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Ascertainment and application of precision model in biomass estimate as well as
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Abstract; This paper explores further the precision estimate of biomass by making improvement on the way biomass models
are constructed and parameters identified. To that end, a unified model is set up to estimate the biomass by constructing a
group of product-type base of p-dimensional continuous function space through Chebyshev polynomial combination. This
model has the following characteristics; (1) It can overcome the experientialism, instability, limited applicability and poor
adaptability to biomass-affecting factors ridden in conventional models in biomass estimate. (2) It has wider and more stable
applicability given that this model is applicable to any of the biomass-influencing factors. (3) It can determine on the factors
that affect the biomass and the size of the order according to actual needs and required accuracy of estimate in different
cases. (4)This model works in a way similar to number interpolation between the interval [ —1,1], the higher order the
variables go, the more points should be inserted, the more realistic the estimate becomes. The above interpolation process
in estimation abides by the same principle by which tree growth are measured based on the tree trunk analysis. Moreover, it
constitutes an equally important task to find best method in identifying parameters for each estimate model. So far, the most
commonly used method in parameter identification in term of biomass estimate is classic least squares algorithm. However,
because of its inherent defects, classic least squares algorithm is bounded in accuracy and application. Though the partial
least-squares algorithm of modern multivariate statistical analysis can somewhat overcome the shortcomings of traditional

least-square, it is still not perfect in abstracting constituents. In view of that problem, this thesis has made improvement on
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modern multivariate statistical analysis to increase the accuracy of calculation. As a result, not only are the shortcomings of
the partial least-square overcome, but the accuracy in estimate is raised substantially. By comparing three methods in
calculating biomass in two cases, it proved that the unified model in biomass estimate, together with improved partial least
square algorithm can render the most accurate result so much so that the biomass-estimate error formed a straight line closely

along the zero axis.

Key Words: unified model for biomass estimation; the improved partial Least-Squares Algorithm; biomass
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AR BREH—ERIFF S R51FH A2 AT 518 ) , AT AT RAVE Jy— 4 % 22 s 8502 (] ) — 2 2 (— 4
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5.1 /1
5.1.1 FEFRIE

TR ITEAR A JU VLR il AR BRI VE B E A AK3T , 1ZART 2 Bs52 HTER B PRSI
PMLK. EEBARERREME, £ 4 D TR AP EFEA RS A R EE A RS E AN, 78
25m x 25m 9 Bt
5.1.2 FEARERE

PEFAE AR B BTE T LA AR A HEWT SR R RRIE o BRI it FLBE B B R AR 0 T 2 BB AR A I R
— R, BRURE R R AR SR B T W (BT B SRR 2 SRR E o Ry I AR R R A Al B R
B, 7E 9 Hetfsth 364 26 BRFEAR , BIIMGEE W E3R CEB M R I 3T S AR B R E
5.1.3 SR EXaHT

B TSI A IR 5 LR, AR 0 R 8 (D) SHE (H)2 MEmEY BN RER HERERR
BN

(D) IWAR =TT YRR M = c,D" H? 5 Marqurdt 2345 5 . 8525775 Fily 5434. 51108 ,R* =0. 9770,

&GS BERERIEK 1,

F1 BES5RERERE

Table 1 Ultimate five iteration process

BB BETIA B Parameter
ITteration number Residual sum of squares < ¢ ¢,
1 5434.5113 0.1359 0.9684 1.3633
2 5434.5113 0.1359 0.9684 1.3633
3 5434.5111 0.1359 0.9685 1.3631
4 5434.5111 0.1359 0.9685 1.3631
5 5434.5111 0.1359 0.9685 1.3630

ME1ATUE H, SHERCERE.
Q) EYEEREE R f(H",D") = kz(,)achl(H* )T, (D™) (H" JgHate H & XA &5 A&, D"
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W_I%‘ D éégl‘mﬁﬁﬁﬂgiﬁﬁ, UT&{M)Q{EE/J\:%%%%%: é,l cl ,02 =O91 [ aS 9M =35(:/t§ﬁ 36 /I\E:s
HAp R E) ARIE AR T M 35 NG PRI T 23 A T4, X BB 22 R - 111.2942
R*=0.9920, MAEIZBENE 2,

