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Since 1960, "Timber Production Increase Plan" has been carried out in Hok; 
kaido. This plan included the regeneration under large clear cutting area and 
directed to the planting of quick growth tree species. At preliminary stages or at 
the beginning process of this plan, forest researchers and foresters discussed on 
several problems about planting practices. One of them, late professor Dr. K. MUTo 
had pointed out a few weak points of planting after large clear cutting area consider
ing the future situation.S) These view points referred by the researchers had con
firmed in the progresses of this plan. In facts, many troubles preventing vigorous 
growth of the plantation have appeared. The Scleroderris Canker (Scleroderris 
lagerbergii GREMMEN) of Todomatsu-fir and defective cultural treatments of Japanese 
larch (Larix leptolepis) which have been planted in great quantities are examples 
of those troubles. The damage by snow cover, which is analyzed in this paper, 
are also an example of the troubles. 

In Japan, there are many reports on the snow damages of forest trees, but in 
Hokkaido only a few good studies have been done. Most part of Hokkaido, espe
cially the coast of the Japan Sea and the central mountain ranges are covered with 
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deep snow of more than 2 m every winter. In these deep snowy regions, forest 
trees are influenced directly or indirectly and damaged by snow. The mechanical 
damages of young forest trees by the snow cover pressure are the most serious 
problem in all snow influences. In the mountain regions covered with snow more 
than 2 m depth, treatments for forest regeneration are very difficult. 

It will be useful to present criteria for forest regeneration. This paper discusses 
the possibility of using planted trees as criteria for forest regeneration in deep 
snowy region. 

Planted trees as a snow damage indicator 

It is well known that the concept of indicator plant and phytometer which 
express characteristics of a specific site was introduced by F. E. CLEMMENTS. There 
is complex interactions between organisms and their environment that designate 
the total surroundings which mayor do directly affect the organisms. This problem 
to clear surrounding effects on organisms has been studied by many researchers 
over the past years and the concept of plant indicator has taken a great progress. 
The studies by Dr. NUMATA9) and Dr. HIGASHl4) influenced largely these problems. 
Considering such progress of study mentioned above, the aim of this study was 
taken at planting indicator which would be used to judge for forest regeneration 
in snowy forest area. 

In Japan, there are several studies on the life forms of Cryptomeria japonica 
in snow cover district, but the detail reports on other forest tree species have not 
been published up to date.5•1l•16) In Hokkaido, the relation between snow cover and 
planted trees has attracted the attention of many foresters and researchers after 
&leroderris Canker had spread on Todomatsu-fir plantation in heavy snow cover 
region. So the correlation between planted young tree characters and snow cover 
was discussed in this paper by actual field observations. Many tree species were 
selected as the observed object. 

Some results of this observations are described as follows. The adaptation of 
trees to snow pressures showed large differences among tree species and among 
individuals of the same species. And also some differences on the adaptation to 
snow pressures depending on the growth stage of trees and regeneration practices 
were recognized. 

Pinus strobus (White pine), P. sylvestris (Scots pine), P. koraiensis and P. 
resinosa (Red pine) showed severe bending and breaking, and those deformations 
remained for a long time in growth stage of 1-2 m height. While seyeral years 
after planting, the stem forms of those pines have shown S-shape, tendril-shape 
and other multiple shape. 

Picea abies (Norway spruce) was easy to be broken in the height under the 
maximum snow depth as compared with other spruce; Picea glehnii, P. glauca 
(White spruce) and P. pungens (Colorado spruce). The deformations by elliptic 
growth caused by the breaking of the stem were remained until the final stage. 

Japanese larch is more flexible and tough as compared with above the pines 
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and Norway spruce, but its texture is easy to be bent by snow pressures and other 
factors. 

Picea glehnii is one of tough species against the snow pressure in observed 
species. At growth stage about 5 m in height, the deformations of tree form 
caused by snow pressures were observed only as slight bending of root side. 

Abies sacha linens is (Todomatsu-fir) has a wide range of deformations as de
scribed later and its grade of flexibility and toughness to snow pressure is considered 
to be between Japanese larch and Picea glehnii. The natural distribution of Todo
matsu-fir covers whole forest area in Hokkaido and it is a main species of forest 
tree has been planted continuously for fifty years. . 

Consequently Todomatsu-fir was chosen as a tree species of planting indicator. 

Outlines of the observed area 

The research was carried out mainly at Kamiotoineppu district of Nakagawa 
Experiment Forest of Hokkaido University. This district lies in the northern part 
of Hokkaido and is situated on latitude 44°45'N and longitude 141°15'E (Fig. 1). 

