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T HE Adirondack region of New York is a land of many 
lakes and streams. I t  feeds water i n t o  Lake Chsmp- 

la in ,  Lake Ontario, the S t .  Lawrence River, and the Hudson 
River. Much of t h i s  streamflow comes from the melting of 
the spring snowpack i n  the Adirondacks. 

About a fourth of the regions' annual precipi ta t ion 
of 35 t o  50 inches accumulates i n  t h i s  spring snowpack. I n  
some areas snowfall averages 140 inches a year. A s  a whole, 
the  Plateau receives 80 to  100 inches of snowfall a year. 
Pa r t  of t h i s  comes i n  the f a l l ,  and melts; but the winter 
snowfall accumulates so tha t  by March 15 snow depth may 
reach 30 inches. This is equivalent t o  about 10 inches of 
water. 

The amount of snow t h a t  accumulates, and i t s  r a t e  of 
melt, depend i n  pa r t  on the type and condition of fo res t  
cover. The Adirondacks possess a great  var ie ty  of fo res t  
types, ranging from pure conifer  stands t o  hardwood stands 
occurring under virgin,  cut-over, and burned conditions. 
The purpose of t h i s  study was t o  compare snow accumulation 
and melt under ce r t a in  of these types and conditions. 



Only three  s tudies  of forest-snow relat ionships have 
been made i n  the Northeast. 

One Northeastern study, Made by Maule (1934) near New 
Haven, Connecticut, showed tha t  snow accumulation was great-  
e s t  i n  open f i e l d s  and progressively l e s s  i n  hardwood, white 
pine, hemlock, red pine, and Norway spruce fo res t  s tands.  
Snow remained the longest under white pine, and f o r  pro- 
gressively shor te r  periods i n  red pine, Norway spruce, hem- 
lock, and hardwood fores ts ,  and open f i e l d s .  White pine 
ranked f i r s t  i n  snow re tent ion because i t  shaded the  snow, 
slowing its melt, and yet, of the conifers, permitted the 
g rea tes t  depth t o  accumulate on the ground. 

A second (and recent)  study a t  B a r t l e t t ,  New Hamp- 
shire,  showed tha t  snow accumulation was greater  under saw- 
timber hardwood stands than under pole-sized hardwood stands 
(Sartz and Trimble, 1956). A t  time of maximum snowpack the  
snow-water depth was 7 t o  10 percent l e s s  i n  pole stands 
than i n  openings i n  the stands,  Sawtimber stands contained 
3 t o  4 percent l e s s  snow water than small openings. Snow 
depth ranged from 25 t o  40 inches and water content from 9 
t o  10 inches. 

In  a t h i r d  study of comparative snow depth under 
d i f fe ren t  fo res t  conditions i n  the  Northeast, as  determined 
a t  s i x  widely-separated experimental areas, Pierce, Lull,  
and Storey (1958) reported t h a t  average seasonal snow depth 
i n  hardwoods was 1.75 times greater  than that  i n  conifers, 
and 1.50 times t h a t  i n  the  open. For the two winters of 
measurement snow depth i n  hardwood stands averaged 2.7 inch- 
e s  deeper than i n  conifer  stands.  

Snow depth and water content were measured a t  32 
snow-survey courses i n  the spring of 1959 a t  three areas 
within 10  miles of Paul Smiths, New York. A t  Areas 1 and 2 
(elevations 1,710 and 1,550 feet ,  respectively) duplicate 
courses were l a i d  out t o  sample f i v e  conditions: conifer  
sawtimber, conifer  sapling, hardwood sawtimber, hardwood 
sapling, and open f i e l d s  ( t a b l e  1) .  

A t  Area 3 (elevation 1,660 fee t ) ,  duplicate courses 
were located i n  s i x  cutt ing-practice-level  experimental 



Figure 1. --Surveying the Adirondack snowpack. Above, in 
a hardwood sapling stand. Below, in a conifer sawtimber 
stand. 

plo t s  of the Paul Smiths Research Center. These p lo t s  were 
located i n  a mature stand of mixed hardwoods and conifers 
and consisted of a control, a commercial clearcut ,  a selec- 
t i v e  cut  on a 5-10 year cycle, a se lec t ive  cut  on a 15-20 
year cycle, a se lec t ive  cut  on a 25-35 year cycle, and a 
semi-open area along a woods road ( t a b l e  1 ) .  