R2 MAREWMESZE—HESY

Table 2 Parameters of Taxodiaceae’s Biomass unite model

28 SR 28 SR SR SR
Parameter Value of parameter Parameter Value of parameter Parameter Value of parameter

a, -329. 9801 ap 15.2843 ay, -92.8709
a, -113. 8759 a3 24. 6859 s -393.1794
a, -83.4227 ay 727. 6378 Qg -4.0632
az -346. 8658 ays 153. 1785 ay 178. 0785
a, -275. 9666 ag 32.9323 an 27.9816
as -122.3140 a; 18. 8429 Ay 13. 3669
ag -259. 6467 ap 259. 0292 az, -25.2752
a; 240. 2070 ayg -20. 8958 as —80. 2427
ag -308. 6638 ay, -520.3732 az -617.9830
ay 269. 2178 ay -18.0157 as -142.6310
ay 89. 7553 ay -139. 6355 az -215.7154
ayy -331. 3210 Ay -189. 7664 ass -130.7727

) EYBMBER R Sf(H ,D") = I;)achl(H*)Tcz(D* ) S/ RBHR LR K ey 0, =0,

1,e+,5,M =35 WUESE AR T 35 B 4R BT 12 A48, XA B 22 7 fi R 1 11. 2547 R =
0.9996 ,MRAKSHULFK 3, FIME S MTHERIXF LK 4.

R3 MAREYESG—EESY

Table 3 Parameters of Taxodiaceae’ s Biomass uinte model

2K SH1 2K SH1 ¥ S

Parameter Value of parameter Parameter Value of parameter Parameter Value of parameter
a, -0. 0007 ap 362. 5327 ay, -369. 2062
a, -8.0762 ap 140. 4158 ays —447. 8451
a, -183.5355 ay -55.4136 Qg 37.4171
as -467.2217 a5 139. 3366 ay 192. 5231
a, -764. 0033 ag -194. 4644 an 187.9717
as -62. 8948 ay; 132. 9404 Ay -53.6732
ag 7.3664 ap 72. 6844 az 141. 8118
a; -462. 3769 ayg 78. 1244 as 47.71751
ag 323.2425 ay, -772. 8236 az -690. 5563
ay 809. 9172 ay -195. 1425 as —253.5562
ay 286. 9931 ay 125. 4327 az -240. 6766
ay -434.2631 Ay -118. 8844 ass -276.9517

(4) T EEWLA LB A 3 Fi b 38 07 ik AU S 08 B, 48 3 FhO7 IE X SRR A A R 22 22 A, L
El 10

MEN T AT AT Y, A Al 8 G — A8 5 i D doe /N — SR B ik A NG BE ey, LR ZE R F MOl JL T HE AR
—H&, R LAY BAGE SRR S /D —REER TRRHER .
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x4 AREMEMGWESZE
Table 4 Observed values and Fitted values of Taxodiaceae’s Biomass

A FLIE fhivHE HAS FLUME e
Sample number Observed value Fitted value Sample number Observed value Fitted value
1 102. 5486 102. 5898 14 326.0703 326.0734
2 207.8506 207.8195 15 291.4030 291.4010
3 119.5171 119. 3864 16 253. 0200 253.0211
4 114.7233 114.7134 17 270. 0450 270. 0456
5 155.4738 155.5154 18 8.1360 8.0815
6 18.4923 18.2692 19 3.1140 3.1003
7 5.1160 5.2115 20 77.9120 78.3498
8 28.6673 28.6593 21 101. 5105 101.4258
9 13.8945 13.7536 22 30.6720 30.6699
10 38. 8085 38.5291 23 23.8534 21.6660
11 42.3077 42.6645 24 26.0428 28.4452
12 105.1782 105.2038 25 29.4236 29.4740
13 15.3782 15.5035 26 95.3402 94.9260
5.2 Rf2 ‘ 401 © {iii/h TR
2005 4 4 H , B4R BN 30em 7o Y H S, v
TEHT R A BB AT b By T—Ldem ] vy
B AT 10 BRIENARMERK LU B0 34 WARHERR ) 2 10 e v
o BRI ISR BRI HFRAITISR 5 o |agPuoytesToensTonsy Potye?
MR REEOE(HE) AR A RE | T 7 T 90 ¥
HOTETAb R AR, U5 28 () FREC BB, AT (55F) IR v v
BATCH) R B S E MR R R eE O T
BJ5 K HAE 105CHAT 30min, [FETOCTHT,MWE 00—
THIRE. SORERORER () RAGTR, — B RSB 7 T Sample number
y — ey B e I fR L >
Jz’_E{?"J%{’EEk’l‘)’Z”eré%ﬁ,ﬁ@akf'%ﬂ:jﬂﬂ:o A, 4 R
ﬁﬁﬁﬁﬁ_‘ﬁ%‘:ﬁiu 2005 q:i 5 E 10 H ’;H‘: ﬁx’,ﬁﬂ#ﬂi Fig. 1 Scatter plot of error’s distribution
100 #f , B [ HCAE i BESE B T 2
5.2.2 HRpHT

