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Development of a compatible biomass model system for individual trees of major
tree species in Hunan Province of central China

He Peng Chen Zhenxiong Peng Jiangui
(Central South Academy of Inventory and Planning of National Forestry and
Grassland Administration, Changsha 410014, Hunan, China)

Abstract: [Objective] This paper aims to establish a compatible biomass model system for individual tree
components of Cunninghamia lanceolata, Pinus massoniana, and Quercus species, so as to provide
technical support for the scientific and standardized modeling of main tree species in Hunan Province of
central China and the accurate prediction of forest biomass. [Method] Based on the felling data of 468
individual trees of three main tree species in Hunan Province (160 of Cunninghamia lanceolata, 153 of

Pinus massoniana, and 155 of Quercus species), the basic models of biomass for six individual tree
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components (aboveground, underground, trunk, bark, branch, and leaf biomass) were compared respectively,
and the optimal model with the best fitting indicators was sought. Further, the biomass models of different
origins (natural forests and plantations) were compared. Dummy variable models were established by
selecting parameters adding origin as variable with significant differences, and the biomass of individual tree
components was predicted by constructing nonlinear simultaneous equations with proportion control.
[Result] The fitting results of basic biomass models for individual tree components of three tree species
showed that for four components of aboveground biomass B;, underground biomass B,, trunk biomass B,
and bark biomass By, the independent variables selected were DBH and tree height, while for the biomass
models of branches Bs and leaves B4, DBH, tree height (H), and crown width (CW) were selected. The
models with origin as a dummy variable indicated that for aboveground biomass B; (the mean prediction
error MPE was reduced by 1.16% compared with the base model) of Cunninghamia lanceolata, underground
biomass B, (MPE was reduced by 4.65%) of Pinus massoniana, and aboveground biomass B; (MPE was
reduced by 3.24%) and underground biomass B, (MPE was reduced by 29.13%) of Quercus species, the
biomass in natural forests was significantly higher than that in plantations. The fitting effect of individual
tree biomass model system with origin as a dummy variable was better, with the determination coefficients
(R*) of aboveground biomass models of three tree species all above 0.90, and the average predicted error
MPE was below 4%, while the underground biomass models also showed R* above 0.90 and MPE below
14%. [Conclusion] The individual tree component biomass model with origin as a dummy variable has the
best fitting effect, followed by the nonlinear simultaneous equation compatibility model system, and the
basic model has the worst fitting effect. Although the fitting effects of model systems are slightly worse than
the dummy variable model, these model systems can solve the compatibility and additivity of individual tree
component biomass, and the differences among their parameters are not significant. Therefore, it is
recommended to use compatibility model systems to predict the biomass of individual tree components of
Cunninghamia lanceolata, Pinus massoniana, and Quercus species in Hunan Province of central China.
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Fig. 1 Distribution of felled trees for three tree species in Hunan Province

B> =(Bao+a200) x(1ﬁ21+<121 0) xz(ﬂ22+0220) . xl(ka*ﬂZko) I+&)
“4
223 DMBRADEZHEMAS) AN TR ZLR

i SR B 25 A o A R (AT PR AU

AW 5t 51 33 AR 2 3K 7 07 R 21 9 SR F LA ) Dy
12, BB AR AE MR X B AR R B R
KON 1, e DL YR D WEAR B R & A A R )
B RS, HEARIEA N

A By N EAHE B AR Al THE .

i1+a;1 O pn+ap0
filxr,-,x) = (ﬁio+ai00)x(lﬂ” i )xz(ﬂ’z 20

Afren? =45 6

TEBHMEZ AKX ~ OPRELE X,
X2, oo, o ARAEAE AL IG5 RE I ORAAE - TR
A S HE DA A B - A ) B AR v 5
VNI SEvA FS e

B, = (ﬂlO+0'100))5(1'61l+0110)xgﬂlz+0120)"'x](flk+alk0) ter
By = (B0 +a200) x(lﬂzl +a210) xz(ﬁzz+a220) . x](f2k+a2k0) I+&
1 N
B3 = B1 +&3
L+ fa(xy, - x0) + fs(xr, - x0) + fo(xr, -+, xx)
B4 — f4(-xl"" 7xk) Bl +84 (5)
1+f4(-x19"' ’xk)+f5(x19"' ’xk)+f6(x19“' ’-xk)
Ss(xt, -, xe) .
Bs = B +eé&s
L+ faCxr,eo 0 + fs(xn, - 00) + fo(xr, -+, )
So(x1,++ . x0) .
Bs = B +&6
L+ faCxp, e x) + fs(xn, -0 + fo(xr, -+, xe)

