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Selection of Optimal Growth Model for 11 Main Tree Species in Northeast China

LIU Yang

(College of Forestry, Inner Mongolia Agricultural University ,Hohhot 010019, China)

Abstract; The construction of tree growth process model is an important part of stand growth and yield models. In
order to carry out the mathematical simulation for the growth process of 11 main tree species, 4359 analytical woods
were selected to construct the optimal growth process equations of diameter at breast height, tree height and volume
based on 25 empirical and theoretical equations, and the chi-square tests were carried out simultaneously. The
results showed that power function, Romsicp function, Hossfeld, composite function, exponential function, logarith-
mic function, S—types and Schumacher function were the optimal models. The selected optimal models could be
used to simulate and forecast the growth process of diameter at breast height, tree height and volume for 11 main
tree species in northeast China. These models could provide a theoretical basis for the scientific management of

stand growth and yield prediction and lay a foundation for studying the optimal growth of the stands.
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Tab.1 The maximum, minimum and mean values of DBH, height and volume for

the main tree species used to test estimated equations

4% /em B E /m A /m?

o MRE MR #9(f+ fe/IME ~ YiE+ e/ ME ~ o - o
e e MR BUME-BAE
Py A 844 20.420.4 3.8~66.0 13.7£0.2 3.3~30.5 0.426 6£0.022 8  0.002 6~4.256 5
B 924 21.7£0.4 3.3~58.7 15.2+0.2 3.0~26.6 0.444 4+0.018 2 0.001 7~3.284 8
AV 469 22.2+0.6 3.5~59.5 13.4+0.2 3.1~28.8 0.460 8+0.028 8 0.002 0~3.385 1
TR 608 21.020.6 3.9~77.0 13.2+0.2 4.7~26.8 0.470 7+0.031 3 0.003 4~4.824 7
£ A 640 24.5+0.6 3.2~61.5 13.4+0.1 4.6~21.5 0.467 0+0.0220  0.002 0~2.347 9
b 70 24.6£2.3 5.2~61.0 16.4+0.6 8.2~25.5 0.710 9+£0.117 6~ 0.007 7~3.089 5
e 340 15.4+0.6 5.0~59.7 14.1+0.2 4.9~252 0.231 120.0249  0.006 9~2.951 8
Kk 106 17.4+0.7 4.0~38.4 12.0+0.3 4.6~20.6 0.191 620.019 8 0.003 6~0.966 7
it 134 20.2+1.4 6.2~61.5 15.3+0.4 5.8~27.5 0.477 120.073 6 0.012 6~3.143 3
i 183 23.9+1.1 3.3~61.0 16.3+0.4 4.3~24.9 0.588 5+0.054 0 0.002 1~3.089 5
BALTE R 41 15.3+1.9 7.3~56.2 13.2+0.7 7.9~26.0 0.279 120.0955  0.018 4~2.981 0
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Tab.2 Based growth faction of the individual tree for the main tree species

Ak EiEN R Sk
2814 (Linear) /712 y=a+bt A {8 ( Richards ) e y=a (1-bxexp(-ct) )’
W (Logistic ) FrfERI y=al/(1+ bxexp (—ct) ) TR (Quadratic) FREL y=a+bt+ct’
24( Composite ) PR%L y=ab' H K (Growth) pR%X y=exp(a+bt)
X144 ( Logarithmic ) BREL y=a+bxln S AR y=exp(a+b/t)
U2 (Hyperbola) —a—b/(1+¢) (S—shaped growth curve)
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ﬂf PHELE( Levacovic) ﬁji y=a/(1be ) ZET YR (Hossfeld ) y=al(1+bt (=¢))
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Tab.3 Volume equations of the main tree species in Northeast China
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Tab.4 Growth process equations and model test for DBH, height and volume of Picea asperata and Betula costata

= 2 L HE

HLT 2 FR R FRIE R P FET 24 FR R FRIR R P
TR D=¢"% 0.83 0.79 AL D="% 0.93 0.35
S IEAE K £k D=exp(-50.606/t) 0.79 0.68 fIFI/RITEE  D=0.259"""exp(-0.003t) 0.92 0.44
My MFIRITREE D=0.2111""exp(~0.003t) 0.76 0.47  FFSYIR D=59.531exp(—62.359/1) 0.87 0.47