MSZIEARE (3R 6) , BATAEX 1 A4~ H B [a] N A= 9y & Bl s [E) 22 AU AR K, BFE 3X — N A A K T B BAT 4
Y& SuHEA &, XEBTAYERZNE T A R DCARM B HMEARR, BGEEIEN BT A E
DR R R ) AT H S6F0E] ¢ (¢ BUE RS 1 RSEMIET ¢ =0,¢ LUG R BUE M B R SEI A [E] 556 1 YR 52 A+ [a]
HIE R RE) o« TE]H ECY IR R B £ Y& SEE A 8RB 5 IR AN EMBE BRI S
(1) INA KA AS R 5 Marqurdt 583 : 3R 6 SR FT LIS, BATTEX — H BB a3 A K BT 2
“fg—R—18" , B S" TR, ARIEEAT () A KMAERA BRI ESE . FrUE LA R M =
coD H,, FJBERE E4 ¢ = ¢, e™ B SEUE W] Marqurdt S AGEAEY) & A BY 227 I Fi 5. 623, 7
ERBR =0.971,

() EYRMBEGE B f(H" D" ,¢7) = kz(,)achl(H*)Tcz(D*)Tcs(t*) 5/ —REEGR 4
€1,62,¢5 =0,1,-++,5, M =215 MRYFSA MK 215 DA HRIUT 55 A FMar, Boi B 27 75 F
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0.2518,R* =0.9987,,

(3) AR RS —BUR S D" 1) = 3T, (H) T, (D" )T, (¢") SlRf N TAIH L R

L ey,6,65=0,1,,5,M =215 MR ABAER L 215 A par P HREUT 54 4> F R, Bl B 227 J5 il
H1.0679 x10™*,R* =0.9999 , ALK SHNE 5, SMME 5 THER ALK 6