Each snow course was 200 fee t  long and had 10 measur- 
ing points 20 f e e t  apart.  To minimize e f fec t s  of slope and 
aspect, courses were located as nearly as possible on l eve l  
areas.  



Snow depth and water content  were measured with a  
Mount Rose snow sampler and a tubular  s ca l e .  Snow depths 
were read t o  t h e  nearest  inch and water contents  t o  t he  
neares t  one-half inch. 

Measurements were taken a t  t he  time of  maximum accu- 
mulation on March 16-18 and t h e r e a f t e r  t o  record t h e  prog- 
r e s s  of melt on Apr i l  2-3, 13-14, 16-17, 20, 24, 29, and on 
May 4 and May 8. 

A t  each course the  loca t ions  of t r e e s  over 4 inches 
i n  diameter were p lo t t ed  and diameters and spec ies  were 
noted f o r  a  s t r i p  10-feet on each s i d e  of t he  survey l i n e .  
The loca t ions  of con i f e r s  1 t o  4 inches i n  diameter within 

Table 1.--Forest condit ions s tud ied  

Conifers  Aardwwd 

Area Condition Pr inc ipa l  spec ies  
Trees Average Trees Average 

per  a c r e  diameter pe r  ac re  diameter  

No- Inches Inchee 

Hardwood Hard maple, beech, 5 2.0 452 8.2 
sawt imber yellow b i r c h  

Hardwood Hard maple, yellow b i r c h  6 12.0 404 6.8 
s a p l i n g  

1 
Conifer  Red spruce 477 7 .0  31 7.5 

sawtimber 

Conifer  Balsam f i r ,  r ed  spruce 1,446 3.3 57 6.1 
sap l ing  

Hardwood Red maple, hard maple, 42 4.2 176 11.8 
s awtimber yellow b i rch  

Hardwood Red maple, beech 16 5.5 280 5.6 
sap l ing  

2 
Conifer  Red spruce, balsam f i r  690 6 . 8  57 11.8 

sawtimber 

Conifer  Balsam f i r ,  red spruce 2,188 2.4 62 8.8 
sap l ing  

F o ~ e s t  road, Beech, r ed  maple, 5 4.2 58 13.2 
semi-open yellow b i r c h  

Commercial Beech, yellow birch,  72 3.6 104 10.4 
c l e a r c u t t i n g  red  maple 

Se lec t ive  cu t t ing ,  Red maple, beech, 166 3 .1  160 9.2 
25-35 year  cyc le  yellow b i r c h  

S e l e c t i v e  cu t t ing ,  Hemlock, beech, r ed  maple 140 9.2 32 9.0 
15-20 year  cyc le  

Se lec t ive  cu t t ing ,  Red spruce, hemlock. 301 5.4 68 10.0 
5-10 year  cyc le  balsam f i r  

Control Red spruce, balsam f i r ,  44 1 4.6 68 13.0 
b i rch  



5-foot s t r i p s  were a l so  p lo t t ed .  A t  each snow-measuring 
point  t he  canopy opening was estimated with the  sphe r i ca l  
densiometer (Lemmon, 1957). Four readings were taken a t  
each point ,  two facing oppos i te  ends of t he  survey course 
and two a t  r i g h t  angles t o  t h e  survey l i n e .  Daily records 
of p rec ip i t a t ion  and maximum and minimum a i r  temperatures 
were obtained from a weather s t a t i o n  a t  Paul Smiths, New 
York . 

Lower-than-normal temperatures during the  winter  of  
1958-59 with no prolonged thaws l ed  t o  g rea t e r  snow accu- 
mulations than normal. On March 16-18 the  average snow 
depth f o r  a l l  courses was 34 inches, 5 t o  10 inches deeper 
than expected. Af ter  measurements began, about 5 inches of  
snow f e l l  i n  a s e r i e s  of  small storms. 

