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Remote sensing estimation of forest stock volume based on
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Abstract; This paper discussed a remote sensing estimation model for the forest stock volume with different site qual-
ities by using BP neural network technology, and its applicability. Based on the data of the second type of forest re-
sources in the Liangshui Nature Reserve of Yichun City, Heilongjiang Province in 2009, the site qualities of the for-
est were divided. With the forest stock volume as research object, the remote sensing factor was extracted based on
the LANDSAT-TM image and DEM data in the region. The BP neural network method was used to construct a re-
mote sensing estimation model for forest stocks with different site qualities. A regression analysis method and a non-
separate quality model were introduced for comparison. The results show that the models based on different site

qualities are better than the estimation models without the distinction of site qualities and that the BP neural network
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model can better predict the forest accumulation volume than the regression analysis model. The comparison indi-
cates that the BP neural network model based on different site qualities has excellent performance, the overall pre-
diction accuracy being over 97 % and the measured value and predicted R* being around 0. 94, while the R* of the BP
neural network model without distinguishing site qualities is 0. 89 and the prediction accuracy is about 95%. Under
the same conditions, the prediction accuracy of the BP neural network model is about 3%-5% higher than that of the
multiple linear regression model, and the R* value is enhanced by about 0. 1.

Key words: site quality; forest stock volume; principal component analysis; neural network
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Fig. 1 Geographical location and TM image data of the study area
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Fig. 2 Technology roadmap

2 IR x5 5 B FEE

2.1 MHREERITN

SR FH 57 Gk AT S 4 o B PP . LA R
FUAMI 1 15 5 B4R I 10 6 2RO MR Al 0
[F) % 2l b 3 b IX 3 AR o i o L B RMRH AR 7 T s E 204
R R, & ARG BRI A v 2w
Bz 1 HAR R AR A I bR 3 114 A% 2l 7
FER 43 A AN GGl 5~T7 49, LLE B
FLUN I 25 SRR R 4 — 25 9T 0 .
7 PR 25 AR e 15 114 - 349 o B2 B s BRI g M A2 2 Tt
R G M AR 0 % B A R e 1) it 2R 1 AR
SE S BN R T 22 A B ) il 2R Y bR B
Y575 1% +FL 2% ol S 1) pth 2R A5 R ) o 6 PX) K4l T
5o HETHOK ARG XA IR /NP A
B S X OISR Bl Dy LA ELARPATIEE 0. 4 Db B9 /INDE S AR 1 B4 0 RS- 35 4 i 7t 7. — A5 AR P A5 S s AR 0 2%
R B b A 2 1) R I 3) o 3 o S T 50 A L A5 ) 8015 390 R A A 1 ol R A Sy £ A 2R
1) iy £ 1) B A AL 2, e 28 O A5 5 2y

H=28.866—291.720/A—0. 524InA, (D

Horbr HACR/ANBERF B A AUR/NBER S B4R

H AT B F e b di o DL S 2t 2 O Bl L SR HG 0k 0 i 02 S S B B DL 2 1. 35 4R
ERLL0.55 o AL A R T m 2Ty B L bR AR 43 5 1. 35 £ CAY I 0. 55 /(A
R ASY J 5 A AL G B, 4555 40 B BE TR B A 0. 55 F(A) 0. 75 £ (A) 0. 9f(A) 1. 05f(A) 1. 35/ (A), ¥ &
PA by dp ik A BT 3R N 3R 1 TR

SEAFR VKL Ty I VA A 37l R 2% L S 9A T UH A 57 b I b S s S A O IV LV i
ST . LA A A S 5 3 B 5 2R i PR UL AN ] 7 b 5 Y AP R B A )l A
2.2 EMEFEX

AR LAAE BRI 52 S 305 B8 ik Bl 20708 e B R PR AL T AN [ 2 s 2 ) 6 B 2 ) £ 8 DA R ol
KRB o AR A B A /N E 431 A L R DI S b AN R LA FAR AT EE AR T 0. 4 /N BRI  OF I
FEVAR R 22 7 A7 125 S0 B W0 0 1) S5 o G o DB S RE AR S 2% e i i n 3k 2.

