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R i c h a r d  S .  Sar tz  

N o r t h e a s t e r n  F o r e s t  E x p e r i m e n t  S t a t i o n  
F o r e s t  S e r v i c e ,  U .  S .  D e p t .  A g r i c u l t u r e  

I AM GOING t o  t e l l  you about our snow and f r o s t  work on 
t h e  Hubbard Brook Experimental Fores t  i n  t h e  White 
Mountains of New Hampshire. Hubbard Brook i s  one o f  

s e v e r a l  experimental  a r e a s  s c a t t e r e d  throughout t h e  country 
on which personnel o f  t h e  United S t a t e s  Fores t  Service  a r e  
seeking t o  l e a r n  how d i f f e r e n t  kinds of f o r e s t s  and methods 
of managing them a f f e c t  streamf low behavior. Formerly known 
a s  "Forest  Inf luences  Research,!! t h i s  work i s  now o f f i c i a l l y  
c a l l e d  !!Watershed-Mana.gement Research" i n  t h e  Forest  Service.  

Some of you may be acquainted wi th  t h e  work t h a t  i s  
being done, f o r  example, a t  t h e  San Dimas Experimental For- 
e s t  i n  Southern Ca l i fo rn ia ,  a,t Covveeta i n  North Carolina,  o r  
a t  t h e  Frazer  Experimental Forest  near  t h e  Cont inenta l  D i -  
v ide  i n  Colorado. The Hubbard Brook Experimental Forest  i s ,  
you might say, New England's counterpar t  of experimental 
a reas  such a s  those.  

%alk presented at  the Fourteenth Annual Meeting of the Eastern Snow Confer- 
ence, Syracuse, N.Y., February 7-8, 1957. 



The experimental fo re s t  i s  located about 13 miles 
north of Plymouth, New Hampshire, i n  the White Mountain Na- 
t i o n a l  Forest. It co;vers about 7,500 acres--most of t he  
Hubbard Brook Watershed. The t e r r a i n  i s  steep, rugged, and 
rocky, typ ica l  of t h e  glaciated mountains i n  t h a t  pa r t  of 
t h e  country. 

A T W O - P H A S E  P R O G R A M  

OUR MINTER PROGRAM of research here i s  centered 
around two d i s t i n c t  e f fo r t s .  One i s  the  continuous recording 
of streamflow and the  periodic measurement of f r o s t  and snow 
on small gaged watersheds. We need t h i s  kind of data  f o r  
d e t e d n i n g  the  relat ionships between these variables  and 
streamflow on those individual watersheds where the  e f f ec t s  
of vegetation changes w i l l  eventually be studied. We a l so  
use t h i s  periodic measurement program as  a proving ground, 
so t o  speak, Tor d i f fe ren t  sampling techniques and measuring 
devices. 

I n  t h e  other  phase of our program, study p lo t s ,  in- 
stead of whole watersheds, a r e  t he  basic  research area. P lo t  
studies--or spec ia l  s tudies  a s  Re sometimes c a l l  them--are 
made t o  f ind out,  f o r  example, how d i f f e ren t  i n t e n s i t i e s  of 
cu t t i ng  a f f e c t  t he  incidence and depth of s o i l  f reez ing  o r  
the  accumulation and melt of snow. Although these s tudies  
a r e  independent of the watershed s tudies ,  they a r e  designed 
t o  give us t he  basic information t h a t  w i l l  be needed t o  
cor rec t ly  i n t e rp re t  the  r e su l t s  of t he  watershed studies.  

As our program i s  only i n  i t s  second year of opera- 
t ion ,  we do not ye t  have many spec ia l  s tud ies  under way. 
However, we have completed one study on the  e f f ec t  of small 
hardwood fo re s t  openings on the accumulation and melt of 
snow. (This has been reported i n  the  August 1956 Journal of 
Forestry.) We a l so  have one complete seasont s measurements 
of f r o s t  and snow on one of our gaged watersheds. The re- 
mainder of my time w i l l  be given t o  discussing the  resu l t s  
and the  techniques we used i n  taking these measurements. 

T H E  AREA 

& T,HE M E A S U R I N G  P R O C E D U R E S .  