Snow-water contents  by condit ions and da tes  a r e  given 
i n  f i g u r e  2. Areas 1 and 2 follow much the  same pa t t e rn :  i n  
both, t he  snow i n  the  open disappeared by Apri l  16-17, 
whereas snow under t he  con i f e r s  pe r s i s t ed  u n t i l  May 4. 
Grea tes t  accumulations of snow water were i n  t h e  hardwood 
stands, averaging 8.28 inches i n  Area 1 as compared t o  6.16 
i n  t h e  coni fers ,  and 9.74 vs. 7.66 inches f o r  Area 2--in 
each a rea  about a 2-inch d i f ference .  

Between March 16-18 and Apri l  13-14 the  g r e a t e r  melt 
r a t e  i n  t he  hardwoods had v i r t u a l l y  erased t h i s  d i f fe rence:  
comparable values were then 4.52 and 4.50 inches f o r  Area 1 
and 4.50 and 5.28 f o r  Area 2. Thereaf te r  t he  con i f e r  a reas  
possessed the  g r e a t e r  snow-water content .  

An analys is  of variance of t he  Area 1 da ta  c l e a r l y  
revealed t h i s  t rend.  On March 16-18, when accumulations i n  
t he  hardwoods were grea ter ,  d i f fe rences  between t h e  f o r e s t  
condit ions were highly s ign i f i can t .  By Apr i l  13-14 d i f f e r -  
ences between condit ions were not  s i g n i f i c a n t .  Three days 
l a t e r  t he  snow accumulations under con i f e r s  were d i s t i n c t l y  
g r e a t e r  and d i f ferences  were again s i g n i f i c a n t .  

I n  Area 3 ( t h e  cut t ing-prac t ice- leve l  p l o t s )  d i f f e r -  
ences were not so  pronounced ( p a r t l y  because of t h e i r  mix- 
t u r e  of hardwoods and con i f e r s  as  compared t o  the  almost 
pure s tand composition of Areas 1 and 2) .  On March 16-18 
t h e  average snow-water content  was 9.45 inches and ranged 
between 8.25 and 10.12 inches;  d i f fe rences  were highly s ig-  
n i f i c a n t  with some t rend  towards g r e a t e r  accumulation i n  t h e  
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Table 2.--Snow-water content at time of maximum accumulation, 

and number of days to melt 

Area Condition Snow-water 
content 

Percent Of Days 
maximum 

to melt 
(by areas) 

Inches percent Days 

Hardwood sawtimber 8-22 98 34 
Hardwood sapling 8.35 100 33 
Conifer sawtimber 6.28 75 40 
Conifer sapling 6.05 72 43 

Least significant 2.05 -- -- 
difference 

Hardwood sawtimber 9.62 98 35 
Hardwood sapling 9.85 100 34 
Conifer sawtimber 7.42 75 40 
Conifer sapling 7.90 80 50 

Least significant 1.25 -- -- 
difference 

Forest road, 9.68 96 36 
semi-open 

Commercial 9.25 91 36 
clearcutting 

Selective cutting, 10.08 100 36 
3 25-35 year cycle 

Selective cutting 38 
15-20 year cycle 

Selective cutting, 

Least significant 1.73 -- 
difference 

more heavily cu t  a reas .  By Apr i l  13-14 average water content  
had dropped t o  5.63 inches, ranging from 5.30 t o  6.05 inch- 
e s  ; and d i f ferences  were not s i g n i f i c a n t .  A week l a t e r  
d i f fe rences  were s ign i f i can t ,  and the  e f f e c t  of t he  g r e a t e r  
number of con i f e r s  i n  slowing snow melt was evident i n  t he  
cont ro l  p l o t  and in tens ive-se lec t ion  p lo t s .  

Figure 2. --Snow-water content of the snowpack, 
by cover conditions and dates. 



Accumulation and melt f o r  the conditions studied and 
weather experienced a re  summarized i n  table  2. Snow accumu- 
l a t ion  was greates t  i n  the  hardwood stands;  conifer  stands 
averaged 75 percent of the hardwood-sapling snow catch, a 
s ign i f i can t  difference.  Snow melted i n  the hardwood stands 
i n  34 days, and i n  the  conifer  stands i n  43 days. 

