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PREFACE 

This  r e p o r t  ana lyses  t h e  snow cover  c h a r a c t e r i s t i c s  
measured a t  t h e  two A r c t i c  s t a t i o n s  of Resolu te  and Aklavik from 
1947 t o  1954 under t h e  sponsorsh ip  of t h e  Assoc ia te  Committee on 
S o i l  and Snow Mechanics of t h e  Nat iona l  Research Council of 
Canada, Frequency diagrams show cons ide rab le  d i f f e r e n c e  between 
t h e  snow p r o p e r t i e s  a t  t h e s e  two s t a t i o n s .  Graphica l  comparisons 
a r e  m a d e  t o  show depth-t ime v a r i a t i o n  of hardness ,  d e n s i t y ,  and 
g r a i n  s i z e ,  The c l o s e  r e l a t i o n  between snow d e n s i t y ,  hardness ,  
and temperature  g r a d i e n t  i s  a l s o  shown g r a p h i c a l l y .  

The au thor  of t h i s  r e p o r t ,  an A s s i s t a n t  Research O f f i c e r  
i n .  t h e  Snow and I c e  Sec t ion ,  has used some of the  r e s u l t s  of t h e  
Snow Survey i n  dFder t o  make a  d e t a i l e d  a n a l y s i s  of snow cover  
c h a r a c t e r i s t i c s  a t  two n o r t h e r n  s t a t i o n s .  These were s e l e c t e d  as 
examples and i n  view of t h e  s p e c i a l  i n t e r e s t  i n  no r the rn  c l i m a t i c  
cond. i t ions  i n  Cana.da, 

It i s  hoped t h a t  a l l  who read  t h i s  r e p o r t  w i l l  f e e l  no t  
on ly  f r e a ,  bu t  t h a t  t hey  a r e  i n v i t e d ,  t o  submit t o  t h e  Div i s ion  
any comments on the  work h e r e i n  descr ibed ,  p a r t i c u l a r l y  s i n c e  it 
i s  i n  essence a p i l o t  s tudy  i n  a  f i e l d  of  r e s e a r c h  which i s  only  
now being  opened up, 

Ottawa 
August 1956 

Robert  F. Legget, 
D i rec to r .  



AN ANALYSIS OF SNOW COVER CHARACTERISTICS AT 

AKLAVIK AND RESOLUTE, NORlBWEST TERRITORIES 

by 

G,  P. Will iams 

S ince  J.947 r e g u l a r  o b s e r v a t i o n s  of t h e  p h y s i c a l  char-  
a c t e r i s t i c s  of t h e  snow cover  have been t aken  a t  Aklavik, l o c a t e d  
on t h e  Mackenzie River  d e l t a  and a t  Reso lu te ,  Cornwal l is  I s l a n d ,  
Northwest T e r r i t o r i g s .  These o b s e r v a t i o n s  were p a r t  of a g e n e r a l  
snow survey  a c r o s s  Canada sponsored by t h e  Assoc ia te  Committee 
on S o i l  and Snow Mechanics of t h e  Na t iona l  Research Counci l  of 
Canada, and  c a r r i e d  ou t  through t h e  c l o s e  co-operat ion of t h e  
D i v i s i o n  of Bui ld ing  Research,  Nat iona l  Research Council ,  and t h e  
Meteoro log ica l  D i v i s i o n  of t h e  Department of Transpor t .  

The amount of snow cover ,  dep th  of snow, shape and 
s i z e  of c r y s t a l s ,  snow s u r f a c e  c o q d i t i o n s ,  a long w i t h  e s s e n t i a l  
me teo ro log ica l  d a t a  wene recorded  d a i l y  by obse rve r s  of t h e  
Meteoro log ica l  Div is ion .  Measurements of snow d e n s i t y ,  hard- 
ness ,  t empera ture ,  c r y s t a l  s i z e  and shape were t aken  bi-weekly 
i n  d i f f e r e n t  snow l a y e r s .  The i n s t r w n e n t s  used t o  measure t h e  
c h a r a c t e r i s t i c s  of t h e  snow have been d e s c r i b e d  p rev ious ly  by 
EClein e t  a 1  ( I ) ,  

