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guidance, i n  t h e  newly formed S o i l  and Snow Mechanics 
Sect ion  of t h e  Divis fon  of Building Research by 
Messrs, Do C o  Pearce and Lo W. Gold, A genera l  papep 
has  been prepared and w i  11 l a t e r  be publf shed, 

A s  t h i s  work has  proceeded, and a s  the  
Committee looks forward t o  an extensf on of t h e  survey 
t o  s h e l t e r e d  a r e a s ,  .it h a s  become v e q  c l e a r  t h a t  a 
r e v i  s i o n  of t h e  o r i  g i n a l  "snow survey r e p o r t s k  was n o t  
only d e s i r a b l e  bu t  e s s e n t i a l .  In  t h e  ~ e v i  s fon  could 
be csonsolfdated the s e v e r a l  i n t e r i m  supplements, T h i  s 
r e p o r t  i s t h e  consol ida ted  r e v i  s f  on. A s  fndf s a t e d  on 
i t s  cover, f t supeksedes a l l  t h e  previous r e p o r t s  on 
t h e  snow survey technique.  It Inc ludes  d e t a i l s  of a 
proposed i n t e r n a t f  ona l  system of snow c l a s s f f i c a t l o n ,  

Although much of t h e  work of r e v i s i o n  has  
been done by M r .  Pearce and M r .  Gold, t h e  r e p o r t  Ba 
s t i  11 p r i m a r i l y  t h e  work of hb, Klein under whose 
personal  d i r e c t i o n  t h e  r e v i s i o n  has  been ca r reed  o u t ,  
It i s a ple asure t o  r ecord  the  apprec ia t ion  of t h e  
Associate  Committee of t h e  work of these  members of 
t h e  Counci l l s  r e s e a r c h  s t a f f ,  And i t  i s  a f i l r t h e ~  
p leasure  t o  po in t  out t h a t  p u b l i c a t i o n  of t h i s  jolnf ;  
r e p o r t  a s  a Technical Memorandum of t h e  Committee X s  
f u r t h e r  evidence of t h e  c lose  co-operation which 
e x f s t s  i n  t h i s ,  a s  i n  o the r  f i e l d s  of work, between 
the  Counci lQ s Div i s ions  of Mechanf c a l  Engineering a d  
Bui ld ing  Researcho 

Ottawa 
7 November 1950 
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Chairman 
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IvETHCK) OF MEASURING THE SIGNIFICANT CHARACTERIST I C  S 

The r e p o r t  desc r ibes  the  instruments  and Sb.9 c a k ~ e n t  
methods used i n  the  Snow-Cover Survey whf ch has been c ~ n d t l c t e d  
i n  Canada s ince  1946, It i s  a  r e v i s i o n  of Nat ional  Research 
Counci 1 of Canada, Divis ion  of Mechanical Engineerfrrg, Xaports 
JIM-192 and M M - 2 0 2 ,  Some genera l  i n f  ormation conoeknfng m o w  
and a  nomenclature f o r  snow a r e  given,  The r e p o r t  a l s o  ine ludes  
the "Tenta t i  ve Snow Class i f  i e a t f  ont' proposed by a  csmm~ttee  of 
the I n t e r n a t i  onal  Associa t i  on of Hydrology 

INTRODUCTION 

1, In winter ,  snow p r e s e n t s  a g r e a t  number of problems 
many of which a r e  r e l a t e d  t o  t r a n s p o r t a t i o n ,  There ape,, $QP 

example, the problems of snow c learance  on highways, ra i lways  
and af r p o r t  s, t he  perf omance of over- snow motor veh ic les  , 
a i r c r a f t  s k i s ,  logging s l e i  ghs and many mi s c e l l m e o u s  snow 
p~ob lems ,  There i s  a l s o  the  problem of avalanche con t ro l  
which has  received so much a t t e n t i o n  i n  Switzer land,  Such 
problems a r e  no t  new and ye t  i t  i s  only i n  t h e  l a s t  twenty 
yea r s  t h a t  snow mechanics r e sea rch  has been taken se r ious ly , ,  
Although snow i s o f t e n  regarded a s  a  nu1 sance,  the  successes  
t h a t  have r e s u l t e d  from snow resea rch  amply demonstrate t h a t  
many of the  undes i rable  e f f e c t s  of snow can be contkol led  o r  
lessened considerably,  