30

104

—— H=28.866-291.72/4+0.52In4

3 EREMNZSEEL

Fig. 3 The best sue level guide curve
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Tab.1 The site lovel of Korean Pine
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Tab.2 Modeling and validation samples of different site qualities
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Tab. 4 Information about the selected variable factors of different site qualities

NIy 2C1 1D gD PN VD
H ¥
R VIF R VIF R VIF R VIF
B, 0.468* 553. 390 0.574* 1167.370 0.386* 1057. 400 0. 458 931. 690
B, 0.557* 571.800 0.655" 1 416. 340 0.584 " 1191. 400 0.465" 1 248.053
B; 0. 644 3215.100 0.728* 4852. 300 0.736* 5 142. 800 0.590* 1921. 500
B, 0.429* 478.150 0.507 1961.150 0.328* 812.110 0. 484 326. 246
Bs 0.565" 242.810 0.665" 749. 900 0.592* 458. 670 0.481 274.705
By 0.612* 424. 350 0.651* 1 089. 630 0.572* 581.610 0.618* 572.725
NDVI 0.664 462.190 0.703* 1934. 230 0.734* 623.520 0.667* 623. 370
RVI 0.519* 577.010 0.511* 1612.720 0.620 " 980. 250 0.558* 677.516
EVI 0.607** 589.100 0.690 " 1495. 480 0.698 " 989. 220 0.569 761.488
DVI 0.588* 47.700 0.678* 84.920 0.671* 145.610 0.563* 254.738
B 0.592* 351.690 0.585* 1 001.170 0.665" 380. 250 0.632* 425. 143
Bss 0.611* 191. 760 0.681* 783.970 0.693 " 465. 900 0.589 191.992
Bi7 0.542* 15. 380 0.631* 86.610 0.507 14. 710 0.499* 32.180
Bsys127 0.588* 473. 350 0.610* 1247.830 0.705* 558. 740 0.593* 645. 655
Bsyr 0. 486" 105. 480 0. 444 105. 780 0.612* 134. 980 0.533™ 175.938
Bysz 0.462* 118. 280 0. 409 * 76.850 0.582* 180. 930 0.507** 172.387
PCA 0. 648 5.560 0.700* 28.203 0.661* 5. 714 0.597* 5.991
SM —0.015 1. 131 —0.227 1. 965 0.038 1.223 —0.116 1.116
LST —0.049 1. 892 —0.287 4.000 0.127 1. 705 0.248 * 1.708
Aspect  —0.092 1.572 0.166 2.312 —0.092 1.293 —0.073 1.758
Slope 0.063 1.917 0.127 2.747 —0.171 1.482 —0.109 2.390
ASL —0.046 1. 803 0.156 2.807 —0.069 1.793 —0.191 1. 980
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Tab.5 Optimal subset of each site quality grades

C, R? R? AN ARt B 44 B
4 2.452 0.553 0.572 9 By .NDVI.RVI.Bu; .Bss .Buz . Bsisizr  Biar
% 1.231 0. 839 0.878 9 By .B; [NDVI EVI By By \Bsisizr \Bisr \PCA
il 2.084 0.693 0.711 4 B; \NDVI.By; \Bius
n 2.246 0.671 0.702 7 By Bi\Bs . Bsusi27 . Slope Lst Asl

2.3.2 BT R TTEME (MIV) By B+ i

-2 BTHRE (mean impact value, MIV) J7 i % 5 #2590 45 S A A8 5t 00 0 S A B 28 o0 0 1 728 1) 5
1 VA N WS R AV B S [ I D O = A N Ve = = D B S N N U S P E I o A U 1 2 S
Ja B VNZREEAR P —A [ A8 s R AE 7E H R SRR 40 000 sk 10 Yo A8 BHT AR AR Py L P, K Py Py oy
SIVE R 5 ELREAS R T © 28 2 00 0 28 3647 05 L AR 3 0 A5 2R A R AL SR A FI A, B9 2EME BIS iz A
AR AR B MIV A LR AR 4l MIV 28 X5HE 0 K/ R 4 B 28 BEHET A5 210 4 B 728 500 48 5 52 i)
AR H PR B LR 36 s eI o AR 67 OR FH 32 A0 5 B vk SE I AZ | (0 0 26 . R T BP 2 I 2% 1 A 2 B LA
Ny BRI ZRA L MIV AEAR TR BGE 10 YOt E R BELE A8 1 MIV {H. (/] MATLAB (182 %
26 T L R A 17 BRI P 22 I 2% O S A% TR 1 MV R 5 25 SR ANk 6 TR .

x 6 FEFIWEKFHREKE(MIV)
Tab. 6 Mean impact value (MIV) of each factor on the network