R BRI S AT T IR, AT
FUH FHAL R BRI B 57 5 22, 1% BLBLeR $i B 40
A IR 7 R B4
2.3 HEBEGEM

BRI DL S Wy AR AR Y 2 ) 222 S (1) ¥ 255 1tk
Mral R F @itk 50E. 45 P /N T 0.05 R HMAR
AR R R R 2 S, R SRR
] A R R A R, 5 U)o YA A TR R Y



3 B

 WIFE ) R D AT B R R R R ST A 65

® 1 WEE I MHREYERERESIT

Tab. 1 Statistics of biomass modeling variables for three tree species in Hunan Province
WFh Bl A N /ME RKME N
4% /cm 19.88 777 2.20 35.30 160
B Er/m 14.27 5.37 2.50 25.60 160
sk fE/m 4.65 1.47 0.80 9.45 160
ok AR/ kg 122.71 103.81 0.60 456.00 160
Cunninghamia R A ke 20.55 16.65 0.20 77.14 74
lanceolata
W F/kg 85.95 74.43 0.27 320.04 160
W 5z kg 14.03 11.41 0.03 55.51 160
W /kg 14.63 13.49 0.10 59.19 160
W /kg 8.09 8.18 0.10 39.25 160
4% /cm 17.81 8.72 3.50 38.20 153
B Er/m 14.19 5.29 3.90 27.60 153
sk fE/m 4.07 1.98 0.90 11.70 153
AR kg 148.95 145.15 1.45 693.14 153
R
Pinus R A kg 32.16 40.69 0.43 201.43 54
massoniana BT /ke 110.04 113.89 0.76 489.65 153
W 5z /kg 10.42 9.37 0.23 48.22 153
W /kg 23.81 24.09 0.16 143.22 153
W /kg 4.69 5.37 0.06 36.24 153
4% /cm 16.72 8.89 3.50 38.90 155
B E/m 12.97 4.69 3.70 24.70 155
sk fE/m 4.79 2.06 1.15 10.50 155
AR/ kg 189.62 201.10 222 940.20 155
gfmm oo H T A /g 48.15 49.42 0.84 189.40 49
W F/kg 121.30 133.81 1.25 667.73 155
W 5z /kg 21.08 25.44 0.25 121.89 155
W /kg 39.38 41.35 0.38 184.03 155
Wit/kg 7.85 7.74 0.06 41.01 155
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Fig. 2 Correlations between variables of individual tree biomass base model
x2 BAREY=EMERNSHME T SIENER
Tab. 2 Parameter estimation and evaluation indicators for the basic model of individual tree biomass
ZH CRAEELN
P Ff Y5y A
B B Bs Ba RMSE R TRE MPE/% AIC
D 0.0496 25313 27.6180 0.9288 —0.6057 3.5366 15219705
D+H 0.0372 2.1698 0.507 9 254376 09396 —0.3819 32679 1497.6535
B
! D+T 0.0511 2.4948 0.0259 27.6002 09289 —0.6582 3.5457 1523.763 4
D+H+CW 0.0410 2.1867 04983 —0.0790 252309 09406 —0.4292 32519 1497.0423
D 0.0137 24220 48169 0.8998 0.4583 7.9634 963.143 3
B D+H 0.0136 26274 —0.2297 47877 0.9010 0.4061 7.9407 963.198 8
: D+T 0.0142 18110 0.5917 39755 09317 -03707 6.5936 903.711 8
D+H+CW 0.0139 24107 -0.0895 0.1839 47054 0904 4 0.2801 7.8296 959.650 8
D 0.0294 2.5838 20.8185 09213 —0.7326 3.8060 1431.5299
B D+H 0.0194 2.0514 0.743 5 17.7083 09430 —0.5024 32478 1381.7505
’ D+T 0.0337 24138 0.1199 20.5677 09232 09876 3.7723 1429.6513
PR D+H+CW 0.0197 2.0536 0.7424 -0.0109 17.7053 09431 —0.5082 32578 1383.6975
Cunninghamia ) 4474 4
lanceolata D 0.0101 23496 39959 08765 —0.2006 4740 903.346 3
B D+H 0.0085 2.1121 0.3308 39145 08815 —0.0287 4.3970 898.762 8
N D+T 0.0119 2.1388 0.1521 39430 0.8797 -0.5368 44290 901.081 2
D+H+CW 0.0091 2.1267 03229 -0.064 8 39028 0.8822 -0.0653 4.3981 899.803 6
D 0.0109 23414 74572 0.6927 -0.6227 8.0097 1103.0000
B D+H 0.0121 24894 -0.2041 74377 0.6943 -0.7436 8.0145 1104.1621
g D+T 0.0070 29475 —0.4452 7.1616 0.716 5 0.0381 7.7169 1092.0540
D+H+CW 00198 25677 -0.2497 -0.3881 72435 07100 -1.0520 7.8305 1097.692 2
D 0.0024 2.6310 4.6557 0.6738 —0.0585 9.0387 952.248 4
B D+H 0.0029 28109 —0.2729 46394 0.6760 —0.3955 9.0362 953.127 6
¢ D+T 0.0016 3.0971 -0.3293 45741 0.6851 0.4485 8.9090 948.593 2
D+H+CW 0.0048 29930 -0.3940 -04722 44661 0.6998 —-0.3907 8.7270 942.948 8