2 , The p roper t i e  s of snow vary widely, New snow 5 s  
d i f f e r e n t  i n  many r e s p e c t s  from old  snow and the  snow cornon 
t o  temperate c l imates  i s again d i f f e r e n t  from t h a t  u s u a l l y  
found i n  t h e  B a r ~ e n s ,  Experienced s k i e r s  ape well  awape 0% 
t h i s  p e c u l i a r i t y  of snow and have found t h a t  a  f a i r  number 
of s k i  waxes a r e  requi red  t o  cope with the  range of akiJing 
q u a l i t i e s  of the many types of snow, It is because sno~w 
p ropep t i e s  vary so widelby t h a t  des igners  of winter  equipment 
r e q u i r e  a more complete d e s c r i p t i o n  of a snow-coven. than  
merely i t s  t o t a l  depth  which i s  o f t e n  the  only infoxcwataon 
provided, 

9 ,  The s o l u t i o n  f o r  many snow prsblems may be fosand by 
means of two separa te  Pines of r e sea rch  whi ch must be proper ly  
c o r r e l a t e d  if they a r e  t o  be e f f e c t i v e ,  The f i r s t  d e a l s  with 



t h e  p r o p e r t l e a  of d i f f e r e n t  types of snow and should be ~ a m i e d  
out  i n  a  wel l  equcpped l a b o r a t o r y  where condi t ions  a r e  under1 
the  c o n t r o l  of the r e s e a ~ c h  w7rrker0 The second, which is t he  
sub jec t  of t h i s  r e p o r t ,  d e a l s  with the  c o l l e c t i o n  of snow 
cover d a t a  at. a  nunber of observat ion s t a t i o n s  with a vlew t o  
e s t a b l i s h i n g  a  reasonably r e l i a b l e  p i c t u r e  of t he  avepage and 
extreme condi t ions  wh%ch occur i n  d i f f e r e n t  9 o c a l l t i e s ,  Over 
a per iod  of many years  the  meteorolog%cal se rv ices  sf d i f f e r e n t  
countpies  have c o l l e c t e d  consideraatle d a t a  on t h e  amount sf 
snowfall  a t  a  g r e a t  many weather s t a t l o n s ,  In m8ecent yeapa, 
hydrologica l  snow surveys have been conducted i n  m a n j 7  countrPea, 
u s u a l l y  i n  mountainous a r e a s ,  Tor the  purpose of predict.1n.g the 
amount of sprizig run-off  and I t s  e f f e c t  on i r r i g a t i o n  arad water 
power developments, how eve^, n e i t h e ~  of these  supply the kfnd 
of d a t a  needed f o r  those problems r e l a t e d  t o  winter  t r a n s -  
p o r t a t i o n ,  

40 The Associate Commlktee on S o i l  and Snow Mechanfca 
of the Nat ional  R e s o a ~ c h  Council of Canada has  r e a l i z e d  the  
value of c o l l e c t i n g  snow-cover da ta  and %t i s  due fc thera 
e f f o r t s  t h a t  s tandardized instruments  and methods have been 
developed i n  Canada, The ins t ruments  a r e  no t  new - aXrnt$a~ 
instruments  have bean used i n  var ious snow rasearches  - but 
t hey  have been redesigned so as  t o  be ens por tab le  and as 
convenient t o  use a s  poss ib le ,  Many s e t s  of' t h a a s  2nstr"uments 
have been used In  Canada and ~ t h e r  c o u n t r i e s  s ince  2,996, 

5 a In 1946 t h e  Associate  Committee on S o i l  and Snow 
Mechanics, with t h e  c lose  co- ,operat ion of t h e  hletesroPogicaE 
Service  of the  Department of Transport ,  i n i t i a t e d  t h e  snow- 
cover survey i n  C a ~ a d a ,  The venture was qu i t e  auecessfu l  
and much valuable information was gathered,  

TESTS O F  THE SNOW-COVER SURVEY 

Purpose of the T e s t s  

6 0 The aim of the snow t e s t s  fs t o  aesc r ibe  any p a p t i -  
c u l a r  snow-,cover by means of measurements ( o r  photogpapha 1 i n  
order  t h a t  the  problems assoc ia ted  with It  such a s  snow 
performance of vehfc les ,  s k i s ,  snow.-clea~ance equipment, e t c ,  - 
can be f u l l y  apprec ia ted  by the  d e r l z n e r  sr  use^ of such equip- 
ment, The t e s t s ,  t h e ~ e f o ~ e ,  deal w!  th the  s i g n f f i c a n t  f e a t u r e s  
of the various layers of snow r311 t k 4 e  ground, and a r e  concerned 
with falbl'lng anew only  because of i t s  relation t o  t he  snow Pn 
t he  sur face  l a y e r ,  I n  c e ~ f a l n  winter  problems t h e  eontours  of 
t h e  snow sur face  may became impostant;  f o ~  example- the d r i f t s  
onu waves o l Y a r d  wind.-paekad snow found i n  t h e  Bar rans  pres?l=a$ 



