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Table 1 Statistics of individual tree characteristics of Pinus koraiensis plantation
ol A H/MA PN IE FME PRt 22 TR R
Data Variable Minimum Maximum Mean SD CVI%
Y Agela 10 55 28 14 50
J¥i4% Dicm 0.8 471 17.4 9.5 55
R M Him 1.1 29.8 10.7 5.1 48
K CR 0.23 0.96 0.68 0.16 23
Fi% Agela 10 55 29 14 50
4% D/cm 1.2 43.0 17.8 9.2 52
K564 Validation data
W Him 0.7 255 11.1 5.1 46
HEK*E CR 0.24 0.95 0.68 0.16 23
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Table 2 Crown ratio candidate models

%' AT ik S CHR
Number  Model type Expression formula Reference
CR1 B CR=1/(1+eP) [11]
CR2 A CR=a/(1+ be_cﬁx)% 6]
CR3 WS CR=1/(1+ e‘ﬁx)% [22]
CR4 b CR=eM [10]
CRS5 IEE CR=1-¢" [23]
CR6 HAIK CR=ax(1-be ) (6]

H: CRE®EKZE, a. by cv m. wiHEHESH, a. b, cHH1,
m=6, w=10. BN IaE, XL EmE.

Note: CR is the crown ratio, a. b. ¢. m. w are the model
parameters, a. b, ¢ =1, m =6, w = 10. 8 indicates the parameter
vector and X indicates the vector of variables.
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Table 3 Fitting evaluation of crown ratio
candidate models

] MR Fitting data K36 804 Validation data

Model

R, RMSE MAE MAPE/%
CR1 0.241 0.139 0.113 18.97
CR2 0.282 0.135 0.110 18.47
CR3 0.253 0.138 0.112 18.83
CR4 0.302 0.134 0.108 18.22
CR5 0.213 0.142 0.116 19.39
CR6 0.259 0.138 0.112 18.77
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Table 4 Fitting results of dummy variable models

5] NWEAF £ ({1 [ F Dummy variables 5| AZ%{ Parameters R, RMSE  MAE  MAPE/% FlE P& MSER/%
7 — 0.402 0124  0.099 16.83 — —
3 b 0.412 0.123 0.099 16.72 19.31 <0.01
Wi c 0412 0122  0.099 16.83 21.69  <0.01
e 40| c 0412 0122  0.096 16.37 21.69  <0.01 2.25
Wi, MR c. a 0415 0122  0.096 16.34 6.02  <0.01 0.16
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Table 5 Parameter estimation results of dummy variable model

241 Parameters

R izt
Model Index a a ¢ ¢ ¢ d
flH{E -0.093 5 -0.028 8 -0.008 1 -0.050 4 -0.006 1 -0.004 3 0.0394
PRt iR 0.013 4 0.009 8 0.001 8 0.002 5 0.001 0 0.000 9 0.002 6
WA A
tE -6.97 -2.94 -4.43 -20.38 -5.85 -4.73 14.91
plE <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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Note: Figure A shows the variation curve of crown ratio with D under different Rd values when H = 10.5 m; Figure B shows the variation curve of
crown ratio with H under different Rd values when D = 19 cm; Figure C shows the variation curve of crown ratio with relative diameter when D =

19cmand H=11m

B1 BREBWAEFRESFEFEURE
Fig.1 Variation law of crown ratio with forest factors and competition factors
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Note: Figure A shows the crown ratio in different slope aspects when H = 10.5 m and Rd = 1.1, figure B shows the crown ratio in different slope
aspects when D = 19 cm and Rd = 1.1, and figure C shows the crown ratio in different slope aspects when D =19 cmand H=11m
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Fig.2 Comparison of crown ratio in different slope aspects
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Note: Figure A shows the crown ratio in upper and lower forest layers when H=10.5 m and Rd = 1.1, figure B shows the crown ratio in upper and
lower forest layers when D = 19 cm and Rd = 1.1, and figure C shows the crown ratio in upper and lower forest layers when D = 19 cm and H =
11m)
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Fig. 3 Comparison of crown ratio in different forest layers
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Influencing Factors on the Crown Ratio of Korean Pine
Plantation in Eastern Liaoning Province

LIU Qi-feng', CHEN Dong-sheng?, FENG Jian®, GAO Hui-lin'

(1. College of Forestry, Shenyang Agricultural University, Shenyang, 110866, Liaoning, China; 2. Research Institute of
Forestry, Chinese Academy of Forestry, Beijing 100091, China; 3. Liaoning Academy of
Forestry Sciences, Shenyang 110032, Liaoning, China)

Abstract: [Objective] To study the effects of different competition levels and topography on the canopy
length and compare the forest layers, the crown ratio model considering competition and topographic
(slope, slope aspect and slope position) variables of Pinus koraiensis plantation in eastern area of Liaon-
ing province was developed. [Method] The crown ratio model was developed by incorporating competi-
tion index and topographic variable using re-parameterization and dummy variable methods. and the spe-
cific topographic variable expressing the largest contribution was selected. The effect of competition and
topographic variable on the crown ratio was simulated. [Result] Compared with the basic model, the R?,
for the finial model incorporating competition, topographic variable and forest layer increased by 0.113,
RMSE decreased by 0.012. The contributions of competition, slope aspect and forest layer to the crown ra-
tio model were 14.14% . 2.25%. 0.16%, respectively. The crown ratio decreased with the increase of D
and increased with the increase of forest competition. With the increase of the competition, the crown ratio
turned from negative growth to positive growth with tree height increasing gradually . The F test showed
that there were significant differences in crown ratio between different slope aspects and forest layers, and
the change rule was shady slope > semi-sunny slope > sunny slope and upper forest layer > lower forest
layer. [Conclusion] Topography and forest competition factors significantly affect the crown ratio, and
slope aspect is the most important topographic factor affecting the crown ratio of individual tree of Pinus
koraiensis plantation. The crown ratio model based on topography and forest competition has high accur-
acy and provides a reference for the management and growth prediction of Pinus koraiensis plantation in
eastern area of Liaoning Province.

Keywords: Pinus koraiensis; slope aspect; competition; re-parameterization; crown ratio
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