3 B SR IS AN SRR A AR Y A R G 67
=24
Tab.2 (continued)
S CRAEELRD
R Fp Hoy A
B B Bs Ba RMSE R TRE MPE/% AIC
D 0.1351 23254 423012 09145 -02091 45662 1586.1084
D+H 0.0513 2.0016  0.6998 31.8497 09515  0.0796 34496 1501.2695
B D+T 0.1253 24400 —0.0846 42.1154 09153  —0.0262 45615 1586.761 4
D+H+CW 0.0558 1.9504  0.7007  0.0469  31.7832 09517 —0.0017 34541 1502.6303
D 0.0014 3.2254 102485 0.8703 87997 145163 11522977
5, D+H 0.0008 2.7142  0.7946 9.7749 0.8820 88216 13.8922 11398186
D+T 0.0014 33063 —0.0636 102419 08705 88061 145560 1154.100 4
D+H+CW 0.0023 21974  0.8209 02958 9.5764 08868  7.0471 13.6564 11355407
D 0.0842 23791 446832 0.8451 —03960 65290 1602.8719
3, D+H 00181 1.8346  1.1424 203285 09332 -0.2249 42999 1476.0349
D+T 0.0806 24467 —0.0499 44.6487 0.8453 02955  6.5460 1604.6355
E}%ﬁ} D+H+CW 00142 19762  1.1383 —0.1228 29.0510 09345  0.0252 42737 14751251
ng;mna D 0.0243  2.0290 32811 08766 —0.1314  5.0610 803.778 2
5, D+H 00211 19761  0.1076 32684 08775 —0.1073  5.0585 804.591 1
D+T 0.0211 23265 —-0.2351 32014 08825 02545 49547 798.249 0
D+H+CW 0.0185 2.0694  0.1003 —0.0873 32570 08784  0.0291 50581 805.526 2
D 0.0275 22493 10.6664 0.8027 —0.0734 72044 1164.5260
3, D+H 0.0797 2.5543 —0.7177 94718 08444 -09399 64192 1130.1812
D+T 0.0242 24369 —0.1378 10.6180 0.8044 02637  7.1960 1165.1364
D+H+CW 0.1685 1.8903 —0.6721  0.7391 79505 0.8904 —0.6557 54065 1078.6062
D 00112 2.0159 3.8146 04921 15151  13.0914 849.878 8
5, D+H 0.0534 22475 —0.8068 3.6665 05308 —1.4050 12.6257 839.761 5
D+T 0.0060 2.6211 —0.3879 37854 04999  3.8985 13.0353 849.531 4
D+H+CW 0.1279 1.0549 —0.698 6 1.526 8 3.1596 0.6516 25640 109173 796.234 6
D 02850 2.2001 63.7456 0.8983 —1.0342 53647 1745.0377
D+H 0.0305 1.9784 1.046 6 349123 09695 1.5207 29479 1559.1944
B D+T 0.1394 29063 -0.4124 60.6498  0.907 9 0.616 0 51211  1731.5052
D+H+CW 0.0327 1.9252 1.0332 0.075 8 346830 0.9699 1.436 1 29383 1559.1385
D 0.0174  2.5693 11.6230 0.8910 1.5169 12,5795 1214.0416
5 D+H 0.0157 2.5571 0.0513 11.6181 0.8911 1.5584 12,6158 12159101
D+T 0.0257 1.703 8 0.624 9 11.1783  0.8992 1.1420 12.1383  1203.869 8
D+H+CW 0.0066 3.1242 0.0668 —0.5551 113405 0.8962 29219 123555 12103643
D 0.1704 22224 50.7871 0.8542 -1.3868 6.6824 1674.1332
3, D+H 0.0086 1.9554 1.362 4 234202  0.9690 2.090 3 3.0918 1434.6318
D+T 0.0575 32456 —0.5854 475222 0.8724 1.103 6 6.2736 16554025
P D+H+CW 0.008 7 1.9463 1.360 2 0.0127 234161 0.9690 2.076 5 3.1016 1436.5773
Quercus spp. D 0.0235 2.2989 117018 0.7863 —2.784 8 8.8795 1216.1484
3 D+H 0.0008 1.8812 1.690 6 6.6527 0.9309 0.3420 5.0649 1041.9545
D+T 0.0070 34461 -0.6566 11.136 5 0.8064 —0.2826 84785 1202.6987
D+H+CW 0.0008 1.8321 1.680 3 0.067 5 6.6385 0.9312 0.283 8 5.0710 1043.2915
D 0.0637 2.1729 158421 0.8513 0.393 5 64116 1310.6624
B D+H 0.0588 2.1643 0.038 3 158371 0.8514 0.4858 64308 1312.5642
D+T 0.0699 2.0700 0.062 8 158303 0.8516 0.1799 64280 13124299
D+H+CW 0.0730 19705 -0.0124 0.298 1 15.5374 0.8570 0.2322 6.3302  1308.603 4
D 0.0725 1.6187 4.6042 0.6420 —0.3446 9.3275 925.124 4
B, D+H 02441 1.8865 —0.7488 43665 0.6780 —1.4674 8.8751 910.581 5
D+T 0.1122  0.7857 0.587 7 44741 0.6619 -1.4957 9.094 0 918.183 5
D+H+CW 02709 1.7235 -0.7809 02752 43369 06823 -14351 88444 910.460 1
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Tab.3 Parameter estimation and evaluation indicators for individual tree biomass model with origin as dummy variable

