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FURTHER OBSERVATIONS OF SNOW AND 
FROST IN THE ADIRONDACKS 

Snow-depth and water-content measurements were made 
i n  March and A p r i l  1960 i n  t h e  v i c i n i t y  of Paul  Smiths, New 
York, t o  check on procedures  developed t h e  previous  y e a r  f o r  
p r e d i c t i n g  snow accumulation and mel t .  

E igh t  200-foot snow courses  were l a i d  out ,  two each 
i n  t h e  f o u r  hardwood and c o n i f e r  cover type c o n d i t i o n s  pre- 
v ious ly  s tud ied ,  b u t  i n  d i f f e r e n t  s t a n d s .  Snow measurements 
were taken a t  20-foot i n t e r v a l s  a long t h e  courses  a t  t h e  
t ime of maximum accumulation (March 21) and a t  t h e  minimum 
accumulation wi th  complete snow cover  ( A p r i l  18 ) .  Canopy 
c l o s u r e  over  each sampling p o i n t  was measured with a dens i -  
ometer. 

The pe rcen tage  of canopy c l o s u r e  f o r  each snow course  
was then  used t o  e s t i m a t e  t h e  snow-water con ten t  r a t i o  
(depth  i n  f o r e s t  condi t ion/depth  i n  hardwood s a p l i n g s )  f o r  
t h e  t ime of maximum snow accumulation, employing t h e  reg res -  
s i o n  developed from t h e  1959 d a t a .  The es t ima ted  r a t i o  was 
then m u l t i p l i e d  by 8.6 inches ,  t h e  average snow-water con- 
t e n t  of t h e  two hardwood-sapling courses ,  t o  e s t i m a t e  t h e  
snow-water c o n t e n t  of t h e  t h r e e  o t h e r  f o r e s t  c o n d i t i o n s  
( t a b l e  1 ) .  Pe rcen tage  of canopy c l o s u r e  f o r  each snow course  
was a l s o  used t o  e s t i m a t e  t h e  snow-melt i n  inches  pe r  degree  
-day above 3 2 ' ~ . ;  and t h e  a c t u a l  and p r e d i c t e d  mel t  dur ing  
t h e  pe r iod  March 21  t o  A p r i l  1 8  were c a l c u l a t e d  ( t a b l e  1 ) .  

Average maximum snow-water accumulation f o r  t h e  four  
cover c o n d i t i o n s  was 8.15 inches ;  i n  1959 i t  was 7.96 inches .  
The 1960 melt-season had 137 degree-days between maximum and 
minimum accumulat ions;  t h e  1959-season had 118. 
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Conifer-Branch I n t e r c e p t i o n  

For observing comparative snow i n t e r c e p t i m  by coni-  
f e r s ,  4-foot  long branches  of  balsam f i r ,  r e d  spruce,  whi te  
p ine ,  and hemlock were n a i l e d  t o  two p o s t s  a t  a  h e i g h t  of 5 
f e e t ,  s imula t ing  two stems b e a r i n g  branches  of d i f f e r e n t  
s p e c i e s .  Observat ions  o f  snow depth,  a t  t h r e e  p o i n t s  on each 
branch, were made dur ing  t h e  pe r iod  December 8, 1959, t o  
March 22, 1960. Min ia tu re  dep th  gages f a s t ened  a t  t h e  meas- 
urement p o i n t s  made i t  p o s s i b l e  t o  measure snow dep th  with- 
ou t  d i s t u r b i n g  t h e  snow. 

Table 1.--Snow accumulation and melt, based on 

Dercentaee of c a n o ~ v  closure 

Table 2.--Snow accumulation on conifer  branches 

Cover type 

Table 3.--Changes i n  snow depth on branches during periods of snow l o s s ,  

i n  inches 

Percent Inches Inches Inches Inches 

Conifer saplings 66 7.5 7.4 0.043 0.036 
60 7.7 7.8 .046 .035 

Conifer sawtimber 60 7.7 7 .8  .046 .044 
64 7.6 8.0 .044 .044 

Hardwood saplings 2 8 -- 8.0 .062 .053 
2 4 - - 9.2 .064 .054 

Hardwood sawtlmber 2 3 8.9 8.6 .065 .061 
20 8.9 8.4 .066 .060 

Species 

Balsam f i r  
Red spruce 
White pine 
Hemlock 

Canopy 
closure 

Melt per 
degree-day 

above 32O F. 