ft e D=-6 822.142+ N D=-23 744.442+
GRS 6826.345e6x§(3.119E—5t) 0.750.55 eSS 23 749.503:)(;(9.64@—65) 0.87 0.42
X ES R D=-53.578+17.599n¢ 0.74 0.59  XIEEEL D=-46.462+16.694In: 0.86 0.43
MR L H=-19.281+7.809Int 0.77 0.65  XJEpREL H=-6.044+5.4731nt 0.89 0.55
PR H=""" 0.79 0.61 FEPREL H="* 0.89 0.67
Zi S A Kk H=exp(—36.259/t) 0.79 0.54  #FSYIR H=23.136exp( —18.640/t) 0.84 0.66
" FI5 IR 5 18 H=0.797:" exp( -0.002¢) 0.76 0.49 HFN/RITFE H=3.357t""%exp(-0.001¢) 0.89 0.72
F SR H=25.591exp( -41.013/t) 0.75 0.60 JRAMITFE  1nH=3.372-56.297/(1+36.430) 0.89 0.77
SIEAEK V=exp(~-127.010/t) 0.80 0.49  FEEEEL V=-2.46+2.286exp(0.003:)  0.94 0.66
TR V=" 0.80 0.38 TR Y=y 0.94 0.71
M FREeREL V=-1.594+1.401exp(0.004z)  0.70 0.19 HFFIRFFE  V=533E-5"Cexp(-0.0041)  0.94 0.57
B s ok V="5.065exp( -215.059/1) 0.70 0.27  #FEYIR V=5.073exp( ~198.17/t) 0.92 0.49
FIHR TR V=5.239x10"exp(-0.007t) 0.70 0.29 {RARIFE Iny'=-47.246- 0.82 0.50

203 343.693/(1-4470.939)
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B A P E (P BRI S PR e ) . TR,
x5 WRMLZRE MENMRHERTEAERERBEQE

Tab.5 Growth process equations and model test for DBH, height and volume of Ulmus pumila and Populus davidiana

i 1%
R 2 FR R FRIE R P AL 2 R R FRIR A R P
FIBRITRE D=0.43"exp(~7.514E-5¢)  0.81 0.58 ZEHTH/RTE  D=8.05/(1+0.1:(-0.118))  0.74 0.34
, InD=4.705- . — %
RAERTRE 322266/(t+91 719) 0.81 0.48 AR D=10.176+0.265exp(0.07t)  0.73 0.22
My D.- 2 066 0i7+
/j—ﬁ YK % - . ) . I/—, =] — ] -0.616 . . 1
1 BRR AL 2 068.975exp(8.336E-51) 0.80 0.33  HFIRFEE  D=29.178:""exp(0.0411) 0.70 0.19
TR D=1"% 0.80 0.19 JRATEHE InD=1.626-58.116/(1-94.373) 0.74 0.41
X HR R AL D=-47.573+14.955In¢ 0.77 0.46
X B R AL H=-5.711+4.077Int 0.64 0.30 H=13.179+
o s A PRER 5.712exp(—e ™ —z+1)) 0.93 0.70
TR H=1" 0.65 0.44 2= (1-63.966) /20.889
F YR H=16.982exp( -25.451/t) 0.62 0.40 ;s s _13.200-19.367
TORIBRTTRE H=1.8901"*exp(~0.001t) 0.64 0.36 s
1] - .
; H=203+——"—x
IRAFTFE InH=3.026-63.913/(1+40.690) 0.65 0.51 I~
TG T R 8K W6 /m2 0.91 0.59
(« 2)X(t—17.9) )
ex - —
P 49.6°
8BRS H=6.691+4.280exp(0.015 3¢) 0.90 0.62
FRBR L V=-1.011+0.903exp(0.003:)  0.80 0.92  FE%res%k V=0.071+0.001exp( 0.1¢) 0.77 0.44
" TR V=1 0.80 0.80 HIFI/RFFE V=4.9231""exp(0.1121) 0.76 0.35
g TIBURTIHE V=4.386E-61""exp(-0.006¢)  0.80 0.74 ZEPY/RIE  V=0.063/(1+0.118:(-0.121))  0.74 0.25

T ORAEHE  InV=1.268-373.072/(1440.916) 0.80 0.77

EF U)K

V'=2.027exp( —205.554/1)