A MIV A7 MIV A7 MIV [ MIV A MIV
Bsir 2 845.171 By 604. 968 Bay 334.697 Bs 179.725 Slope 4.956
By 2129.974 Bz 477.314 Ast 303.562 NDVI 129. 330 SM 1.741
DVI 1576.015 Bss 434.621 PCA 301. 688 Aspect 98. 898 B, 0.908
B, 1 183.196 Bs 375. 447 By 200. 946 Bsys127 81.788

B 1097.633 RVI 338.477 EVI 193. 468 Lst 16. 232
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T AT AR A AR A LA R R i E R L R 43 M 0. 707.,0. 620,0. 601 $£F+-3 0. 819.,0. 720,0. 712,
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Tab. 7 Fitting result of each variable factor

ST 5T PR AL LR J5 1% R? F K8 LT ds
2 P Y=0.522X PCA + 2 113.767 0.498 181. 242 P<<0.01
A3 A o
TR Y=14. 406X PCA®- 8089 0.619 294, 436 P<<0.01
P &Pk Y=0.424X PCA + 2 401. 254 0. 445 26.429 P<20. 01
g 11D T PR AL Y=3.293X PCA%8197 0.707 79. 441 P<<0.01
rh 2t 2 Y=0.610X PCA + 1599.910 0.509 75. 644 P<<0.01
G fr e 1D R Y=9.912X PCA%"111 0. 620 83. 283 P<0.01
1 2 Y=0.517X PCA + 2 199.812 0.519 78. 848 P<C0.01
(g IV V) R Y=3.273X PCA"8436 0.601 115. 908 P<C0.01
x8 HHEHEMNSTEHEALR
Tab. 8 Multiple regression result of forest stock volume
7. Hb B i A5 5 R* R FR®E BEMS
Y=1 325.13+0.68 X B, +5.82X By; +2. 41 X By; + 3. 22 X Byy —
VN LR AZ 0.649  0.631 32.798 P<0.01
0. 02X Bys;
) Y=980.26+0.58 X By + 0. 41 X EVI+51. 68 X By, + 0. 98 X Bys; +
2L 1D 0.819 0.783 23.311  P<C0.01
0. 38X PCA
&5 Chb A 2 11D Y =2813. 64+40. 94 X B3 +26. 81 X NDVI+3. 24 X By4; —6. 85 X Bss 0.720  0.703 41. 647  P<C0.01

} Y=—25291.88+2.94 X B, +0. 68X Bs +9. 37 X Byys 107 + 176. 73 X
GV V) 0.712  0.691 22.533  P<0.01
Slope+1 190. 43X Lst—7. 06 X Asl

3.2 ETBPHERNEZNEREMNER

BP i 25 X 25 2% 4 A I FH d5c )12 I A 20 ) 8 A A 2 — R — o i 8 25 00 1) 5 % BRI R 1 22 J2 i A
2o W 2% A AT 3R 2 B 43 28 BE 1 AN R 14 22 4 oR A0 5 B8 7 o T LAAR g b Ao 0 3 £ 1 1)

I ) o 2 I 245 S ASE 118 2o A 0 o 50 T4 B L o 26 U TR S L I 4% FR I G RS RTE AR A 5 BT EE. BB
B VEAT T — A LT B B 40 09 52 W 5 SR I AT R4 25 R 8L 5 3k 3 R L R AR (RS R Mg
J2 5 {0 A 9 o) AR vk 4 D6 B AS [0 4% 32 oR B8 S [R) I 2 bR 8K R [) P 28 T B S & Pl I 2 S 80T 45 i 3R 81 &
Z WG H 2 15 345 7 5T 5 A5 G0 2% 25 i S HETE IR AR R R, o, B AU 10 1% 328 R B0 1R 4%
Purelin A%, 37 0T o 22 19 B8 TR RE AR 85 /0, 3 4% Trainlm S 1 25 ok 250, At 28 510088 FH 169 DI 25 o 50K
Trainrp, FAILL 48 L6519 34 75 1% 2% (mean squared error, MSE) 2 H bRt 2k pRiFl, 45 5 38U (19 ) 2% 25 449 3%
EAER 9 thUi . BIALR AR ECR S 2 1 000 W AR50 842 10 3 B 10 WINZRy MSE iy 34 18 & H
PRUEZE a0 9 FR

A DL TR FE A 28 T % 5 R X AN ] 7 b B S ) A5 AT R AR R g 2 5 2 T AR ST T /N KO-
B FULA M RE S 31 0 25 00 . O A TE NS EL A AR BRSO I T AT A X LB IE .
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Tab.9 Neural network model and training parameters of different site qualities