RS EMEYESG—EESY

Table 5 Parameters of Moso Bamboo’ s Biomass unite model

2% SHH 2% SR 2% ZHE 2% SHE
Parameter Value of Parameter Value of Parameter Value of Parameter Value of
parameter parameter parameter parameter
ag 2.0380 x 107 asy 1. 0894 08 0.4161 2 0.2060
a; 0. 0434 ass 3.7016 109 0.2632 63 -1.3699
a, 0. 5975 ase —-1.4447 ajyo -0.0767 gt 1. 1440
as 1.1194 as; -0.2201 ayq -1.1890 Q65 0. 7666
ay, 1. 6592 asg 2.2262 agyp -0.7178 Q66 -1.5659
as —-0. 4862 asg -0.2220 a; 1.2773 167 -0. 0496
ag 0. 1895 ago -1.8798 ayyy -0.2714 Q68 -0.9340
a; 0. 4301 ag; -0.0128 a5 0. 1497 21 0. 1263
ag 0. 5089 ag) 2.8736 ay46 -0. 4659 ay79 -0.9503
ag -0. 1565 ag3 -0.0760 ay 0.4532 ap -0. 0039
ajp -0.1782 Ay -0.3745 apg -0.5165 ap 1.7845
ay 0.7158 ags 1. 0576 ayy9 -0. 5860 ay73 0.3343
ap 0.2816 (% -0.2882 ayp 0. 0501 Qg4 -0.1563
ag; -0.0019 ag; -0. 3469 apy -0.7577 ayrs -0.7882
ay -0. 3265 [ -0.7579 a1y -0. 0487 ay76 0.7527
a5 0. 0838 ago 1. 6733 ayp3 1. 4425 ay77 -1.8140
a -0.2738 az -0. 6827 Aoy 1. 5955 ajg 0. 1758
ay; 1. 4670 as -0. 8441 aps -2.4031 a9 -0.7068
ag -0. 8820 ar 0.2344 a6 0.2724 a3 -0.8516
ayg -0. 5246 ar 0.9576 Ay 0. 3605 Qg -0. 4693
ay 0. 4012 az -0.1842 apg -0.0559 ajg -0. 1866
ay 0. 1280 ass -0.2272 a9 0. 0996 ag3 -0.2409
ay, 0. 8264 azg 0. 0504 a3 -0.0448 Qyg4 -0. 1480
ay; -1.2947 az -1.0858 a3 1.4532 aggs 1. 0691
Ay -0. 1204 asg 1. 0675 a3 -0. 1421 a3 -0.3334
ays 0.4733 az -0.4129 ay33 -0.6384 ayg7 -0.2454
(2% -1.1540 ag -0. 8788 g3y 1. 5936 Qygg 0.6142
ay -0.9120 ag; 0.2040 ass 0. 5750 Qg9 —-1.1083
Ay -0. 1099 ag 1. 6203 a3 -0. 8280 a199 -1. 0650
ay 0. 0990 ag; 1. 0852 Ay 0.5357 Q9 -0.3481
as 1. 6763 agy -0. 0400 ay3g -0. 8001 ay9) 1.3071
asz -1.2274 ags -0.2148 a9 0. 8357 Q93 1. 1809
az -0.1139 agg -0.0280 a4 0. 8828 Qg4 -1.0708
as; -0.6740 ag; 0. 8675 a4 -0. 4797 95 0.5272
azy -0.5548 agg -0. 3090 [P 0. 8360 Q96 0.3956
ass -0. 0926 agg -0. 1421 a3 0.5717 ay97 0. 0092
azg 0. 0621 ag -0.7335 [gm 0. 0926 Qg8 0. 3069
as 0.5517 ag; 0. 8059 Qyys -2.3379 Qg9 0. 1807
asg -0.6189 ag, 1. 5623 Ay 0. 0384 Ay 0. 0250
aszg -1.7815 ag3 -0. 8905 Ay 0. 8368 a1 0. 4529
ay 2.4891 ag, -0.5311 Qyyg -0. 8066 Ay 1. 0356
ay 1.5123 ags 0. 6702 Qg9 0.0583 Ay3 1. 5179
ay -0.3222 agg 0. 6042 ays0 -0.9380 Ay -0.5810
ag —-0.4188 ag; -0.4048 as; 1.6014 a5 -0.7825
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gk
- S¥f 2% S¥f 2% S - S
Parameter Value of Parameter Value of Parameter Value of Parameter Value of
parameter parameter parameter parameter
[om 0. 2389 agy -0.3571 a5, -0.8575 Ay 1. 5700
Qs 3.2088 agg 1. 9786 ays53 -1.3185 (] -0.0417
(73 -6.7578 a0 0.2629 Qysy 0. 4494 [ -0.6741
ay -1.7336 ajo -1.3409 ayss -0.6210 A 0. 1057
ag 0. 1338 ap -0.0167 a;s¢ 1. 0164 as —-0.4759
[ -0. 3896 a3 -0. 4802 a57 1.2138 asyq 0.3238
asy 1.2510 A4 0. 6784 aysg 0. 4709 an -0.7287
as; 0.3363 ayos 0. 3261 ays9 -1.1743 a3 -0. 5469
asy —-1.6413 @06 0. 5611 a160 -0.4962 [ 1. 1341
as; -0.4149 Q97 0.2522 Q61 -2.1470 ays -0.2055

MFE S ATUE RS HBEA N E S B D —RAE & TARBIRB KSR hit

*k6 EMEWEMGNESZNE
Table 6 Observed values and Fitted values of Moso bamboo’ s Biomass

i} 8] Time
{5/ om 04-13 04-16 04-19 04-22 04-25

D TG G SO AR SOMME GOHE SO fobE SoWE Gl
Observed Fitted Observed Fitted Observed Fitted Observed Fitted Observed Fitted

