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Height-Diameter Models of Main Tree Species in Broadleaf-Conifer
Mixed Forest in Jiaohe, Jilin, China

ZHANG Peng ,HE Huai-jiang ,FAN Chun-yu,TAN Ling-zhao ,ZHANG Chun-yu,ZHAO Xiu-hai
(Key Laboratory for Forest Resources & Ecosystem Processes of Beijing, Beijing Forestry University, Beijing 100083, China)

Abstract : [ Objective | The aim of this study is to establish the relationships between height and diameter at breast
height ( DBH) of main tree species under different competitive density in mixed broadleaf-conifer forests in Jiaohe of
Jilin province. [ Method] Based on the data of four tree species sampled from a 42 hm® permanent mature forest
plot, the relationships between height and DBH were simulated by four empirical models, Chapman-Richards, Lo-
gistic, Korf and Weibull model, to select the optimization model. [ Result] (1) Among 12 groups of samples, 7
groups were best modeled by Weibull model, 4 groups were best modeled by Chapman-Richards model, and only 1
eroup was best modeled by Korf model. (2) The optimization models simulated by individuals under low and high
competitive density were different. (3) The optimization model worked well when examined by independent sam-
ples. [ Conclusion] The height-DBH relationships of 4 tree species under different competitive density can be well
simulated by Weibull model, which is suitable for height-DBH relationships in mixed broadleaf-conifer forest. In ad-
dition, the relationships are affected by competitive density. The predictive ability will be improved by grouping in-
dividuals according to the competitive density.
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Table 1 Data of model establishment
RFh AR Kt AR /N EYE5
Species A. mono F. mandschurica P. koraiensis T. amurensis
21 51| Groups Al B1 Cl Al B1 Cl Al Bl Cl Al Bl C1
FEAREL Number of stems 5266 3333 1933 1435 990 446 1561 1098 471 1478 1102 376
-2 35 4 458 8 Average of CI 19.8 8.0 40.5 4.2 2.3 8.7 8.6 3.1 21.2 8.9 3.7 25.3
A4 4% Mean Diameter/ cm 12.0 17.0 3.3 27.7 32.6 16.1 25.3  33.1 6.5 23.1  27.7 11.3
f¢/Mig4% Minimum Diameter/ cm 1.0 1.0 1.0 1.6 9.3 1.6 1.0 1.7 1.0 1.1 2.2 1.1
fx K g% Maximum Diameter/ cm 71.8 71.8 35.2 88.0 86.6 46.1 86.0 78.0 48.2 69.0 73.2 45.7
B4 pR#EZ2E Standard deviation of Diameter/cm — 12.8 13.5 2.2 13.6 12.1 7.2 18.4 15.6 4.7 13.6 12.7 8.5
SF-244% 7 Mean Height/m .6 12.3 4.8 18.2 19.5 15.1 13.7 17.3 .6 15.3 17.2 10.6
T5e/MA E Minimum Height/m L7 1.4 0.7 2.3 8.5 2.3 1.2 2.8 1.2 1.2 3.4 1.2
KB Maximum Height/m 29.0  29.0 24.0 29.4 28.5 28.8 29.7 29.7 25.0 30.0 30.0 26.0
W EARIEZE Standard deviation of Height/m 59 55 2.3 4.3 3.3 4.5 7.2 5.4 3.7 5.4 4.3 5.5
®2 HEARWHIE
Table 2 Data of model testing
RFh AR K AR /N EYE%
Species A. mono F. mandschurica P. koraiensis T. amurensis
21 51| Groups Al B1 Cl Al B1 Cl Al Bl Cl Al Bl C1
FEANEL Number of stems 1316 833 483 359 247 111 391 275 106 370 276 94
TR Average of CI 20.4 8.0 40.0 4.2 2.2 7.7 8.4 3.0 23.2 11.3 4.1 27.2
¥ 4% Mean Diameter/ em 11.8 17.0 3.3 26.8 33.0 16.6 25.4  34.3 6.3 23.9 26.2 9.7
T5/Mfg4% Minimum Diameter/ cm 1.0 1.5 1.0 2.5 9.8 2.5 1.1 1.2 1.0 1.3 6.7 1.4
I K Hg4% Maximum Diameter/cm 90.0 90.0 28.5 69.9 88.0 44.1 71.0 86.0 35.0 73.2  64.8 35.3
M4 pRUEZE Standard deviation of Diameter/cm  12.7  14.0 2.3 12.6  12.9 7.7 18.1 16.8 5.6 14.4 12.6 7.5
-2 H7E Mean Height/m 9.4 12.3 4.8 18.1 19.7 15.1 13.9  16.9 6.1 15.7 16.7 9.2
F5e/MA 1 Minimum Height/m 1.0 1.0 1.3 4.2 7.2 3.3 1.7 2.2 1.7 2.2 6.0 2.3
SRR Maximum Height/m 28.2 26.5 14.0 28.2  28.2 23.6 29.0 27.0 22.0 27.5 25.0 21.5
W S bR S Standard deviation of Height/m 5.8 5.6 2.1 4.2 3.3 4.0 7.4 5.2 4.2 5.6 4.0 4.8
W Z MY 4 A AR 2 A -l AR A B 0 Ak F3 SEONB-MEXRER
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Fig. 1 Height-diameter distribution and fitting curves of different tree species
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Table 4 Parameter estimations and goodness-of-fit statistics of models