Pre l imina ry  r e s u l t s  from a l l  s t a t i o n s  were ana lysed  
by Pearce and Gold ( 2 ) .  Since t h e i r  r e p o r t ,  which i n c l u d e s  d a t a  
from 1947 t o  1950, d a t a  f o r  f o u r  a d d i t i o n a l  y e a r s  have been c o l -  
l e c t e d  and t h e r e f o r e  a  more d e t a i l e d  a n a l y s i s  i s  warranted,  The 
purpose of t h i s  p re sen t  a n a l y s i s  i s  t o  show t h e  v a r i a t i o n  of 
snow cover  c h a r a c t e r i s t i c s  a t  t h e  two A r c t i c  s t a t i o n s  of Reso lu te  
and Aklavik from 1947 t o  1954. These two s t a t i o n s  were chosen 
f o r  s tudy  because d a t a  were q u i t e  complete and p re l imina ry  ana- 
l y s e s  showed marked d i f f e r e n c e  i n  snow c h a r a c t e r i s t i c s  measured 
a t  t h e  two s i t e s ,  

COMPARISON OF SITES 

Aklavik i s  l o c a t e d  a t  l a t i t u d e  6 8 O  14' N. and long i tude  
1 3 4 O  507 W e  about 50 m i l e s  i n l a n d  from t h e  A r c t i c  Ocean, Reso lu te  
i s  l o c a t e d  a t  l a t i t u d e  74O 30 '  N o  and long i tude  9 s 0  40 '  W. on 
Cornwal l is  I s l and .  F igu re  1 i s  a map of t h e  Canadian A r c t i c  
showing t h e  l o c a t i o n  of t h e s e  two s t a t i o n s .  

E l e v a t i o n  of t h e  o b s e r v a t i o n  s i t e  a t  Aklavik i s  30 f e e t  
above mean s e a  l e v e l ,  The s i t e  i s  somewhat s h e l t e r e d  by t h e  
sc rub  b rush  found i n  t h i s  a rea .  The t e r r a i n  t o  t h e  n o r t h  of 
Reso lu te  r i s e s  g e n t l y  t o  a  he igh t  of about 200 f e e t  above mean 
sea  l e v e l ,  one mi le  from t h e  s t a t i o n ,  The t e s t  a r e a  a t  Reso lu te  
was chosen i n  a  semi-she l te red  l o c a t i o n  s i n c e  complete ly  exposed 



a r e a s  a r e  blown c l e a r  of snow, 

A s  Aklavik i s  approximately  400 m i l e s  sou th  and 1,000 
m i l e s  west of Resolute ,  t h e r e  i s  a  c o n s i d e r a b l e  d i f f e r e n c e  i n  
c l i m a t e  between t h e  two s t a t i o n s .  The annua l  t o t a l  snowfa l l  i s  
4T01 i nches  a t  Aklavik and 30.2 inches  a t  Resolute .  The annual  
average of d a i l y  mean tempera ture  i s  1 6 ' ~ .  a t  Aklavi& and 3 ' ~ .  
a t  Resolute .  These va lues  were ob ta ined  from Addendum t o  Volume 
I, Climat ic  Summaries f o r  S e l e c t e d  S t a t i o n s  i n  Canada, Meteorolo- 
g i c a l  Div is ion ,  Department of Transpor t ,  Toronto,  1954, and a r e  
based on 22 y e a r s  of obse rva t ion  a t  Aklavik and 6 y e a r s  of obser-  
v a t i o n  a t  Reso lu te ,  

From 1949 t o  1954 Reso lu te  had an average of 16,3 days  
p e r  month when t h e  wind v e l o c i t y  exceeded 9  m.p.h, du r ing  t h e  
w i n t e r  months, During t h e  same pe r iod  Aklavik had a n  average of 
5,9 days p e r  month when t h e  wind v e l o c i t y  exceeded 9 m,p.h. A 

wind v e l o c i t y  of 9  m,p.h, was chosen a s  a  c r i t i c a l  v e l o c i t y  be- 
cause'i 'according t o  Dmitr ieva ( 3 )  it i s  t ,he wind v e l o c i t y  a t  which 
snow beg ins  t o  blow, 

