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It i s  well knob tha t  freezing and thaving of the surface so i l  and 
humus greatly af fec t  t h e i r  capmity t o  absorb watero Post and Dreibelbis 
(9 i n  Ohio reported tha t  percolation was materially reduced o r  ceased 
ent i re ly  when the f r o s t  depth was thkee inches or greater-, They also 
s tated that 'freezing of the surface s o i l  undoubtedly has. considerable 
influence on the base f l o w  of streams.' Lassen and M u n n s  (2)  concluded 
tha t  the structure, penetration, persistence, and areal extgnt of f r o  s t  
are direet ly influenced by the vegetative cover, especially foreat,  and 
by snow, Observakions i n  t h i s  region indicate tha t  problem areas ex i s t  
where f ros t  has a deaided effect  upon punoff, In the hydrologic analysis 
required f o r  the Columbia River Flood-control survey, ,data on f r o s t  
occurrence, character, and are needed, 

The author's thanks are extended to al3 who assisted i n  carrying out 
t h i s  f r o s t  study, especially t o  X, We Stevenson and Go A, Garrison f o r  
assistance i n  establishing the f ros t ;p lo ts  and observing the freezing 
conditioss in  eastern Oregon, and t o  R, S, R m e l l  and B, We Steele 
for-assis tance i n  establishing the plots  i n  easkern Washington and the 
Wind River Experimental Forest, respeotively. 
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This paper summarizes t h e  d a t a  obtained from a prel iminary study and 

n 

makes some i n t e r p r e t a t i o n  of t h e i r  hydrologic significance. 1% does not  
attempt t o  answer t h e  many quest ions t h a t  might be r a i s e d  regarding s o i l  
freezing.  Rather, it serves as ta progress r e p o r t  ou t l in ing  problem areas,  
types, and conditions. It i s  hoped t h a t  it may be useful  i n  planaing and 
designing f u r t h e r  f r o s t  and ,snow s t u d i e s  i n  t h e  region. 

The d a t a  i n  t h i s  paper were co l l ec ted  during t h e  winter and spring 
of 1949-50. The experimental a r e a  included t h e  Cascade Bange and t h e  
range lands i n  eas te rn  Oregon and Washington. Forty-five experimental 
p l o t s  were located  on representa t ive  s i t e s  i n  t h e  fol lowing f o r e s t  and . 
range types  s 

Ungraeed f o r e s t :  Douglas-f i r  (west s lope) 
Lodgepole pine (west s lope) 
Lodgepole p ine  (east s lope)  
Upper slope mixture 

Forested range: Pondero s a  pine (o ld  growth) 
Pondero s a  pine ( second growth) 
Ponderosa p ine  and grass 

Bonforested range s Grass (east-side range) 
Sagebrush (east- s ide  range) 

Fourteen o f  these  p l o t s  were located along Highway 50 between Zigzag, 
Oregon and Maupin; eight  i n  t h e  Trout Creek watershed a t  t h e  Wind Biver 
Experimental Fores t  near Carson, Washington; f i f t e e n  along Uo Se Highray 10 
between Borth Bend, Washington and Vantage; and e i g h t  p l o t s  i n  ponderosa 
pine and grass, and i n  sagebrush types  near La Grande, Oregon. 

&st of t h e  p l o t s  were es tabl ished i n  t h e  f a l l  of 1949 before the 
ground was covered wi th  =OW, so t h a t  the  s o i l  and vegeta l  cover d a t a  
could be accura te ly  ~ e c o ~ d e d ,  The p l o t s  were located  i n  a reas  access ib le  
from highways t h a t  reniained open throughout t h e  winter.  Each individual  
p l o t  consisted of a c i r o u l a r  area, approximately one acre  i n  size,  wholly 
wi th in  one p a r t i c u l a r  forest o r  range type, The center  of each p l o t  was 
marked wi th  a stake and used throughout t h e  observation period as a re fe r -  
ence po in t  from which to loca te  t h e  ac tua l  sampling spots  during the 
per iodic  observations. ahan the  o r i g i n a l  p l o t  was established,  a pit was 
dug t o  t h e  C horizon and t h e  s o i l  p r o f i l e  described. Data on topography, 
vegetation, and geology were alaa reoorded a t  t h i s  time, Tha loca t ions  
of t h e  p l o t s  were shown on t h e  U. S. Geological Survey quadrangles. 

