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Summary

A snow accretion damage to sugi (Cryptomeria japonica D. DON) stands is common in Japan,

especially in low altitude of Toyama prefecture. An index as a measure of the tree resistance to
the snow load is necessary to carry out within silvicultural treatments such as thinning or
pruning to reduce the damage. Nakatani (1991) proposed an approach to calculate a critical
snowfall that is a new index for measuring the resistance to the damage on individual tree and
indicates an amount of snowfall causing the damage.

In this study, the Nakatani's approach was further developed in order to make easier an
estimation of the critical snowfall. The effects of selection of the cultivers, thinning and
pruning on the damage to sugi stands of Toyama prefecture with respect to tree height, stem
diameter and age were evaluated by using the developed approach and consequently the
critical snowfall was estimated.

1.Tree damage caused by snow accretion loads on the tree crown was divided into two types;
one type was stem failure such as breakage and bending of tree stems, another type was roots
failure such as uprooting and leaning. In Bokasugi stands in Toyama prefecture, 90% of
damaged trees had stem breakage and the percentage of damaged tree for other types was
negligible.

2.The percentage of stem failure in the stands was closely correlated with stand factors such
as the mean height/diameter(H/D) ratio of all the trees, the relative yield index (Ry) and site
factors such as the slope direction and the exposure. Percentage of uprooting in the stand was
closely correlated with mean tree height, inclination on slope and depth of soil.

3. The damaged trees had smaller diameter and larger H/D ratio than undamaged trees in
the stands with the same weather and site conditions.

4. There were significant differences in percentage of damaged trees among three sugi
cultivers; Bokasugi, Tateyamasugi and Masuyamasugi. Bokasugi was the most sensitive
cultiver and Masuyamasugi was the less sensitive cultiver to the snow damage. Tateyamasugi
was the middle sensitive cultiver between the other two cultivers. The differences in the
percentage of damaged trees among three sugi cultivers could not be explained by the different

values of mean H/D ratio.




5. There was a tendency for the snow load accreted on the tree crown to increase its
proportion to snowfalls under the conditions of lower air temperature and higher relative
humidity. The snow load on the tree crown tended to increase with the dry foliage mass of
individual tree, although the increment of the snow load per the dry foliage mass decreased
with the dry foliage mass of the tree.

6. No significant difference was found in the snow loads on the tree crown among the
seven sugl cultivars (i.e. Bokasugi, Tateyamasugi, Ryouwasugi, Masuyamasugi,
Kawaidanisugi and Zasunbo) planted in Toyama prefecture if the effect of the foliage mass of
individual tree was eliminated. However, it was observed that the snow loads were larger in
Bokasugi than in Tateyamasugi, because the foliage mass of Bokasugi was 10-20% greater
than that of Tateyamasugi.

7. The increment of the snow load on the tree crown varied with the weather conditions,
although the snow load tended to increase with the snowfall. The empirical equation to
estimate the snow load with the dry foliage mass and snowfall was examined by using the data
on the snow loads when the snow load per the foliage mass showed the largest values.

8. The mechanistic model of the snow accretion damage for trees assumed that a failure
occurred on a tapered column, by receiving intensively an eccentric compressive load of snow
accumulated on an asymmetric crown, having a round cross-section with evenly distributed
elastic properties. A vertical loading test of trees by pulling them down were carried out at sugi
stands to test the validity of the mechanistic model. The result showed that experimental
values of the tree resistance to the snow loads coincided with the buckling load of the tree stem.
The buckling load was calculated theoretically from the physical characteristics such as the
stem form, the modulus of elasticity for the stem and the degree of support for the stem by the
roots.

9. Variations of the modulus of elasticity for the stem among five cultivars regarding
different ages were examined in order to evaluate the effect against the resistance of the stem.
As a result, significant differences among the cultivars were found. Masuyamasugi had larger
value of the modulus of elasticity [or the stem than bokasugi. Tateyamasugi, Ryouwasugi and
Kawaidanisugi showed the intermediate value between Masuyamasugi and Bokasugi in the

modulus of elasticity for the stem. The modulus of elasticity for the stem of Bokasugi tended to
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increase with tree age, especially at the parts of stem except the stem base and shoot.

10. The degree of support for the stem by the roots changed with tree size and the effect of
the degree of support for the stem by the roots on the buckling load of the standing tree
mmcreased as the heights of the loading point became lower. There was no significant difference
in the degree of support for the stem by the roots among the cultivers even if the tree size of
each cultiver is the same. The critical loads for tree uprooting and breakage were estimated
from the stem form, the mechanical properties of wood, and the degree of support for the stem
by the roots in order to distinguish between uprooting and stem breakage.

11. Although H/D ratio is widely used in Japan, Europe and Australia as an index of
resistance for tree to the snow damage, my study did not support this idea. The relation
between H/D ratio and the tree resistance to the snow damage were analyzed by using the
mechanical model for snow damage. The results showed that we could use the ratio as the
index only in the case when the variations within and between the sites for the elasticity of tree
stem are small,

12. Nakatani (1991) proposed a new approach for estimating the critical snowfall causing
the snow damage by the relation between the buckling load of stem, which were calculated
from the physical characteristics, and the empirical equation that estimated snow loads
accreted on the crown from the foliage mass and the snowfall. However, it is impossible to
measure the physical characteristics without felling trees and further laborious procedure. In
the case of applying the critical snowfall to the index as the resistance of a tree to the snow
damage, it is necessary to get the data of the physical characteristics easily. In this study, the
Nakatani’s original approach was further developed in order to make easier a calculation of the
critical snowfall for single tree by using empirical equations to estimate the physical
characteristics from tree height, stem diameter and age. An evaluation of the developed
approach was based on example computations.

13. It was found that the thinning in sugi stands reduced a risk of the snow damage, because
the critical snowfall of the average tree size was larger in the thinned stand than in the
unthinned stand several years later after the thinning.

Future number and tree height of each diameter class for several Bokasugi stands thinned

by various methods and various intensities several years after thinning were simulated by
y :
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using the system yield table. Then, the critical snowfalls of trees for those stands were
estimated and compared with each other. The results showed that the resistance of individual
trees was larger in the stand thinned from low diameter classes than in the stand thinned from
above diameter classes and in the stand thinned equally from each diameter class under the

such condition as thinning intensity being a constant. In addition, the resistance of individual

trees tended to increase with thinning intensity and as the timing of the thinning was early if

thinning methods were the same.

14. The effect of pruning to the snow damage immediately after pruning was examined by
simulating the relations between the critical snowfall and percentage of the removed branches
of individual trees. FFrom this result, it was found that the critical snowfall of the tree,
especially mature tree, increased with the percentage of the removed branches. Field
examinations suggested that the critical snowfall of individual tree several years after heavier
pruning decreased, because heavier pruning lead to reduce the diameter growth of the stem.
However, it was considered that the tree resistance to the snow damage did not reduce due to
the general pruning below 50% of branches was cut off.

15. In order to prevent trees from the snow damage, the following principles should be
considered:

(D The site classification should be made based on the snow damage potential regard to
the local climate and topography.

@ The cultivers having the characteristics of the small snow load on the tree crown and
the large resistance of the stem to the snow load should be selected.

@ The stand density should be controlled in order to set a canopy ceiling to the critical

snowlall of trees at above the maximum of snowfall in each site.