I n  the cutt ing-practice-level  p lo t s  there  were signi-  
f i can t  differences between maximum accumulation i n  the more 
heavily-cut se lec t ion p lo t s  and the l e a s t  accumulation i n  
the uncut control .  Differences i n  accumulations between the  
other plots ,  though not s ignif icant ,  indicated a response t o  
treatment or  an e f fec t  of conifer  d is t r ibut ion.  For in- 
stance, smaller accumulations i n  the c learcut  area and road 
area may have occurred because of t h e i r  greater  exposure and 
consequent greater  melting of i n i t i a l  snow accumulations ; 
on the other  hand, l e s se r  accumulations i n  the most l i g h t l y  
cut  p lot  and the uncut control  may have been due to  increas- 
ed interception by t h e i r  greater  conifer  component. The 
d i f f e r e n t i a l  i n  days of melt amounted t o  5 days a t  the most, 
and the  control  p lot  retained snow longest, 41 days. 

After snow had disappeared on a l l  courses, a recon- 
naissance was made of higher elevations.  This showed much 
snow remaining on northerly aspects: la rge  patches were 
found a t  3,500 feet ,  and a t  3,900 f e e t  the cover was nearly 
complete. 

These findings substant ia te  general knowledge tha t  
snow accumulation is greater  i n  hardwood than i n  conifer  
fores ts ,  but tha t  i t  melts slower i n  conifers .  These find- 
ings provided quant i ta t ive  evidence of these r e s u l t s  based 
on weather conditions experienced during the  winter of 1958- 
59. 

More enlightening and useful  r e s u l t s  require study 
of causative fac to r s  tha t  could lead t o  the  development of 
predict ion methods t o  permit estimates of snow accumulation 
and melt based on measurable charac te r i s t i c s  of the  fo res t  
stand. To i n i t i a t e  a more bas ic  approach, supplementary 
analysis  of such snow charac te r i s t i c s  as density, var ia t ion 
i n  water content, and r a t e  of melt were made and the  re la-  
t ion  of accumulation and melt t o  canopy closure was explored. 



S n o w  
D e n s i t y  

Snow d e n s i t i e s  on four da t e s  a r e  given i n  t a b l e  3. 
A t  t h e  time of  maximum accumulation, March 16-18, they 
averaged 24 percent,  varying f o r  indiv idual  condit ions from 
23 t o  26 percent .  By Apr i l  2-3, average dens i ty  had in- 
creased t o  29 percent,  and by Apr i l  13-14 t o  31 percent.  
Three days l a t e r ,  Apr i l  16-17, a f t e r  rap id  melt, the  dens i ty  
was 29 percent .  Differences between da t e s  were highly s ig-  
n i f  i can t  ; di f ferences  between condit ions were not s igni f  i- 
cant. 

Table 3.--Snow density, in percent, by dates 

Most of  t he  melting occurred when snowpack d e n s i t i e s  
were between 28 and 31  percent .  This t i e s  i n  with S a r t z  and 
Trimble's (1956) observat ion i n  New Hampshire t h a t  the  snow- 
pack apparently began t o  l o s e  water by melting when the  
dens i ty  of t h e  snow reached about 30 percent .  This a l s o  
po in t s  up the  d i f f e rence  t h a t  Gerdel (1945) noted between 
Snow-melting d e n s i t i e s  i n  t h e  East  and those of the  moun- 
tainous West, which range between 40 and 50 percent .  The re-  
l a t i o n  of  snow dens i ty  t o  snow m e l t ,  r a t e s  of changes i n  

Area 

3 

Condition 

Hardwood saw timber 24 31 32 30 
Hardwood sapling 25 32 3 1 27 
Conifer sawtimber 23 29 31 28 
Conifer sapling 24 30 31 26 

Hardwood sawt imber 25 27 3 1 33 
Kardwood sapling 24 30 34 27 
Conifer sawtimber 24 29 31 28 
Conifer sapling 26 27 30 27 

Forest road, 24 2 8 33 30 
semi-open 

Conunercial 23 29 31 33 
clearcutt ing 

Selective cutting, 25 29 32 30 
25-35 year cycle 

Selective cutting, 26 28 32 29 
15-20 year cycle 

Selective cutting, 25 26 28 28 
5-10 year cycle 

Control 25 27 31 29 

March 
16-18 

April 
16-17 

April 
2-3 

April 
13-,14 



density, and va r ia t ion  of density within the snow p r o f i l e  
a re  subjects f o r  fur ther  research. 