Periodic ' -observations were made monthly throughout t h e  winter  and 
biweekly during t h e  spr ing wow-melt period. Each time the p l o t s  were 
v i s i t e d  t h e  soil sur face  was exmined for f r o s t  occurrence a t  paired spots.  



On t h e  f i r s t  v i s i t  these  were located  one pace nor th  and south of the 
center  stake; the  second t h e ,  one paoe e a s t  and west of the  center ,  
This procedure was followed throughout the  observation period, increasing 
t h e  d is tance  from the  center  by one pace each t ime the  p l o t  was v i s i t e d  
so t h a t  the  s o i l  and snow r m a i n e d  undisturbed where the  observations 
were made, 

The per iodic  observations a t  each p l o t  included.. s m  depth; snow 
water equivalent; f r o s t  depth, type, and loca t ion  i n  t h e  m i l  p r o f i l e ;  
and s o i l  moisture, Snow depth and water equivalent  were measured wi th  
the standard snow sampling tube and balance. The depth and type of f r o s t  
were observed i n  a seet ion of  t h e  s o i l  p r o f i l e  removed wi th  a t i l e  spade. 
m e r e  t h e  snow depth was over t h r e e  f e e t ,  a sect ion of t h e  top  s o i l  was 
removed wi th  t h e  cu t t ing  head of the  snow sampling tube and t h e  soil and 
f r o  st condit ions observed, 

F ros t  s t ruc tu re  was c l a s s i f i e d  i n t o  t h e  t h r e e  general  types  described 
by Post  and Dreibelbis  (1)  i n  Ohio, as, "concrete," "honeycomb," and 
"stalactite." " ~ o n c r e t e ~  f r o s t  i s  character ized by many very t h i n  "ice 
lenses, " small c rys ta l s ,  . a d  an extremely dense s t ructure ;  "honeycomb" 
f r o s t  has a loose porous structure and permits  f r e e  vapor movement, while 
" s t a l a c t i t e w  f r o s t  s t r u c t u r e  i s  characterized by many mall  needle-like 
i c e  c r y s t a l s  al igned v e r t i c a l l y  and connecting t h e  heaved surface t o  t h e  
s o i l  below, S t a l a c t i t e  f r o s t ,  when p a r t l y  thawed and remelted, o f t e n  has 
impermeable panes o r  l a y e r s  of ice at  the  base, An add i t iona l  type recog- 
n ized i n  t h i s  study was granular f r o s t ,  found general ly i n  t h e  l i t t e r  and 
F horizons i n  the  f o r e s t  and charaaterized by sca t t e red  granules of i c e  
binding t h e  l i t t e r  and F p a r t i c l e s  together. Granular f r o s t  appears ve ry  
porous and i s  e a s i l y  crushed i n  t h e  hands. The moisture content of t h e  
s o i l  a t  the surfaoe o r  below t h e  f r o s t ,  i f  t h e  ground was frozen, was 
estimated by squeezing a mall sample of t h e  s o i l  in t h e  hands, The s o i l  
was then a r b i t r a r i l y  c l a s s i f i e d  as dry, s l i g h t l y  moist, moist, o r  wet, 

To s h p l i f y  the presenta t ion of r e s u l t s ,  t h e  d a t a  have been assembled 
i n t o  t h r e e  physiog~aphic  groupss West slope f o r e s t s  of the Cascade Range; 
Eas t  slope f o r e s t s  o f  t h e  Cascade Range; and range lands of eas te rn  Oregon 
and ?fashington. Bach group w i l l  be d i  scus eed separa te ly ,  

, West Slope Forests of the  Cascade Range 

E f f e c t  of topography, elevation,  and snow depth on the occurrence of 
f r o s t ,  -- Snow beecan t o  accumulate i n  these  Fores ts  about t h e  f i r s t  
_II 

week of  December ;It e l eva t ions  above 1500 f e e t .  A s  t h e  temperature 
dropped w i t h  t h e  approach of winter,  t h e  f a l l  r a i n s  turned t o  snow, 
and t h e  f o r e s t  f l o o r  was protec ted  by a snow cover before t h e  s o i l  
w a s  exposed t o  f reez ing  temperature, The mow continued t o  aocumulate 
and t h e  s o i l  remained unfroeen throughout t h e  winter  under t h e  insu- 
l a t i n g  protec t ion of the deep snow pack. Bare ground was not exposed 
again u n t i l  w&mer weather had ar r ived,  



Table I shows the snow accumulation and recession during the winter 
of 1949-50. 