problsms t.0 aeslgne-rs of' over- snow vehf c l e s ,  and daa%gnesa 
of a f r c r a l  l; fir;Liqt@T "aand;Llig geax'lo Fe? this r ea son  the 
t e s t s  a:~.so iiea'l w i t ? z .  tha s h a p ~  of t he  snow surf'aee, The 
om'tr)se~ver shou ld  always keep the  aXm of t he  %@st3 i n  mind 
and shou$d b e  c o n t i n u a l l y  on the 3.ooksut f'or ukiusual 
condi. tfons which may z f f eo t  t h e  desfi.gn o r  performance c7:f 

wiinter equipmerlto VR1.3.1,e snow i n  % t s  varf  01-13 forms i s 
l n t e r e s t i i n g  ma te r i a l .  f r o m  a pure ly  s c i en t f . f r .@ p o f n t  of 
view, the r,ests are p~Sna6r i ly  Irt.tended t o  f u l f i l  a. pyac- 
t f  eal pux7pose, 

B a s i s  on which t h e  t e s t s  have been chosen 

7 o An o u t l i n e  of t h e  r ea son ing  which determined t h e  
c h o f ~ e  Q? t iesc% should g ive  t h e  oibsesver a b e t t e r  a p p ~ a e i a -  
t f o n  of thexr  vakue, Snow t e s t s ,  u n l e s s  wall planned,  can 
consume a g r e a t  d e a l  of time; t h e ~ e f o r e  o n l y  t h e  e s s a n t l a b  
t e s t s  have been chosen and they  have t e e n  made a s  s imple  
and convenXan8; a s  possible, 

80 Snow 1% very porous  and t h e r e f o r e  c.ontal.ns a c m -  
s i d e r a b l e  voiurne of' alp, At t lmes  f t may be wet so  t h a t  
water  Is, the  S iqu ld  a t a t e  may a l s o  be p ~ e s e n t  , In  g e n e r a l  
then,  w e  can cons ide r  snow t o  be a maxture of f c e ,  w a t e ~  
and ~ i _ = i ~ ,  The r e l a t i v e  amounts and t h e  p h y s i c a l  p r o p e r t i e s  
01' a - ,l. 3 o n s t f t u e n t  w i l l  t he re f  ore af"f e o t  t h e  pl~ys%c"nal 
p r  L J ~ C ~  :: e s  of t h e  snow, The o n l y  one of t he  constisuemats 
whose p r o p e r t i e s  vapy a p p ~ a c f  a b l y  w i t h  f ; empe~a tu re  f s f ~ e ,  
s ince  water can on ly  be  p r e s e n t  a t  one t empera ture ,  f o e o .  
the melting p o f n t  o f  ice, and t h e  maXn tempekature e f f e c t  
on a i r  i s  %ha% XL deq-errnlr~es .its msfsKure ecnt,en+, Near 
t h e  mels lng p o l n t  t h e  p;-~':;3rtfea of' I c e  vary consfdera.bbg 
w i t h  t h e  z e m p e ~ a t u r e  ,, 

9, The shape and sXze of  t he  i c e  c r y s t a l s  a l s o  
i n f l u e n c e  the p h y s i c a l  c h a r a c t e ~ f  s t f  c s  of  snow; long  s l ende r  
forms a r e  mope f r a g l l e  than more compact forms an& cause 
t h e  snow mass t o  be s t r u c t u r a l l y  weak, I n  raew snow &her2 
a r e  s t ~ u c t u r a l  e f f e c t s  producod by t h e  fnter lockXng of tha 
c r y s t a l  branches and these  t o o  depend on t h e  s i z e  and shape 
of t h e  e r y s t a i s ,  SXze and shape of  the  g r a i n s  have axao+,hep 
Important  ef 'feet.  the c20k?sSon of wet snow i s  due l a rge ly  
t o  s u r f a c e  t e n s i o n  f 'osces  w'lich, a s  exp la lnsd  i n  paragraphs  
C l X O  t . ~  1331 ape most s f f e c t f v e  when t h e  snow t e x t u r e  i s  
very  f'f ni, 



$0, Changes which t ake  p lace  du r ing  ageing or  
"PfSrnSficatf ongt cf the  snow o f ton  cause t h e  g r a i n s  t o  
grow togethey t o  form a miniature i c e  network, T h i s  
bonding, which i s  usua$lg p r e s e n t  t o  some degree i n  a l l  
f o ~ m s  of dry  snow, can add g r e a t l y  t o  tha  s t r e n g t h  of t h e  
m e w o  

1;- o From the  above discuss8on i t  fo l lows  t h a t  t h e  
f 'undm~enta l  f e a t u r e s  upon whfch the p r o p e r t i e s  of snow 
depend and whfch d i s t f n m i s h  one form of snow from another  
a r e  2 

