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Forest volume estimation based on spectral and textural information
from the Landsat 8 satellite
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Abstract: On the Jiangle State Forest Farm of Fujian Province forest volume was obtained by field investigation
and by Landsat 8 observations that utilized band spectral values, vegetation indexes, derivatives of bands, and
optimal textural measurements derived from the panchromatic band using varied window sizes. Through multiple
regression analysis, volume estimation models were produced with independent variables of 1) only spectral
factors and 2) combined spectral factors and textural volume. Then, validation was conducted using field survey
data to test and compare model prediction accuracy. Experimental results showed R? = 0.727 6 for the spectral-
ly based volume estimation model and R* = 0.857 5 for the combined model. Model prediction accuracy was
79.8% for the single spectral based volume estimation model and 86.0% for the combined model. Therefore, the
improved prediction accuracy using textural information from the panchromatic band with images of Landsat 8
for forest volume estimation and application of this procedure should be considered when determining forest
volume. [Ch, 3 fig. 6 tab. 22 ref.]
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Figure 1 Landsat_8 image of Jiangle Forest Farm Figure 2 Plots of Jiangle State Forest Farm
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Table 1 Precision of multiple linear model

T I R R? % R
BEIE . pEE . ZBVAE . WL 4L 0.714 0.529 0.434
SXSE I e ZBAL. B XFLREE . AHSe M 0.766 0.586 0.457
X1 % 11 JrE . ZHrA L R R ORTE 0.672 0.465 0.412
Ox9 1 AHKAE 0.651 0.423 0.395
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Table 2 Variance analysis of multiple linear model

HELTR 75 F P i
3x3 % H JrZ . WREIME L AR L L X EHE 3.459 0.023
5x5 i H JrEE L ZBER L WL OMLLRE A OGHE 4.438 0.009
7T 1 Ji2E . ZBEE L WL R OGHE 4.154 0.011

9x9 % 1 LIPS 14.690 0.001
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Figure 3 Parts of RS images of sampling locations’ texture factors extracted
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Table 4  Variance analysis of multiple linear model

3! RE AR i Al A i iy Fa PAi
i T EEE| 358 241.255 9 51177.322 4.535 0.015
5k 7% 155 160.218 15 11 082.873
FES 513 401.474 24
T 5 B i EEE| 440 540.692 14 36 711.724 4.618 0.007
5% 2% 72 860.782 10 8 095.642
it 513 401.474 24
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Table 6  Comparison between predicted results and measured results for forest volume

T S S/ (- hm™) WA/ (P hm™) AR 2E/% PR IR2E/% DT RERS %
1 379.336 288.639 2391
2 665.188 620.845 6.67
3 137.399 110.022 19.93
4 220.896 240.870 9.04
G D R 5 5 117.990 139.543 18.27 20.195 79.805
6 98.898 79.592 19.52
7 180.293 132.224 26.66
8 284.383 345.752 21.58
9 369.346 423.738 14.73
10 176.521 147.149 16.64
11 66.863 95.458 42.77
12 146.408 179.531 22.62
1 379.336 314.970 16.97
2 665.188 673.464 1.24
3 137.399 155.824 13.41
4 220.896 197.768 10.47
1R 5 S T RRLAL g 7 5 117.990 97.987 16.95 14.018 85.982
6 98.898 107.746 8.95
7 180.293 139.337 22.72
8 284.383 240.242 15.52
9 369.346 405.256 9.72
10 176.521 151.329 14.27
11 66.863 83.386 24.71
12 146.408 165.879 13.29
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1 20.19%, Ti NG N 79.81%; MK SiE B 2200 1A 05 R B AR OC R BN 0.926, HeiE R BN 0.858, il