Effect of stand density on snow accumulation. -- Eight plots  were 
established on the Trout Creek watershed in  ]Douglas-fir stands which 
had undergone different cutting intensi t ies .  Ro of these plots  were 
i n  a clear-cut area, two i n  a stand where 40 percent of the volume 
had been removed, two in  a 20 percent cut, and the remaining two i n  a 
virgin stand which had a crown density of 90 percent. The topographic, 
geologic and vegetative conditions were the same on a l l  the plots. 

As the snow arrived l a t e  i n  the f a l l  and remained well in to  the spring, 
the s o i l  was free of f r o s t  throughout the winter. The plots, however, 
presented a good opportunity to  measure the ef fec t  of stand density on 
snow accumulation aud recesdon. 

There was no anow on the ground a t  the time the plots  were established 
on December 9, but a heavy snowfall occurred a few days later .  Due t o  
heavy snows i n  January, the area was inaccessible u n t i l  the middle of 
February. Table II shows how the intensi ty of cutting influenced the 
r a t e  o f  snow accumulation and recession; and Table 111 shows how it 
influenced the density of the snow pa&. Snow depth and density varied 
inversely with stand density throughout the winter. In l a t e  spring 
the snow i n  the clear-cut and partial-cut areas began to  melt more 
rapidly than i n  the dense stands. The clear-cut areas were f r ee  of 
snow f i r s t ,  the partial-cut areas next and the virgin area last .  A 1 1  
the p lo ts  were f r ee  of snow on Hay 24. Figure I shows the accumulation 
and recession graphically. 
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TABLE 11 

Snow Accumulation and Recession Under Different Crown Densities in 
Douglas-fir Type of Wind River Experimental Forest 

Crown : : Snow depth in inches on dates of observations. 
DensityrElevation: 12/9/49: 2/14/50: 3/22/50: 4/21/50: 5/15/50: 5/24/50 

: . . . . a 

0 : 1750' : O0On : 8O0OW: 56.0": 41.0": OeOn: 0.0' 

TABLE 111 

Rater Content of Snow Pack Under Different Crown Densities in 
Douglas-fir Type at Wind River Experimental Forest 

Crown r :Inches of w a t e r  in snow pack on dates of ob.servations. 
Density:Elevation: 12/9/49 2/14/50 : 3/22/50 4/21/50 . 0 * . a . . 0 

0 : 1750' 2 O,Otr : 28,0H : 27*OH : 19,o" 



Crown density--percent 

Figure I. -- Snm recession under different crow density 



Probable hydrologic significance of f r o s t  i n  the  west slope Cascade 
forests .  -- A s  a r e su l t  of t h i s  preliminary f r o s t  study it appears 
t ha t  f r o s t  i s  not an important fac tor  hydrologically i n  t he  west 
slope Cascade fo re s t  so - The f o r e s t  f loo; remained f r i a b l e  throughout 
the  winter and d id  not  appear to  be rnuoh l e s s  permeable t o  the  move- 
ment of water and a i r  than a t  other times of the year, 

Belotelkin ( 3 ) ,  i n  New Hampshire, i n  studies of ground freezing under 
d i f fe ren t  veFetal cover conditions, found t h a t  a good f o r e s t  cover 
had a favorable e f f ec t  on winter floods, Studies showed t h a t  two 
f ac to r s  were mainly responsible: (a )  delay of ground freezing p r i o r  
t o  snowfall i n  s o i l s  protected by t r e e  growth; (b) the  type of freez- 
ing ocourring i n  these so i l s ,  Under fo re s t  canopies, s o i l s  did not 
freeze u n t i l  continuous low temperatures s e t  in ,  Moisture present 
i n  the  l i t t e r ,  humus, and upper layers of mineral soil formed snow- 
l i ke  c rys ta l s  enabling the  s o i l  to  maintain a good degree of 
permeability f a r  i n to  t h e  winter, 