( a )  snow temperature;  
( b )  r e l a t i v e  p r o p o r t i o n s  of i c e ,  water and a i r ; ;  
Cc) shape and s i z e  of t h e  i n d i v i d u a l  g r a i n s  o r  

c r y s t a l s ,  and 
(d) degree of bonding between the g r a i n s ,  

12 ‘, The methods f o r  ob ta in ing  ( a )  and (b) arae obvious 
i f  Cb) f s  expressed i n  terms of s p e c i f i c  g r a v i t y  and pep- 
centage f r e e  water conten t ,  Snow temperature  can be  measured 
w i t h  a thermometer, s p e c f f f c  g r a v i t y  can be found by weighing 
a known volume of snow, and f r e e  water c o n t e ~ t  can be deter '-,  
mined by a simple c a l o r i m e t r i c  method, 

13, Thero a r e  a l t e r n a t i v e  methods f o r  ob ta in ing  ( c )  , 
These a r e :  ( 1) measurements of a i r f l o w  pe rmeab i l i t y  a s  
adopted by the  I n s t i  t u t  far Schnee- und Lawinenf orachung, 
Swf t z e ~ l a n d ,  ( 2 )  macrophotography of samples of snow graf  ns ,  
and (3)  obselavations w i t h  t h e  a i d  of a m a g i f y i n g  g l a s s  
us fng  a r u l e d  background and a s tandard ized  s c a l e  of g r a i n  
shape, The f i r a s %  of these  methods, whi le  e x c e l l e n t  f o r  
l a b o r a t o r y  t e s t s ,  yequi res  appara tus  t h a t  cannot easily be 
made p o r t a b l e o  The second i s a l s o  a good method but  1s n o t  
a s  simple a s  t h e  t h i r d ,  The t h i r d  method 1 s v e r y  convenaent 
and h a s  been found t o  g ive  s u f f i c i e n t l y  aceulaate r e s u l t s  f o r  
most p r a c t f  e a l  purposes ,  Therefore  t h e  t h i r d  method h a s  been 
adopted I n  thf s r e p o r t ,  

1 4  , The most d i r e c t  measure of the  degree of bonding 
between g r a i n s ,  ( d )  above, f s t h e  t e n s i l e  s t r e n g t h  of t h e  
snow, Although t e n s i l e  s t r e n g t h  t e s t s  have been c a r r i e d  out  
i n  t h e  l abora to ry ,  t hey  p r e s e n t  a number of d f f f i c u l t i e s  for 
~ o u t i n e  u s e  i n  the  f i e l d ,  The next  b e s t  method, a l though 
somewhat f n d f r e e t ,  i s a t e s t  of snow hardness  o r  f i rmness  - 
a form of compression t e s t  of snow i n  s i t u ,  



15 , Two types of ins t ruments  have been used f o r  snow 
hardness  t e s t s s  (1) the  con1 c a l  ram [Kegelsonde) developed 
by the  I n s t i t u t  ffir Schneec- und Lawinenforschung, and (21 
t he  Nat ional  Researsh Council of Canada snow hardness  gaugeo 

16 o The con ica l  ram was designed f o r  a p a r t l c u l a ~  
purpose - t h a t  of r o u t i n e  t e s t s  I n  the Swiss Alps with a 
view t o  e s t ima t ing  t h e  avalanche tendencies  of deep snow 
on s t eep  s2_opes, I t s  outs tanding  f e a t u r e  i s  t h a t  f t can 
measure the  f i rmness of any l a y e r  down t o  depths a s  g r e a t  
a s  three  o r  more meters  without the  n e c e s s i t y  of diggSng a 
t e s t  t rench i n  the snow, Although i t i s  not  a d l s e c t  
f n d l c a t i n g  instrument ,  only  a very simple c a l c u l a t i o n  1s 
r equ i red  t o  ob ta in  t h e  f i rmness  of t h e  snow, In  Swi t a s r l m d ,  
where avalanche resea rch  i s  considered e s s e n t i a l  t o  s a f e t y  
i n  the  mountains, t h e  con ica l  ram has  been used ex tens ive ly  
and i s  regarded a s  a s tandard  snow t e s t i n g  instrument ,  

17 0 The Natfonal Research Council snow h a ~ d n e s s  gauge 
measures e s s e n t i a l l y  the same q u a l i t y  of t h e  snow a s  does 
the  con ica l  r q  although the numerical  r e s u l t s  a r e  not  
i d e n t i c a l ,  It i s  s i m i l a r  t o  an instrument  developed in 
Switzer land and r e f e r r e d  t o  by Seligman i n  "snow S t r u c t u r e  
and Ski  F ie ldsPe ,  I ts  main f e a t u r e s  a r e  t h a t  1 t i s simple 
and compact, i t  i n d i c a t e s  snow hardness  d i r e c t l y ,  and I$ 
covers a very wide range o However, i t does r equ i  r e  the 
digging of a t e s t  t rench,  but  t h i  s i s only  a d i  sadvantage 
when snow hardness measurements alone a r e  taken, I n  m o a t  
snow resea rch  .= avalanche research  being an exception.- the 
t rench  i s  requi red  f o r  o the r  t e s t s ,  

