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FE: AA 6~59 FEHRATK 190 MR TAHF 517 AR E D SN EHKIE, AZTHER
A ATARALBIBEL B ERS B EmRAYE, A THE, ZHISHAR T RE RS E
B METRAFERLG SRS AN ETAE T, FFRPILBRAIHRKRS A TR L T,
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R b ZRMESIG g R eG4 % AT ELmBERRKNZRFTRMET S T AN BERIFARE
F IR 16 ARy A DS TEARR, G4 T ABRBANRAR K MZ B 09K 0 F B I ARag LR
¥k P TREAG AR, L P FEIH SDI 49 Schumacher 15 ERFEAERAEE R &, AL EEK
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Biomass and Variable Density Prediction Model of Cunninghamia
lanceolata Plantation in Hubei Province

Du Chaoqun ', Yuan Hui ', Lin Hu?, Liu Hua’, Xu Yezhou'

(1. Hubei Academy of Forestry, Wuhan Hubei 430075, China; 2. Taizishan Forest Farm Adminiatration Bureau, Jingshan Hubei 431822, China;
3. Forest seed and seedling management Station of Hubei Forestry Bureau, Wuhan Hubei 430075, China)

Abstract: In order to study the biomass and the change law of Cunninghamia lanceolata plantation in Hubei
province, the data of 190 standard plots and the biomass of 517 samples of plantations aged from 6 to 59 years
were used. The biomass per unit area of each stand was calculated based on the established biomass estimation
equation of single tree and the optimal biomass estimation equation of whole stand was constructed and selected
based on the age of stand, site index and 7 different stand density indexes. The results showed that the average
biomass of C. lanceolata plantation was 52.889 3 kg. The goodness of fit of two-unit biomass equations with DBH
and tree height as variables were 0.91, respectively, and it had higher goodness of fit and accuracy. The average
biomass per unit area of the stands was 101.492 3 t/hm’, which increased with the increase of the age of the stands.
Based on the empirical equation of multiple regression technique, a total of 16 stand biomass prediction models
with 7 stand density indexes and without density indexes were constructed. The model with the stand density in-
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dex including the number of standing trees and the size of trees achieved a better fitting effect than others. The
Schumacher modified harvest model of the density index SDI had the highest accuracy, with R* of 0.95, and the
test accuracy of 97%. It had good applicability to estimating the biomass of Chinese fir in this region, and could

provide reference and support for the management and quality improvement of its plantation.

Key words: Cunninghamia lanceolata; plantation; biomass; stand density index; stand model
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Table 1 Trunk biomass statistics of standard plots and sample trees of C. lancedata fir plantations

WX HEbdcE Aida rbdEBum FHR/em  EEME/M MEUGRhm?) O REARBE/ME SRR ke
R 9 29.6 14 15.0 12.5 2687 27 46.497
£l 15 25.0 16 15.2 13.7 2143 45 43.794
HE 6 25.0 14 15.0 12.4 1884 18 42.827
il 15 20.6 18 14.2 123 2050 45 45.494
T 83 17.4 16 13.0 10.6 3198 228 30.636
A 21 11.6 20 11.0 10.3 3592 60 19.271
Bt 41 31.7 12 17.4 13.0 1350 94 46.795
it 190 21.5 16 14.2 11.6 2603 517 35.946
-y 11.3 16 4.4 2.7 1662 27.442

®2 ENWLMKFAZAKRAN TR R ERENES T

Table 2 Biomass statistics of C. lancedata plantation in Huzhuashan Forest Farm

Y FEECE Mf/em ME/m HEU(BRhm) REARRUMR HUEWIRKe MHAEYIRKe REWTRKe BTEYRKe BAY ke

9 3 10.1 7.8 3134 9
14 3 11.9 11.8 2540 9
18 3 11.8 10.3 2245 9
26 3 17.4 14.2 1411 9
36 3 20.0 17.2 917 9

2.08 3.87 3.90 12.30 22.23
2.83 3.97 6.28 26.08 39.16
1.66 2.30 5.02 19.79 28.78
4.17 5.62 24.45 63.64 97.88
6.31 7.29 25.27 108.48 147.36
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Table 3 Fitting parameters and statistical indexes of single tree trunk biomass equation

It JE FEAKL . '7;/?( : WERE Atz BORERE O EXMmZE MEXROTRGRE

1 W=a+ bW, 45 3804 1.366 0.983 ~0.000 7.544 ~0.000 11.444

2 Wy aD’ 517 0.106  2.334 -0.270 12.058 —0.518 23.089

3 W,=aD"H¢ 517 0.044  1.651  1.076 0.913 0.026 9.809 0.051 18.784

22 MOoEMERHEERRFE 180( .
BT K IR 6 ~ 59 4F A K2 AN T RSN -2 T 1ol
B {37 T AR A B 101.5227 vhm?, A5 5 R ROk < 1200
38.8%. % 50 vhm® Spg%, 1K 57 (R I 5 A A 2