Cullings (4),  i n  New York, reported t h a t  the snow surveys found 
n l i t t l e  ore f r o s t  i n  the  ground where the snow exceeded 24 inches.* 
Roberts (5), i n  New Hampshire, alao found t h a t  a t  about 25 inches o f .  
snow the bound surf ace below the snow began t o  thaw. Bullard (6)  - 
made similar observations near Carson, Washington i n  1948 * 

Snowfall i n  most of the  west-slope Cascade fo re s t s  above 1500 f e e t  
usually s t a r t s  ea r ly  i n  the f a l l ,  accumulating to  well over 25 inches 
and remaining throughout the  winter and spring, It i s  not  l i ke ly  
t h a t  f r o s t  has much influence on runoff from t h i s  area,  

East Slope Forests of the Cascade Range 

Effect  of topography, elevation, and snow depth on the  occurrence of 
f ro s t ,  -- The upper slopes of the east-side Cascade fo re s t s  rernained - 
nearly  f ree  of f r o s t  throughout t he  winter, The snows arrived ea r ly  
and remained qui te  deep throughout the  winter and spring. There was 
some l i g h t  granular f r o s t  i n  the l i t t e r  i n  the  upper-slope f o r e s t  
before the  snow had accumulated t o  a depth of more than a few inches, 
but it remained only f o r  a short  period, The f r o  s t  disappeared when 
the snow depth reached about 30 inches and the s o i l  renained moist 
throughout the  r e s t  of the  winter. The lodgepole pine stands on the  
e a s t  slope remained f r e e  of f r o s t ,  

A t  lower elevations i n  the ponderosa pine type the snow s ta r ted  to  
accumulate l a t e r  i n  the  f a l l ,  did not build up as  deep a pack, and 
melted e a r l i e r  i n  the  spring. Here spotty freezing was noted. 
However, a t  no time were there large areas of frozen ground. The 
f r o s t  was confined t o  places where the snow was shallow or  near the  
base of t r e e s  where the m i l  was exposed, This freezing was confined 
t o  the l i t t e r  and F horizons i n  most oases, and usually was a 
permeable granular o r  honeycomb f r o  st, 



Two p l o t s  in  the ponderosa pine type d id  have ooncrete f r o s t  i n  the  
top horizons about the  middle of January, but one month l a t e r  a l l  
t h i s  f r o s t  had disappeared, Though the snow was 26 inches deep 
where t h i s  f r o s t  occurred, most of the  snow pack was f resh ly  fa l len,  
and it i s  believed t h a t  the f r o s t  formed before the  new snow arrived. 
In March, a f t e r  t he  snow began t o  melt on the southern exposures, 
patchy spots of ooncrete and honeycomb f r o s t  began t o  form. Most of 
t h i s  f r o s t  appeared t o  be the r e su l t  of low temperatures a t  night  
and usually melted each day. Observations made l a t e  i n  the a f te r -  
noon usually showed no f ro  s t  where an inch or  two had been present 
in the  morning, This da i ly  freezing and thawing usually resulted 
i n  a s t a l a c t i t e  type f r o s t  which appeared t o  cause the  s o i l  t o  
f rac ture  and heave near t he  surface; it continued into April on the 
south expo sure so 

Yfhere there was snow covering the s o i l  surfaoe, no freezing was  
noted even though the s o i l  was moist below the snow. More and more 
of the  s o i l  surface became exposed t o  freezing temperatures as 
spring approached, but the a rea l  extent of f r o s t  remained about 
the same, A s  the  s o i l  surface on the southern exposures began t o  
dry out about the  middle of April, f r o s t  no longer appeared. The 
northern slopes, however, began t o  expose surface s o i l  t o  nocturnal 
freezing about t h i s  time, and freezing and thawing similar t o  t h a t  
on the southern exposure took place. The northern exposures seemed 
t o  lag behind the  southern about t h r e e  t o  four weeks with regpeot 
t o  snow melt and the occurrence of f r o s t  

Table TV shows the occurrence of f r o s t  and the accumulation and 
recession of' snow f r o m  Deeember through April.  

