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Abstract In order to establish the growth models of Cinnamomum camphora, Schima superba and
Liquidambar formosana, the main native broadleaf tree species in Guangdong province were divided into natural
forest and planted forest according to the origin. The growth models were built with age as the independent
variable according to different diameter. The results showed that: (1) At the level of the existing site, the extreme
DBH of C. camphora, S. superba and L. formosana in planted forest were 47.8, 56.6 and 50.3 c¢cm, which in
natural forest were 44.8, 52.6 and 43.4 cm; The extreme height of C. camphora, S. superba and L. formosana

in planted forest were 17.0, 21.5 and 20.3 m, which in natural forest were 13.3, 20.1 and 18.1 m; The extreme
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volume of C. camphora, S. superba and L. formosana in planted forest were 1.437, 2.161 and 3.308 m’, which in
natural forest were 1.177, 1.572 and 1.366 m’. The DBH, height and volume in planted forest were higher than
natural forest. (2) The optimal growth fitting model of DBH, height and volume in C. camphora planted forest
were Schumacher, Gompertz and Schumacher model, which in natural forest were Schumacher, Richards and
Logistic model. The optimal growth fitting model of DBH, height and volume in S. superba planted forest were
Schumacher, Richards and Logistic model, which in natural forest were Gompertz, Schumacher and Logistic
model. The optimal fitting model of DBH, height and volume in L. formosana planted forest were Gompertz,
Schumacher and Logistic model, which in natural forest were Logistic, Logistic, Logistic model. (3) Through the
verification of diameter, height and volume of the optimal model of C. camphora, S. superba and L. formosana,
we can see the that the fitting results between the theoretical value and the actual value were very significant, the
DBH R’s was between 0.669 6~0.874 5, the height R’s was between 0.580 5~0.873 7, and the volume R’s was

between 0.614 8~0.734 7.
Key words growth model; origin; tree age
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Tab.1 Three tree species modeling data statistics

R Fh ALY AN i wME O RKRME CFIE S ARk FEARBREL
Species Origin Variables Min Max Mean SD Number of trees
A% Agela 2 41 14516  10.807 31
AT Jf§#%2 DBH/cm 2 40 14.048 11206 31
Planted W& Height/m 1.7 17.6 8.400 4.029 31
T 4 Volume/m® 0.001 0.789 0.142 0.214 31
C. camphora AEHS Agela 3 58 18.641  12.158 59
RS Jf9#% DBH/cm 1.9 41 14763 10.145 59
Natural # Height/m 1.9 16.6 9.606 3.722 59
R Volume/m® 0.001 0.924 0.159 0.228 59
% Agela 4 31 15.140 7.827 43
AT Jf§4% DBH/cm 2.1 38.9 12.874 9.098 43
Planted W& Height/m 25 18.7 10.154 4213 43
PN ML Volume/m® 0.001 0.905 0.128 0.195 43
S. superba AL Agela 4 45 18.213 11.213 47
PR Jfi#%: DBH/cm 1.7 51.5 15730 12.179 47
Natural ## Height/m 3.02 23.1 10.254 4.834 47
R Volume/m® 0.001 1.803 0.224 0.367 47
A% Agela 2 41 14.719 9.124 32
AT Jf§4% DBH/cm 22 39.6 13.341 10.435 32
Planted W& Height/m 32 21 11.252 5.503 32
WA M Volume/m® 0.001 1.043 0.178 0.288 32
L. formosana AEHS Agela 1 61 17018  11.470 57
FIRM J#§4% DBH/cm 1.8 435 14.642  10.370 57
Natural ¥ H Height/m 3 26.6 11.780 5.178 57
4 Volume/m® 0.001 1.331 0.190 0.284 57
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Korf %L
y:axexp(_bxt)_c_j'_g ......................... (5)

Mitscheerlich FR%X :
y=ax(I—bXxexp(—cXt))+& +rrereeerremeene (6)