V a r i a t i o n  i n  
S n o w - W a t e r  C o n t e n t  

Average standard deviations ( s )  and coeff ic ients  of 
var ia t ions  ( C V )  of snow-water content f o r  the courses were 
as follows: 

March 1 6 - 1 8  A p r i l  1 6 - 1 7  
S cv S cv 

( i n c h e s )  ( ~ e r c e n t )  ( i n c h e s  ( p e r c e n t )  

Hardwood sawt imber 0.89 10 1.02 52 
Hardwood saplings .78 9 .83 61 
Conifer sawtimber 1.92 3 1 1.79 93 
Conifer saplings 2.02 29 1.31 33 
Cutting-practice- 

level  p lo t s  1.51 16 1.86 4 8 

Standard deviations i n  the  hardwood courses increased 
s l i g h t l y  during the melt period, and conifer  sawtimber 
var ia t ions  decreased s l igh t ly ,  while var ia t ions  within coni- 
f e r  sapling courses dropped about one-third. The marked re- 
duction i n  the last-named courses could be due t o  differen- 
t i a l  melting: areas of deeper snow between crowns melting 
more rapidly than the shallower, shaded accumulations be- 
neath the crowns. 

Coefficients of var ia t ions  r e f l e c t  the  depth-varia- 
t ion  re la t ionship  and were greater  f o r  conifer  than hardwood 
courses i n  mid-March and increased f o r  a l l  conditions by 
mid-April . 
R a t e  o f  M e l t  
p e r  D a y  

Two melt-rate values are  given i n  t ab le  4 f o r  each 
fo res t  condition. The average melt r a t e  i n  inches of water 
per day, during the  month-long measurement period when snow 
cover was almost complete, shows tha t  hardwood melt r a t e s  
were about twice those of conifer  stands, with hardwood- 
conifer  r a t e s  occupying a midway posi t ion;  the three  r a t e s  
averaged 0.23, 0.12, and 0.19 inches respectively.  

I n  degree-days (as  derived from air-temperature 
measurements a t  Paul Smiths College) average values f o r  the 
three  types are  0.06, 0.03, and 0.05 inches per degree-day 
above 32OF. For comparison, Horton (1945) found degree-day 



Table 4.--Melt ra tes ,  i n  inches 

(above 32OF.) melt  r a t e s  of 0.08 and 0.09 inches pe r  day 
from heavily cutover  and burned areas  and 0.06 inches f o r  
good s tands  of northern hardwoods and hemlock i n  western 
Pennsylvania. 

I n f l u e n c e  o f  C a n o p y  O p e n i n g  
o n  A c c u m u l a t i o n  a n d  M e l t  

I n  f i g u r e  3 t h e  average canopy c lo su re  f o r  each snow 
course is p l o t t e d  aga ins t  t h e  average accumulation and melt 
f o r  t h e  course. From t h e  accumulation regression,  f o r  each 
10  percent  increase  i n  canopy closure,  snow-water content  
decreased about one-third of an inch (o r  i n  terms of snow 
depth a t  30 percent  densi ty,  about 1 inch). The c o r r e l a t i o n  
c o e f f i c i e n t  of 0.794 s i g n i f i e s  t h a t  t h i s  r e l a t i o n s h i p  ac- 
counts f o r  63 percent  of t h e  v a r i a t i o n  i n  accumulation. 

