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In order to model the crown profile by mathematical simulation for Chinese fir ( Cunninghamia
lanceolata) in different age groups, this study utilized the nonlinear regression method to select the
effective variables, i. e. the relative crown radius (RCR;) as the dependent variable and relative crown
length ( RCL;) as the independent variable for the crown profile model. Using data from 1 485
measurements of crown radius with 297 sample trees of Chinese fir at Shunchang County of Fujian
Province, the optimal crown profile models in the different age groups were established based on 8 kinds
of foundation models. The analysis of error and residual, model test and biological evaluation were carried
out for the optimal crown profile models. Results showed that the optimal crown profile models of the

young growth, half-mature, and near-mature and mature forests were the Cubic, Poly4 and GaussAmp,
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respectively. The crown profile models developed can be used to estimate the crown profile which only

requires to measure the total tree height, the largest crown radius and length. Such models are important

components of growth and yield models, and are also crucial for assessing the level of competition, forest

microclimate and biodiversity.

Key words plantations; crown profile; crown length; models fitting
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Fig. 1 Variables used to characterize individual tree crown
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Tab.1 Summary of data from fitting and validating the crown profile model for Chinese fir
PAEHIE Fitting data LR € Testing data
Lk T BUME RORME bR OPHIME O RUME ROR bR
Variables Average  Minimum Maximum  Standard ~ Average ~ Minimum Maximum  Standard
values values values deviation values values values deviation
Jg Az
16.0 6.1 31.3 5.6 16.5 6.4 30.0 6.3
Diameter at breast height (DBH)/cm
R
ald ) 12.4 3.0 22.8 3.9 12.6 3.6 21.9 4.4
Height of tree (HT)/m
=, (o 2l 42
BN R 3.3 1.4 5.1 0.8 3.5 1.4 5.4 0.9
Largest crown radius (LCR)/m
AR kA
f IR 2.1 0.1 5.1 1.4 2.2 0.2 5.2 1.5
Crown radius at each measurement point (CR)/m
= =
BARRE 6.1 1.1 15.3 2.4 6.0 1.6 15.0 2.1
Largest crown length ( LCL)/m
T2 — A e K B
f LAERE 3.0 0.1 13.8 2.3 3.0 0.1 13.4 2.0
Crown length at each measurement point (CL)/m
i3
iR 16 5 35 6.8 19 7 32 7.7
Age (1)/a
Mg
1549 300 2 697 671.2 1503 395 2 550 618.5
Density of individuals (N) /hm 2
AR T AR
23.7 8.6 34.9 6.5 23.6 9.3 33.4 6.0

Basal area(G)/(m?+hm~?)
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Tab.2  Fitting equations for the crown profile of Chinese fir

RIS Model number HERIZET Model categories

FEHIHE PR Model source

1 2% BB ( Linear function)

2 T80 PR E( Exponential function)
3 K B8 ( Growth function)

4 %31, ( Polynomial function)

5 X% PR 8% ( Logarithm function)
6 W2k (Hyperbola function)

7 TR (Power function)

8 U6 {F B4 %5 ( Peak value function)

%% R [ 18 ] Reference| 18 ]

% CHR [ 20-21 ] Reference[ 20-21 |
£ 30k [ 23 ] Reference[ 23
%30k [18-19] Reference[ 1819
H%CHR [ 24-25 | Reference[ 24-25 |
Ak [ 21 ] Reference| 21

% SRk 26 ] Reference [ 26

%W

W

230k [ 26 ] Reference[ 26 ]
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n iy

CV = (RMSE/LCR) x 100 (4)
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Tab.3 ANOVA of relative crown radius for Chinese fir in different age groups

4l FAUNEZIN HREZN YN AR P p
Age group Young growth forests  Half-mature forests Near-mature forests ~ Mature forests
A SE 242 Relative crown raduis 0. 396 +0. 018° 0.515+0.013"  0.588 +0. 021°  0.634x0.026°  24.166  <0.001

R AN IE £ FRER RN FER R R 225 B3 ( P <0.05), Notes: values in Tab. 3 are average values = standard deviation ; different

small letters mean significant difference( Tukey HSD, P <0.05).
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BATHE A SRR IEAEL R 4 ~6,
TELIRMRIU A 45 R (R 4) 1, Cubic BAYHY R?
k0. 78 ,RSS 24 2. 403 UAHG R R BG5S
Cubic %I RMSE Jy 0. 114 5 KT HAth 5 MR
CV W H At 5 AR/ PR, 8 2 8 Cubic 15
RIS AR LI PR e 55
HS RIS 45 R (£ 5) H, Polyd BEALHY R Ny

0.85, % THAh 6 AL RSS A 1. 631 KT HAth 6
AR BTG HOR BT, Poly4 5 AU ) RMSE
HCV P55 H A AR AU K 56 R4, Poly4 FEHIH 5
FGE R PERES L T H A A AL, R b, SR B Poly4 57
BRAAZ A Hp S MRAR TeE 5 B

AU R (F 6) 1, GaussAmp LI
R*H0.76, RSS M 1. 514, 1H #55 BU 481 & 5% S 458 4
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Tab.4 Models parameters and statistics from crown profile prediction equation for Chinese fir in young growth forest

o o 2% madsE KR
AL 2 (EILE S Parameters Fitting indicator ~ Testing indicator
Model name Model expression
a b c/w az/ ay R? RSS  RMSE CV/ %
Exp3P2 y=exp(a+bx +ex?) -0.0180 -0.3668 -4.2472 0.74 2.423 0.1549 5.845
b -