THE AREA on which the  data were taken i s  a small, 
wedge-shaped watershed about five-eight 1 s of a mile long 



and about 40 ac res  i n  a rea .  It faces  southeast .  The avera,ge 
s lope i s  about 25 percent.  The f o r e s t  cover i s  mostly saw- 
t imber and pole-si ze nor thern hardxoods. 

We hzve t h r e e  precipitat ion-measuring s t a t i o n s  on t h e  
a rea .  These a r e  about equal ly  spaced i n  hor izon ta l  d i s t ance ,  
but not v e r t i c a l l y .  S t a t i o n  No. 1 i s  near  t h e  stream-'gaging 
i n s t a l l a t i o n .  The e leva t ion  here i s  1,600 f e e t .  S t a t i o n  
No. 2 i s  a t  an  e leva t ion  of about 1,830 f e e t ,  and S t a t i o n  
No. 3 a t  about 2,400 f e e t .  S t a t i o n  No. 3 i s  .just about 50 
yards below t h e  top  of t h e  watershed. 

Each s t a t i o n  has a standard r a i n  gage mounted i n  t h e  
cen te r  of a c i r c u l a r  opening on which a l l  t h e  t r e e s  have 
been cut .  The diameters of t h e  openings a r e  80 t o  120 f e e t  
--about twice t h e  height  of t h e  surrounding t r e e s .  The gages 
a r e  equipped wi th  modified A l t e r  1 windshields and a r e  tilt- 
ed so t h a t  t h e  o r i f i c e s  a r e  p a r a l l e l  wi th  t h e  slope,  accord- 
i n g  t o  t h e  recommended p r a c t i c e  f o r  p r e c i p i t a t i o n  measuring 
i n  mountainous t e r r a i n .  To have t h e  gage and windshield 
c l e a r  t h e  su r face  of t h e  snow with  an  expected snow pack of 
4 o r  5 f e e t ,  t h e  gages had t o  be i n s t a l l e d  wi th  t h e i r  o r i -  
f i c e s  about 7 f e e t  above t h e  ground. 

To check t h e  ca tch  o f  t h e  gages, a snow board was put  
ou t  a t  each s t a t i o n .  This i s  simply a n  18- by 24-inch piece  
of plywood covered w i t h  white f l a n n e l .  Snow accumulation 
s i n c e  t h e  last v i s i t  was measured by t a k i n g  a core  from t h e  
board wi th  t h e  rain-gage funnel.  

A s  a f u r t h e r  check, and a l s o  f o r  poss ib le  c lues  a s  t o  
t h e  amount of sublimation l o s s e s  from t h e  snowpack, t h e  ten- 
t e r s  of t h e  openings were c lea red  of s l a s h  and o t h e r  ob- 
s t r u c t i o n s  so  t h a t  snow-tube measurements could be taken 
concurrent ly  wi th  measuring t h e  gage and snowboard catches.  

Since t h e  amount of snow t h a t  accumulates i n  t h e  
openings would d i f f e r  from t h e  amount t h a t  accumulates i n  
t h e  woods, permanent snov courses were layed ou t  i n  t h e  
woods j u s t  south  of each p r e c i p i t a t i o n  s t a t i o n .  The da ta  
from t h e s e  courses a r e  used t o  determine t h e  amount of snorv 
on t h e  watershed. 

S t a t i o n  No. 1 has, i n  a d d i t i o n  t o  t h e  s tandard gage 
and snowboard, a recording p r e c i p i t a t i o n  gage and a n  i n s t r u -  
ment s h e l t e r  t h a t  houses a hygrothemograph, a s tandard 
thermometer, and maximum and minimum thermometers. 



Ali s t a t i o n s  were v i s i t e d  once a week throughout t h e  
year.  On t h e s e  weekly v i s i t s ,  c h a r t s  were changed, thermo- 
meters were read and r e s e t ,  and t h e  gage catch was weighed. 
Pres tone and o i l  were added a s  necessary. Snow depth and a 
core  f o r  weighing t h e  water equivalent  were taken from t h e  
snowboard, and t h e  board was r e s e t  on t h e  new snow surface .  