Predicted 

Maximum 
snow-water 

accumulation 

Frequency 
of 

occurrence 

Red 
spruce 

Actual Predicted 

Post 
mean 

Dec. 10 - Dec. 14 Sun bright ,  l i g h t  3.2 3.6 2.4 4.2 
wind, followed by .7 .7 .8  .9 
r a i n f a l l  

D e c . 3 1 - J a n . 7  S t rongandgus ty  3.9 3.7 2.7 3.0 
winds .4 1.4 .3 .7 

Jan. 20 - Jan. 26 Light snow and 6.2 4.2 4.0 3.7 
moderate wind 3.7 3.0 .2 4.3 

Jan. 28 - Jan. 29 Strong wlnd and 5.5 4.3 2.1 2.6 
snow mixed with 1.1 1.1 .6 1.1 
ra in  

Balsam 
f i r  

Snow-loss 
periods 

Actual 

Post 1 

Percent 

2.13 84 
1.84 76 
1.78 69 
1.18 63 

Inches 

2.08 2.28 2.72 2.36 
1.49 1.90 1.82 1.74 
1.53 2.24 1.97 1.91 
1.30 1.48 1.38 1.39 

A 

Post 2 

Weather 
during period 

Inches 

2.22 2.12 1.36 1.90 
1.90 2.36 1.54 1.93 
1.25 1.96 1.72 1.64 
1.34 .83 .72 .96 

A 

White 
pine 

B B C C Mean Mean 



BALSAM F IR  RED SPRUCE BALSAM F I R  
8 l NCHES 0 8. H. 4 l NCHES D. H 6 INCHES 4 INCHES 

0 4 8  1 2 0  4 8 1 2  0 4 8 1 2 1 6  

L E N G T H  O F  T R E  N C H ,  I N  F E E T  

C] SNOW FROST 

Figure 1. --Typical snow and frost profiles under conifers. 

Snow was observed on t h e  branches on 51 days .  Adding 
1 8  week-end days on which snow was probably p resen t  g i v e s  a 
t o t a l  of 69 snow-days dur ing  t h e  106-day period--or,  snow 
was p r e s e n t  on t h e  canopy, i n  v a r i o u s  amounts, f o r  about 
two-thi rds  of t h i s  pe r iod .  Needles remained on t h e  c u t  
branches a l l  w in te r  and s t ayed  green.  

Maximum accumulations were 4 .7  inches  on balsam f i r ,  
4 .3  inches  on red  spruce,  6 .2  inches  on whi te  p ine ,  and 4 . 5  
inches  on hemlock. Average snow depth  f o r  each p o s i t i o n  
measured, each pos t - spec ies  mean-, and f requenc ies  of oc- 
cu r rence  a r e  shown i n  t a b l e  2 ( p o s i t i o n s  A, B, and C were 
a p p r o ~ i m a t e ~ l y  I$., 24, and 3& f e e t ,  r e s p e c t i v e l y ,  from t h e  
p o s t s ) .  

I n  an a n a l y s i s  of va r i ance  of t h e  snow-depth d a t a  f o r  
s p e c i e s  d i f f e r e n c e s ,  only  between hemlock and o t h e r  s p e c i e s  
was snow-depth d i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
l e a s t  s i g n i f i c a n t  d i f f e r e n c e  was 0.62.  Di f fe rences  between 
p o s i t i o n s  and between p o s t s  were not  s i g n i f i c a n t .  

For t h e  51 days  of observat ion,  frequency of snow oc- 
cu r rence  on t h e  branches  ranged from 84 pe rcen t  f o r  balsam 
f i r  t o  63  pe rcen t  f o r  hemlock. 