value value value value value value value value value value
12.1 0.0812 0. 0800 0.1765 0.1763 0.4156 0.4165 1.0146 1.0125 1.3824 1.3829
7.3 0.0317 0.0320 0.0774 0.0774 0.2735 0.2736 0.4380 0.4379 0.5893 0.5893
9.4 0.0530 0.0501 0.1080 0.1095 0.4149 0.4136 0.7340 0.7355 1.1198 1.1181
9.0 0.0767 0.0786 0.1884 0.1864 0.4336 0.4358 0.6773 0.6743 0.9169 0.9203
13.6 0.1231 0.1231 0.2734 0.2734 0.7671 0.7671 1.2914 1.2914 1.9711 1.9711
11.1 0.0943 0.0938 0.2196 0.2208 0.3655 0.3649 0.7780 0.7796 1.1893 1.1891
8.4 0.0437 0.0467 0.1075 0.1082 0.3305 0.3300 0.5554 0.5564 0.8416 0.8406
8.1 0.0413 0.0384 0.0987 0.0986 0.1929 0.1929 0.4261 0.4258 0.6552 0.6555
12.3 0.1475 0.1483 0.2291 0.2292 0.6521 0.6515 1.0462 1.0478 1.8984 1. 8980
10.9 0.1010 0.1024 0.2375 0.2361 0.3532 0.3539 0.6297 0.6284 0.9064 0.9067

i} 8] Time
{045/ om 04-28 05-02 05-04 05-07 05-10

Diumerer JWM MM L ROHE SO MM SO MM SN e
Observed Fitted Observed Fitted Observed Fitted Observed Fitted Observed Fitted

value value value value value value value value value value
12.1 1.7576 1.7578 2.3234 2.3241 2.8887 2.8876 3.7262 3.7263 4.6170 4.6170
7.3 0.8925 0.8925 1.3115 1.3115 1.6129 1.6130 1.7718 1.7718 2.0138 2.0138
9.4 1.5146 1.5146 1.9417 1.9424 2.3576 2.3562 2.8579 2.8582 3.3769 3.3767
9.0 1.1974 1.1965 1.5672 1.5671 2.2889 2.2905 3.0379 3.0375 3.7982 3.7984
13.6 2.6185 2.6185 3.7956 3.7956 4.4025 4.4025 5.4692 5.4692 6.5940 6.5940
11.1 1.7332 1.7335 2.4657 2.4652 2.8771 2.8791 3.6290 3.6290 4.2210 4.2209
8.4 1.1216 1.1218 1.6371 1.6371 1.8987 1.8979 1.9622 1.9625 2.0260 2.0259
8.1 0.8449 0.8446 1.0996 1.0997 1.3935 1.3936 1.6883 1.6882 2.0297 2.0297
12.3 2.7890 2.7886 3.3292 3.3288 3.6659 3. 6665 4.1293 4.1292 4.6085 4.6085
10.9 1.4886 1.4883 2.0883 2.0884 2.4150 2.4136 2.7466 2.7465 3.0565 3.0566

(4) T E BB A YR R 5 — R 5 i e /D — IR B8 1k R A W B A — AR 5 i foe /D> — 3
BERR RS RSB, AR RO B, LR 2,
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—HZ, iR/ BB MR EARKUE. 0.15 po TN —FTRIE R o
5.3 RO 0.10} o o o

MUA L 2 ASZHIRTIE B 2 X A& A i oosp Oo%oo o o 0? . ©
TEIBWLEG 1 2, B0 2 WHEABREZTRAI1LH £ o OG%QW;WQ::OOZ y
ROI2 REAEMROEREE RS 1 MEZ. B § oop T ° T%e 80 o
MTRGURINT B85 (1) ILAR =LA RER (oo ° ° o
RUREARY ) 5 Marqurdt B35 %F R4 2 BEIIGE Rzt 05
001 B HN RPXAVEN R R B IR, R ~020¢ ° o
AR —onA Y B AR AR R KK I, B 0B010 20 30 40 50 60 70 80 90 100
MRS B E BRSSO 5 50 O RS Sample number
FATRAH R L , RIS (8] L2 58— S A B2 REAEHAR
ERERE . (2) MR MAE SRS R R 1 Fig. 2 Seatter plot of error’s distribution