Schumacher PR%K:
y:axexp(_b/l‘)_lr_g ........................... (7)

Weibull PR#L :
y=ax(l—exp(—=(t/ b)) +& -oereeeeeeenn (8)

Ape TR (2) ~(8) MR, H.
a FARMALERKWESH, bERSUIHER R
M (RAERERSH), cRRERERS
B (S RERRRBAES ), « WAER, »
NMARTE ¢ AERF B4R (em), BHE (m) SR
(m’),

T REARK T ENA SR, MEINE
(R), HI7MRik% (RMSE), FH 2% (ME),
SR 2 (MAE ) X E 38 2 SR 36T
B, BRI AU

R =130 03 e (9)
RMSE =\/Z(J7f—y,-)2 [ (= p) oo (10)
T R TR — o
MAE=2I)7,-—y,-|/n ......................... (12)

KA.y, BEEARKRLNFRSZIE, 502 v /Y
TemAbTHE, ¥ IRFEARSIEREME, n ekt
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JE L 5 B LA P B P 7E 0.669 5~0.874 4 2 J8], -
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Tab. 2 Optimal growth model fitting of DBH

s

FRAE

Species Origin Model form a b ¢ 3 ME MAE RMSE
kb AT Planted  Schumacher  47.8052  15.202 6 0.8029 04125 37023 5.0605
C. camphora 3-4x Natural Gompertz ~ 44.8442 26071 0.0458 0.6695 -0.0440 42339 59350
AT AT Planted  Schumacher  56.6221 22.199 3 0.7235 0.6181 3.8335 48421
S. superba KK Natural Gompertz ~ 52.6165 35102 0.0576 08066 -0.0170 3.8244 54769
W AT Planted Gompertz 503113 34805 0.0635 0.7988 -0.0283 3.0716 4.8400
L. formosana 2 Natural Logistic 433989 11.6658 0.0995 08744 -0.0737 25312 3.7430
R IWBRMERKEIRE
Tab. 3 Optimal growth model fitting of height
g b R
szfis (ﬁfn &%géﬁfm a b c R ME MAE  RMSE
ki AT Planted Gompertz 169988 1.6669 0.0654 07299 -0.0140 1.6190 2.1677
C. camphora 54 Natural Richards 133205  0.1054 11971 0.6907 -0.0071 1.6600 2.1063
At A T. Planted Richards 214726 0.0332 07476 05805 -0.0011 22343 27959
S. superba 4K Natural ~ Schumacher  20.1196  9.7855 06176 01110 23295 3.0221
W AT. Planted Logistic 202993  7.6976 0.1673 08735 0.0251 14369 2.0233
L. formosana gk Natyral Logistic 180915 50031 0.1600 07488  0.0004 2.0627 2.6425
x4 MRBERERERRE
Tab. 4 Optimal growth model fitting of volume
i ] R AT
sfi fis (’iﬁig’i I\fiffﬁfn a b ¢ R ME  MAE RMSE
Rt AT Planted  Schumacher 14373  37.0972 0.7138  0.0031 0.0653 0.1167
C.camphora g Natural Logistic 1.176 8 504297  0.0907 0.6142 -0.0042 0.0846 0.1438
K AT Planted Logistic 21607 3253799 0.1578 0.6850 -0.0023 0.0602 0.1124
S. superba KHX Natural Logistic 15724 964698 01226 06826 -0.0104 0.1281 02114
W AT Planted  Schumacher  3.3075  49.6725 0.7279 -0.0006 0.0864 0.1527
L. formosana gk Natural Logistic 13661 585256  0.1099 0.7315 -0.0120 0.0837 0.1497

22 HEKIE

LAY A g R R AL R far . A Y
T AR A AR A DA B %) B E 5 S B A
RIS (£5), &AM R, ME. MAE,
RMSE #F47 BUMDRS BE e, BikEss R (K 2) 7
Br& i, 5 5CBR0LIEAH b, RAVELA By A%
B FbE B SR AR AR H R . MR R R TR
0.669 6~0.874 5 2 [6], ME {H 7 -0.618 1~0.073 7