The ~bservations show some l i g h t  freezing i n  December before the snow 
was very deep. Ia January the f r o s t  was beginning t o  disappear with 
increased snow depth. Two addit ional p l o t s  were established i n  the 
ponderosa pine a t  t h i s  time, By February there was no f r o  s t  anywhere. 
In March the snow began t o  recede and some l i gh t  ground freezing was 
noted. In A p r i l  the frast was completely out of the ground on a l l  
the east-slope Cascade p lo ts ,  

to have an influegee on i n f i l t r a t i o n  of snow melt water to t he  f o r e s t  
s o i l s  of the eaat-slope Cascade fores t s ,  

In general the f r o s t  was  r e s t r i c t ed  to  small areas  and in most cases 
it was a permeable type of f ro s t ,  The impermeable f r o s t  t h a t  was 
found occurred near the base of tpees and on wind-mpt  areas where 
the snow melted ear ly  and the bare moist s o i l  was exposed t o  low 
teraperatures a t  night,  



Snow and Frost Conditions in  the East Slope Cascade Forests 

1/ A l l  observations were made during the las t  two weeks of each month. 
YSnm and frost depth i n  inches. 
I/ &Granular frost, C-Concrete frost, GC-Granular and aoncrete frost .  



Range Lands of Eastern Oregon and Fashington 

Effect of topography, vegetal cover, and snow depth of the  occurrence 
and character of f ro s t .  -- Six p lo t s  were established i n  eastern 
Oregon and four i n  eastern Vashington to  determine the occurrence 
and character of f r o s t  i n  the  forested andnonforested range land 
types, Only two o f  these 10 p lo ts  were established before t he  winter 
snbw arriveh, so it was not to  follow the freezing condi- 
t i ons  throughout the winter as  was done -&th the fo re s t  types i n  the 
Cascades, 

The f i r s t  two p lo t s  were established i n  December i n  "poor conditionn 
nonforested range land near Ellensburg, Tashington. The cover on 
these two p lo t s  indicated t h a t  the  range had been used heavily. 
Bitterbrush, rabbitbrush, cheatgrass, mullein, plsntain, and Caaada 
t h i s t l e  were the predominant species on the plots ,  with a cover den- 
s i t y  of about 40 percent. Both p lo t s  were established on nearly 
level  land. The top few inches of the s o i l  were compacted from heavy 
grazing. The s o i l  was a gravelly s i l t  loam, with f a i r  drainage. 

When these two p lo t s  were established there was no snow on the ground, 
and a two-inch depth of concrete f r o s t  was observed i n  the surface 
so i l ,  One month l a t e r '  there  were 13 inches of new snow, and the 
f r o s t  had penetrated t o  a depth of 7.5 inches, This snow had f a l l e n  
a few days before the observations were made, and it i s  believed 
t h a t  the deeper f r o s t  developed while the  surface w a s  f r ee  of snow. 
I n  February, one month l a t e r ,  the  snow had se t t l ed  to  10 inches and 
the f r o s t  was  only 2.3 inches deep, Over f i v e  inches of concrete 
f r o s t  had melted under t he  insulating e f f ec t  of the snow. This melt- 
ing had s ta r ted  a t  the  bottom of the f r o s t  1 ayer and progressed upward. 

The s o i l  below the f r o s t  was moist, showing tha t  the  f r o s t  was s t i l l  
soing out of the  ground a t  the  time of t he  observation, In  March t h i s  
area w a s  en t i r e ly  f r e e  of snow and f r o s t ,  The s o i l  was dry and there  
were no indications t ha t  the snow-melt water went off as  surface run- 
o f f .  The soil remained f r e e  of snow and f r o s t  throughout the  r e s t  of 
the winter and spring, Figure 11 shows the snow and f r o s t  conditions 
as found a t  the time the periodic observations were made, near the 
middle of each month, 

Six p l o t s  were established i n  February near La Grande, Oregon, Two 
o f  these s ix  were located i n  sagebrush type, two i n  ponderosa pine 
and grass type, and two i n  grass type, A brief  discussion of t he  
occurrenee and character of f r o s t  on these p l o t s  follows: 