0.79 0.68
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Tab.6 Growth process equations and model test for DBH, height and volume of Fraxinus mandshurica and Acer pictum
N (v N
A2 FR R FRIR R P FET 24 FR R FRIR R P
FIFURTFE  D=0.2240""exp(-0.006:)  0.94 0.77 HFIFURAEE  D=0.194"exp(-0.003)  0.84 0.66
D=-4254.439+
TR D=34.397exp( —41.04 92 0.91 5B ) a1
# 5 YR 34.397exp( —41.04/t) 0.92 0.9 TRBCR L 425793 1exp(3.969E-51) 0.83 0
P X PR D=-27.411+10.831In 0.91 0.67 PR D=1"7% 0.82 0.46
R D=¢""% 0.90 0.46 & HIR D=41.661exp( —64.746/t) 0.80 0.11
D=-6115.851+
YOREr o K
LG 6 120.079exp( 2.983E-5¢) 0.900.66
5 IR 5 18 H=1"""exp(0.9421) 0.82 0.58  XJ%eRs H=-4.893+3.9711nt 0.76 0.22
& IR H=18.867exp( ~13.343/t) 0.65 0.37 L ATEA H=1""% 0.78 0.20
kS IEAEK H=exp(-14.698/t) 0.72 039  AKRH H=exp(0.004t) 0.72 0.61
] H=-2 359.328+
R
eSS 2 367.331exp(2.129E-5¢) 0.73 0.3
SRR H=2.209"""exp(-0.001¢) 0.77 0.54
#F SR V=0.905exp( -0.017/t) 0.98 0.71  FFHYIR V=1.323exp(-171.716/1) 0.82 0.33
ISR TR V=5.433E-61""exp(-0.006:) 0.98 0.56 FF/RFHE  V=1.104E-7exp(-0.017¢) 0.82 0.27
7 RN V=-49.497+ I
I 97 0. S8R =-1.402+1.321 .002 ) )
0 B AR KL 49.425exp(7.794E51) 0.97 0.88  fE¥E%L Vv 02+1.321exp(0.002¢)  0.80 0.38
REPREL V=g 0.95 0.43 PR V=t 0.78 0.54
REG V'=-0.696+0.218Int 0.90 0.56
T K A AR B AR RS AR B A T R B AR S FI VS 43 R 17~ 140 a F11 11~200 a,
xR7T BEREMTRMONEE MEFARNERIEFEREERQI
Tab.7 Growth process equations and model test for DBH, height and volume of Larix olgensis and Pinus koraiensis
IRV A AWIN
R 24 FR BT RIEA R P R 24 FR R FRIE R P
AR D=1.044¢ 0.90 0.45 TR D=1 0.85 0.56
FIFRTTRE D=0.0661""" exp(~0.01r) 0.87 0.17 FIFIRIFFE  D=0.126:""exp(0.005¢) 0.85 0.72
D=-45.715+
SR ) . RTINS =56. -68. ) .
T B PR 43.568exp( 0.0121) 0.86 0.64 & HIR D=56.034exp( —68.304/t) 0.82 0.49
f& D=-12 708.084+
)R D=70.621exp( —42.34 ) 4 SHR % : ) 17
# 5 YR 0.621exp( 349/1) 0.85 0.49  FREREL 12 713.159exp( 1.609E-51) 0.80 0
. InD=-24.34+18 270.152/ . — %
RER R " 0.85 0.28  XFEpkiL D=-47.353+16.32In: 0.80 0.46
(+-705.701)
A PR H=1.06x1.028" 0.91 0.91 TR H=1"% 0.89 0.38
AR PR H=exp(0.027t) 0.91 0.77  XEREL H=-14.858+6.632Int 0.90 0.17
B RS H=¢"%¢ 0.89 0.65  #FSYIR H=22.704exp( -35.053/t) 0.89 0.46
= H=-20.108+
AR % 0.88 0.81  f[FI/R FFE =0.551*"exp (0. 0.91 0.26
FeEREL 2427 1exp(0.0120) ISR TR H=0.551""exp(—0.003t)
FT5 IR J5 A H=2.3841"exp(0.015¢) 0.88 0.74 IRGEIJTFE  InH=3.283-62.602/(1+19.671) 0.91 0.32
FIFI/RITAE V=1.07E-126exp(-0.156¢t)  0.85 0.64 AIFRHTTE  V=4.908E-7: P exp(-0.014t) 0.84 0.24
# 5 YR V=5.358exp( —109.803/t) 0.84 0.46  FFEYIR V=3.071exp(-170.501/t) 0.84 0.44
V=-0.253+
LY 0.82 0.51 T R % =200 0.84 0.41
- HRBORE 0.131exp( 0.0381) S V=t
InV=-40.057-19 370.691/ V=-243.537+
RA 0.78 0.27 & B R 0.81 0.62
RATTE (1-538.944) HAERR 243.305exp (3.184E-5¢)
X EL PR AL V=-1.518+0.511nt 0.73 0.34 RERIHFE  InV=0.21-67.457/(1-17.095) 0.71 0.58
T BRI AS RN LI AA B A B e AR AR AR A R B 28 et A Y R 43 31k 17~ 50 a T 8 ~260 a,
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Tab.8 Growth process equations and model test for DBH, height and volume of Beiula platyphylla and Abies fabri

1 HE gz
A2 FR R FRIR R P A 24 FR R FRIR R P
ZEWPRME D=11.922/(1+0.053:(-0.1))  0.73 0.68 R D= 0.89 0.22
D=-3519.992+
SHE % D=7.386+4.035exp(0.016 0.72 0.84 SRR % 0.88 0.32
T AR +4.035exp(0.0161) LG 3 523.656exp (6.838F-5¢)
7 MIBR I D=9.7651""exp(0.011¢) 0.71 0.69 /R I D=0.37t""exp(-0.002t) 0.88 0.29
RN D=1.011" 0.85 0.34
#FLY)IR D=56.813exp( —65.191/t) 0.83 0.37
LRI -4 573.34-19.03 .
S =~ T E419.03 0 0.73 0.46 A% = 0.89 0.07
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