The snow-melt r e l a t i o n s h i p  is such t h a t  i t  decreased 
a t  t h e  r a t e  of about 0.005 inches pe r  degree-day f o r  each 

< 

Area 

3 

Condition 

Hardwood sawtimber 0.22 0.06 
Hardwood sapling .24 .06 
Conifer sawtimber .12 .03 
Conifer sapling .10 .03 

Hardwood sawtimber .21 .06 
Hardwood sapl ing .24 .07 
Conifer saw timber .16 .04 
Conifer sapl ing .10 .02 

Forest road, .21 .06 
semi-open 

Couanerci a1 .18 .05 
clearcut  

Select ive  cut t ing,  .22 .06 
25-35 year cycle 

Select ive  cut t ing,  .21 .06 
15-20 year cycle 

Select ive  cutting, .17 .05 
5-10 year cycle 

Control .13 .03 

Me1 t from 
March 16-18 t o  April  16-17 

Mean 
da i ly  
r a t e  

Me an 
degree-day 

r a t e  



CANOPY CLOSURE, IN PERCENT 

HARDWOO0 SAWTIMBER # CONIFER SAWTIMBER 

HARDWOOD SAPLINGS Q CONIFER SAPLINGS 

.3 CUTTING PRACTICE NUMBERS 

Figure 3.-Snow water content a t  nuzximm accmulat ion,  
and snow melt rate  i n  re la t ion  t o  canopy c losure .  



Table 5.--Within-course correlations of accumulation and melt 

with canopy closure 

10 percent increase i n  canopy closure. With a corre la t ion 
coeff ic ient  of 0.869, t h i s  accounts f o r  76 percent of the 
var ia t ion i n  melt-rate. 

These corre la t ions  provoked the question: can a s i m -  
p l e  measurement of t r ee  density be correlated with canopy 
closure and then with snow behavior? Wellner (1948) and 
Miller  (1955) have pointed out tha t  the amount of l i g h t  that  . 

is received beneath the  canopy i s  re la ted  t o  the summation 
i n  inches of t r e e  diameter per acre. For our data, t h i s  
re la t ionship  is given i n  f igure  4.  Subtracting an average 
hardwood canopy closure of 25 percent from the regression 
fo r  the cutting-practice-plot closure gives a canopy re- 
gression tha t  follows closely the re la t ionship  t h a t  Wellner 
(1948) reported between percent of f u l l  sunlight  (midday 
l i g h t  in tens i ty )  and summation of diameter per acre fo r  
small-crowned western white pine. 

Correlation between snow accumulation and melt a t  
sampling points within courses and canopy openings over the 
points was a lso  computed. In  t ab le  5 a re  given coeff ic ients  
fo r  selected courses ( those with coeff ic ients  of var ia t ion 
of more than 20 percent) where a re la t ionship  might be ex- 
pected. Results were var iable .  Apparently, a t  any one point 

13 

Area 

1 Conifer 16 -0.869 0.480 
sawtimber 17 - .629 - .924 

1 Conifer 13 - .389 - .096 
sapling 14 - .I77 - .225 

2 Conifer 26 - .429 - .053 
sawtimber 27 - .890 - .744 

2 Conifer 24 - .054 - .152 
sap 1 ing 25 - .324 - .119 

3 Selective cutting, 9 - .797 - .408 
15-20 year cycle 

3 Control 1 - .480 .245 
2 - .591 .ll8 

Course 
number 

Cond i t ion 
Coefficient of correlation 

Accumulation Me1 t 



CONIFER STEM DENSITY, INCHES PER ACRE 



Figure 4.--Relation of canopy closure io stern density. 

i n  a f o r e s t  stand, accumulation o r  melt is not  cons i s t en t ly  
r e l a t e d  t o  t h e  amount of  overhead canopy; ye t  t he re  is a 
cons i s t en t  and r a t h e r  c lo se  r e l a t i o n s h i p  f o r  average accumu- 
l a t i o n  and melt wi th in  a s tand  and average canopy opening. 
Put another  way, po in t  accumulation and m e l t  is a funct ion 
of a canopy a rea  e i t h e r  g r e a t e r  o r  l e s s  than t h a t  measured 
by t h e  densiometer. No c o r r e l a t i o n  was apparent between 
accumulation o r  melt and number and loca t ion  of t r e e s  wi th in  
10  f e e t  of t h e  sampling poin t .  Thus t h i s  study produced 
l i t t l e  information on the  f a c t o r s  governing snow accumula- 
t i o n  and melt a t  any one sampling poin t .  