Ten snowpack measurements were t aken  i n  each opening 
and on each snow course i n  t h e  woods. Xe used t h e  M t .  Rose 
snow tube and t u b u l a r  sca les .  We s t a r t e d  measuring snowpack 
water equivalent  only a f t e r  a continuous snowpzck of  1 t o  2 
inches  of water had begun t o  b u i l d  up. The snow courses i n  
t h e  woods serve  a l s o  a s  f r o s t  coilrses. A t  each sampling 
po in t  we checked f o r  concrete  f r o s t  i n  t h e  ground, and where 
it was found we measured t h e  depth o f  f reez ing .  

R E S U L T S  O F  1 9 5 5 - 5 6  F R O S T  S U R V E Y  

THERE IS ,  I bel ieve,  a r a t h e r  n i d e l y  held b e l i e f  
among laymen about f r o s t  i n  t h e  ground. It i s  t h a t  s o i l  
f r e e z i n g  i s  simply a funct ion of a i r  temperature: sometime 
i n  e a r l y  winter  t h e  ground begins t o  f reeze  and t h e  f r o s t  
g e t s  progress ively  deeper a s  long a s  sub-freezing t empera- 
t u r e s  p e r s i s t .  The weakness of t h i s  theory  i s  t h a t  it over- 
looks t h e  f a c t  t h a t  t h e r e  a r e  o t h e r  important va r iab les  t h a t  
a f f e c t  s o i l  f reezing.  I n  a repor t  he gave a t  last y e a r f  s 
meeting a t  Hanover, Robert Pierce ,  of our  organizat ion,  re- 
por ted t h e  in f luence  o f  land use, o r  type  of ~ e g e t a t i o n . ~  
One of t h e  main po in t s  o f  h i s  r epor t  was t h a t  m-zch l e s s  con- 
c r e t e  f r o s t  was found i n  hardv~ood f o r e s t s  than i n  softwood 
f o r e s t s  o r  on nonfores t  land. 

Our measurements o f  l a s t  winter  a l s o  showed r e l a t i v e -  
l y  l i t t l e  f r o s t  under hardwoods. F ros t  was f i r s t  found on 
January 3. The 2-week per iod t h a t  preceded t h i s  d a t e  was 
t h e  co ldes t  s p e l l  of t h e  year.  The average mean d a i l y  tem- 
p e r s t u r e  f o r  t h i s  per iod was ,!+OF. The minimum recorded was 
-23'. 

The highest  incidence (percent  of ground f rozen)  o f  
concrete  f r o s t  was 23 percent .  This was found on January 

2 ~ i e r c e ,  Robert S. The e f f e c t  o f  land use on the depth and durat ion  of s o i l  
f r e e z i n g  i n  the Northeast .  k p e r  presented at  the  Thirteenth Annual Meeting of 
the Eastern S n w  Conference, Hanover, N.H. , February 9-10, 1956. 



FIGURE I. --Snow- 
p a c k  d o e s  n o t  ac -  
c o u n t  f o r  a l l  t h e  
p r e c i p i t a t i o n  i n  
w i n t e r  and  e a r l y  
s p r i n g .  

GAGE CATCH AT DATE 
OF MAXIMUM SNOWPACK 

0 

STATION I STATION 2 STATION 3 

30, a t  which time t h e  snowpack averaged about 8 inches  deep. 
The average f r o s t  depth a t  p o i n t s  where it was found on t h a t  
day was 2.6 inches .  Coincidenta l ly ,  t h i s  was a l s o  t h e  aver- 
age  depth f o r  a l l  p o i n t s  f o r  t h e  whole season. The maximum 
depth measured dur ing  t h e  season was 6.0 inches.  

I n  genera l ,  what f r o s t  t h e r e  was had gone ou t  of t h e  
ground by February 27. The snowpack was about 22 inches 
deep then.  We d i d  f i n d  f rozen ground a t  one sampling point ,  
hoi~ever,  on March 12. This was under 23 inches  of  snow, t h e  
l e a s t  depth recorded on t h a t  day. According t o  such observa- 
t i o n s  a s  we were a b l e  t o  make wi th  snow on t h e  ground, where 
we d i d  f i n d  f r o s t ,  i t  was usua l ly  a t  p laces  where t h e  miner- 
a l  s o i l  had been exposed by windthrow o r  o t h e r  n a t u r a l  oc- 
currences.  