ZH D RIEELN
Rk iy
B b o Bs RMSE R TRE  MPE/% F P
B, 0.0379 22009 -0.0520  0.5234 25.0612 09414 -03802 32300 4.7213 0.0313
B, 00136 24588 0.1683 -0.2300 47876 09010 04345  7.9663 0.0067 0.9351
A By 0.0197 20762 —0.0423  0.7576 17.5393 09441 -04973 32273 3.0195 0.0842
Cunninghamia
lanceolata By 0.0086 21437 -0.0510 0.3438 3.8860 08832 -0.0371 43792 22998 0.1314
Bs  0.0225 26887 —0.1656 —02232 -0.4332 7.0057 07287 -1.0460  7.5983 10.7002  0.001 3
Bs  0.0047 29864 0.0080 -0.3946 -0.4707 44660 0.6998 -03917 8.7552 0.0120 09131
B, 0.0529 19916 -0.0038  0.7037 318361 09516  0.0163 3.4599 0.1267 0.7224
B, 00032 21235 -0.0842 1.050 9 92800 0.8955 44256 132466 159950 0.0001
SR By 0.0163 1.8709  0.0131 1.1257 29.2338 09337 -0.0145 43006 0.9670 03270
legjoniana By 0.0202 19873 0.0062 0.1050 32668 08776 —0.0101 50733 0.1436 0.7053
Bs 02054 1.8697 —0.0241 -0.6778  0.7112 7.8843 08922 -1.0721 53799 24970 0.1162
Bs 02961 1.0381 —0.1225 -0.7339 1.3242 29659 0.6930  0.0790 102832  19.9633 0.0000
B, 0.0340 19872 -0.0181 1.003 8 33.6379 0.9718 1.3386  2.8523 6.4002 0.0124
B, 01702 23738 -0.1320 -0.5163 8.4639 09430 03829 89410 100.7822 0.0000
Bk By 0.0084 1.9600 —0.0015 1.3622 23.0487 0.970 1 1.8989  3.0552 0.0397 0.8423
Quercus spp. By 00011 19195 -0.0588 1.5243 62079 09401 04366 47343 233676 0.0000
Bs  0.0942 19888 —0.0526 —0.0922 02788 149428 0.8686 02584  6.1214  12.1700 0.000 6
Bs 02114 17358 0.0306 —0.7057 02548 43235 06863 -1.3338 8.8823 1.7699 0.1854
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Tab. 4 Parameter estimation and evaluation indicators for individual tree biomass aggregation
model systems with origin as dummy variable
ZH AR
B Fif Moy
B B @ B B RMSE R TRE MPE/%
By 0.038 5 2.203 8 —0.052 8 0.5161 25.061 9 0.941 4 -0.414 8 32301
B, 0.013 6 2.627 4 -0.2297 4.787 7 0.901 0 0.406 3 7.940 7
(2N Bs 175221 09442 03602 3.3580
Cunninghamia
lanceolata B, 04372 0.058 1 -0.4111 38924  0.8828 00760  4.568 4
Bs 0.972 8 0.6272 —0.104 8 -1.095 6 —0.188 0 7.1109 0.720 5 -1.078 3 8.006 4
By 0.224 3 0.958 3 -1.303 7 —0.144 1 4.5952 0.6822 -0.633 5 9.3519
B 0.0514 2.000 5 0.700 2 31.849 7 0.9515 0.072 1 34496
B, 0.003 2 2.1235 —0.084 2 1.050 9 9.2890 0.8955 44255 13.246 6
Rk B, 287979 09356 04050  4.4050
Pinus
. By 1.836 9 0.104 1 -1.146 6 3.261 6 0.878 0 -0.553 6 5.266 6
massoniana
Bs 17.109 7 —0.0059 -2.006 5 0.8275 7.8576 0.892 9 —0.586 1 5.5559
B¢ 25.778 4 —0.590 7 -0.1570 -1.9321 0.8500 3.1010 0.664 4 —2.864 2 11.140 9
B, 00340 19872 00181 1.003 8 33.6379 09718 13385 28523
B, 0.170 2 2.373 8 -0.1320 -0.5163 8.463 9 0.943 0 0.3829 8.9410
N B 23.3759 0.969 3 1.653 7 32437
IS ’
Quercus spp. By 0.227 8 -0.104 8 —0.054 5 0.054 4 6.360 5 09371 -1.5620 5.0779
Bs 8.6575 0.100 0 -0.052 1 -1.394 4 0.199 3 14.997 4 0.867 6 0.8825 6.409 9
Bg 3.188 2 0.454 6 -1.628 9 -0.474 7 4.723 6 0.625 6 7.1115 10.124 6