18 , The shape of a snow surface  i s  not  e a s i l y  cles'- 
cl-fbed by simple f i e l d  measurements a lone,  I n  most cases  - 
a wol-d d e s c r i p t i o n  w i l l  s u f f i c e ,  but  when t h e  sur face  i s  
such t h a t  i t  has  a d e f i n i t e  bear ing  on the  problem under 
cons idera t ion ,  i t s  shape may be most convenient ly descr ibed  
by means of a photograph, 

19 , A snow-cover can t h e r e f o r e  be completely descr ibed 
by t h e  methods ou t l ined  above, The var ious  t e s t s  a r e  given 
i n  t h e  t a b l e  below, A i r  temperature, al though not  e s s e n t i a l ,  
i s  a l s o  included s ince  i t  i s o f t e n  used a s  a convenient 
ref  erenee,  

20 0 The var ious  t e s t s  t a b u l a t e d  i n  th f  s t a b l e  a r e  not  
without a few i n t e r - r e l a t i o n s ,  Snow of very low s p e c i f i c  
g r a v i t y  w i l l  have c r y s t a l s  of s lender  d e n d r i t i c  form and 
w i l l  genesa l ly  conta in  no f r e e  water, Dry snow of moderately 



hfgh spec i f fc  g r av i ty  w i l l  be r a t h e r  hard and i t s  gxains 
w i l l  be of compact form, Very wet snow w i l l  have compact 
g r a in s  and very  hfgh s p e c i f i  c g rav i ty ,  When the snow 
temperature i s  equal t o  the melting point  of i c e ,  f ~ e e  
water w i l l  be present ,  but  a t  a l l  o ther  temperatures the re  
w i l l  be no f r e e  water, 

TABLE I 

Test Apparatus Rema~ks 

A i r  temperature Thermometer Taken 1 t o  3 f e e t  
above snow surface 
CSee p a r a g ~ a p h  5%) 

Snow temperature Thermometer Taken a t  l e a s t  once 
every 6 inches through 
snow p r o f i l e ,  
(See paragraph 53) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Specfffc g rav i ty  Balance, snow Observations i n  each 
of snow c u t t e r s ,  snow d i s t i n c t  l ayer ,  

kni f e (See p a r a g ~ a p h s  64 
and 66) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3 ' =  

Free water Snow c l a s s i f i c a t i o n  See paragraphs 62 
content and 63 

- - - - - - - - - - - - - - - - - - - - - - - - - - - = , - - =  

Grain ahape and MagnPfying g lass ,  Observation3 i n  each 
sf ze graduated cup, d i s t i n c t  l ayer  

spa tuba, (See paragraphs 5% 
In t e rna t i ona l  and 581 

c l a s s i f  f ca t ion  
- - O - P P - _ - - D - - - Y - - - - - - - - - =  - = > a = > -  3 

Snow hardness Snow hardness gauge 0bservs;iona i n  each 
or conPcal ram distinct, snow layap 

(See parngraphs 54, 
55 and 5 6 )  

- - - - - - - - - - - - - - - - - - - - - - - - - L - , - a c , c  - 
Form of snow Any photographic , . ,,. - -I ,t.,,Q 59 

surf  ace camera r .  < - 



INSTRUMENTS 

Choi ce of Instruments 

21, The ins t ruments  which have been chosen a r e  simple, 
compact and reasonably durable ,  No s p e c i a l  s k i l l  i s  r equ i red  
t o  use  them. AEP a re  graduated i n  metr ic  u n i t s  t o  f a c i l i t a t e  
comparison wi th  t h e  comprehensive Swiss researches  i n  snow 
mechanics. A photograph of th3 complete s e t  i s  shown i n  
Fig,  60 

Care and Maintenance 

22 0 A l l  components of the  ins t ruments  a re  rus tproof  
with t h a  except ion of the  balance kn i fe  edges whfch a r e  made 
of hardened s t e e l ,  Should the k n i f e  edges show sfgns  of 
r u s t i n g ,  some very l i g h t  o i l  may be app l i ed  and then wiped 
o f f ,  b u t  o i l  should not  be used on any o the r  p a r t  of the  
instruments ,  I f  the snow c u t t e r s  or snow k n i f e  begin t o  r u s t  
they may be p ro tec ted  w i t h  a t h i n  coa t ing  of wax, 

