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Abstract: A s i m p l e  d e v i c e  f o r  e s t i m a t i n g  
snow s e t t l i n g  f o r c e  on t r e e  b ranches  was 
used  t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  of snow 
s e t t l i n g  f o r c e  a t  v a r i o u s  h e i g h t s  i n  a  
snowy mountainous r e g i o n  i n  Japan .  A 
t r a p e z o i d a l  d i s t r i b u t i o n  o f  snow s e t t l i n g  
f o r c e  was found t o  e x i s t  a t  a l l  s i t e s  
t e s t e d .  It i s  t h o u g h t  t h a t  a  zoning scheme 
based  on t h e  damaging p o t e n t i a l  o f  snow on 
young man-made f o r e s t s  would become 
p o s s i b l e ,  wi th  t h e  a c q u i s i t i o n  of 

One o f  t h e  l a r g e s t  problems i n  Japanese  
f o r e s t r y  l i e s  i n  t h e  low s u r v i v a l  r a t e  o f  
young man-made f o r e s t s  i n  t h e  heavy snow 
a r e a s .  I t  i s  r a r e  t o  s e e  a  b e a u t i f u l  
c o n i f e r  p l a n t a t i o n  where snow r e a c h e s  o v e r  
4 m i n  d e p t h  because  of mechanical  damage 
caused  by l a r g e  snow p r e s s u r e .  Both on 
f l a t  l o c a t i o n s  and g e n t l e  s l o p e s ,  snow 
s e t t l e m e n t  c a u s e s  b ranch  and s tem 
deformat ion  which o f t e n  b r i n g s  f a t a l  
b reakage .  To d e c r e a s e  such  u n s u c c e s s f u l  
p l a n t i n g s  much b a s i c  d a t a  f o r  f o r e s t  zoning 
a r e  i n d i s p e n s a b l e .  Out of such n e c e s s i t y  
t h e  a u t h o r s  have d e v i s e d  and s e t  new snow 
p o l e s  i n  mountains  t o  o b t a i n  t r ee -deforming  
f a c t o r s  s u c h  as maximal snow d e p t h  and snow 
s e t t l i n g  f o r c e  wi thou t  b a t t e r i e s  o r  power 
Supply.  The d a t a  from t h e  new snow p o l e s  
e x p l a i n  t o  u s  how s e v e r e l y  snow l o a d s  work 
on young t r e e s .  
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CrvDtomeria D .  Don. ( Japanese  
c e d a r )  F i g .  1 . The t y p e s  o f  snow damage 
t o  Cryptomeria  [ Iwatsubo and N i t t a  19871 
a r e  shown i n  F i g .  2 .  S t r a i g h t  stems have 
much h i g h e r  market  v a l u e  t h a n  crooked 
s t e m s .  T h e r e f o r e  i n  f i e l d  su rvey ,  t h e  
a u r h o r s  c l a s s i f y  e v e r y  c r y p t o m e r i a  t r e e  t o  

The Japan Sea 

7DOm 

A 

F i g .  l--The s i t e s  su rveyed .  
C i rc le :  Snow s e t t l e m e n t  r e c o r d e r  
T r i a n g l e :  P l o t  of Cryptomeria  

F i g .  2--Damage t o  Cryptomeria  caused  by 
snow l o a d s .  
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Table  1 C l a s s  d i s t r i b u t i o n  of Cryptomeria 
a t  p l o t s  of v a r i o u s  a l t i t u d e s .  

Altitude Age Share Height Max. snow Altitude 
m a .s .1 .  yr A+B(pct) of B m depth m m a . s .1 .  

*Mean of unsusceptible 
t r e e  height (meter) 

t h e  f o l l o w i n g  f o u r  t y p e s :  
A :  Middle and upper  s tems i s  s t r a i g h t .  

Normal v a l u e .  
B :  Middle and upper  s tems a r e  crooked, 

o r  t h e y  have t r a c e s  of recovery  from 
s tem t o p  b reakage .  
Lower v a l u e .  

C :  T i l t e d  and  crooked s tem w i t h  lower 
t r e e  h e i g h t .  
NO v a l u e .  

D :  Stem w i t h  b reakage  o r  l a r g e  bending,  
t o t a l l y  s u p p r e s s e d  o r  dead i n  n e a r  
f u t u r e .  
NO v a l u e .  

Unless  t h e  p r o p o r t i o n  o f  t r e e s  i n  
c l a s s e s  A and B r e a c h e s  50 p e r c e n t  i n  a 
su rveyed  p l o t  (20 m by 20 m) when t h e  t r e e  
h e i g h t  r e a c h e s  t w i c e  t h e  mean of maximal 
snow d e p t h ,  t h e  p l a n t i n g  would end i n  
f a i l u r e  [ S h i d e i  19541. 