ANALYSIS OF DAILY SNOW C OVER OBSERVATIONS 

From 1947 t o  1954 t h e  maximum snow depth recorded  a t  
Aklavik was 16,O inches .  For  t h r e e  consecut ive  y e a r s ,  1949 t o  
1950, 1950 t o  1951, 1951 t o  1957, Aklavik r e p o r t e d  snow depths  
under 5 i nches ,  The maximum de6 th  recorded  a t  Reso lu te  from 1947 
t o  1954 was 28 i nches ,  I n  a r e a s  s u b j e c t  t o  d r i f t i n g ,  snow d e p t h  
i s  of va lue  i n  d e s c r i b i n g  a p a r t i c u l a r  s i t e  b u t  does n o t  g i v e  any 
i n d i c a t i o n  of comparative amounts of s e a s o n a l  snowfa l l ,  

F igu re  2 shows f requency  polygons f o r  snow s u r f a c e  
c r y s t a l  shape, s i z e ,  and s u r f a c e  c o n d i t i o n s ,  recorded  from October 
1951  t o  December 1954. A d e t a i l e d  e x p l a n a t i o n  of t h e  symbols 
used i s  given  by Kle in  e t  a l f ( 1 ) .  

Aklavik shows a  much g r e a t e r  v a r i a t i o n  i n  s u r f a c e  
c r y s t a l  shapes,  Depth hoar  o r  type  'e" was r e p o r t e d  32 p e r  
c'ent of t h e  t ime a t  Aklavik and 1,s p e r  c e n t  of t h e  time a t  
Reso lu te ,  A t  Resolu te  type  "d" was r e p o r t e d  65 p e r  cen t  of 
t h e  t ime,  

The s u r f a c e  g r a i n  s i z e s  recorded a t  Reso lu te  were 
c o n s i s t e n t l y  sma l l e r  t han  a t  Aklavik even though t h e  g e n e r a l  
shape of t h e  f requency  curve i s  t h e  same, The l a r g e  number 
of su r f ace  hoar obse rva t ions  i s  one e x p l a n a t i o n  f o r  t h e  l a r -  
g e r  g r a i n  s i z e s  a t  Aklavik, 

The shape of t h e  f requency  curve f o r  s u r f a c e  snow 
c o n d i t i o n s  i s  t h e  same 'f'.m both  s t a t i o n s ,  w i t h  wind e r o s i o n  
be ing  r e p o r t e d  twice  a s  o f t e n  a t  Resolute ,  and a smooth sur-  
f a c e  be ing  r e p o r t e d  twice  a s  o f t e n  a t  Aklavik, 



FREQUENCY DIAGRAMS FOR BIdWEEKLY SNOW PROFILE OBSERVATIONS 

F i g u r e  3 shows f requency  polygons f o r  snow c r y s t a l  
s i z e ,  d e n s i t y ,  and ha rdnes s  a t  Aklavik  and Reso lu t e  from 1947 
t o  1954. Observa t ions  were t aken  bi-weekly a t  d i f f e r e n t  l a y e r  
i n t e r v a l s  from t h e  snow s u r f a c e  t o  t h e  ground, 

A t  Resolu te  88 p e r  c e n t  of  t h e  g r a i n - s i z e  o b s e r v a t i o n s  
were under 1,s rnm. A t  Aklavik  t h e  g r a i n - s i z e  v a r i a t i o n  was much 
l a r g e r ,  The shape of t h e  f requency  diagram f o r  snow d e n s i t y  was 
q u i t e  s i m i l a r  a t  bo th  s t a t i o n s ,  w i t h  a  mean d e n s i t y  of  0,242 a t  
Aklavik, and a  mean d e n s i t y  of  0.356 a t  Reso lu t e ,  Aklavik  hard- 
n e s s  va lues  were s m a l l e r  and t h e  v a r i a t i o n  i n  ha rdnes s  was l e s s  
t h a n  a t  Reso lu te ,  

DEPTH-TIME V A R I A T I O N  OF SNOW PROFILE PROPERTIES - 
Even under s i m i l a r  s i t e  c o n d i t i o n s  snow p r o p e r t i e s  

measured i n  one p l ace  w i l l  no t  be t h e  s p e  a s  p r o p e r t i e s  meas- 
u r ed  i n  a n o t h e r  p laqe  a  few y a r d s  away. For  t h a t  r ea son  any 
comparison between c h a r a c t e r i s t i c s  o f  snow a t  s t a t i o n s  s e v e r a l  
hundred m i l e s  a p a r t  must be  on a. b road  b a s i s ,  