N 

~ 

Fig. 1. Topographic map showing location of observations. 
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The Experiment Forest belongs to the Pan-Mixed Forest Zone, the intermediate 
zone between the northern Asiatic Temperate and Subarctic Zone. The forests are 
largely composed of conifers and broadleaved trees such as Todomatsu-fir, Picea 
jezoensis, P. glehnii, Acer mono, Tillia japonica, Quercus mongolica var. gros
seserrata, Betulla ermanii and others. In the undergrowth, Sasa is dominant but 
occasionally absent in a small area. Accordingly the natural regeneration of trees 
involves difficulties. Since 1915, for this reason many species were planted or 
sown on unstocked land which had been destructed by forest fire and over cutting. 
However, good growth of these trees could not be expected with a few exceptions 
such as Fraxinus mandshurica var. japonica and native conifer trees. 

The main climatological data recorded at the Kamiotoineppu meteorological 
observatory from 1966 to June 1974, are as follows. The annual mean temperature 
was 4.9°C, maximum temperature 32.8°C, minimum temperature -35.5°C, and 
annual precipitation 1650 mm. The continuous snow cover was usually from the 
beginning of November until the beginning of May. The total amount of daily 
snow fall depth in a winter season was 10-15 m, and maximum depth of snow 
cover attained a depth of 1.5-2.0 m in March. 

Snow cover affecting the planted trees 

Mechanical damages of planted trees by snow cover have OrIgm m the static 
snow pressure that are classified into four sorts; the weight of crown snow on the 
tree, the settling force (settlement), the creeping pressure and the pressure caused 
gliding (Fig. 2). It is rarely that the 
forest tree damages by the weight 
of crown snow occur repeatedly at 
the same area in Hokkaido, so the 
crown snow on the tree is excluded 
from this paper. 

The settling force of snow 
originates in the settlement of snow 
deposit. It was found that this 
force is nearly equivalent to the 
weight of deformed snow layers or 
this force can be considered as the 
sum of internal stresses of deformed 
snow layers over the object.12l The 
creeping pressure of snow which 

ss' Glide 

A" A' Creep 

AA' Total deformation 

SA' Settlement 

A"'S Shear deformation 

Fig. 2. Schematic profile of creep and 
glide deformations. 

is more powerful than that of the settling is originated in the creeping of snow 
along the slope, and acts on the lower parts of stem or root side. It is satisfactory 
to consider that those snow pressures are related to the composition and the con
struction of snow cover. There are many factores in deciding the snow pressures, 
and especially the shape and size of snowparticle, depth, the density (water equiva
lent) and deformation of snow cover are the important factors among them. 



Table 1. Descriptions of pit-wall observations of snow cover and Todomatsu-fir trees observations 

Plots of Compart- Direction Length Slope Planting Year of Undergrowths 
Pit-wall ment of slope of slope angle tree plantation (main species) ~ species ~ 

~ 
a 238 SW 40 30 Abies sachalinensis 1955 Sasa senanensis S· 

oq 

Sasa senanensis 
I-< 

b NE 1946 
::s 

213 115 15 Cirsium kamtschaticum 
0-
n' 
~ 

1954 Sasa senanensis 8' 
212 SE 40 30 ... c (Larix leptolepis) (1952) Polygonum sachalinense S· 

d 212 SE 20 20 Abies sachalinensis 1954 Sasa senanensis :::c: 
'" ~ 

Abies sachalinensis Phreum pratense 
<: 

e 186 flat Picea glehnii etc. 1970 '< 
Ul ::s 
0 

Plot of trees 
::il 
t-' observation ~ ::s 

212 SE 130 27 Abies sachalinensis 1961 Sasa senanensis 
0-

'!1 
Sasa senanensis C 

II 237 NE 80 25 1971 ..... 
Polygonum sachalinense =a 

:> 
Picea glehnii :<l 

Abies sacha lin en sis 2: 
ill 186 flat Pinus sylvestris 1970 Phreum pratense 

Pinus resinosa etc. 

~ 
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The observations of pit-wall and deformations of snow cover on the slope 
were carried out during 4 winter seasons from the winter of 1969-1970.8) The 
slope conditions of observed site were shown in Table 1 and some results of this 
observations were shown in Fig. 3, 4 and Table 2. 