B R G A RO B GR 4, Pl R 2
F AL AR A B AR T AR M H 1 43 T
10% CN THOFT 15%CRIRMO BIFRHER, S5 BA
W Fo R AR 0 A W) B A P AR B A BBk, HLA By
AR, X AHER S FWI R A F B EAR, 5
FEIAFIARZO B4V E Rk B iR T8 30 .
AHFFAESE, 75 AR A B R, F 5
TG AR 1 B — A AR, 5] A = ] 42 T A5
RURNA LT, 11— 25 99 N e i 7% 8 o A Al 0 g v
YR TNR ESGETE AR E (R 2, X5CH
A R BRI A ) v — 3L, IR R R
e RE AE W B I B LR, AEAN T R R AR
i B W [RIAE T DR T 16 A% A v 3 () ke 1
A P A A 23 1) R0 YR SR B 7, 3k T 5 mel B A AR
VIR RPY, BT ER S5 W& X R IA
0.63CE] 2), PAthx) T 7 T SRECAE e 1) N AR AT L%
FEHER B RA BN E . BhAh, AR et i i
A FE B THA B, 5B Al F0OB I ) A 47 T e
B o AT RE R TR ) e I BE 8 4 3R 5E 2 i BH DY,
{15 - RE 8 B 78 2t AT R AR, kTG R
Z (ALY, D5 B4 38 0 W SRR I R A= ) &
EH T AR 2 AR AR v A0 e i XD 00 2 3 AT s A

BOR, HLIWERS BE A R, 2R Bor i 2 5
KRB W B R ORI R 3R, TR S i v A 3
THoiE i AR A Y BT B BT A B . AR
PR SEER I R, AT AR O AR T A SR
P AR PR R AR R, DT R TR ) A
A FIHE