I n t e r c e p t i o n  

a n d  S n o w  F r o s t  

A f e a t u r e  of t he  f o r e s t  snow cover were t h e  wells  be- 
neath s ap l ing  coni fers .  These a r e  formed by in te rcept ion .  
We excavated a snow p r o f i l e  beneath a 3-inch balsam f i r  
about 20 f e e t  t a l l .  The snow depth a t  t h e  well bottom, 
d i r e c t l y  beneath t h e  t r ee ,  measured 16 inches. Jwt ou t s ide  
t he  a r ea  covered by t h e  crown, snow depth was 56 inches. 
This p a r t i c u l a r  well  was 40-inches deep. Beneath t h e  16- 
inch snow, concre te  f r o s t  extended t o  a depth g r e a t e r  than 
6 inches. But a t  t h e  crown edge, unfrozen s o i l  was picked 
up a t  t h e  bottom of  a snow-tube sample. Sakharov (1945) has 
a t t r i b u t e d  t h e  occurrence of deeper f r o s t  beneath spruce 
understory t o  in te rcept ion .  Fros t  formations of t h i s  kind 
under a t r e e  may delay its growth i n  t he  spring.  

Snow measurements taken i n  t he  Adirondacks i n  t h e  
sp r ing  of 1959 showed t h a t  t h e  snowpack i n  hardwood sap l ing  
and sawtimber s tands  contained two more inches of water than 
t h e  snowpack i n  balsam f i r  and red spruce s tands.  I n  hard- 
wood s tands  snow melted about twice a s  f a s t  as  i n  -coni fe r  
s tands,  and snow disappeared about 9 days e a r l i e r .  I n  mixed 
con i f e r  and hardwood stands, snow accumulation and melt were 
intermediate .  Average accumulation and melt  values f o r  t he  
snow courses were co r r e l a t ed  with canopy c lo su re ;  and canopy 
closure,  i n  turn, appeared t o  be co r r e l a t ed  with t h e  summa- 
t i o n  of inches of t r e e  diameter per  acre.  



Gerdel, R. W. 
1945. Discussion. (Hydrology of small watersheds under 

winter  condit ions of snow-cover and frozen s o i l ,  by 
Walter U, Garstka) . Arner. Geophys. Union Trans. 
1944: 871-874. 

Horton, Robert E. 
1945. I n f i l t r a t i o n  and runoff during t h e  snow-melting 

season, with forest-cover. Amer. Geophys. Union 
Trans. 26: 59-68. 

Lemmon, P. E. 
1957. A new instrument f o r  measuring f o r e s t  overstory 

densi ty.  Jour. Forestry 55: 667-669. 

Maule, W. L. 
1934. Comparative values of c e r t a i n  f o r e s t  cover types i n  

accumulating and r e t a i n i n g  snowfall. Jour. Forestry 
23: 760-765. 

Mil ler ,  David H. 
1955. Snow cover and cl imate i n  t h e  S i e r r a  Nevada Cal i-  

fo rn ia .  Univ. C a l i f .  Geog. Pub. vol.  11. 218 PP., 
i l l u s .  Berkeley. 

Pierce, Robert S., Lull,  Howard W., and Storey, Herbert C. 
1958. Inf luence of land use and f o r e s t  condit ions on s o i l  

f reez ing  and snow depth. Forest  Sc i .  4: 246-263. 

Sakhar~V, M. I. 
1945. Factors  con t ro l l ing  f o r e s t  s o i l  f reezing.  

U. S. Forest  Serv. Trans la t ion  370, from Russian, 
S o i l  S c i .  8. 1945 (Pedology): 381-402. 

Sartz ,  Richard S., and Trimble, George R., Jr. 
1958. Snow s torage  and melt i n  a northern hardwood f o r e s t .  

Jour. Forestry 54: 499-502. 

Wellner, C. A. 
1948. Light  i n t e n s i t y  r e l a t e d  t o  s tand densi ty i n  mature 

- stands of  t h e  western white pine type. Jour. For- 
e s t r y  46: 16-19. 

AGRICULTURE-FOREST S E R V I C E - U P P E R  D A l B Y  