Sagebrush p lo ts  -- 
A random cheek of the sagebrush country ea s t  of La Grande showed 
the south slopes f r e e  of f r o s t  by the middle of February, 
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The north slopes, however, s t i l l  had concrete f ros t .  There was 
no snow on the ground a t  t h i s  time. The s o i l s  i n  general were 
medium textured, deep and well drained. The s o i l  on the south 
slopes was quite dry and the  surface appeared t o  be heaved and 
pedestaled, showing t h a t  the  ground had been frozen. The s o i l  
on the north slopes was f r ee  of f r o s t  i n  the top three inches, 
but there  were two inches of concrete f r o s t  immediately below 
t h i s  f rost - f ree  zone, This indicated t h a t  the  f r o s t  was thaw- 
ing from the top as  well as from beneath. One plot  was estab- 
l ished on a north-facing slope and one on a south-facing slope 
t o  follow the e f f ec t  of exposure on the occurrence and character 
of f r o s t  through the remainder of the  winter" and spring. m e n  
these two plot s were v i s i t ed  two weeks la te r ,  on March 1, the 
s o i l  on a l l  exposures was f ree  of f r o s t ,  Periodic check6 
throughout the remainder of the  winter and spring showed no fur-  
ther  freezing, 

Ponderosa pine and grass p lo t s  -- 
The two p lo t s  established i n  the ponderosa pine and grass  type 
showed no impermeable f r o s t  u n t i l  a f t e r  the  snow had disappeared. 
On March 1, two inches of concrete and granular f r o s t  had formed 
where the snow had melted and exposed the so i l .  Ground s t i l l  
having a snow cover remained f r o s t  f ree ,  These two p lo t s  were 
not v i s i t ed  again u n t i l  April  18. A t  t h i s  time the ground was 
f ree  of snow and f ros t .  Vegetation showed signs of spring 
growth indicating t h a t  the surface had been f r ee  of snow f o r  
some time, No fur ther  ground freezing was experienced through 
the remainder of the  spring, 

Grass p lo t s  -- 
A t  the  time the two grass p l o t s  were established, February 15, 
a deep snow pack covered the ground, No f r o s t  mas present 
under the  snow cover, Two weeks l a t e r  one of the  p l o t s  s t i l l  
had 13 inches of snow over the unfrozen ground. ' The second 
plot ,  however, had a s l i gh t ly  southern exposure and was near ly  
f r ee  of snow. The ground surface was saturated and the rapidly 
melting snow water was running over the s o i l  surface. This 
water was running clear  a d  did not appear t o  be causing m y  
surface erosion, About 1 inch of concrete f r o s t  was present 
jus t  under the unfrozen s o i l  surface, When these two p l o t s  
were v i s i t ed  on April 18, the snow had disappeared and the ground 
was f r ee  of f r o s t  except f o r  a few patchy s o t s  t h a t  were pro- 
tected from the morning sun, Here up t o  1/PZ inch of discon- 
tinuous permeable f r o s t  was present. The presence of pedestaled 
s o i l  and rock pa r t i c l e s  indicated nocturnal freezing was s t i l l  
going on. No fur ther  observati.ons were made on these two p l o t s  
the  remainder of t he  springo 



Tvo additional p lo t s  verb established on nonforested range land 
near Vantage, Washington, i n  February. 

One p l o t  was established on l ight ly  used range vhioh had a good 
cover of blue bunch wheatgrass, bluegrass, buckraheat, phlox, and 
sagebrush, making up a cover density of 50 percent. The second 
p l o t  was established on a hewily used rangeewith a cover den- 
s i t y  of about 10 peraerit mde up of  bunchgrass, bluegrass, sage- 
brush, and other d n b r  speaiee. The r o i l  on both p l o t s  was 
l i g h t  textured, deep, md well drsined, Both p lo t e  were looated 
on north-facing slopes. About 3 inches o f  conbrete f r o s t  were 
present on a l l  the north slopes on February 20. Three weeks 
l a t e r ,  on a r c h  10, there  was no f r o s t  on t - e  good range, while 
the  paor range had 4 inches of conerete f ros t .  On Maroh 22. 
both p lo t s  were completely f r ee  of snow and f r o s t  and no fur ther  
freezing oc curred,, 

Table V summarizes the  data collected on the ten range land p lo t s  i n  
Eastern Qregon and Ykshington. 