390 TN 3 N = o= R 2015 46 H 20 H

TEE T B 1R 22 14.02%, JrRAE Ty 85.98% ., FWIFI M Landsat 8 £ 3 61 (5 B A S0 HE
SR SE X 2 ot R B — E AR, S 5@ ERA N 15 & BUR BT B AR OG 1, Bt
B HAT B 1 B M — s SE . b, SIA RGBSR RS B G , A5 5 00 & U A AR 1%
ZEWFEWD, PRI REIAE] 80% LA o NI, 4 i B SCHLE B RERS $1 i & AU A BRI, R R
(0 P B SUBRR A 5 6 T AR B K IR [ A AR AT AR ARCGE BURL IO Al U BB A6 5 A2 A 20K, BoA RLAF R
JHAT S o

FHIG T A S5 AN SO £ B0 o 18 R A A TR T 2L 8 g ARV P TR 82 o PR B R RO 15 B
MR, EA SCHURAE A2 WA LU/, O H SRR BE fie R BR B M f S 38 U A G 5 B . AT RS &
Bt B S 2 OB A 5 RGO RHE , @S & R AR R, WX FIOLIE 5 23 ARSS & 1907
AT & PR ARE L

SR BN R G TR A R S0 ARAE -5 3 BUR AR S PR AR — BRI, AN A 1) S BRI R
RE TN 5 AR, RV ) — SRR AE M 25 TR O B0 1 R/ o IR DX B | SR B A TR R R AR 8
b, DRI e 5% 5 T 114 80 B O A B 28 AR 5 SR B X P S 3

4 5FE Xk

(1] W8T WA (M. dbnt: prE AR R, 1996: 58, 128 .
(2] XUaE4e, W&, BRZEM. B TEE . HPLE B ZR G0 o2 0 25 (4 0 rbobR DX AR MR 25 AR A0 [T ). 0 2R 28
4K, 2008, 19(9). 1891 — 1896.
LIU Zhihua, CHANG Yu, CHEN Hongwei, et al. Estimation of forest volume in Huzhong forest area based on RS, GIS
and ANN [J]. Chin J Appl Ecol, 2008, 19(9): 1891 - 1896.
(3] AR R, XU, &5 458500005 5 1P 7 19 ZR AR & BUR AR IR BY [T ). A HLBR 4, 2014, 45(5): 216
- 220.
WANG Jia, SONG Shanyun, LIU Xia, et al. Forest volume estimation model using spectra and topographic factors of
7Y-3 image [J]. Trans Chin Soc Agric Mach, 2014, 45(5): 216 - 220.
(4] FEER, BHEZ, B, % BT EGAA AR (M) dtat: BEdibit, 2007 52 - 57.
(5] FE, kmgm, FH, % BigX QuickBird F QLM FFE 5 4 Py &b A5 W 5¢ R IR [T ], b33 5 1o 015 B R
2, 2013, 29(3): 52 - 55.
WANG Kun, ZHANG Xiaoli, WANG Shan, et al. Study on the relationship between texture of QuickBird image and
biomass estimation in area of Jiufeng [J]. Geogr Geo-Inform Sci, 2013, 29(3): 52 — 55.
(6] DG, IR, Baukis. BT TM SR S0 5 G35 RRAE (Y L08R AR 4 Al 3 [0 ). ARl B¢ 9548 2, 2010(6): 102 —
108.
CAO Qinxian, XU Daping, JU Hongbo. The biomass estimation of mangrove community based on the textural features
and spectral information of TM images [J]. For Resour Manage, 2010(6): 102 — 108.
[7] LATIFUR RAHMAN S, NICHOL J E. Improved forest biomass estimates using ALOS AVNIR-2 texture indices [J].
Remote Sens Environ, 2011, 115(4). 968 — 977.
(8] KAYITAKIRE F, HAMEL C, DEFOURNY P. Retrieving forest structure variables based on image texture analysis and
IKONOS-2 imagery [J]. Remote Sens Environ, 2006, 102(3/4). 390 — 401.
[9] WOLTER P T, TOWNSEND P A, STURTEVANT B R. Estimation of forest structural parameters using 5 and 10 meter
SPOT-5 satellite data [J]. Remote Sens Environ, 2009, 113(9). 2019 - 2036.
[10] AUGUSTEIJN M F, CLEMENS L E, SHAW K A. Performance evaluation of texture measures for ground cover iden-
tification in satellite images by means of a neural network classifier [J]. IEEE Trans Geosci Remote Sens, 1995, 33
(3): 616 — 626.
[11] NYOUNGUI A N, TONYE E, AKONO A. Evaluation of speckle filtering and texture analysis methods for land cover
classification from SAR images [J]. Int J Rem Sens, 2002, 23(9): 1895 — 1925.
[12] MARCEAU D J, HOWARTH P J, DUBOIS J M M, et al. Evaluation of the grey-level co-occurrence matrix method
for land-cover classification using SPOT imagery [J]. IEEE Trans Geosci Remote Sens, 1990, 28(4): 513 — 519.
(13] X, Beded, JRglidk, 5. he T ALOS 32 AU 20 1 K 8046 BOW FE R & TR A5 [T ], £l LB % 41, 2014,



