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Table 2 Eighteen kinds of height-diameter curve
model for candidate

T
BE o sEAE Ak PRSI
EAEs Number of Equation Height-diameter
Models Model )
N parameters name function
o. types
1 H = a + blogD
) i 2 S
*ﬁiﬂ a+bD
3 3 H=a+bD +cD?
4 R H=13+aD"
E Dt H=13+e D
6 2 Bates i 1% H=13+ %
7 Schumacher H=13+ ae%
b
8 A2 H=13+a(:55)
9 Richerd  H=13+a(1-e?P)
10 Weibull H=13+a (1 - e_ch)
E[257 40
11 ot} Logistic H=13+ ﬁ
12 Korf H=13+ae o
-cD
13 3 Gompertz H=13+ae?®
— a
14 Hossfeld H=13+ ==
15 EFERENL R H=13+a+ g
16 Mitscherlich — H=1.3+a(1-be™")
17 Ratkowsky H=134+aeD5
18 Ip7IVIN H=1.3+aD’P

T HAWEE (B m), DNIE (86 cm); a, b, cASH
Notes: H is tree height (unit : m), D is diameter at breast height (unit :
cm); a, b, ¢ are parameters.
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Table 3 Error analysis of the optimal average tree height - diameter model in each province

PR TR AR
BIX AR G AR Evaluation indicators
Provincial area Best model No. Best model
R? MAE/m MRE/!% RMSE/m MPE[%

DN G 14 Hossfeld 0.618 0.94 -2.93 1.23 0.50
WL 16 Mitscherlich 0.646 1.01 -3.47 2.00 0.61
Fizke 14 Hossfeld 0.712 1.29 -4.00 1.69 0.52
AN 16 Mitscherlich 0.657 1.05 -3.47 1.37 0.67
ikl 11 Logistic 0.807 1.53 -3.33 1.89 2.49
il 16 Mitscherlich 0.619 1.18 -3.27 1.54 0.59
JUAR 8 U 2% 0.602 1.29 -4.38 1.66 1.13
L] 16 Mitscherlich 0.638 1.50 -3.70 1.99 2.77
] 16 Mitscherlich 0.704 1.28 -3.03 1.68 2.20
M 13 Gompertz 0.641 1.37 -4.42 1.81 1.43
PG| 16 Mitscherlich 0.753 1.22 -3.48 1.64 1.54
TPk 16 Mitscherlich 0.611 1.44 -4.72 1.85 1.76
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Fig. 1

Residual distribution of predicted values of optimal tree height curve models for Cunninghamia

lanceolate in 15 provinces
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Table 4 Optimal average tree height - diameter model in each province and cross-validation results

VEIT B

HIX A Fak 5 Evaluation indicators
Provincial area Model fitting results o P S — Py —

D34 H=13+ —LB 0.94 -2.93 123 0.50
WRIT H=1.3+15.15(1-1.212¢7%%%%P) 1.02 -3.47 1.34 0.41
A H=13+ —— 28 1.29 -3.99 1.69 0.52
L H=1.3+19.18(1-1.175¢" % %P) 1.05 -3.46 137 0.67
WAt H=13+ —— 2w 157 ~3.05 193 2.54
W H=1.3+19.51(1-1.106e "% %) 1.18 -3.26 1.54 0.59
% H=1.3+20.23(:%)"* 129 -4.35 166 113
I H=1.3+21.12(1-1.248e "% %) 1.51 -3.49 2.00 277
pu)i| H=1.3+29.94(1-1.077e"%%7%P) 1.29 -3.11 1.70 2.25
S H = 1.3+ 20.63¢2-908e %7 %% 1.37 -4.41 1.82 1.44
Z H=1.3+20.83 (1~ 1.190e™% %% %P) 1.23 -3.47 1.65 155
sk H=1.3+2395(1-1.111e "% *P) 1.45 -4.65 1.86 1.77
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Average Tree Height-Diameter Models of Cunninghamia
lanceolata in China Based on Continuous Forest
Inventory Plot Data

NIU Si-yuan'?, LIU Peng-ju'?, LEI Xiang-dong'?, REN YP, GAO Ying'?

(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;
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Abstract: [Objective] Based on the national permanent forest plots, the basic average tree height - diamet-
er models of Cunninghamia lanceolate was established by province for predicting tree height. [Methods] There
was a total of 23 239 samples distributed in 15 provinces in this study. Eighteen candidate base growth
equations were used to fit height-diameter relationship in each province. The coefficient of determination
(R?), mean absolute error (MAE), mean relative error (MRE) and root mean square error (RMSE) combing
with the residual plots were used for model evaluation. In addition, the 5-fold method was used to test the
optimal model in each province. [Result] The best height-diameter model in each province was not the
same. The best model for Chinese fir in Sichuan, Yunnan, Chongqing, Shanxi, Zhejiang, Jiangxi, Hunan
and Guangxi was the Mitscherlich equation. For Jiangsu, Anhui, Henan and Fujian, the best model was the
Hossfeld equation. And for Guangdong, Hubei and Guizhou, the best model was hyperbolic equation, Lo-
gistic equation and Gompertz equation, respectively. The R? of the model ranged from 0.602 to 0.807,
MAE ranged from 0.94 to 1.53 m, MRE ranged from -4.72 to —2.93%, RMSE ranged from 1.23 to 2.00 m,
and MPE ranged from 0.50 to 2.77. These models performed well and had biological significance, which
indicated that these models could be used as the basic height-diameter models of C. lanceolate plantation
in each province [Conclusion] height-diameter models of C. /anceolate distributed in 15 provinces are de-
veloped in this study, which simulates well the average tree height of C. lanceolate in each province, and
can be used as basic models of height-diameter for C. lanceolate plantation in each province in China.
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