T H E  1 9  5 5 - 5 6 S N O U 7 P A C K  

SOME OF YOU mag have been wondering why, a s  long a s  
we measure t h e  water content  of t h e  snowpack, we a l s o  meas- 
u re  p r e c i p i t a t i o n  . a s  it f a l l s .  This would be a p e r f e c t l y  
n a t u r a l  ques t ion ,  s i n c e  streamflow i s  much b e t t e r  c o r r e l a t e d  



with water  content  of t h e  snowpack a t  t ime of melt than it 
i s  wi th  seasona l  p r e c i p i t a t i o n .  

There a r e  two good reasons f o r  it. F i r s t  of a l l ,  w e  
need t o  know p r e c i p i t a t i o n  on t h e  watershed by days, months, 
and seasons f o r  water-accounting purposes. The second 
reason i s  t h a t  i n  t h i s  p a r t  of t h e  country, a s  contras ted 
with t h e  mountains of t h e  West, snowpack measurements do not 
always account f o r  a l l  of t h e  p r e c i p i t a t i o n  t h a t  f a l l s  dur- 
i n g  t h e  win te r  and e a r l y  spr ing.  

FIGURE 2. --Snow- 
pack water equiv- 
a l e n t  under for-  
e s t  canopy. The 
drop i n  January 
shows t h e  e f f e c t  
of a thaw. 
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Figure 1 i l l u s t r a t e s  t h i s  point .  This shows t h e  ac- 
cumulated gage ca tch  f o r  each gage from December 5, when t h e  
f i r s t  snowpack measurements mere made, t o  March 19, a s  com- 
pared wi th  t h e  water  content  of t h e  snowpack a t  t h e  p rec ip i -  
t a t i o n  s t a t i o n s  on t h e  peak d a t e  of March 19.  The f igures  
a r e :  f o r  S t a t i o n  No. 1, gage ca tch  13.1 inches,  snowpack 9.7 
inches;  S t a t i o n  No. 2, 13.8 and 11.0; S t a t i o n  No. 3 ,  14.4 
and 13.4. Differences were due, bes ides  normal snowpack 
l o s s e s ,  t o  a per iod  of thaw accompanied by heavy ra ins  dur- 
i n g  t h e  second week of January. 

The e f f e c t  of midwinter thaw s--quite common occur- 
rences i n  t h e  Northeast--is f u r t h e r  i l l u s t r a t e d  i n  Figure 2. 
This g ives  t h e  snonpack p i c t u r e  under t h e  f o r e s t  canopy i n  
inches of water f o r  t h e  whole season. Measurable amounts of 
snow began t o  accumulate e a r l y  i n  December. By January 3 
t h e  depth averaged 1 6  inches  and t h e  water  content 2.8 in-  
ches. Then we had t h e  thaw. Nearly 2 inches of r a i n  f e l l  



a long  wi th  it. The snowpack almost disappeared i n  a few 
days, and rnos t of t h e  r a i n f a l l  went d i r e c t l y  i n t o  streamflow, 
a long  wi th  t h e  water  from t h e  mel t ing  snowpack. 

Af te r  t h e  January thaw, a second snowpack began t o  
b u i l d  up, and t h i s  continued f o r  t h e  r e s t  o f  t h e  normal 
season. The peak i n  t h e  woods was reached on Apr i l  3, when 
water equivalents  ranged from 7.6 t o  11.6 inches.  Snow 
depths on t h a t  day were from 25 t o  38 inches.  

Spr ing was l a t e  i n  coming i n  1956. Although t h e  snow 
had gone from t h e  lower par t  o f  t h e  watershed, and t h e  buds 
were beginning t o  open, t h e r e  were s t i l l  5.8 inches  o f  snow 
containing 2.1 inches  o f  water a t  S t a t i o n  No. 3 on A p r i l  30. 

C O M P A R I S O N  O F  G A G E  C A T C H ,  

S N O W B O A R D ,  & S N O W P A C K  M E A S U R E M E N T S  

A COMPARISON among gage catch,  snowboard, and snow- 
pack measurements i s  shown i n  Figure 3. The gage and snow- 
board f i g u r e s  a r e  t o t a l s  o f  s i x  weekly measurements, and t h e  
snov~pack f igures  a r e  t o t a l s  o f  t h e  weekly increments t o  t h e  
snowpack dur ing t h e  same period. Only 6 weeksf measurements 
were used because only s i x  snowboard catches were meaningful 
f o r  t h i s  k ind o f  comparison. Since  a l l  measurements were 
made a t  weekly i n t e r v a l s ,  t h e  snow-board values  f o r  those  
weeks dur ing which r a i n f a l l  o r  thaw occurred were useless.  