The observations using the snow scale for measuring maximum snow cover 
which was designed by K. T AKAHASHI.16) and the measurements of water equivalent 
of snow cover using a snow sampler were carried out at locations shown in Fig. 1 
from 1977 to 1982. These results were shown in Table 3. 
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After the snow is deposited the particle shapes are modified by a process known 
as metamorphism. New snow crystals decompose into fragments and the larger 
fragments grow at the expense of the small ones. This process continues until 
the snow melt. 

In mid-winter (January-March), the three major snow types; new snow, fine 
grained compact snow, coarse grained granular snow were found and depth hoars 
were only slightly observed at all pit-wall observations. Values of density of fine 
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Table 2. Depth (em) and total snow water equivalent (mm) 
at pit-wall observations in March 

~bservation 1970 1971 1972 1973 
", year 

Water Water Water Water 
Plot s of'''", Date Depth equi- Date Depth equi- Date Depth equi- Date Depth equi-
pit-wall ~ valent valent valent valent 

Upper 15 213 611 19 190 625 22 120 430 24 204 467 
a Middle 228 549 176 475 122 429 216 646 

Lower 245 588 156 485 151 305 202 549 

Upper 17 173 612 21 130 452 23 128 422 26 212 687 
b Middle 210 769 152 585 177 618 170 537 

Lower 245 943 168 608 155 515 222 670 

Upper 3 193 631 20 186 642 23 124 422 25 248 694 
c Middle 190 604 139 521 116 416 222 548 

Lower 183 747 205 740 148 515 214 554 

Upper 22 115 405 24 163 427 
d Middle 20 142 520 102 380 183 554 

Lower 127 451 143 581 209 721 

Upper 23 128 25 213 e Lower 130 202 

Kamiotoineppu 3 220 19 150 22 142 24 189 
Meteorological 15 220 20 142 23 137 25 202 
observatory 17 214 21 142 26 199 

Table 3. Maximum snow depth (upper, em) and total snow water 
equivalent (lower, mm) at maximum snow scale site 

~Snow sea e site 

------ 1 2 3 4 5 6 7 8 9 
Year and ~ mean 

date of observation 

19n-1978 180 200 170 230 180 180 180 150 140 180 
1978 3. 8 562 552 482 713 623 648 590 477 510 575 

1978-1979 150 160 150 200 160 190 170 110 140 160 
1979 3. 12 581 539 522 788 606 730 647 413 506 593 

1979-1980 160 170 140 190 180 170 180 100 150 160 
1980 3. 31 465 535 460 648 658 651 637 380 545 553 

1980-1981 160 160 170 180 180 160 150 100 140 160 
1981 3. 25 506 478 471 657 656 639 531 370 463 530 

1981-1982 190 240 200 270 220 250 260 150 230 230 
1982 3. 26 723 763 665 936 548 765 733 

1982-1983 190 210 150 240 120 210 220 100 180 190 
1983 3. 31 602 613 530 807 542 732 673 463 583 693 

grained compact snow were distributed from 0.3 to 0.45 g/cms in mid-winter. 
The normal ,and shear stresses in a sloping snow cover produce permanent 

deformation because of its viscous nature. A schematic profile of creep and glide 
deformation was shown in Fig. 2. In these observations, the glide moving along 
the ground were found in only a few cases and the maximum moving distance 
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was 10 cm per one month. The greater part of deformations of snow cover were 
induced by creep. The relations between the rates of creep or glide and slope 
conditions or observed elements of snow cover could not be clarified. 

On a large scale, the depth and total snow water equivalent in mountain 
regions are influenced by the topographical conditions. The differences in the 
distribution of the depth and the water equivalent were clarified in Table 2, 3. 
Those major differences were due to slope directions and elevations in connection 
with wind directions of winter monsoon from Siberia to Hokkaido via the Japan 
Sea. However, at the slope of about 100 m in length the differences of the depth 
and the snow water equivalent were observed in less than 30% in round num
bers, as shown in Fig. 4 and Table 2. 