DoseResp y:u+1+10+x)”3 -0.1603 1.2978 0.3196 -1.9671 0.74 2.413 0.1558 5.879
Log3P1 y=a-bln(x+c¢) 4.5279 4.0109 2.3684 0.74 2.432 0.1552 5.857

S(z) =a+

4
b (1+ 2 (.ll H,(z) ‘ )exp( -22/2)

v vem = 0.9203/  0.60145/
GCAS z:x;c 1.1508 -0.7732 0.3159 L1947 0.74 2.414 0.1554 5.864

Hy =2 -3z

Hy =3 -6 +3
Cubic y=a+bx +ex? +ayx’ 1.0220 -1.0070 -1.9235 1.9946 0.78 2.403 0.1145 4.321
Allometric2  y =a + bx* 1.0806 —-1.4645 0.9131 0.74 2.436 0.1553 5.860

1 A Exp3 P2 DoseResp . Log3P1 .GCAS , Cubic F1 Allometric2 435! J& T Exponential , Growth , Logarithm , Peak function , Polynomial 1 Power 25, y
AR AR 6 2 4% ( RCR;) ,x A AT K ( RCL);a a3 a4 b c w A Z %, Notes: model Exp3P2, DoseResp, Log3P1, GCAS, Cubic and

Allometric2 belong to Exponential, Growth, Logarithm, Peak function, Polynomial and Power, respectively. y is relative crown radius ( RCRj) , x s

relative crown length(RCL;) ;a, a5, ay, b, ¢ and w are parameters.

RS5 EARRRESRESHMER N SIHERE

Tab.5 Model parameters and statistics from crown profile prediction equation for Chinese fir in half-mature forest

. o P A i R i
BB L SLEN Parameters Fitting indicator Testing indicator
Model name Model expression
a b c/w a; R? RSS RMSE CV/ %
Exp3P2 y=exp(a+bx +cx?) -0.076 1 0.7155 -9.4520 0. 80 1.709 0.1307  3.661
S o a B
Slogisticl y_1+exp( “hx=e)) 1.0015 -10.517 0.3003 0. 81 1.676  0.1295  3.627
b
HyperbolaGen y=a- W 1.0639 0.0059 168. 867 8 -0. 867 0. 80 1.717  0.1310  3.669
cx) 43
Log3P1 y=a-bln(x+c) 84.1239 30.8122 14.7910 0. 80 1.732  0.1316  3.686
2b a3
Lorentz y=a+—_ 1.2921 -1.0998 0.5136 0.5841 0.81 1.644 0.1282  3.591
T 4(x-c)” +as
) 5 4 23.605 0/
Poly4 y=a+bx +ex” +azx +wx 1.1712 -4.5765 -73.4399 0.85 1.631 0.0978  2.740
71.6824
Allometric2 y=a+bx* 1.0549 -2.1876 1. 150 01 0. 80 1.717  0.1310  3.669

1 A Slogisticl HyperbolaGen | Lorentz F1 Poly4 43| J& T Growth ,Hyperbola , Peak function Fl Polynomial 3 ;y A AH X4 568 2 4% ( RCR;) 5« bkl
X ( RCLj) o a.ay.b.c.w HBEL, Notes: model Slogisticl, HyperbolaGen, Lorentz and Poly4 belong to Growth, Hyperbola, Peak function and

Polynomial , respectively. y is relative crown radius( RCRj) , x is relative crown length( RCLJ») ;a, az, b, ¢ and w are parameters.
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Tab.6 Models parameters and statistics from crown profile prediction equation for Chinese fir in near-mature and mature forests
y o 28 AR K 5648 b
g e s
BUR A BURFRLA Parameters Fitting indicator Testing indicator
Model name Model expression
a b ¢/ ay R? RSS RMSE CV/ %
Exponential y=a +bexp(cx) 1.656 1 -0.6231 2.3333 0.70 1. 545 0.1633 4.022
Stitling y=a+b (M ) 1.0330 -1.4539 2.3333 0.70 1.545  0.1633  4.022
c
- _a _
Slogisticl Y=y exp( —b(x—c)) 0.920 1 15.786 4 0.274 1 0.71 1. 520 0.1619 3.988
Log2P2 y=In(a +bx) 2.8117 -4.3582 0.71 1. 559 0.1639 4.037
(x-c)? 0.4509/
GaussAmp y=a+bexp | ——— 0.943 0 -0.8976 0.76 1.514 0.1415 3.485
24, 0.1573
Parabola y=a+bx +cx’ 1.006 9 -1.0562 -3.2205 0.71 1. 544 0.163 1 4.017
Allometric2 y=a+bx’ 0.9751 -3.75717 1.5557 0.70 1. 542 0.163 1 4.017

ey RiA Exponential , Stirling , Log2 P2 .GaussAmp #/1 Parabola Ay 9l)E T Exponential , Exponential , Logarithm , Peak function F1 Polynomial 2t ;y A Af %}
AR (RCR,) 2 ST TEK (RCL, ) ja.a3 . b.c 4331 58, Notes: model Exponential, Stirling, Log2P2, GaussAmp and Parabola belong to
i U 3

Exponential, Exponential, Logarithm, Peak function and Polynomial, respectively;y is relative crown radius(RCR;) , « is relative crown length ( RCL;) ;

a, ay, b and ¢ are parameters.
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Fig.2 RCR residuals plotted against predicted values for the optimal crown profile model of Chinese fir in three age groups
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Fig.3 Theoretical and actual values of crown profile for Chinese fir in three age groups
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