23, The i n t e r i o r  of the  ca r ry ing  case should be kep t  
a s  f r e e  of snow and water a s  poss ib le ;  any snow o r  water 
adhering t o  the  ins t ruments  should be removed be fo re  the  
f n s t m e n t s  a r e  p u t  back i n t o  the case,  

240 A l l  instruments  should be kep t  f r e e  of d i r t  OP 

g r f t  and may be of l ed  or  waxed before  they a re  s to red  fan" 
the  summer, However, i f  o i l  f  s used i t  should be removed 
before  they a r e  put  i n t o  se rv ice  again,  

25, It f  s advisable  t o  keep the instruments  i n  t h e f r  
car ry ing  case i n  an unheated s h e l t e r  so  t h a t  the  instruments ,  
a t  t h e  time they a r e  used, w i l l  be a t  approximately t h e  same 
temperature a s  the snow, 

26, I f  the  l f q u i d  column of a thermometer becomes 
separated,  a s  may happen dur ing  shipment, i t  may be reunf ted  
by one of the  fol lowing methods: 

( 1 )  Mercury thermometer wi th  separa t ion  near bulb,  Imrnerse 
the  bulb i n  a f r e e z i n g  mixture* u n t i l  a l l  the mercury 
has  been drawn i n t o  the bulb,  Tap t h e  thermometer t b  
dis lodge  gas bubbles i n  t h e  bulb,  

4t 
Freezing mixture ( p a r t s  by weight] 

0 
3 p a r t s  snow a t  0°C" added t o  1 p a r t  N a C l . . . .  ....... 00'-28 C, 
1 p a r t  snow a t  09C, added t o  1 p a r t  a lcohol .  . . . * .  . o. . - ~ o ~ c ,  
,70 p a r t s  snow a t  OOC. added t o  1 p a r t  CaC12. ...... o o . - 5 5 8 ~ .  



( 2 )  M e r c _ u r y o  Hold the  
thermometer a t  a considerable hefght  over a  low flame 
and by moving i t  back and f o r t h ,  apply hea t  gen t ly  u n t i l  
t h e  broken p lace  i n  the  thread  ha s  moved upward i n t o  the 
r e  se rvo i r  

CAUTION: This  method i s  more l i k e l y  t o  r e s u l t  i n  break- -- 
age and extreme care  should be used, 

( 3 )  Red l i q u i d  thermometer, Securely f a s t e n  one end off a 
s t rong cord about 3 f e e t  long t o  the  thermometer by 
binding it t i g h t l y  with ce l l u lo se  tape along the  f u l l  
l eng th  of the  thermometer, the  thermometer bulb being 
opposite the  f r e e  end of the  cord,  Securely hold t h e  
f r e e  end of the  c o ~ d  and r ap id ly  whir l  the  thermometer 
i n  a  ho r i zon t a l  plane over head, 

C4) Red l i q u i d  thermometer, Use a  method s im i l a r  t o  ( 2 )  
but apply the hea t  by immersing the  bulb  i n  water 
being heated on a  s tove,  S t i r  t h e  water con t inua l ly  
and do not  l e t  the thermometer come i n  contac t  wi th  
t he  vesse l  conta in ing  the water, 

The above methods have a l l  been used success fu l lyo  I9 column 
separa t ion  occurs f r equen t l y  i t  may be advfsable t o  mmova 
t he  the~mometers  from t h e  k i t  and s t o r e  them i n  a  heated 
b u i  l d i  ng , 

27 , If reasonable care  i s  taken, damage t o  the  i n s t ~ u -  
ments o r  l o s s  of any of t h e i r  par t s  can be avoided, 

Balance 

28 , The beam type balance shown i n  F ig so  1 and 7 $3 
i d e a l  f o r  snow measurements, It i s  more accura te  than a  
spr ing  type balance,  

29 Q The balance frame A .  c a r r i e s  two r i d e r s  B and C of 
equal  weight, Moving e i t h e r  r i d e r  B or  r i d e r  C from e x t ~ e m e  
l e f t  t o  extreme r i g h t  i s  equivalent  t o  500 grams so t h a t  
measurements up t o  1,000 grams can be made by u t i l i z i n g  both 
r i d e r s ,  Rider B c a r r i e s  a ve rn ie r  which reads  d i r e c t l y  t o  
2 grams, Measurements t o  t he  n e a r e s t  gram can be maae with- 
ou t  much d i f f i c u l t y ,  

SO , Rider C con t a in s  a  sp r i ng  clamp which prevents  
acc iden ta l  movement of the r i d e r  when the frame i s  a t  an 
extreme angle, The clamp must be re leased  by p r e s s l s g  on 
bu t ton  D whenever i t  i s  necessary t o  move r i d e r  C ,  