H1 T SRR ARAE 2B RS PR AN A P 2 e
EAEE S, BT FUR IR R i A A A A
A7 5 R0, R AR A A A ) AR R I A A B
B EMR I IR ML AL B o ASHIT T 2 H B R A 7
A A AR RO 3 AR A A A7 A IR
825 22 5 (3R 30, HRAAMI A RENE KT
NI, X 52 RS — S, w]ge R
FEF HIRAKIR I 3 BUR AR IR IR RN TR
ARG, HN TR A RAS Ff 8 —, 2 5] AS
oy LB, IR T ALY K
Sy R R, KRR A AR RIS 3t L
P Ll S B RARR I T AR ERE R T A
TR PRI, SR B o A e G YA AN [ A
RN I L2 73 A= ) B AT T

NAE RIS A VR T8 bR ok DA R D AR & 1Y
RS A ERAERGOMEROR R, ik



%38 B SR I A B RN SR A A Y R R ST 71

AL AL T A A R R S (6). (DA
(8), MUARR G Z M 2R AR (1D, BARE
B RG(6). (DFI QML A R K 25 T W AR &= 45
AL, B 2R T RE AR R SRR % 2L 0 AR W) R A A
Apinte, HemS8e iz s ARG 3 ISR 4),
DR I I 2 HE 77 R AR R 48 (6) (TR SR Tl 74
FMAA GRIMAFIERSE 3 AW AR &4 A
Y. oAb, W AR B AR A R 40 RIOR B AR T B A
TR, 2 AR SRR Y 1K B A S8 B3 In 1 WEAR B
IEI R SN o 2 B 3 BT IR, FAE
WERERERMANNSH EERARE, TR
R TAAEERR 7 S5 EIs A% £ .

H AT E A TARIARE 2, af PaE ARl sk 2
Dy RAF IR B RE, T2 ] I PROR A7 168 5 46 I & X
FEE R A8 B RO o ke Tl AR A= 1) A 5
TEFRA % 20 73 A ) 2 B A AR 2 2 18 T 5] APROR
g, 25 R BRI AR MIRRZE 1 N A LA, B
REGFR MG IR T A W m . BIkrE
ZJE W T R AR AR R ) AR B AR R 4,
B AP b TN TARBRAE RS AR R AE & . b
Ah, SEHE S ARFIR S S R A1) R 3R 2 52 e RO 1Y)
AU, BT DL — 2D AT A DA AR R R B
RERET SCBRTE 2, A i A2 4 2 A5 AL (1)
DUVKS B2, A Re A8 2 56 s A i) AR i Ay

Z £ x #t

(1] FAE, R RN AR T KRBT R R Rl

SRS (1], B2 A5 4%, 2018, 29(9): 2825-2834.
Dong L H, Li F R. Stand-level biomass estimation models for the
tree layer of main forest types in East Daxing’an Mountains,
China[J]. Chinese Journal of Applied Ecology, 2018, 29(9):
2825-2834.

[2] Asrat Z, Eid T, Gobakken T, et al. Aboveground tree biomass
prediction options for the dry Afromontane forests in south-
central Ethiopia[J]. Forest Ecology and Management, 2020, 473:
118335.

[ 3] Fehrmann L, Kleinn C. General consideration about the use of
allometric equations for biomass estimation on the example of
Norway spruce in central Europe[J]. Forest Ecology and
Management, 2006, 236(2): 412—421.

(4] B, kN4, EXFR 5 BRI ST LT A
HERE [7]. MolkREE, 2009, 45(8): 129-134.

Luo Y J, Zhang X Q, Wang X K, et al. Forest biomass estimation
methods and their prospects[J]. Scientia Silvae Sinicae, 2009,
45(8): 129-134.

(5] Beg, HMA, FF 5 L0 A A R L AR 20 S R AR AR AR

AT AR E PR [J]. Mol 22, 2017, 53(8): 81-93.

Zhao H, Lei Y C, Fu L Y. Biomass and uncertainty estimates of

Pinus massoniana forest for different site classes in Jiangxi
Province[J]. Scientia Silvae Sinicae, 2017, 53(8): 81-93.

L6] B, HrIE. RALE A M B TT S RAN A R T i

2 ] Aol R 2544, 2011, 33(2): 1-6.
Zeng W S, Tang S Z. Establishment of below-ground biomass
equations for larch in northeastern and Masson pine in southern
China[J]. Journal of Beijing Forestry University, 2011, 33(2):
1-6.