1% 13 bR KR UUEREER S i A2 28 e R B 2 2 T A RIS MSE/(X10 %)
A 53 b AL % Purelin Trainrp 22 16 893 5.682+0. 645
ZOBNE T 1D Purelin Trainlm 8 6 405 0.01840. 009
i A A D Purelin Trainrp 13 8 1000 0.645+0. 096
ALV V) Purelin Trainrp 16 11 909 1.32340. 241

3.3 TR 5E

SR FH B AIL T30 B F 36 T 265 Bl 6 A 28 %05 2 K 36 i 4 25l 1o P A A A B ZR AR A AR B A A I AR . R A
AR5 552 B 3 BR R 2 ) AT RO A B A R LR R A TR B AR oK B2 VA 418 A+ 58 B 2 9 g
JERG G . Ly 2 ARt B A 1 A SR (LM S0 R 22 ) RS TR BE (PO BT R A R

S Bl
==l 100%,
S sy 100 (3)

K g a5 R 4 M 10 Pios o Zia Xt F DA B S uE4s 4t . m] L

D) REAELFRNAE 5 S 2 (8] R* 435 0.7 DAL S RS BEAE 78 Do LA L, (i T3 S8 AR 1T LA b
T AR AR B R 22 7 e TR ) 0 AR B g B e R

2) BP i 25 [0 25 A5 AU 3% I B4 B 7tk ] 5 R 22 0 2 P [l AR A R TI (B RN SIS Y R X3k 3 0.9
FeLh b i R R T T 1, B R TR B R R T IR E T 95 0 L |

3) BTN [A] 37 M Jo ek A G AT S L TGI8 SR A i el 488 5 5 B IX 20 S T R I UIDORS B R AR AT
WFERERTE . R e BP b2 45 R Y SR BRI BEAE 9720 LA B L RPIKE] T 0. 94 LAE LR B] T AR 5 Y
Ko ey sk AT LS AN T Sz i J5 ek A S AR ObR AR A A A A £ S B TE A 9 7 [ S R AT LA A A
PERERS B 23 9P T .
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Tab. 10 Accuracy evaluation results of different site quality models

N o B gt [ B 2 5 e BP 2% [ % Bl
ST i - SN AE

. . W wE L IE L R . WWE L e .
Ji (&) 2 Aol = 2 2l 2= 2 B
PR o B ey PR Go R amev ™R o K sy B

gy 61 333 442 261 685 0.713 78.48 0.607 301731 0.762 90.49 0.761 349 014 0.899  95.33  0.856
11 112 097 95069  0.996 84.81 0.677 106 672 0.926  95.16  0.824 109 810 0.996 97.96  1.001

7%=
Hr 25 132 603 148 369 0.778 88.11 0.687 139 233 0.861 95.00  0.809 131 714 0.941 99.33  0.839
n 24 152 524 138 324 0.773 90. 69 0.783 143 586 0.822  94.14 1.015 155651 0.940  97.95  0.890

4 ZRERE

AHIFFELL 2009 AF UK A AR PR3P X 2 BRI AL KON L 45 6 2009 AFiZ 3 X ) TM 5243 LA /N BRI
TS TR BB B AR R A /NIRRT R AR D DR AR B X LA B ST 2 S M T R X3 S M o i A
(AR AR B R BAG BRAY . BRI 458 .

1) SR M ASE 35 8 FR AR 57 b T H AT V2 & K 25 A /N BERCHE 20 500 30 23 D 3 b o7 Mo Jo i 2 G L AR
TN [ 37 M J5 A5 0% 14 il 23 o A L R BOORG B 0 T

2) BP #i 22 p 25 BATAR 5 B9 AR 2 M b AR Ty B T AN [R] 37 M B i AR A T R AL 2 IR R B 2 R B
PRIFTIN A L 7T 3% 97 06 LA, A6 R0 T AR G i BRI 52 00 {1 50 B 7 e ] DE A8 AR D 22 0 4 P [ Y 462 R A i
4 T fiE

FREAL T T SR e VA DA T 0K B SR DR AP DX LD AR 2 AR TN L 0 JHC A I F4 A 7o 4 /N BIE 2 75 A B8 A
TR 7 3 B B4 o AR T 5 I e mT D 2 SR AL A o T R RE AR R E AT R O T R A A Y
SE PRSI RE T 38 7 2 FE 3G IR A B
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Fig.4 Comparison and verification of the accuracy of predicted and measured values of each model
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