Di f fe rences  i n  t h e  r a t e  a t  which snow disappeared 
from t h e  branches  dur ing  four  snow-loss pe r iods  a r e  i l l u s -  
t r a t e d  i n  t a b l e  3, which g i v e s  snow depth  a t  beginning and 
ending of t h e  pe r iod .  I n  t h r e e  of  t h e  f o u r  per iods ,  snow 
disappeared more r a p i d l y  from t h e  hemlock and whi te  p i n e  
branches  than from t h e  balsam f i r  and spruce.  A l l  t h r e e  
p e r i o d s  were marked by moderate t o  s t r o n g  winds. During t h e  
mid-December pe r iod  of l i g h t  winds and b r i g h t  sunshine,  d i f -  
f e r e n c e s  i n  l o s s  r a t e s  were no t  s o  marked. 

The branches  of hemlock a r e  f e a t h e r y  and f l e x i b l e ,  
and they s l o p e  downward t o  form a poor p la t fo rm f o r  snow ac- 
cumulation.  Balsam f i r  had t h e  b e s t  p la t fo rm f o r  snow sup- 
por t ,  apparen t ly  because  need les  p e r s i s t  a long  branches  and 
t h e r e  a r e  many s t i f f  b r a n c h l e t s .  Spruce was n e x t ;  and though 
i t s  need les  were small ,  l i k e  those  of hemlock, t h e  branch- 



l e t s  were much s t i f f e r  and would no t  dump snow s o  r e a d i l y .  
On a whi te  p ine  branch, snow was caught wi th in  t h e  b a r e  
whorls a t  two of  the  t h r e e  p o s i t i o n s  measured, branches 
cupping t h e  whorls p e r m i t t i n g  deepes t  accumulations of snow; 
t h e  smal l  stems provided good suppor t  f o r  pa tches  of snow 
when wind o r  thaws occurred.  Time-lapse photographs of in-  
t e r c e p t i o n  on whi te  p i n e  showed t h a t  snow accumulated on t h e  
needles ,  beginning a t  t h e  b a s e s  of s e v e r a l  need le  f a s c i c l e s ,  
and l a t e r  bending them over  t o  form a p la t fo rm.  Pa tches  of 
snow p e r s i s t e d  l o n g e s t  where s e v e r a l  branch t i p s ,  ben t  by 
snow, combined t o  form l a r g e  p la t fo rms .  

Concrete  F r o s t  

On March 21  and 24, 1960, about t h e  t ime of maximum 
snow accumulation,  o b s e r v a t i o n s  were made a t  160 p o i n t s  
a long t h e  snow-survey courses  t o  determine t h e  presence and 
depth  of c o n c r e t e  f r o s t .  Measurements were taken wi th  a 
S toecke le r  and Thames f r o s t  probe.2 Frequency of occurrence 
and average depth  of f r o s t  were a s  fo l lows :  

Frequency Average dep th  
( p e r c e n t )  ( inches)  

Con i fe r  s a p l i n g s  30 
Coni fe r  sawtimber 15 

Hardwood s a p l i n g s  40 
Hardwood sawtimber 15 

On A p r i l  1 8  no c o n c r e t e  f r o s t  was found on t h e  courses .  
These f i g u r e s  s u b s t a n t i a t e  e a r l i e r  f i n d i n g s  t h a t  c o n c r e t e  
f r o s t  i n  t h e  upland f o r e s t  i s  sporad ic  i n  occurrence.  

Concrete  f r o s t  tends  t o  c o n c e n t r a t e  beneath c o n i f e r  
crowns i n  t h e  snow-intercept ion zone. Th i s  tendency, f i r s t  
observed dur ing  t h e  1959 f i e l d  season, was i n v e s t i g a t e d  i n  
1960 by d igg ing  t r enches  beneath  t h e  crowns of i s o l a t e d  co- 
n i f e r s  ( t h r e e  r e d  sp ruce  and seven balsam f i r )  i n  a hardwood 
s tand,  and t ak ing  snow-depth and f r o s t  measurements every 
2 o r  3 f e e t  a long t h e  t r ench .  Typical  snow and f r o s t  pro- 
f i l e s  a r e  shown i n  f i g u r e  1. 

No r e l a t i o n s h i p  between f r o s t  and snow depth  can be  
deduced from t h e s e  l i m i t e d  obse rva t ions ,  because t h e  con- 
c r e t e  f r o s t  observed developed from antecedent ,  unobserved 
weather and snow c o n d i t i o n s .  
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