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The growth law for natural secondary forests of Pinus bungeana
in the Huanglong Mountain forest region

CHEN Chen, LIU Guangwu "

(Henan Forestry Vocational College, Luoyang 471002, China)

Abstract; [ Objective] In order to realize the reasonable management of Pinus bungeana natural secondary forests in
Shaanxi Province,the growth model which accords with the growth law of P. bungeana was established to provide bases
for management decisions and achieve a reasonable management of oak natural secondary forests of P. bungeana with the
older tree age.[ Method ] This study was conducted in a natural secondary forest of P. bungeana in the Huanglong Moun-
tain forest region, Shaanxi Province. Standard trees were chosen for a trunk analysis, and diameter at breast height
(DBH) , tree height, and volume growth models were established based on data from the analysis of tree trunks with ar-
tificial neural network( ANN) and three common models. Growth curves were drawn to study the growth law of natural
secondary forests of P. bungeana. [ Result] The DBH ANN growth model, tree height ANN growth model, and volume
ANN growth model were better than the three commonly used models. The ANN model showed a good application and
promotion ability in fitting the growth process of P. bungeana, which grows slowly. The rapid DBH, tree height and
volume growth periods were 30-60, 20-30 and 110-130 a, respectively. The maximum current annual increment for
DBH, tree height and volume was 120, 90 and 130 a, respectively. P. bungeana has not reached the age of quantitative
maturity in 135 a. [ Conclusion] The ANN models could lay the foundation for ancient tree research in the Huanglong
Mountain forest region. The growth law research can provide a reference and support for the management of different sta-
ges of P. bungeana forest.
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Table 1 The fitting results of Pinus bungeana growth model with ANN

A

factor A% # A function expression P./% R/ % MSE
D=purelin(1.430 2D, +4.901 4D,+0.852 87D,~4.494 8)
W% D, =log sig(3.002 44-2.717 7)
98.875 99.96 0.470 7
DBH D, =log sig(1.189 14+1.853 7)
D, =log sig( ~8.607 94-9.468 7)
H=purelin( -0.533 1H,+1.674 3H,~1.068 2H,~0.002 945)
Wi H, =log sig(9.275 4A-4.969 1)
. 99.29 99.95 0.000 3
height H, =log sig(4.159 14-1.805 8)

Hy=log sig( —8.187 9A-5.484 3)
V=purelin(0.891 97V, +1.394 1V,-1.012 8)
n}
HMH V, =log sig(13.806 44A-10.568 1) 97.09 99.93 0.037 8
volume
V, =log sig(2.993 6A-1.372 7)

H:D, Dy Dy R AR BRIZSS 1~3 MZEITI4THAE D, , D, and Dy are the output values of the first to third neuron in the hidden layer.
H, Hy Hy 500 B BRUZ S 1~3 It i e H, , H,, H, are the output values of the first to third neuron in the hidden layer. V, .V, %35l
SRR FRBUZES 1~2 DL ICR i H{H V, and V, are the output values of the first to second neuron in the hidden layer. P, . 354§ ¥ fitting accura-
cy; RESEIME 514 1 B9 HH & R AL correlation coefficient between the measured value and the fitted value; MSE. 37512 2% means square error. I [f],
The same below.

F2 ANNEEWNHREHRERKHEER
Table 2 The fitting results of ANN model to the growth of P. bungeana

W2/ em W /m MY/ m? M2/ cm B /m M#/m?

FER/a DBH tree height volume IR/ a DBH tree height volume
age  JEM WA WEHR HEE WEH WA || eee  WEME MAHE WEHE #HeE WEH HEH
measured  fitting  measured  fitting measured fitting measured  fitting  measured  fitting measured fitting

10 0.7407 0.7361 0.8642 0.8653 0.001 547 99 0.002 6 80 137037 14.4078 9.1049 9.0494 0.06501548  0.078 9
20 1.4778 12284 1.9444 17772 0.003 12500 0.004 8 90 15926 0 16.686 5 10.500 0 10.1947 0.100 61920  0.1102
30 29630 3.1425 4.1667 3.6522 0.004 963 56 0.008 4 100 18.2222 19.1804 11.3580 11.1719 0.148 43750  0.1472
40 51852 54869 57407 5.6607 0.010 83591 0.0140 110 21.5385 21.9590 119136 11.6566 0.18730650  0.198 4
50 74074 78276 7.0370 6.8334 0.01857585 0.0227 120 246130 249981 12.1914 12.1812 0.286 37771  0.3055
60 9.8519 10.0689 7.5926 7.4922 0.03250774 0.0356 130 28.7629 28.1461 12.7959 12.8086 0.407 120 74  0.411 4
70 11.5384 122366 82099 8.1453 0.044 891 64 0.054 0 135 29.690 7 29.6857 13.0714 13.0715 0.433 18750  0.4352
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o SZME measured; — A H. fitting.

E1 BE#®MKE SRR ANN UGS HEE
Fig.1 The fitting curve of DBH,height and volume of Pinus bungeana with ANN
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Table 3 The fitting results of DBH, tree height and volume growth model of P. bungeana
a b ¢

Logistic FR%I 36.097 0 -0.0319 3.099 2 94.14 0.997 0.683 0

Mgtz DBH Uik ke 170.490 0 -349.670 0 58.493 0 96.61 0.990 1.120 0
X ET R KR -3 005.700 0 4032300 1 710.400 0 93.98 0.987 1.220 0

Logistic FR%X 14.917 0 -0.026 1 1.567 3 94.43 0.993 0.491 0

B height R B R B 21.967 0 -79.179 0 15.632 0 96.90 0.994 0.042 0
PURCRA -36.720 0 9.679 0 37.914 0 97.38 0.995 0.340 0

Logistic M4k 2.195 6 -0.038 9 6.524 1 93.96 0.998 0.008 4

4B volume R B R AL 2992.1000 -2 677.000 0 178.710 0 69.59 0.995 0.012 1
PURS R -70.450 0 8.9305  2631.800 0 56.35 0.806 0.080 2

X B8 RSO e AR R UL B B, ARG
} 97.38% , R*(H A4 0.995, #1771 2% 40.340 0, B 15
L i e = 20k
H=-36.72+9.679 1xIn(A+37.914) ., (2)
Logistic PR A FRA KU IULA B, UG
K BEH 93.96%, R*{A A 0.998, ¥ 75 ik 2 4
0.008 4, M BUFIRH 1) R AN .
2.195 6

-0.038 9834+6.524 1 ©
1+e

V= (3)
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TR A A 45 R 3 4 s,
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Table 4 Results of tests based on ANN model
for P. bungeana

) Mg#2/em DBH BE/m height ALY/ m? volume
i/ \ \
age  WAEMH  WIGE WM WEHE Wl WGE
measured  fitting  measured  fitting  measured  fitting
10 1.0370 0.7394 13846 0.9243 0.003 125 0.002 6
20 24440 1.2039 39077 1.8367 0.006250 0.004 9
30 40000 3.0138 49231 3.7128 0.007 813 0.008 4
40 6.1481 52311 67692 57222 0.023438 0.014 1
50 8.1481 74450 7.0769 6.8955 0.034375 0.0227
60 10.7407 9.5649 84615 7.5547 0.056250 0.0356
70 122222 11.6152 9.6308 82082 0.062525 0.0540
79 13.1852 134607 10.1538 9.008 6 0.087 500 0.076 2
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Fig.2 The total, current annual and average increment at DBH, height and volume of P. bungeana
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