FIGURE 3. --A com- 
parison of meas- 
urements by gage 
catch, snowboard, 
and snowpack. 

STATION 2 



The differences between gage, snowboard, and snowpack 
a r e  not s t a t i s t i c a l l y  s ign i f icant .  I n  a sample of only s i x  
observations, individual  deviations would have t o  be i n  re- 
l a t i v e l y  close agreement with each other  t o  show a s ign i f i -  
cant  relat ionship.  I n  t h i s  case, the  individual  deviations 
were not even always i n  t he  same direct ion.  

This could be due e i t h e r  t o  sampling e r r o r  o r  t o  
na tura l  c l imatic  causes. For example, t h e  snowpack could 
lose  water through both sublimation a t  the  surface and melt  
a t  the  ground l i ne .  O r  the  weekly snowboard catch could 
have f a l l e n  l a t e  i n  the  week, a f t e r  t h e  snowpack had already 
l o s t  water through sublimation. Windiness during snowfall 
would, of course, a f f ec t  gage catch, and d r i f t i n g  could a f -  
f e c t  e i t h e r  o r  both snowboard and snowpack accumulations. 
I n  view of these poss ib i l i t i e s ,  the  lack of consistency be- 
tween individual  values does not seem surprising. 

The lower f igures  a r e  t he  values expressed a s  a per- 
centage of t he  snowboard catch. It i s  i n t e r e s t ing  t h a t  t he  
r e l a t i ve  difference between the  snowboard and snowpack meas- 
urements was almost exactly the  same a t  a l l  th ree  s ta t ions ,  
t he  respective values being 97.6, 97.5, and 97.5 percent. 
The gage catch was the  l a rges t  value a t  Stat ions No. 1 and 
No. 2, but the  smallest  a t  S t a t ion  No. 3. Expressed i n  terms 
of gage catch, t he  snowpack measurements were 4.7 and 7.4 
percent l e s s  f o r  Stat ions No. 1 and No. 2, but 5.8 percent 
more for  S t a t ion  No. 3. 

I n  studying r e l a t i v e  efficiency of d i f f e r en t  types of 
gages and sh ie lds  i n  the  mountains of t h e  West, Helmers3 and 
Warnick4 made s imi la r  comparisons. I n  Helmers study the. 
snowpack measurements fo r  two periods were 29.5 and 14.5 
percent greater  than the  catch of the  "bestlf gage (a  record- 
i ng  gage with s te reo  o r i f i c e  and t i l t e d  sh ie ld) .  Warnick 
compared various gage catches with snowboard measurements i n  
t he  same manner t h a t  we did. For nine periods of snowfall 
t h a t  t o t a l l e d  about 30 inches of water, h i s  gage catches 
ranged from 5.8 percent l e s s  t o  8.2 percent more than the  
snowboard value. Our comparable f igures  a r e  8.3 percent l e s s  
a t  S t a t ion  No. 3 and 5.4 percent more a t  S ta t ion  No. 2. 

3 ~ l m e r s ,  Austin L Precipitation measurements on windswept s lopes .  Amer. 
Geophys. Union Trans. 35: 471-474. 1954. 

%'arnick, C.C. Influence of wind on ~ r e c i p i t a t i o n  measurements a t  high a l t -  
itudes. Univ. Idaho Engin. Expt. Sta. Bul. 10. 63 pp. 1956. 



E F F E C T  O F  E L E V A T I O N  

THE EFFECT of e levat ion on snowfall can be seen i n  
Figure 3 a s  well  as  i n  Figure 1 and Figure 2. Figure 1 per- 
haps shows it more clear ly.  The snowpack difference i s  sorne- 
what grea te r  than the gage catch difference. This i s  a s  
would be expected since, even with the  same precipi'tation, 
the  snowpack would change with elevat ion because of tempera- 
t u re  differences.  However, def ic ien t  gage catch, par t icu lar -  
l y  a t  S ta t ion  No. 3,  might have made the  gage differences 
l e s s  than the  ac tua l  prec ip i ta t ion  differences.  
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