i o150 2575
S}it{fis Gij]{s l\/j[fdj(:ls bo b b RMSE MR
[EW N Al 1 2.89 ™" 0.14 0.62 " 0.241 08 0. 000

Acer mono 2 2.77 % 0.92 ™ 0.33 " 0.258 83 0.002
3 3.70 " 1.65 ™ 0.55 " 0.241 63 0.000

4 2.93 0.31™ 0.73 ™" 0.240 00 0. 000

B1 1 2.95" 0.10 ™ 0.49 " 0.226 92 0. 000

2 2.87 " 0.45 ™ 0.21™ 0.231 15 0.000

3 3.70 " 1.57 0.53 ™ 0.230 25 0.000

4 3.00 " 0.35™ 0.65 ™" 0.227 06 0. 000

Cl 1 2.83 ™ 0.16 ™ 0.67 " 0.234 97 0.003

2 2.31" 1.08 ** 0.55 " 0.422 17 0.233

3 6.87 " 2.20" 0.33 " 0.391 90 -0.208

4 2.96 ™" 0.30 " 0.75 ™ 0.231 04 -0.031

IR A A2 1 3.0 0.15"" 0.78 ™ 0. 180 99 0.000
Fraxinus mandschurica 2 2.98 *** 0.82 ™ 0.23 " 0.183 36 0.000
3 3.39 " 1.81™ 0.76 0.188 61 0.002

4 3.02" 0.22 " 0.78 ™" 0.180 92 0. 000

B2 1 3.02 " 0.11 ™ 0.46 ™" 0.159 38 0.000

2 3.02" -0.36 0.13 ™ 0.159 42 0.000

3 3.07" 10.42 1.71 ™ 0. 159 40 0. 000

4 3.03 " 0.32" 0.74 ™ 0.159 36 0. 000

Cc2 1 3.01 ™ 0.13 ™ 0.70 *** 0.207 92 0.000

2 2.92 0.79 ™ 0.24 ™ 0.209 50 0.000

3 3.25" 3.35" 1.08 *** 0.212 69 0.003

4 3.04™ 0.25" 0.81 "™ 0.208 12 0. 000

FAR/N A3 1 3.05" 0.09 0.72** 0.209 80 0.001
Pinus koraiensis 2 2.93 " 1.30 " 0.24 " 0.228 06 0.002
3 3.38" 3.53 " 0.90 " 0.222 79 0.015

4 3.09 " 0.18 ™ 0.80 ™" 0.210 03 0.001

B3 1 3,11 0.07 ™ 0.53 ™ 0.224 92 -0.043

2 3.02" 0.62 ™ 0.14 ™ 0.244 25 -0.050

3 3.28 " 5.40 " 1.10 ™ 0.253 89 0.046

4 3,18 0.24 " 0.67 " 0.224 21 -0.043

Cc3 1 3.40 ™ 0.07 ™ 0.72*** 0.291 30 -0.148

2 2.50 " 1.46 " 0.35™ 0.395 10 0.235

3 4.36™ 2.83 0.60 " 0.267 93 -0.105

4 3.65™ 0.15™ 0.77 *** 0.343 24 -0.194

1 A4 1 2.97 0.127 0.64 0.202 01 0.000
Tilia amurensis 2 2.91 " 0.79 ** 0.23 ™ 0.209 58 0.000
3 3.23 " 2.56 " 0.93 " 0.205 32 0.004

4 3.00 " 0.27 " 0.76 0.201 71 0. 000

B4 1 2.99 ™* 0.11™ 0.55* 0.201 83 -0.012

2 2.97 0.18" 0.15™* 0.217 58 -0.026

3 3,127 4.57™ 1.23 " 0.226 91 0.018

4 3.01 ™ 0.28 ™ 0.74 0.201 09 -0.010

Cc4 1 3.00 " 0.11™ 0.61 "™ 0.201 67 -0.017

2 2.78 0.95 ™ 0.30 ™" 0.233 34 0.050

3 3.57™ 2.00 " 0.69 " 0.208 14 -0.031

4 3.08 " 0.28 ™ 0.72 0.203 69 -0.028

He#,0.00 <p<0.05. = #,0.001 <p<0.0l. = x % p<0.001.
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