Table  1 shows t h e  r e s u l t  of p l o t  
s u r v e y s  o f  Cryptomeria  s t a n d s  on f l a t  s i t e s  
a t  s e v e r a l  a l t i t u d e s .  The t r e e s  a t  t h e  
1250 m l e v e l  would r e c e i v e  much more snow 
damage i n  t h e  f u t u r e  because  t h e i r  crowns 
c o u l d  n o t  p r o j e c t  o v e r  t h e  snow s u r f a c e  f o r  
t h e  n e x t  f i v e - y e a r  p e r i o d ,  though t h e y  show 
a l a r g e r  s h a r e  o f  A + B a t  t h e  age  o f  15 .  
I n  s h o r t ,  a l l  o f  t h e  man-made f o r e s t s  
surveyed would b r i n g  no wood market v a l u e  
i n  t h e  f u t u r e .  

INDICATIONS OF SNOW SETTLEMENT 

Lower b ranches  a r e  o f t e n  b e n t  down due 
t o  p a r t i a l  d e s t r u c t i o n  of t h e i r  b a s e s  by 
heavy snow pack ing  and s e t t l i n g  ( F i g .  3 ) .  
The h e i g h t  above ground o f  t h e  h i g h e s t  ben t  
b ranches  i n d i c a t e s  t h e  maximal snow d e p t h .  
T h i s  de format ion  i s  b e i n g  reproduced by a n  
i n e x p e n s i v e  r e c o r d e r  f o r  maximal snow d e p t h  
i n  Japan .  The r e c o r d e r  c o n s i s t s  o f  a p o l e  
w i t h  h o r i z o n t a l  "branches"  made o f  s o f t  
m e t a l  f i x e d  a t  e v e r y  10  cm h e i g h t  increment  
[Takahashi  K .  19681 . 

Long t e r m  snow s e t t l i n g  c a u s e s  t h e  
bend ing  n o t  o n l y  of t h e  h i g h e s t  b ranches ,  

F i g .  3--Snow damage t o  a Cryptomeria  s t a n d .  

b u t  a l s o  o f  t h e  lower b r a n c h e s .  I f  t h e  
b e n t  a n g l e s  of t h e  b ranches  from t h e  
h o r i z o n t a l  d i r e c t i o n  show g r e a t  v a r i e t y  
a c c o r d i n g  t o  above-ground h e i g h t ,  t h e  
a n g l e s  would i n d i c a t e  t h e  d i f f e r e n c e  o f  
snow s e t t l i n g  power o f  t h e  l a y e r s  which 
c a t c h  and deform t h e  b r a n c h e s .  

To o b t a i n  more i n f o r m a t i o n  on snow 
l a y e r  s e t t l i n g ,  20-cm long  g a l v a n i z e d  i r o n  
w i r e s  o f  r e g u l a t i o n  q u a l i t y  were f i x e d  
h o r i z o n t a l l y  t o  a 5-m t a l l  p o l e  a t  e v e r y  
20-cm h e i g h t  i n c r e m e n t .  L a t e  each  f a l l ,  
t h e s e  p o l e s  w i t h  h o r i z o n t a l  w i r e s  were s e t  
and,  a f t e r  t h e  snow mel ted ,  t h e  a n g l e s  t h a t  
t h e  w i r e s  had been b e n t  down by snow 
s e t t l i n g  were measured ( F i g .  4 ) .  

F i g .  4--Snow s e t t l i n g  r e c o r d e r .  

USDA Forest ServiceGcn. Tech. Rep. PSW-GTR-130. 1991 



Table  2 Average t e m p e r a t u r e  d u r i n g  snow 
season  a t  Tokamachi Expt .  S t n .  

~ e a s o n  Dec Jan Feb Mar AD r Mean 

The w i r e  was c a l i b r a t e d  by l o a d i n g  i n  
t h e  basement of Tokamachi S t a t i o n  where 
room t e m p e r a t u r e  s t a y s  a t  around O°C d u r i n g  
t h e  whole w i n t e r  (Tab. 2 ) .  P o i n t  l o a d s  
w e r e  a p p l i e d  a t  t h e  f r e e  ends  of 20-cm long  
c a n t i l e v e r s  f o r  150 days  c o n t i n u o u s l y  
d u r i n g  w i n t e r ,  and a f t e r  t h a t  t h e  
b e n t  down a n g l e s  were measured ( F i g .  5 ) .  
The c a l i b r a t i o n  c u r v e  i n  r e l a t i o n  t o  wire 
d i a m e t e r ,  a n g l e  and p o i n t  l o a d ,  shown i n  
F i g . 6 ,  p r o v i d e s  u s  a  good i n d i c a t i o n  o f  
d i s t r i b u t i o n  of snow s e t t l i n g  f o r c e  a l o n g  
t h e  v e r t i c a l  p r o f i l e  o f  t h e  snowpack. 