31, Hook E Ss f o r  hanging the  ba lance  on any convenkent 
s u p p o r t o  A ba lance  suppor t ,  whfch s p r i n g s  on t o  t h e  edge off 
t h e  c a r r y i n g  c a s e ,  i s  p ~ o v f  ded w i t h  each s e t  of i n s t rumen t so  
Hook F i s  f o r  hanging t h e  wei ghing bucke t  on t h e  ba lance ,  

32 o The ba lance  h a s  been a d j u s t e d  t o  read ze ro  when 
t h e  empty bucket  i s  i n  p l a c e  on hook F and r i d e r s  B and C 
a r e  i n  t h e i r  e x t ~ e m e  l e f t  p o s i t i o n ,  

33, The s e n s i t i v i t y  of t h e  ba lance  can be a l t e ~ e d  with-  
o u t  df uturbfng  the  z e r o  ad jus tment  by changing t h e  v e r t a e a l  
pos i  t i o n  o f .  t he  counterweight  G o  If t h e  ba l ance  h a s  t o  b e  
used exposed t o  t h e  wind, i t  f  s adv i  s ab l e  t o  dec rease  t h e  
s e n s i  t i  v l t y ,  Genera l ly ,  t h e  ba l ance  should b e  as  s e n s i t i v e  
a s  condi t i o n s  wf 11 permi t o  Frequent  adjustment  of s e n e % t i  v i t y  
should b e  avoided,  To change ba lance  s e n s l . t i  v i  t y  l o a s e n  "he 

elampfng screws 13, move tihe counterweight  G (downward t a  
decrease ,  upward t o  i n c r e a s e  s e n s i t i v i t y )  and secureLy t i g h t e n  
bo th  screws H o  

34 o The condf t ion  of ba lance  i s  i n d i c a t e d  when t h e  
p o i n t e r  J, which i ' o~ma  p a ~ t  af f ~ m e  A ,  swings an equa l  mount  
on each  s i d e  of t h e  k n i f e  edge  paages  K O  

Snow S a m ~ l e  C u t t e r s  

35, Each s e t  of ins t ruments  c o n t a i n s  two snow sa,mpbs 
c u t t e r s  which a r e  used t o  cu t  snow samples of knom, volume 
f o r  s p e c i f f c  g r a v i t y  measurements, The % n t e r n a l  volume sf 
each c u t t e r  i s  250 c c ,  

36 o The c u t t e r  shown i n  F i g o  2  i s  l 'or  s o f t  snow conc- 
d i t l o n s ,  I t s c y l i n d e r A h a s a  t h i n c u t t i n g e d g e a n d i t s  
handle  i s  b e n t  so  t h a t  the  a x i s  of t h e  handle  c o i n c i d e s  wJth 
t h a t  of t h e  c y l i n d e r ,  The removable back cover p l a t e  6 h a s  
hooks whfch engage p i n s  D on t h e  c y l i n d e r ,  

37 0 The s o f t  snow c u t t e r  is always used  h o ~ i z o n t a ' l l y ~  
During t h e  c u t t i n g  of t he  sample, t h e  c u t t e r  i s  ~ o t a t e d  
about f t s  handle  a x i  s i n  o r d e ~  t o  avoid compressing t h e  snow 
s m p l e ,  A k n i f e  i s  used t o  t ~ i m  the sample l e v e l  wi th  t h e  
forward and r e a r  edges  ~f t h e  c y l i n d e r ,  

38 0 The baclr cover p l a t e  may be  used t o  p reven t  very 
s l i p p e r y  samples from s l i d i n g  o u t  0% the  c u t t e r  b e f o ~ e  they  
can  be p l aced  i n  t h e  ba l ance  bucket ,  It i s  a l s ~  u s e f u l  
when determining t h e  s p e o f f i c  g r a v i t y  of l oose  g r a i n s  such 
a s  haf lo 



390 The snow sample c u t t e r  shown i n  F igo  3 f s fop  
hard snow condi t ions ,  I t s  cy l inder  A has a  saw-tooth 
c u t t i n g  edge C and a  simple handle Bo The i n t e r n a l  
volume between the  p lanes  X-X and Y-Y P s  250 cc, Th i s  
c u t t e r  may be used e i t h e r  ho r i z on t a l l y  or  v e r t i c a l l y o  
To determine the s p e c i f i c  g r a v i t y  of a  t h f n  c r u s t D  @u$ 
s u f f f c i e n t  d i s c s  of the c ~ u s t  t o  f i l l  the l eng th  of the 
cy l inder ,  The method of use i s  obvious, 

