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Modeling a single-tree biomass equation by seemingly unrelated regression

and dummy variables with Larix kaempferi
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Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: Developing generalized single-tree biomass models suitable for forest biomass estimation is an effec-
tive way to provide scientific approaches. To simplify biomass modeling and improve the accuracy of model es-
timation for better understanding of biomass, carbon stocks, and dynamics in large-scale forests and to precisely
estimate tree biomass, this study used stem, bark, needle, branch, and root biomass of Larix kaempferi of 161
sample trees in Gansu, Hubei, and Liaoning Provinces to generalize single-tree biomass equations suitable for
different organs and regions using seemingly unrelated regression and dummy variable modeling methods. Re-
sults showed that the generalized biomass equations not only solved compatibility problems with different com-
ponents but also increased accuracy with an average increase of 0.28%-0.44% in R?, decreased 0.40%-6.61%
in the root mean square error (Egys), and decreased 1.63%—6.61% in the mean abosolute bias (By,). Effects
due to region increased accuracy more than effects due to developmental stages. When both region and devel-

opmental stages were added to the dummy variable model, it was more accurate and produced the best equa-
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tion. Therefore, we suggest that both regional and developmental stages be considered as dummy variables to
establish generalized biomass equations in order to solve the compatibility problem with different components as
well as for overcoming problems of generalizing with different regions. [Ch, 5 tab. 33 ref. ]

Key words: forest mensuration; Larix kaempferi; seeming unrelated regression; dummy variable; generalized e-

quations.
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ABFFAE N KA . A @R E . TR E 3 AR M A X5 i B H AR A A
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SRR N 5.4~7.2 °C, AEFHRE K B 400.0~800.0 mm, JEHH 125.0~150.0 d.
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BRI E A AR, AT 161 MR AR SR HEATREILRIAE , JTrh @R ERFEAS i 116 B,
R B REAS 0 45 PR R EAR G IHE B LR 1.
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Table 1  Summary statistics of sample tree of Larix kaempfert for fitting and validation by provinces and developmental stages

Bl fgfE/em  Wm/mo WT/kg WEkg  Wkkg  WEUkg  WRl/kg M BRIk HAR/kg
AR /N 1.10 2.30 0.10 0.05 0.08 0.08 0.06 0.32 0.39
B K 28.40 27.65 304.90 36.23 9.30 25.79 8.49 361.41 445.86
Ty 14.92 15.24 72.94 8.86 3.20 9.14 20.81 94.07 115.06
FrifE iR 0.66 0.60 6.95 0.73 0.22 0.66 1.86 8.35 10.15
i 03 e/ 1.90 2.72 0.24 0.0 0.20 0.27 0.28 0.81 1.09
B R 28.60 27.40 340.36 31.50 8.87 22.87 71.52 399.41 464.05
Ty 14.68 15.14 73.38 8.59 3.03 8.68 18.10 93.78 111.85
P e 1% 1.05 1.00 12.50 1.21 0.33 0.94 2.58 14.69 17.08
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Table 2 Information statistics of likelihood analysis for the additive and multiplicative error structure of biomass models of L. kaempferi

A A
i T BBz LI LE3 B AR LU ) LR
ol 390.28 161.09 11.50 186.76 230.69 411.71 420.31
Bl 403.90 162.45 106.12 203.88 277.24 432.24 452.87
g 544.83 292.03 142.89 248.13 403.79 592.16 616.52
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Iny,=In(ay)+bxInD
Iny,=In (ay)+bxInD
Iny;=In(az)+b3xInD
Iny,=In (ay)+bXxInD
Inys=In(as)+bsxInD
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Table 3 Parameter estimates of different models of Larix kaempferi

¥i—¥i

Tt Hy
ay b a a a; ay
[ 0.037 8 2.627 0
Tz 0.022 9 2.097 0
TR 1 Rt 0.055 6 1.441 2
T A 0.066 3 1.751 1
T AR 0.025 3 2.3529
iRy 0.052 4 2.583 0 -0.012 0 -0.016 7
T 0.023 5 2.117 3 -0.000 9 -0.004 9
R 2 i 0.050 7 1.494 7 -0.003 0 -0.008 1
A 0.049 7 1.822 9 0.009 0 0.004 7
AR 0.025 1 2.341 4 -0.000 4 0.002 7
B+ 0.063 7 2467 8 -0.016 6 0.001 0
T Rz 0.043 6 1916 7 -0.013 4 -0.003 2
T4l 3 i 0.025 9 1.655 7 0.014 7 0.002 5
A 0.024 9 2.039 9 0.019 0 0.001 0
AR 0.032 7 2.260 6 -0.004 6 0.001 6
B 0.072 8 2469 0 -0.012 5 -0.020 6 -0.014 9 0.002 3
T Rz 0.041 7 1.949 7 -0.002 0 -0.007 1 -0.011 0 -0.001 6
JrFEe 4 o 0.025 2 1.665 5 0.001 7 -0.001 4 0.012 6 0.002 2
Az 0.017 4 2.103 1 0.007 5 0.005 1 0.014 7 -0.000 4