F igu re  4, showing t h e  average v a r i a t i o n  of snow hard- 
ne s s ,  d e n s i t y ,  and g r a i n  s i z e  w i t h  depth ,  i s  a  g r a p h i c a l  compar- 
i s o n  of o v e r - a l l  snow p r o p e r t i e s  from 1947 t o  1954, A t  Aklavik  
snow hardness  g e n e r a l l y  i n c r e a s e s  w i t h  depth .  A t  Resolu te  t h e r e  
i s  a  sharp  dec rease  i n  hardness  down t o  8 i n c h e s ,  and a t  g r e a t e r  
dep ths  t h e  hardness  i s  e s s e n t i a l l y  cons t an t .  A t  b o t h  s t a t i o n s  
t h e  average d e n s i t y ' r e m h i n s  e s s e n t i a l l y  c o n s t a n t  w i t h  dep th ,  The 
average g r a i n  s i z e  i n c r e a s e s  w i t h  dep th  a t  Aklavik  and remains 
e s s e n t i a l l y  c o n s t a n t  w i t h  dep th  a t  Reso lu te ,  

F igu re  5 shows t h e  v a r i a t i o n  of average monthly snow 
hardness ,  d e n s i t y ,  and g r a i n  s i z e ,  and i s  ano the r  g r a p h i c a l  com- 
p a r i s o n  of snow p r o p e r t i e s  on a  broad b a s i s .  The g r a i n  s i z e  
shows a  marked i n c r e a s e  w i t h  t ime a t  Aklavik and i s  a lmost  con- 
s t a n t  w i t h  r e s p e c t  t o  t ime a t  Reso lu t e ,  The d e n s i t y  v a r i a t i o n  
w i t h  t ime i s  v e r y  s i m i l a r  Tor b o t h  s t a t i o n s .  The average hard- 
ne s s  a t  Reso lu t e  i n c r e a s e s  t o  a  maximum of n e a r l y  2500 gm/cm? 
i n  March, The i n c r e a s e  i n  average hardness  f o r  Aklavik i s  much 
l e s s ,  r each ing  a  maximum of 700 em/cmo2 i n  February,  

F igu re  6 combines t h e  d a t a  used t o  o b t a i n  F igs .  4 and 
5 t o  i n d i c a t e  o v e r - a l l  depth-t ime v a r i a t i o n s ,  F igu re  6 shows 
t h a t  t h e  snow c r y s t a l s  a t  Aklavik i n c r e a s e  markedly i n  s i z e  w i th  
r e s p e c t  t o  t ime and dep th ,  undergoing t h e  metamorphism r e p o r t e d  
by R i c h t e r  (4), A t  Reso lu t e  t h e r e  i s  a  d e f i n i t e  tendency f o r  
g r a i n  s i z e  t o  remain c o n s t a n t  w i t h  r e s p e c t  t o  t ime and depth ,  
Average d e n s i t y  i n c r e a s e s  g r a d u a l l y  w i t h  t ime,  and remains 
e s s e n t i a l l y  c o n s t a n t  w i t h  dep th  a t  bo th  s t a t i o n s ,  Both s t a t i o n s  
show an  i n c r e a s e  i n  ha rdnes s  w i t h  t ime up t o  a  maximum i n  
February  and March, and then  d e c r e a s i n g  hardness  i s  e v i d e n t  at  
bo th  s t a t i o n s  i n  A p r i l  and May, 



RELATION BETWEEN DENSITY-HARDNESS AND TEMPERATURE GRADIENT 

F igu re  7a  shows average  monthly l o g  o f  ha rdnes s  
p l o t t e d  a g a i n s t  average  monthly d e n s l t y  f o r  b o t h  s t a t i o n s .  
There i s  a  c l o s e  r e l a t i o n s h i p  between t h e s e  two p r o p e r t i e s  a s  
r e p o r t e d  by Gold ( 5 ) ,  

C l o s e l y  r e l a t e d  t o  d e n s i t y  and h a r d n e s s  i s  tempera- 
t u r e  g r a d i e n t .  F i g u r e  7b shows average  monthly t empe ra tu r e  
p a d i e n t  p l o t t e d  a g a i n s t  average  monthly  d e n s i t y  from November 
t o  March. 