32 3 EH 55 JET Landsat 8 TR G155 L08R 5 B A AR AR R B A 55 391

57(4): 89 - 103.

LIU Jun, BI Huaxing, ZHU Peilin, et al. Estimating stand volume of xylosma racemosum forest based on texture pa-
rameters and derivative texture indices of ALOS imagery [J]. Transa Chin Soc Agric Mach, 2014, 57(4): 89 — 103.
HARALICK R, SHANMUGAN K, DINSTEIN I. Textural features for image classification [J]. IEEE Trans Sys Man
Cybern, 1973, 3(6): 610 - 621.

XUBR IR, 2B, Uk s e KR T dnc /) 3R ] A A AR ObK 25 AU TR JRA I [T ). oh R MOl B B A A AR, 2014,
34(2): 81 - 84.

LIU Qiongge, PENG Daoli, TU Yunyan. Estimation of forest stock volume based on partial least squares regression
[J]. J Cent South Univ For & Technol, 2014, 34(2): 81 — 84.

HOW, PR, KEAROT, S 1L AR AR B U SRR b B R R R A IS ELAT SR [T ). BB IR EOR 5T, 2010,
25(4): 520 - 524.

DONG Bin, FENG Zhongke, DU Linfang, et al. Study on quantitative estimation modeling of forest volume based on
remote sensing in the Yellow River Basin of Shandong Province [J]. Remote Ssens Techool Appl, 2010, 25(4): 520
- 524.

WA A . 3T 22 U5 8 R B AR AR A AL A I D i P58 (D ). db st s R A = A5 B, 2010.

YANG Yongtian. Study on Estimating Methods of Forest Stem Volume Based on Multi-source Remote Sensing Image
[D]. Beijing: Chinese Academy of Forestry, 2010.

FREE, PR, BRIC, AF. RE ) g SR bR I B AR AR A IRE B B AT ST LT ] rh R MOl B B R e
2013, 33(11): 83 - 87.

ZHANG Ning, FENG Zhongke, FENG Yuewen, et al. Research on coniferous forest volume estimation model for
Wangyedian experimental forest farmJ ]. J Cent South Univ For & Technol, 2013, 33(11): 83 — 87.

fafme . Z2ougeit oA M. Jbat: A OCIROR 7 ) ik, 2008: 137 - 145.

FRANKLIN S E, WULDER M A, LAVIGNE M B. Automated derivation of geographic window sizes for use in remote
sensing digital image texture analysis [J]. Comput Geosci, 1996, 22(6): 665 — 673.

CHEN D, STOW D A, GONG P. Examining the effect of spatial resolution and texture window size on classification
accuracy, an urban environment case [J]. Int J Remote Sens, 2004, 25(11): 2177 - 2192.

LU Dengsheng, BATISTELLA M. Exploring TM image texture and its relationships with biomass estimation in Ron-
donia, Brazilian Amazon [J]. Acta Amazon, 2005, 35(2): 261 — 268.



