i,j=0
N-1
SERHE(DI) 2 iP;li-jl
ij=0
N-1
Wi (EN) > iP;(~InPy)
ij=0
N-1
T BYHE(SM) Zipijz
ij=0
N (it -ME) (j - ME)
“ME(CR
FORHECCR) [ VA, VA

ME .15 Mean; VA J5 % Variance; HO ; ¥ %] 1 Homogeneity; CO: ¥ Lt B Contrast; DI 5 i ¥4 Dissimilarity ; EN: % Entropy; SM: — B 45
Secondary moment ; CR ; #15& 14 Correlation ; Pij A — A A 4
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3.1 SPOT-6 fll GF-2 & A%%t Lt

WA ENVI 5.3 X PR SZAQAOR SR, T BRI 2 iy S5 e i e B S 158 22 | DA T S 1 il ) L
TAFE G R T SPOT-6 #1815 GF-2 19723 M43 HFR AR, 4% SPOT-6 EUR M5 R R F T RAE N
4 mx4 m, 5 GF-2 M[F], 15T SPOT-6 Al GF-2 I Bt Z R A 2% (RMSD) HIE REL(R?) AT 35 46 %t 85
22 (MAD) ,FEFH T HBX BN X R (K 6) .

S5, GF-2 F1 SPOT-6 T A Il BL i R S SR BB S A AH ] H ] WL I B R (R ) B 8 i Tl
LLAMNIE B, U ORI S0k B s 1 HnT Wb BEX 5 AR R 25 (RMSE ) /NI 1AM B

% 6 SPOT-6 #1 GF-2 thk R S R Lb &

Table 6 Surface reflectance comparison between SPOT-6 and GF-2
Bt SPOT-6 {4 GF-2 {4

Bands Mean Mean RMSD MAD K

B 0.0892 0.0891 0.0039 0.0026 0.75
G 0.0775 0.0774 0.0062 0.0043 0.78
R 0.0541 0.0540 0.0107 0.0069 0.73
NIR 0.2564 0.2563 0.0369 0.0292 0.61

G LRI Bt Green; RMSD; #5122 Root mean squared error; MAD . S 4 Nt 85 2% Mean absolute deviation

3.2 SCHLET ORI AR ) R 5 )

X PR [ 2 S 76 7 P (5%5 3 17x17) AR RS0 G F1 T, e85 AH [F] i SRR AIF A% o 44 2 A6 ) o
BAI(RT) .

T 7 W] LI H R B AR AR R RS S 1 1, 2 i B TR A RS B AR TR] , GF-2 s AR Bl 1 1 A 15 K
W NEREA TxT B R HAR AR R G 1 (R* 2 0.86, RMSE 4 38.42 Mg/hm?) . SPOT-6 $44% Fifi %5 B 11 4 14
K, HAR AR B2 el /NG B, 15% 05 6 1R e AR ST 11 (R4 0.85, RMSE 24 39.76 Mg/hm?)

K FHE LR 1] D AT, T B0 SRR AR X (1] T A5 () Bk (1 3) . M Pl UK B GF-2 $24%
1 SPOT-6 SEAG B A FIRT L B X A ) ek S Yl 5 Wil g ey, (H 7 38 76 5 B B AP A — 8 9 25 Pk, AT, 4
A DR IS RRAE 5 A P (9 AH M A e 500

F7 AELEEOEREE

Table 7 The precision of different texture window models

%0 GF-2 SPOT-6

Windows R? RMSE/ ( Mg/hm?) R? RMSE/ (Mg/hm?)
5%5 0.84 42.56 0.82 40.17

7x7 0.86 38.42 0.81 42.80

9x9 0.82 43.67 0.80 43.39
11x11 0.85 41.42 0.81 41.30
13x13 0.85 42.05 0.82 41.20
15x15 0.83 41.75 0.85 39.76
17x17 0.84 41.54 0.84 40.06

RMSE: #75#R1%2% Root mean squared error
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Fig.5 Biomass inversion map of Taizi mountain
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