(7] B4, XM, iEE, 55 7 RAE WS A A K
AL (0], Mol RFERF AL, 2020, 33(5): 61-67.

Cao L, Liu X T, Li H K, et al. Biomass growth models for
evergreen broad-leaved forests in Guangdong[J]. Forest Research,
2020, 33(5): 61-67.

(8] EM:E, FRH, ERIR. JETAE THRINAL & 1) RIS ol
H B A BT R R (3], RLOA AR A 2R, 2018, 29(11):
3685-3695.

Wang J H, Li F R, Dong L H. Additive aboveground biomass
equations based on different predictors for natural 7ilia Linn[J].
Chinese Journal of Applied Ecology, 2018, 29(11): 3685-3695.

(9] E&il, XM, BEM, & RASZHEE LY AL
T4 (). REFHZEA 244, 2017, 28(10): 3189-3196.

Wang J C, Deng H F, Huang G S, et al. Compatible biomass
models of natural spruce (Picea asperata)[J]. Chinese Journal of
Applied Ecology, 2017, 28(10): 3189-3196.

[10] FuL Y, Lei Y C, Zeng W S, et al. Uncertainty assessment in
aboveground biomass estimation at the regional scale using a new
method considering both sampling error and model error[J].
Canadian Journal of Forest Research, 2017, 47(8): 1095-1103.

(11] ZgZ, Tkt BT WA, S AR 4 10 SR
B (1], AR AR, 2012, 32(3): 740-757.

Li H K, Ning J K. Individual tree biomass model by tree origin,
site classes, and age groups[J]. Acta Ecologica Sinica, 2012,
32(3): 740-757.

(12] B4, EEE, WRIRME, 55 Moo RIS SR A1) B 5
WA S AT (9] MRl IR B, 2014(2): 40-45.

Zeng W S, Wang X J, Chen Z X, et al. Analysis of impacts of
forest origin on single tree biomass models[J]. Forest Resources
Management, 2014(2): 40—45.

[13] BEERIR, ARWIB, ARIE-F, &5, TR 2 2 bR i b S 4 i A
AR BAE M BRI 7] MRk A, 2019, 55(2): 97-108.
Xue C Q, Xu Q H, Lin L P, et al. Biomass models with breast
height diameter and age for main native tree Species in
Guangdong Province[J]. Scientia Silvae Sinicae, 2019, 55(2):
97-108.

(14] Wogfs, B, Bk, 2 T3 e B S RHEE 7 1 A=A
AR BT [7]. R MOl R 2A4R (B ARFHE), 2022,
42(4): 117-124.
OulJ D, OulJL, Kang Y W. Single tree biomass simulation of
Taxus yunnanensis plantation based on crown morphological
index[J]. Journal of Southwest Forestry University (Natural
Science), 2022, 42(4): 117-124.

(15] FFFI5E, TRINA, BARZE. JUMAH AR A B Je Al vt D7V /Y


https://doi.org/10.1016/j.foreco.2020.118335
https://doi.org/10.3321/j.issn:1001-7488.2009.08.023
https://doi.org/10.3321/j.issn:1001-7488.2009.08.023
https://doi.org/10.11707/j.1001-7488.20170810
https://doi.org/10.11707/j.1001-7488.20170810
https://doi.org/10.1139/cjfr-2016-0436
https://doi.org/10.11707/j.1001-7488.20190210
https://doi.org/10.11707/j.1001-7488.20190210

72

Sl Ay

L SNAEPN

i

47 %

¥k

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

ELi [1]. MRl BL2E, 2014, 50(6): 42—54.

FuLY, Lei Y C, Zeng W S. Comparison of several compatible
biomass models and estimation approaches[J]. Scientia Silvae
Sinicae, 2014, 50(6): 42—54.

FuLY, Lei Y C, Wang G X, et al. Comparison of seemingly
unrelated regressions with error in-variable models for developing
a system of nonlinear additive biomass equations[J]. Trees, 2015,
30: 839-857.

Zeng W S, Zhang L J, Chen X Y, et al. Construction of
compatible and additive individual-tree biomass models for Pinus
tabulaeformis in China[J]. Canadian Journal of Forest Research,
2017, 47: 467-475.