The mass, characteristics and strength of deposited snow are influenced by 
many factors; climatic factors (amount of snowfall, wind velocity and direction, 
temperature etc.), topographical features (slope direction and angle, forest cover, 
various obstacles etc.) and others. Especially, climatic factors were variated 
every passing year as the data of maximum snow depth as shown in Fig. 5. So 
the deposited snow pressure is changeable by location and season with the con
sequence to damage on planted trees, and therefore it is very difficult to observe 
snow cover and pressure with necessary accuracy. 
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Fig. 5. Return period of maximum snow depth at Kamiotoineppu, Kutchan and Asahikawa. 
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Life form of young Todomatsu-fir 
in heavy snow cover area 

During several year period after planting, the growth of Todomatsu-firs is 1 m 
high at the most and its stems have large flexiblity. At the moment when it 
thawed in spring, the stems of young trees, which were inevitably buried under the 
snow cover, showed various bending forms such as S-shape, inverted V-shape and 
other multiple shape. The greater part of bent stems returned to its original forms 
after a few hour, but a part of root side bending and destructive bending of 
top remained for a long time in some degree. In this growth age, some forms of 
mechanical damages as falling down, pulling out and breaking of stem were com
bined with the death of the tree. The flexibility of stems decreased with growing 
of planted tree. At the growth stage when the trees have grown to about 2 m 
more over in height, deformations of the stems remained continuously after one 
vegetation period. 

Following observations of life forms of young Todomatsu-fir trees were made 
at the plot I from 1977 to 1983, and at the plot II from 1978 to 1984. Location 
and conditions of the plots were shown in Fig. 1 and Table 1. 

1. Measurements of height and diameter at breast height and basal diameter 
were made on alternate years. 
2. The tree stem forms were observed every year and classified into 18 sorts 
of deformation types with combinations of grade on bending, breaking and 
falling-down, and the damaged parts such as tops, stems and root side. 
3. Observations of pulling out and damages by brush cutting tools and Sclero-

A *~~~ 
B ~~~~ 
C ~~~ 

(C) ~~"<:: 
Fig. 6. Stem form diagram of young Todomatsu-fir trees. 
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derris Canker and other external forms were done every year. 
The stem forms of 18 sorts were rearranged into four forms as shown in 

Fig. 6. 
Form A: The normal trees and trees with slightly bending of root side and 

stem belonged to this form. Presently they can be anticipated as practical 
wood utilizations of at the final stage. 

Form B: The greater part of bending trees and small amount of breaking 
trees belonged to this form. It was assumed that in these trees the de
fects of wood by bending and breaking remained until the final stage. 

Form C: Heavily bending trees and a large percentage of breaking trees be
longed to this form. The deformations of this form affect the growth of 
the tree, especially it may be quite all right to consider that the trees be
longing to stem form C can not expected to have a large viability for a 
long time. 

In these observation plots, damages by Scleroderris Canker were slight and 
the loss caused by this canker was not observed. 

Young Todomatsu-fir as a planting indicator 

The results of stem form deformations were given in Table 4. In 1977 at 
plot I, the average of all tree height was 2.9 m, and it grew to 4.6 m in 1983. 
During the six year period the proportion of the stem form deformations which 
transited to other stem form was a half in stem form A, and was 25% in total. 
The greater part of the trees belonging to stem forms Band C did not changed. At 
the plot II, average height of all tree was 1.8 m in 1978 and grew to 2.9 m in 
1982, and 4.4 m in 1984. During the first four year period, the proportion of stem 

Table 4. Stem form deformation of young Todomatsu-fir trees 

Plot Stem number 70 
Stem form in 1983 (%) 

form of trees A B C dying 

1977 

I A 106 24 49 40 8 3 
B 220 50 3 82 11 4 

Av. of Height C 117 26 0 16 75 9 
1977: 2.9 m 
1983: 4.6 m total 443 100 13 55 27 5 

1978 (1982) 

II A 619 67 67 23 8 2 
B 185 20 34 44 15 7 

Av. of Height C 120 13 34 28 28 10 
1978: 1.8m 
1982: 2.9 m total 924 100 56 28 12 4 

1982 (1984) 

II A 522 59 88 5 5 2 
B 259 29 20 54 24 2 

Av. of Height C 108 12 7 6 73 14 
1984: 4.4 m 

total 889 100 59 19 19 3 
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form deformations was 42% in total, especially a large number of the trees belong
ing to stem forms Band C were deformed. During the last two year period, the 
proportion of them decreased to about 25%. From the above it was assumed 
that the stem form of young Todomatsu-fir at the growth stage in 3.-5 m height 
became stable for snow pressure. 