The d a t a  o f  t h o s e  a n g l e s  i n  w i n t e r  
1982/83 i n d i c a t e  a  f e a t u r e  common t o  t h e  
f i v e  p r o f i l e s ,  t h a t  i s ,  a  t r a p e z o i d a l  
d i s t r i b u t i o n  o f  t h e  a n g l e s  ( F i g .  7) . The 
w i r e s  p l a n t e d  a t  between +60 c m  above 
ground and -40 cm from t h e  h i g h e s t  snow 
s u r f a c e  of t h e  season  were b e n t  a t  a  l a r g e  
b u t  a lmos t  c o n s t a n t  a n g l e  i n  each c a s e .  

0 I 2 3 4 5 6 
P O I N T  L O A D  ( k g )  

F i g .  6--The c a l i b r a t i o n  c u r v e  i n  r e l a t i o n  
t o  w i r e  d i a m e t e r ,  bent-down a n g l e  
and p o i n t  l o a d  ( a p p l i e d  a t  t h e  f r e e  
end o f  20-cm long  c a n t i l e v e r s ) .  

t h a t  t h e  a n g l e  i n  t h e  middle  l a y e r s  of t h e  
former  i s  abou t  5  d e g r e e s  g r e a t e r  t h a n  t h a t  
of t h e  l a t t e r .  

By p i c k i n g  s i t e s  where t h e  average  b e n t  
a n g l e  i n  t h e  middle  l a y e r s  exceeded 60 
d e g r e e s ,  and s i t e s  where t h e  maximum snow 
h e i g h t  exceeds  4 m, T a b l e  3  i s  o b t a i n e d .  
I t  i s  c l e a r  from t h i s  t a b l e  t h a t  ex t remely  
s e v e r e  c o n d i t i o n s  p r e v a i l  a t  a l t i t u d e s  o v e r  
700 m .  

Cons ider ing  Tab les  1 and 3, it i s  
p o s s i b l e  t o  a p p l y  a  zoning i n  t h i s  r e g i o n ,  
a c c o r d i n g  t o  which a l t i t u d e s  of 700 m and 
o v e r  a r e  u n s u i t e d  t o  economical  f o r e s t  
p l a n n i n g .  

F i g u r e  8  i n d i c a t e s  t h a t  maximum snow 
d e p t h  a t  t h e  1360 m a l t i t u d e  s i t e  i s  about  
1 m d e e p e r  t h a n  t h a t  a t  500 m a l t i t u d e  and 

Although l i t t l e  d a t a  i s  a v a i l a b l e  a t  
t h e  p r e s e n t ,  a  zoning scheme b a s e d  on 
damaging p o t e n t i a l  s h o u l d  become p o s s i b l e  
i n  t h e  f u t u r e  by c o l l e c t i n g  l a r g e  amounts 
of d a t a  on damaging p o t e n t i a l  index  w i t h  

Tab le  3  S e v e r i t y  of f o r e s t r y  environment 
b a s e d  on max. snow d e p t h  and b e n t  
a n g l e .  

F i g .  5 - - C a l i b r a t i o n  o f  
t h e  wires by 
l o a d i n g .  

Winter  
200 500 700 900 1100 136Q 

1982/83 A+B A ava A+B 
83/84 A A+B A+B A+B A+B A+B 
84/85 A+B A A 

A : Angle more than 60 degrees 
Diameter o f  wire: 3 . 2  mm 

B : Max. snow depth more than 4 m 
ava: Snow p o l e  l o s t  by avalanches.  
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TOKAMACHI KOSHlCHlGAWA YAHABUSHIYAMA MYOHO KOMATSUBARA 1 

Fig. 7--Distribution of the wire angle along the vertical profile. Data for 
winter 1982/83 at five altitudes. 

Wire diameter: 3.2 mm 
x : S-side of snow pole 

- - : N-side of snow pole 
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Fig. 8--Distribution of the wire angle along the vertical snow profile. Four 
season data at the sites on 1360 m and 500 m a.s.1. 

Wire diameters: 
x x :  4.0 mm 
0-0: 3 . 2  mm 
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t h e  s i m p l i f i e d  method s t a t e d  above.  I n  
such  b e l i e f ,  d a t a  i s  p r e s e n t l y  b e i n g  
a c q u i r e d  i n  s e v e r a l  r e g i o n s  i n  Japan 
[Takashino and Wakabayashi 1975; N i t t a  e t  
a l .  1982 and 19841. 
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