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Table 1 Sample plot survey data

Feithd 5 Sample ID THI A Area/(mxm) Fkk Age/a % Stem num 142 DBH/cm B H/m FETECW/m 1% F = UBH/m
1 60,60 17~22 533 7.1~15.9~35.6  43~11.4~23.8 0.45~3.17~3.8 1.2~6.14~13.6
2 50,80 24~29 363 13.3~23.48~38.3 8.4~17.0~29.5 1.3~3.82~4.2 1.7~11.13~19
3 50,50 11~16 310 5.9~15.2~30.6 5.3~11.6~19.8 0.85~3.03~4.0 2.5~6.22~13.1
4 50.80 10~15 953 3.2~12.12~26.8 3.2~9.6~17.8 0.5~2.5~3.8 1.3~5.65~13.7
5 50,50 16~21 231 10.5~21.21~34 6.7~14.97~19.9 1.6~3.8~7.5 2.6~8.1~14.2
VE: a~b~c, aNE/ME, DATIIE, KB

Note: a~b~c, a is the minimum, b is the average and c is the maximum.
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Table 2  Analysis results of initial stand structure

parameters
45 KB4 Structural parameters ¥4 Data
435 AR 2 Number of plants per hectare 920

A5 Stand crowding 0.996 7

F¥1# RJE Average Angle Scale 0.637 4

P45 /cm Averge diameter at breast height 20.208 1
& FUE/(m*- hm %) Accumulation 215.1772
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Table 3 Fitting growth equation results based on
nonlinear method

WL bR EZE

ZH Eeal Asymptotic standard SHUTL SHER
Parameter  Value . Minimumvalue Maximumvalue
deviation
B1 -0.8222 0.0329 —0.885 6 —0.758 7
B2 15.209 5 0.438 9 14.349 3 16.069 8
B3 -1.9702 0.064 1 -2.0958 —1.844 6
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Table 4 Asymptotic correlation coefficient of parameters

Z4) Parameter Bl B2 B3
Bl 1.000 0 —0.673 2 -0.3554
B2 —0.673 2 1.000 0 -0.4152
B3 -0.3554 —0.4152 1.000 0
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Table 5 Management statistics

AR ER  aE %k 2] Ee EE AR W SAARTEREEUE ~ SAAJG R EHUA
£4 . . . - T/ N .
Ace Thinning ~ Managment Averge diameterat ~ Accumulation Averageangle Standerowdin Function valuebefore Function Valueafter
g condition urgency breast height /cm /(m*-hm™?) Scale & SAA SAA
16 ENEIEs EHEE 20.208 0 215.177 1 0.637 4 0.996 7
21 RIAR WA 23.791 0 363.493 1 0.637 4 0.806 6 1.2478
21 [F) % TREAEE 23.886 2 360.335 5 0.644 7 0.843 9 12348
26 ENEIEs WIS 27.006 9 500.899 8 0.644 7 0.779 5 1.2623
26 ] % WAEE 27.1399 495342 1 0.645 1 0.786 9 1.2592
31 ENLEIES WIREE 30.0253 653.283 9 0.645 1 0.7259 13132
31 ] 4% TELE 30.095 9 648.260 7 0.640 3 0.744 7 1.3107

VE: SAA AR K F i (Simulated annealing algorithm) & FK

Note: SAA is short for simulated annealing algorithm
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Dynamic Visual Simulation of Stand Multi-objective Management
Based on Simulated Annealing Algorithm

SHEN Kang', YANG Ting-dong', ZHANG Huai-qing', ZHANG Hong*, ZHU Nian-Fu', LIU Hua'

(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; 2. Central South
University of Forestry Science and Technology, Changsha 410004, Hunan, China)

Abstract: [Objective] Based on simulated annealing algorithm, a multi-objective forest management method con-
sidering the health status of stand structure and average diameter of stand was studied. The individual tree growth
equation was used to realize the dynamic visualization of the stand management based on the Unity3D visualization
engine. [Method] Based on 2012-2017 survey data of 5 Chinese fir (Cunninghamia lanceolata) sample stands loc-
ated in Huangfenggqiao State-owned Forest Farm of You County, Hunan Province, considering the distribution status,
competition degree and nutrient space of the stand, the spatial structure function was established by three structural
parameters: average angular scale, average size ratio and forest congestion degree. On the basis of spatial structure
function, taking the healthy forest structure and the average diameter as management objectives, taking the results of
a combinatorial permutation of thinned trees as the set of management planning with competition index as reference,
the simulated annealing algorithm was used to select the optimal thinning mangement planning. Finally, by establish-
ing a individual trees growth equation considering the variable growth rate of Hegyi competition index, the structural
analysis-management-growth method was continuously iterated and the dynamic visualization of the forest manage-
ment based on Unity3D rendering engine was realized. [Result] The dynamic visualization of the management dy-
namics was carried out on the plot 5 (initial stand of 230 trees, 16-years-old, average diameter 20.21 cm) with the
healthy stand structure and average diameter of 30 cm as target. The stand was simulated thinned in the 21st, 26th,
and 31st years. When the forest was 31 years old (after thinning), the average diameter reached 30.10 cm, the aver-
age angular scale of the forest was 0.65, and the forest congestion was 0.74, which showed a health level. [Conclu-
sion] The dynamic visual simulation method of forest multi-objective management based on simulated annealing al-
gorithm proposed in this paper can simulate forest dynamics and meet the multi-objective management demand. The
image is intuitive, and can support research and production.

Keywords: spatial structure function; simulated annealing algorithm; forest multi-objective management;

individual tree growth equation; dynamic visualization simulation
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