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Abstract: Typhoons are one of the most important natural disturbances, which directly or indirectly have effects on forest
stand structure and function. Typhoons disturbance events occur in nearly all forest ecosystems and have profound impacts on
forest structure, species diversity and ecosystem functions. Such ecological effects are often complex, subtle, and at small
scale relatively unpredictable. Many factors such as tree size, stand density, tree species, stand structure, altitude,
gradient, slope location and aspect, affect wind resistances of tree species and the extent of forest damage. The typhoon
rarely arrives in temperate regions close to the coastline and in the temperate regions of the interior land. So there is little

known about the influence of typhoon on forest in the temperate regions of the interior and even in northeast China. Typhoon
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“Bolaven” has caused serious damage on forests in northeast China in 2012. In this paper, Typhoon-induced damage has
been analyzed at stand level for semi-natural larch-spruce-fir forests of Wangqing Forestry Bureau in Jilin Province. Analysis
of variance and correlation analysis are used for examining effects of stand structure and topography on damage severity of
trees. Results showed that: (1) Typhoon caused massive damage to semi-natural larch-spruce-fir forests, in some cases
reaching over 30% of all trees in the stands. The average percentage of the damaged trees was 14.05%. Major tree damaged
types were uprooted, broken, hooked and bending. Among these types, the type of uprooted was the dominant one with a
rate of 52%. (2) Tree diameter class had significant effects on the extent of tree damage. The medium and small-class trees
were more vulnerable to typhoon damage than the bigger ones. (3) There was no significant correlation relationship between
the density and the extent of tree damage. However, the extent of tree damage weakly decreased with increasing stand
density. (4) Trees damaged differed significantly among tree species. Broad-leaved tree species were easier to be hurt by
typhoon. (5) No significant correlation relationship was found between tree species diversity index and the proportion of
damaged trees. (6)The altitude, gradient and slope location had no significant impacts on the extent of the tree damage,
while the aspect had, especially the northeast aspect which was more vulnerable with a high damage rate of 18.35%.
Therefore, tree size, tree species and aspect were important factors affecting the tree damage of typhoon in this study, and
the impact was complicated. We suggested that improving tree quality and mixing tree species enhance stand resistance to
wind. The findings presented in this study provide information that can be used to implement silvicultural practices to

minimize the risk of those forests and to resist wind damages.

Key Words: semi-natural larch-spruce-fir forests; typhoon disaster; stand structure; topography
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Table 2 Proportion of trees by different damage types in the twenty plots
B A5 B MAKRELI A% Proportion of trees damaged/ %
=2 . .
Plot number Stand density/ AT A JAEIA A A A &t
(#k/hm*) Broken Uprooted Hooked Bending Total
1 819 0.00 10.62 0.00 6.11 16.73
2 1079 1.11 11.49 1.11 13.81 27.52
3 907 0.77 7.83 0.00 3.97 12.57
4 728 0.00 4.26 0.00 0.00 4.26
5 745 0.67 2.01 0.00 2.68 5.36
6 710 3.52 26.06 0.00 3.52 33.10
7 580 1.72 6.90 0.86 3.45 12.93
8 713 0.84 5.05 0.84 0.84 7.57
9 1280 1.56 3.13 0.63 8.13 13.45
10 796 0.00 0.00 5.03 4.52 9.55
11 632 1.27 18.35 0.00 4.43 24.05
12 856 0.00 8.88 0.93 2.80 12.61
13 775 0.00 3.23 0.65 1.29 5.17
14 716 0.00 0.70 0.00 2.09 2.79
15 1076 0.00 0.84 0.00 3.35 4.19
16 950 0.00 0.00 0.00 1.05 1.05
17 933 2.89 6.65 0.00 6.65 16.19
18 542 1.66 19.74 0.00 11.44 32.84
19 690 0.00 13.04 0.00 8.70 21.74
20 939 0.00 3.19 1.06 13.95 18.20
F Average 823 0.80 7.60 0.55 5.14 14.09
A 0.22 1.27 0.92 2.00 0.78 0.67
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Fig.2 The distribution of the ratio of damaged trees of different damage types by diameter class
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Fig.3 Effects of stand density on the ratio of damaged trees
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Fig.4 Effects of tree species on the ratio of damaged trees
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Fig.5  Effects of tree species diversity index on the ratio of Fig.6 Effect of different altitudes on the ratio of damaged trees
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Table 3  Effects of different slope location on the ratio of damaged trees

FEHL = WEIR I 7] b i Wi KB R Percentage of trees damaged/%
Plot Altitude Slope Gra dien? ) Slope KA ERERN A JEZ5 A &1t
number class/m aspect location Broken Uprooted Hooked Bending Total
1 750—800 At 10 T 0.00 10.62 0.00 6.11 16.73
8 750—800 ARt 10 G 0.84 5.05 0.84 0.84 7.57
10 650—700 Jiit| 10 2l 0.00 0.00 5.03 4.52 9.55
12 650—700 [iiiE]4 10 T 0.00 8.88 0.93 2.80 12.61
3000 e 30
% 8 2500 %
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Fig.7 Effect of different aspect on the ratio of damaged trees Fig.8 Effects of gradient on the ratio of damaged trees
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Table 4 Results of multi-factor analysis of variance

=S Kl ¥ 2%

TTERIR Source Sum of Squares R df Mean Square F r
Wi 1h) Slope aspect 6409.473 3 2136.491 34.800 0.000
124% DBH class 4973.011 9 552.557 9.000 0.000
BFh Species 4999.463 13 384.574 6.264 0.000
Wi 4% 4% Slope aspectxDBH class 4862.945 27 180.109 2.934 0.000
I ) <A Ff Slope aspectxSpecies 7325.873 39 187.843 3.060 0.000
Y x#F DBH classxSpecies 10613.431 117 90.713 1.478 0.001
I 1) x 422 x ¥ Fh Slope aspectxDBH classXSpecies 25351.577 351 72.227 1.176 0.014
%2 Error 653225.448 10640 61.393
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