Probable hydrologic significance of f r o s t  i n  the  range lands of 
eastern Ore~on  k d  Washington, -- Impermeable concrete f r o  s t  occurred 
frequbntly throughout the' ;inter and' spring i n  the  ponder0 sa  pine and 
grass, grass, an; sagebrush types of AsteFn oreg& and Eashington. 
The degree of e f f ec t  on runoff and i n f i l t r a t i o n  cannot be determined 
from the r e s u l t s  of t h i s  preliminary study, but there*-are indications 
t h a t  f r o s t  does have a decided e f f ec t  on the entradce of spring snow- 
melt water t o  the  subsoil. In  the ponderosa pine and grass type, 
surface flow from melting snow was noted o v e r  a one-inch layer of 
concrete f r o s t  i n  the  top horizon. 

Ideal conditions were present for  severe s o i l  erosion i n  the sagebrush 
type during the  spring melt period. Frost  melting from above caused 
the  surface s o i l  t o  be saturated above the remaining impermeable 
frozen layer. Should'heavy spring ra ins  f a l l  on s o i l  in  t h i s  condi- 
t ion,  severe sheet erosion and mud Flows would probably occur. 
Tigeman and Rosa ('7) reported mud flows and sheet erosion resul t ing 
from similar condityons on the open range lands i n  Utah. 



Date of observations 

~ i g u r e  11. -- Snow and f r o s t  conditions as found throughout the  winter 
on poor condition range land near Ellensburg, Washington. 

Snow accumulation a s  recorded by U. S. Weather Bureau a t  Ellensburg, 
Vashington. 





The purpose of t h i s  study was to  determine the occurrence and 
character of f r o s t  under the predominant fo re s t  and range conditions of 
the  Pac i f ic  Northwest portion of the Columbia Basin, 

The r e su l t s  obtained from t h i s  preliminary study can be summarized 
a s  follows: 

1. The f o r e s t  s o i l s  of the  high Cascade forests ,  both ea s t  and west 
side, remained unfrozen throughout the  winter and spring of 1949-50. 

2. Discontinuous permeable f ro$ t  occurred i n  the ponderosa pine and 
grass type a t  t h e  lower f r inges  of the ea s t  slope Cascade foresta .  

3. Up t o  7.5 inches of impermeable f r o s t  occurred i n  the sagebrush types 
and grass ranges of eastern Oregon and Washington during the  winter 
and spring snow-melt period, 

4. Aspect appeared t o  be a s ignif icant  fac tor  i n  determining the  time of 
occurrence of f ro s t ,  but  not the depth o r  duration of freezing. Snow 
on the north slopes prevented the s o i l  from freezing while the  bare 
south slopes were exposed t o  the  ear ly  spring low temperatures. The 
north slopes lagged about three weeks behind the  south slopes Kith 
respect t o  spring snow melt and s o i l  freezing and thawing. 

5. One inch of concrete f ro s t  appeared t o  be suf f ic ien t  t o  cause surface 
runoff from nrelting snow, 

6. When frozen ground t h a t  had s ta r ted  t o  thaw s t i l l  had a snow cover, 
thawing took place only from below the frozen layer, 

7 .  Thawing of f r o s t  where there  was no' snow cover took place from above 
as well a s  beneath the frozen layer, with the l a s t  t race  of f r o s t  
being found about half way between the  grea tes t  depth of freezing and 
the s o i l  surfaceo Ideal conditions f o r  severe s o i l  erosion were 
present when the snow cover had disappeared while there  was s t i l l  
impermeable fro st  i n  the ground. 

8 .  Light nooturnal freezing and thawing l a t e  i n  the spring appeared t o  
cause more surface s o i l  heaving than did long periods of deep freezing. 

- " 

9. In tens i ty  of c u t t i n g  had a decided e f f e c t  upon snow acoumulation and 
recession i n  the Douglas-fir f o r e s t  of the Cascade Range. 



From t h i s  preliminary study we can conclude tha t  f r o s t  i s  not a,problem 
i n  the dense f o r e s t  types of -  the  Cascade Range. No fur ther  study i s  PrQ- 
posed i n  t h i s  area, However, a-more intensive study i s  needed i n  the  
ponderosa pine and grass, grass, and brush types of eastern Oregon and Vash- 
ington where the r e s u l t s  have shown s o i l  freezing-and thawing throughout the 
winter and spring. Such fac tors  as aspect, slope, cover density, in tens i ty  
of use, and s o i l  depth and drainage" should be studied t o  determine t h e i r  
influence on the formation of f r o s t ,  
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