PRI R X S 01 2 BRRAUER E Ll A X —on A My B

B (R RIRRAY) BARE 2, JRITE T B MM A e & BB BEAl . A BIGZEA LR FI L REAF I S X0
PIT i (/D — RS R B SRR ARE . Q)R 1 LR 2 PERT —RWHE T, 2L R
BOR R B ent , 261 1 PRI S EL R B 2 0T 180 >, (4) USRI A W) BAG NG BE RN i, AR AR
AT BRI B, BER 2 2461 4 Wy R 5 — R P B & SR B 2D

6 Hit5ifit

A SCAERT AT TS B LA _E X A Yy RS Al S T — PR, Rl ad 2 SR GIXT 3 A I A BT T X
H T . SRERTE BT, 5 B AT 458

(1) #<3CH Chebyshev IEAR 2T R IE T 5% pRH [ i) — 2 AR FE | I 45 24 A A 55 A9
Gi— AR, ZEREN T SRV B A RKERZSITIHEE.

(2) Chebyshev IERRZ K T, (x,) ,T,,(x,) -+, T, (x,) KRESIRM -1,1], HIEEE T, (%) ,7T,(x,),
o, T () BB, T, (00) , T, () oo, T, () BMERE SR/, s R Fh S — A B AR Y B A2 B 916
FEW/IN XA S FAEX A [ - 1,1 ] R AT B R E (6, AR 08 R , i A B RUst R 22, Al 3 4 R AT &
LB , X -SRI TS A R R A — B

(3) LY BAR G — R T LR AR RSP Y BAR T 8k

(4) BOESE TR T e/ —SRAE SR BUS 23 i B BRI , BEAE RS R A SRS BE AR BI R AR =, TE US4
TR AN TE B2 E S HIME.

(5)2 NSRBI A My B Al 5 0 — MY 5 i e/ — SR e S0 o A o 2 0 B B R M B A i, L
BREEFMOEHEN— R EHL

(6) A SCH I A= W) B G — RN B 77 ¥ D B A W B R S ST 3R T — b R B . S S R RS T Y
AT DURRYE T 2L, PR A SR RS 8 IE S/ MR A M G — A, AR B M R AT iR A 1 T
HE—FHIBT

(7) TP ALY RS — Y P& B2 R 0 e ) B i R 3R EL OB & 9 e, AL T 5 SR %, 7T LA
SR P32 v fi o /1N — R 505 1 E VR 46 7 B AR AR Y, 5 T3 07 T B BT TR ZE UG #6747

(8) ¥ Ml A BRI ELE A R R BV X M = ¢ (DH) ', 1T M = ¢, (DH) " = ¢,D" H" , X FIE X )
AP BRI AR R, B AAS SCBA THE A Y B AR B I R R B0E 3K

(9) AR A E Y B G — A, HAR B B s B i A — 5 9 A, (ELX b 0L P2 A R G E i
BV HERM 55 5 RN SR ATHR Y o
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MR RN R EEREF

P /D — e BERR 7 2 Matlab (445 1, HARVRS 40T
function XG = pianzuixiaoerchenggaijin(x,y)
[m,n] =size(x' *xy*xy #x);
[v,d] =eig(x'*y*y *x);
[ml,nl] =size(v);
i=1
b =ones(ml,nl -1);
fori=1:ml

if d(i,i)2 < =e-006

b(:,j) =v(:,i);
j=i+l;

end
end
[vl,dl] =eig(b' *x"*x%b);
[v2,aa] =sortpaixu(vl,dl);
[m2,n2] =size(aa);
mumval = sum( aa) ;
=1,
mumvall =aa(1,1);
while ( mumvall/mumval < =0.99)

izi+l;

mumvall = mumvall +aa(i,1);
end
a=v2(:,1:1);
u=x#*b*a;
[m2,n2] =size(b);
I=eye(m2,m2);
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XG=x*(I-bxaxinv(u’ *u) *xu’ *x);
AR XG J5 , FM Y X XG /D 3 EIH
UL — 7 R AR T
function [ v,a] = sortpaixu(v,d)
[m,n] =size(d);
a=ones(m,l);
b =ones(m,1);
fori=1:m
a(i,1) =d(i,i);
end
fori=1:m-1
k=i
forj=i+1:m

if(a(j,1) >a(k,1))

k=j;
if(k ~ =)
t=a(i,l);

b=v(:,i);
a(i,1) =a(k,1);
v(:,i) =v(:,k);
a(k,l) =t;
v(:,k) =b;
end
end
end

end
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