From the results of height measurment, trees were subdivided into three 
height grade of lower, middle and higher. The lower height grade trees under 
4 m in height, were severely influenced by snow pressures. The higher grade trees 
above 5 m were not susceptible to damages caused by the snow pressures. The 
results of height measurement were given in Table 5. The rate of height growth 
subdivided into three height grade was shown in Fig. 7. The percentage of the 

m 
10 

5 

Table s. Height distribution of young Todomatsu-fir trees (subdivided stem form) 

Plot 

II 

I 

1977 '79 

Stem form in 1983 

stem number 
form of trees 

A 
B 
C 

total 

A 
B 
C 

total 

'81 

56 
242 
123 

421 

513 
257 
119 

889 

x~ 

I 
'83 

% 

13 
58 
29 

100 

58 
29 
13 

100 

m 
10 

5 

Height distribution (%) 

5m< 

56 
55 
24 

46 

16 
9 
3 

14 

4-5m 

(1983) 

14 
16 
13 

16 

(1982) 

34 
20 
8 

26 

o Average 
x Total average 

The highest tree 

n 

1978 '80 '82 

4m> 

30 
29 
63 

38 

47 
71 
89 

60 

'84 
Fig. 7. Height growth of young Todomatsu-fir trees which were subdivided 

by height grade at observation plot I and II. 
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higher grade of the trees belonging to the form A was larger than that of the forms B 
and C, and the rate of height growth of trees under 4 m in height was smallest. 

In a general way the rate of height growth of Todomatsu-fir becomes in large 
rapidly as the time proceeds in stage of 3-5 m height. Fig. 8 gives an interested 
relation betweeen the rate of height growth and maximum depth of snow cover. 
According to the study by Masuda, the maximum snow cover depth in. Uryu Exp. 
Forest is 2 m more over and that of Teshio Exp. Forest is from 1.4 to 1.8 m.lI) 
The data of height growth rate illustrated in Fig. 8 were obtained from measur~ 
ments of Todomatsu-fir man-made forest planted from 1964 to 1975 at the Uryu, 
Nakagawa and Teshio Exp. Forests. 

m 

10 0-0 Teshio 

><---+< Nakagawa 

-- Uryu 

5 

III 
II I 

5 10 15 20 Age 

Fig. 8. Height growth of planted Todomatsu-fir trees at Teshio, 
Nakagawa and Uryu Ex. Forest. 

It was assumed that the snow cover influenced the height growth of Todomatsu
fir at stage of 3-5 m in height. In other words, the height growth rate of young 
Todomatsu-fir might become the indicator of site environment at this stage. 

As a result of observed many data, it can be concluded that the combination 
with height growth rate and stem forms of Todomatsu-fir at height of 3-5 m 
results in the significance of a planting indicator which introduce silvicultural prac
tices on young plantations and non-reforested site in heavy snow cover forest area. 

Applications of the planting indicator 

The influences of snow pressures on a tree are not permanent. It can be 
considered that there is no effect of snow pressure in stage of above 5 m height. 
After this stage, snow damages of forest trees must be considered on crowned snow. 
The most important point is that a good choice must be made in ten dings of young 
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plantations and plannings of regenerations. Here, instead of conclusion, applica
tions of the planting indicator will be described. However, it is very difficult to 
explain conditions of the plantation, so followings were itemized. 
1) A single tree of Todomatsu-fir in stage of about 5 m height 

In the trees of stem form C, normal growth could not be expected to the 
final stage. Especially, the trees of stem form C shall die in several year. 
Among the trees belonging to stem forms A and B, the trees of height growth in 
0.1-0.2 m per year during the latest several year period has possible damages 
caused by snow pressures in root or root side. 
2) Young plantations of Todomatsu-fir and other species 

If high frequency of stem bendings or breakings is found in the Todomatsu-fir 
plantation at height of 3-5 m, it is neccessary to investigate the frequency of stem 
form and other factors. From the results of this investigation, stand cultivation 
with planted trees except Picea glehnii can not be expected in the stand where 
planted trees of stem form C contain about 20%. In these forest stand, the tending 
specifications must be changed with expection of growth of nutural seeding trees. 
By this aspects, the non-reforested stands which situated at relatively short distances 
from the above plantation must be treated mainly by natural regenerations or 
seedings. 

In the case of plantation where the stand contains about 10 % stem form C, 
and has height growth under 0.3 m per year during the latest 2-3 year period, 
carefully tending must be taken, and the tending method must be decided by the 
results of observations. As the planting species near the above plantation, the tough 
species to snow pressures such as Todomatsu-fir, Picea jezoensis and Picea glehnii 
must be chosen. In addition, it is advisable that the planting shall be done under 
fair amount of reserved trees. 

It is necessary to apply the planting inaiCafOt only ina small region. Because, 
the characteristics of the snow are very changeable by location and the height 
growth rate of young Todomatsu-fir seems to be influenced by many factors includ
ing snow pressures. However, this planting indicater will be a great help in the 
practices of regeneration in heavy snow cover forest land. 
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