During t h i s  p e r i o d  of con t i nuous  c o l d  t h e  d i f f e r e n c e  i n  
i n s u l a t i n g  v a l u e  of  snow cove r  a t  t h e s e  two s t a t i o n s  was q u i t e  
marked, S e v e r a l  t imes  a t  Aklavik  t h e  s u r f a c e  snow t empera tu re  
was r e p o r t e d  a t  l e a s t  2 0 ' ~ ~  c o l d e r  t h a n  a t  a  12- inch dep th .  A t  
R e s o l u t e  t h e  r e p o r t e d  s u r f a c e  snow t empe ra tu r e  was seldom 1 0 ' ~ .  
c o l d e r  t h a n  a t  t h e  12- inch depth .  T h i s  d i f f e r e n c e  i n  i n s u l a t i n g  
v a lue  i s  c l o s e l y  r e l a t e d  t o  t h e  d i f f e r e n c e  i n  d e n s i t y ,  conf i rming  
s t u d i e s  of Kondrataeva ( 6 ) .  

D I  SC[J SSION OF RESULTS 

The f r equency  d i a g r a n s  on Fig .  3 emphasize t h e  d i f f e r e n c e  
i n  snow p r o p e r t i e s  a t  t h e s e  two s t a t i o n s ,  Even though no proof 
i s  a t t emp ted  i n  t h i s  r e p o r t ,  much of t h i s  d i f f e r e n c e  must be  a t t r i -  
b u t ed  t o  c l i m a t i c  f a c t o r s .  For  example, o b s e r v e r s  a t  R e s o l u t e  
have no ted  t h a t  a f t e r  a  s e v e r e  s torm t h e  snow was packed s o  h a r d  
t h a t  t r u c k s  cou ld  be d r i v e n  ove r  t h e  s n o w , d r i f t s  ( 7 ) .  Thi s  obse r -  
v a t i o n  s u g g e s t s  t h a t  wind i s  one f a c t o r  which might  e x p l a i n  t h e  
l a r g e  d i f f e r e n c e s  i n  snow ha rdnes s  between t h e s e  two s t a t i o n s .  

The r e l a t i o n  between snow c h a r a c t e r i s t i c s  such  a s  g r a i n  
s i z e ,  d e n s i t y ,  and ha rdnes s  a r e  complex, i n v o l v i n g  many d i v e r s e  
f a c t o r s .  The g r a p h i c a l  comparisons of  snow p r o p e r t i e s  on a  b road  
b a s i s  e n a b l e  some g e n e r a l  compar isons  t o  be  made, For  example, 
t h e  v a r i a t i o n  of average  g r a i n  s i z e  w i t h  t ime and  d e p t h  shown i n  
F i g s ,  4 and 5, i s  d i f f e r e n t  t o  t h e  t ime-depth  v a r i a t i o n  of d e n s i t y  
and ha rdnes s ,  If  p a i n  s i z e ,  as measured by t h e  o b s e r v e r s ,  were 
c l o s e l y  r e l a t e d  t o  ha rdnes s  o r  d e n s i t y ,  t h e  g e n e r a l  t ime-dep th  
p a t t e r n  should  show more s i m i l a r i t y ,  

F i g u r e  7  shows t h a t  a  c l o s e  r e l a t i o n  e x i s t s  between 
snow d e n s i t y ,  l o g  of ha rdnes s ,  and t empe ra tu r e  g r a d i e n t .  I t  was 
d i f f i c u l t  t o  a n a l y s e  t h i s  r e l a t i o n s h i p  i n  d e t a i l  because  temper- 
a t u r e  g r a d i e n t  f l u c t u a t e s  w i t h  d a i l y  a i r  t empe ra tu r e  changes  
whereas  changes  i n  d e n s i t y  and ha rdnes s  a r e  g r adua l .  Fo r  example, 
i n  March a t  b o t h  s t a t i o n s ,  t h e  t empe ra tu r e  g r a d i e n t  u s u a l l y  r e v e r -  
s e s  and snow t e m p e r a t u r e s  s t a r t  t o  d e c r e a s e  w i t h  dep th ,  T h i s  
r e v e r s a l  of t empera tu re  g r a d i e n t  o f t e n  c o i n c i d e s  w i t h  a  g r a d u a l  
d e c r e a s e  i n  h a r d n e s s  a t  b o t h  s t a t i o n s .  More d e t a i l e d  s t u d i e s  
w i l l  be needed t o  f i n d  o u t  whether  t h i s  r e v e r s a l  i n  t empe ra tu r e  
g r a d i e n t  can  be r e l a t e d  t o  t h e  g r a d u a l  d e c r e a s e  i n  snow hardness .  
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