R 0.040 3 2.194 3 -0.001 6 0.004 6 -0.007 9 0.000 7
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S DK IR K T B DAy I Ay sl 14 A 4y e B R LT LS ) A ) B AT
22 BAREBEAMEEMERIMEGHRITMN

HiE 4 n . M A AL E Y R A LA ROR B, R I AR ZE My LA 2 R e s, LR
LT 0.90, Ews KT 040, Bw 33K T 0.29, X n AEJE i1 TAESM b A A - BORE IR X, 25 5 7 AR BURE 2
2R . IR OrfEd DA, Bg | A K ENEAS  (J7 4 2), R?SFEH9m 0.40%, Ews -
Jpgi/) 0.40% , By 39980/ 5.95% o FARGIA K T BOMEAS H (7 R4 3), B2 P35 0.28%, Eps F
g/ 1.92% , By V30N 1.63% . [R5 DI & 77 By BOWEAE 5 (D7 FR2H 4), R? P23 0.44%
Erys P18/ 6.61%, By V3998071 6.94% (£ 4) o Joig 5 25 18 DI R 3R Ak S R0 19 5 77 B B b 2 4 v
A Wy B RY Y FIUIORG 2, (ELDXCIERT 3R A8 A G A TR A R B Y B e ROR L TR B B, SRUIIXEA R
(PRBEAE) MR AL Wy i Y SR B S 5, 57 () I 25 R 5 R A 4 X 20 Wy AR A AR 52 4 s Bk
SRR H AV AR R AR YRR (R 4) o Slad SR 22T R B - S ORI 119 5% 22 23 A1 Bl i A2 T8 W] A2 1)
AR, B — RS T KON 77 [ Be i WA 1 5 PR 4 A A I LS RCR

x4 HEEHBRABEMERRYPSIRITEMN

Table 4  Comparison and evaluation of the fitting index of different models of Larix kaempferi

A JrREeR T W B¢ at: A AR By Lik7S
R? TR 1 0.962 2 0.946 0 0.802 8 0.879 6 0.961 4 0.968 9 0.976 4
Tt 2 0.965 1 0.949 2 0.810 8 0.877 2 0.961 8 09770 0.981 7
Ji i 3 0.962 3 0.950 2 0.805 3 0.887 0 0.962 6 0.970 3 0.977 2
JrfEeH 4 0.966 7 0.953 8 0.809 7 0.887 9 0.963 9 0.975 9 0.980 8
Ers FEd 1 03316 0.318 7 0.454 6 0412 4 0.300 1 0.265 0 0.230 1
JrREEH 2 0318 5 0.309 2 0.445 3 0.416 5 0.298 7 0.227 9 0.202 8
TR 3 0.330 9 0.306 1 0.451 8 0.399 5 0.295 4 0.259 0 0.226 2
Tt 4 03111 0.294 9 0.446 5 0.389 2 0.290 3 02329 0.207 5
By RN 0.268 3 0.246 7 0.350 9 0.309 5 0.237 6 0.208 2 0.184 4
JrREA 2 0.250 2 0.237 6 0.347 7 0.306 4 0.238 4 0.177 7 0.156 7
T4l 3 0.264 5 0.228 2 0.362 8 0.306 4 02373 0.204 3 0.179 1
JrFEA 4 0.245 7 0.219 6 0.358 5 0.298 0 0.239 3 01777 0.159 1

23 BARERMEMEREEIE

AR B AL R Y 45 Bk H A 7 I R SRS 36 B 0] AR ) A R AT I E, S5 AR S0 M5l AKX
WA F BN R, AR B F1 Buy SRS BLREAR A S, R 50 B (19 45 R -5 81 05 Kol
ALERIEA o R, K236 B B9 ZE 5 bn o 2 W [R] I 5 1A DX AN & & I B i) M A AR (5 41 4)

x5 HAEZFMHRAREYMERLQEIFITMN

Table 5 Comparison and evaluation of the validation index of different models of L. kaempfert

pIEELil T W B¢ t: A AR o E7R S bk
Ers Tyt 1 0.353 6 0.278 8 0.463 8 0.435 5 0.432 8 0.257 7 0.220 9
TR 2 0.357 0 0.267 9 0.472 2 0.441 5 0418 3 0.267 2 0.239 2
T 3 0.324 8 0.272' 5 0.453 3 0.438 3 0.442 1 0.226 4 0.199 9
JrfEiH 4 0.307 4 0.244 1 0.456 6 0.415 5 0.422 2 02150 0.198 9
B FR 1 0.297 6 02119 0.389 0 0.366 3 0.371 3 0.224 6 0.185 4
JrREEH 2 0.283 2 0.2157 0.392 6 0.367 2 0.353 5 0.220 1 0.195 0
iR 3 0.271 4 0.202 5 0.395 4 0.354 8 0.364 3 0.194 8 0.165 7

it 4 0.247 6 0.196 0 0.393 6 0.355 8 0.353 1 0.181 0 0.162 7
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