Z[8], MAE {H7F 2.531 2~4.233 9 22 [d], RMSE {&
£ 3.743 0~5.935 0 Z [A]; &5 19 R® {H7E 0.580 5~
0.873 7 Z [}, ME & £ —0.111 0~0.014 0 Z [}, MAE
{H7E 1.4369~2.329 5 Z[f], RMSE {H7E 2.023 3~3.056 3
Z s MR R {HAE 0.614 8~0.734 7 Z [ii]; ME
A 7€ -0.003 1~0.012 0 Z [8], MAE {& 7€ 0.060 2~
0.128 1 Z[d], RMSE fH7E 0.112 4~0.211 4 Zd].,
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Tab. 5 Linear fitting between the measured value and the theoretical value of DBH, height and volume

R Aok iR R’ ME MAE RMSE
Species Variables Origin
. AT Planted 0.806 7 -0.4125 3.702 3 5.150 1
%1% DBH
KK Natural 0.669 6 0.044 0 42339 5.9350
ki S Heigh A T. Planted 0.730 0 0.014 0 1.6190 2.1677
M s Height
C. camphora K8k Natural 0.690 8 0.007 1 1.660 0 2.106 3
Bt AL Planted 0.714 1 -0.003 1 0.0653 0.118 8
i Volume
KR Natural 0.6148 0.004 2 0.084 6 0.143 8
AL Planted 0.737 8 -0.618 1 3.8335 49022
iz
1% DBH
KAR Natural 0.806 6 0.0170 3.824 4 5.476 9
VN K75 Heich AL Planted 0.580 5 0.001 1 22343 2.7959
o =y Height
S. superba KK Natural 0.6215 -0.111 0 23295 3.056 3
B AT Planted 0.6852 0.002 3 0.060 2 0.1124
FH Volume
KK Natural 0.6852 0.010 4 0.128 1 0.2114
. AT Planted 0.798 8 0.028 3 3.0716 4.8400
1% DBH
KAK Natural 0.874 5 0.0737 2.5312 3.743 0
AT Planted 0.8737 -0.0251 1.436 9 2.0233
b 4 E5 Height
L. formosana KK Natural 0.748 8 -0.000 4 2.062 7 2.642 5
B AT Planted 0.728 0 0.000 6 0.086 4 0.1553
F Volume
KK Natural 0.734 7 0.012 0 0.083 7 0.149 7
—— SMHIA Linear fitting —-—— 9S%E{EX[A] 95% Confidence bands
N N x
£ 50 > § 40 S 50
s §§ s 28 - § g -
25z 40 s £%73 30 < S0
Es 8 c T E58 =
Hps530 , JS0RS06xF16870| X % 530 "
Bz ~2=0.8067° Zig 2 b ¥
222 ZME=-0.4125 Doz HE %y //
28 3 - w2 <7 «~ ME=0.0283
Eio MAE=3.7023 T3 10 MAE=3.8335 @8 s ¢
ZES 10 RMSE=5.1501 Ko RMEE=4 8075 =% S0 MAE=3.0716
£ n=31 2 Z AV 2= Rlv?|25=4.8400
0 L« 0 4 = 2 n=
g 0 10 20 30 40 s0 & 10 20 30 40 5 o O
E 0 10 20 30 40
A A T RS E KA A TR SSHI(E a WE A THgESINE
DBH measured value of C.camphora DBH measured value of S.superba DBH measured value of Z.formosana
in planted forests/cm in planted forests/cm in planted forests/cm
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S 40 2 §
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oo RMSE=5.9350 | %5 = 10 =52 10 s sl
8= n=59 £= RMSE=5.4769 58 RMSE=3.7430
:: 0 % 0 n=47 2 0 n=57
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Fig.2 Optimal DBH, height and volume model assessment diagram in planted and natural origin forests
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