Dong L, Zhang Y, Zhang Z, et al. Comparison of tree biomass
modeling approaches for larch (Larix olgensis Henry) trees in
Northeast China[J]. Forests, 2020, 11: 202.

FAE L, FRE, TR, S H IR 2 M R A A R
TC s =) 0 B AR A B R[], 1 B MRl B2, 2019, 48(6):
21-28.

Meng Y S, Meng L J, Wang J J, et al. Models for estimating
biomass and its allocation patterns in organs of two major tree
species in Qinghai Province[J]. Journal of West China Forestry
Science, 2019, 48(6): 21-28.

A, e, AR B, SR MR A R R ST AR A Y
RGTEE [1]. MRl BRI BE, 2023(1): 87-93.

Cai HD, Lu F, Xu Z Y, et al. Research and development of
compatible and additive individual tree biomass model systems
for eucalyptus[J]. Forest Resources Management, 2023(1): 87-93.
Rl FRAK, BB K, & N T2 M2 5HEVE LR
RUTRM B A HE b A= P& () L [J]. N AR S 4R, 2022, 33(1):
9-16.

Liang R T, Wang Y F, Qiu S Y, et al. Comparison of artificial
neural network with compatible biomass model for predicting
aboveground biomass of individual tree[J]. Chinese Journal of
Applied Ecology, 2022, 33(1): 9-16.

Zhu G, Hu S, Chhin S, et al. Modelling site index of Chinese fir
plantations using a random effects model across regional site
types Chinal[J].
Management, 2019, 446: 143—150.

in Hunan Province, Forest Ecology and
Parresol B R. Assessing tree and stand biomass: a review with
examples and, critical comparisons[J]. Forest Science, 1999,

45(4): 573-593.

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

[32]

B ARE. SRV E TR ERTEADT T [D]. dbat: b E Ak
AR TR, 2011

Zeng W S. Methodology on modeling of single-tree biomass
equations for national biomass estimation in China[D]. Beijing:
Chinese Academy of Forestry, 2011.

R Core Team. R: a language and environment for statistical
computing[M].Vienna: R Foundation for Statistical Computing,
2024.

AR J5) . SR R BT iR MR LY)/T 2258-
2014[S]. dbxt: A EFR#E H A, 2014,

State Forestry Administration. Technical regulations for tree
biomass modeling: LY/T 2258-2014[S]. Beijing: Standards Press
of China, 2014.

WG, 75 0. AR AR BB S RiA (7. v R ARl R 2 2
R (A 8REH), 2020, 40(1): 1-10.

Ou G L, Xu H. A review on forest biomass models[J]. Journal of
Southwest Forestry University, 2020, 40(1): 1-10.

WA, RSy IE. A BERR ZE A O VR B LA R SL R A
RTFRRS [J]. MAlRFEFEF, 2010, 23(6): 797-803.

Zeng W S, Tang S Z. Using measurement error modeling method
to establish compatible single-tree biomass equations system[J].
Forest Research, 2010, 23(6): 797—803.

RIFFLL, LA, 14, S AR E AR B RS i)
Eh: LAF RIBR A [3]. MRk A, 2020, 56(9): 164-173.

Liu X H, Jiang C Q, Xu R, et al. Comparison of methods to
construct compatible individual tree biomass models: a case study
of Cyclobalanopsis glauca[l]. Scientia Silvae Sinicae, 2020,
56(9): 164—173.

Wang X P, Fang J Y, Zhu B. Forest biomass and root shoot
allocation in northeast China[J]. Forest Ecology and Management,
2008, 255: 4007-4020.

Luo Y J, Wang X K, Zhang X Q. Root: shoot ratios across
China’s forests: forest type and climatic effects[J]. Forest Ecology
and Management, 2012, 269: 19-25.

Widagdo F, Li F, Zhang L, et al. Aggregated biomass model
systems and carbon concentration variations for tree carbon
quantification of natural Mongolian oak in Northeast China[J].

Forests, 2020, 11: 397.

& & F X
weth)

( FT1x-2%4%
FiEmE


https://doi.org/10.1139/cjfr-2016-0342
https://doi.org/10.3390/f11020202
https://doi.org/10.1093/forestscience/45.4.573
https://doi.org/10.1016/j.foreco.2008.03.055
https://doi.org/10.1016/j.foreco.2012.01.005
https://doi.org/10.1016/j.foreco.2012.01.005
https://doi.org/10.3390/f11040397