(& 4), H (50 thm?, 100 thm*] Al (100 t/hm?, b ol H H

150 vhm?] 9 K 3 43 31 5 FF 55 B0 48.9% 0 = 20
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Fig. 4 Quantitative distribution of stands with different

biomass classes
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Fig. 5 Comparison of stand biomass at different age
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R4 MOTERYSHERE

Table 4 Estimation of parameter values of stand density function

Ji e JrEEa B fHE FrifEiR2s 95% R 95% |- FR PlH Yo REL
4 logN=a + blogD, a 5.5585 0.1118 53186 5.7984 0 0.9893
b -1.8317 0.0950 -2.0355 -1.6278 0
8 De+fL e -1.6663 0.5787 -2.9557 -0.3768 0.0164 0.9904
f 8.1927 0.2555 7.6235 8.7619 0

24 HOEYMEMGERMIUE

W 5% Ui 71 4 149 s o Hb 508 43 501 R FH 4
MO YR AR (12), (13) #HATHIE . M
5 LIRS, BETE REGERTHIN 0.3586 ~
0.9387 F110.4425 ~0.9447, JiFe (13) Heife (12)
IR 9.3%, X TR REGEALR I, A

Tr R 22 IR 5] 25% 2 h s R T 2409 LU
R, P2 FALEE 0.5% KA. 2 R
AH X 359 5 AR 15 22 FURH X 22 53 3 #E 30% Fil 5% LA
W, AR (13) 2tk AR (12) ZFEAK 5% il
35%. HEURAE, 2 AN T SRR G%EE
br (3G LMD EEAL ) Ml RERE
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R MRS % b (45 G, SDI. SD. RD)
S EHAS IR, B REOGUTE 0.8 L, FHXT
7 J5 AR 5% 2 FNAH X i 22 43 i E 15% 1 1% 2247,
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Table 5 Estimation and evaluation of predictive model fitting parameters

v —
bR D MRS MR ABCRGRE S
12 N 0.903 —14.835 0.083 0422 0.538 25.364 25.380 2914 2916
G 0.408 —5.928 0.035 1.134 0.921 10.714 10.720 0.565 0.566
SDI -3389 -8.014 0.042 1.119 0.938 9.926 9.932 0.436 0.437
RD 2209 -10356 0.048  1.026 0.849 15.244 15.253 1.004 1.005
SD 3370  -8.079 0.041  1.107 0.904 11.999 12.006 0.669 0.669
RS 2429  -5307 0.022 -1.100 0.653 21.652 21.665 2.196 2.198
z 3773 -10.769 0.055  0.504 0.600 23.531 23.545 2.529 2.530
NEHERE 3.643  -9.353  0.093 0.359 29.526 29.543 3.976 3.979
13 N -1.120  -3.155 0205 -1.508 0490  0.678 21.695 21.708 1.809 1.810
G 2.160 —5383 0.119 -1.171  1.080 0918 11.239 11.246 0.499 0.499
SDI -1.817  -5292 0.139 -1310 1.053  0.945 9.871 9.877 0.265 0.265
RD 2.899  —5306 0.154 -1.396 0966  0.877 13.629 13.638 0.680 0.680
SD -1.736  -5.854 0.134 -1262 1.045  0.909 11.821 11.828 0.522 0.522
RS -0.994 4457 0.027 0236 -1.009  0.695 19.935 19.947 1.793 1.794
z 2789 -1253 0.157 -1282 0506  0.688 21.892 21.905 -5.265 -5.268
AR 1721 0.835 0.164 —0.813 0.443 27.930 27.947 3.296 3.298

2.5 RN 5IEE

I RN 41 A v Mo B 4300 X5 405 ROR:
WP 4 Fhg BE AR An ny 3t 8 A TAl A Y AT K
B (S50 6) . £ BRI TAL RS BE 4 7F 94% LU
b, HeFHES 5 SDI B AR B> G AR >
 SD ML AI>{ RD AUAEAY 1 X6 T [/l — A hR o
WEETRRR, R (13) BRSSO (12),

MR 25 E (K 6), BRI SACR X 5k 25 1
SAARTE O BF, BRAHX % RD BLARLAL, A4
BRI FR 22 A 5150, A A A LA . ARG
A AR T 200 thm? A (4R X 3% 25 T 3450 iy 4 A
FE O BT, AR AP AE 200 vhm® DL _E A [n]
Frmfili, AHXFAT MR BT 5 H BN, X AT
RS BE R R A

F o HEWIEIRIFM
Table 6 Evaluation of model test effect

gy AR HJimRiR 2z AT T AR 2% it 22 AR 2 Pl%
12 G 11.972 11.342 4.470 4.235 96.1
SDI 10.192 9.656 4.096 3.881 96.7

RD 20.697 19.609 10.520 9.967 92.8

SD 13.237 12.541 6.721 6.368 95.6

13 G 11.308 10.713 1.943 1.840 96.3
SDI 9.309 8.820 —0.142 -0.135 97.0

RD 17.318 16.407 4.261 4.037 94.2

SD 11.719 11.103 2.859 2.708 96.2
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Fig. 6 Relative residual distribution of models
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Fig. 7 Linear fitting of model prediction and observation
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