Snow Hardness Gauge ( N O R O C ,  

40 , The snow hardness gauge i s  a  push-type spr ing  
balance on which any one of severa l  p ressure  d i s c s  can 
be mounted, The gauge i s  shown i n  Ffgo 4, 

41, The end of the  push rod E i s  arranged so that, 
the  two smal les t  d i s c s  a r e  permanently a t tached t o  the  
push rod, The a r e a  of the  smallest  d i s c  A i s  0,  & cm2, 
and the  area  of the annular shoulder E Ps 0,9 am so t h a t  
the  area of A and B taken together  Ps 1.0 Two 
separa te  df s c s  6 and D (D i s  not  shown i n  Fig, 4 )  have 
a r ea s  of PO and 100 em2 r e spe c t i ve l yo  Dfse C ( o r  d i s c  D j  
f s  he ld  i n  p lace  on the end of the  push rod  by t he  f r i c -  
t i o n  of a  rubber washsr which i s  cemented t o  t h e  d i s c ,  
Whenever a  d i  sc f  s f f  t t e d  to ,  o r  removed from t he  push 
rod, the  d i s c  should be pota ted  to  avofd p u l l i n g  the  
rubber washer of f  the back of the  dfsc .  

42, The opposite end of the  push rod c a r r i e s  a sca le  
graduated from 0 t o  10, S%nce 10 on the  s c a l e  c o m e s p ~ n d e  
t o  a push rod f o r c e  of 1,000 grams, one d i v i s i o n  of the 
sca le  corresponds t o  100 grams, Thus, when the  1wgesG 
d i s c  D i s  used, the  push rod s c a l e  i n d i c a t e s  t he  p ressure  
d i  r e c t l y  5.n grams per  cm2, Therefore t h i  s  d i s c  has  en- 
grdaved on i t  "x Is' t o  shcw t h a t  the snow hardness number 
f s  the s ca l e  reading times one, S imi lar ly ,  d i s c  C i s  
marked " X  10" t~ i nd i c a t e  t h a t  the  hardness number i s  the  
s ca l e  reading times 10, The f a c t o r s  by which the  s c a l e  
reading must be mul t ip l i ed  i n  order t o  obta in  the hardness 
number, a r e  gfven i n  t he  f o l l ~ w S n g  t a b l e ,  



TABLE I1 

Df sc Area Fact  o r  
c cm2 1 

43 o A l l  snow k i t s  have been provided wi th  an addft iona,  
snow hardness  gauge which has a sp r ing  t e n  t imes s t i f f e r  than 
t h a t  provided i n  the low-range gauge, Since the  s c a l e  of 
t h i s  gauge i s  graduated from 0 t o  100 - i n s t e a d  of 0 t o  10 
a s  i n  the  case of the low-range gauge - t he  f a c t o r s  given i n  
t h e  t a b l e  above apply t o  botho  

Graduated cup, magnifying g l a s s ,  and s p a t u l a  

44 a These a re  shown i n  F i g o  5 and a r e  used f o r  observ- 
i n g  the  s i z e  and shape of the  i n d i v i d u a l  g r a i n s  o r  c r y s t a l s ,  

45 , The cup B has a f l a t  bottom on which a r e  engraved 
a number of concent r ic  c i r c l e s  whose r a d i i  vary by one 
mi l l ime te r  s t e p s ,  These c i r c l e s  form a s c a l e  f o r  measuring 
g r a i n  s i z e ,  

46, The spa tu la  (2 i s  used t o  p lace  and arrange t h e  
g ~ a n u l e s  i n  t h e  cup, Aggregates may be broken up with the  
f l a t  end of the spa tu la ,  

Thermometers 

4 70 Each k i t  con ta ins  l abora to ry  grade thermometers 
graduated i n  d e g ~ e e s  cent igrade ,  Other s u i t a b l e  cent igrade  
thermometers of reasonable accuracy may be used, 



SNOW CLASSIFICATION 

48 , It has  been poin ted  out  i n  paragraph 9 t h a t  the  
s t r u c t u r a l  proper t f  e s  and cohesion of a  snow l a y e r  depend 
t o  a  l a r g e  extent  on the  shape of i t s  i nd iv fdua l  g ra ins ,  
Grain shape a l s o  has  a  marked e f f e c t  on both the  s t a t i e  and 
s l i d i n g  r e s i s t a n c e s  of s k i s ,  and on the  i n t e r n a l  f r i c t i o n  
of snow, These e f f e c t s  a re  so pronounced t h a t  s k i e r s  o f t en  
dfvfde  snow fn tos  ( a )  new snow, which has  c r y s t a l s  of den- 
dr f  t f  @ f o m ,  and [b) old  snow, whieh has  roughly spher f  e a l  
g ra fns  and which inc ludes  the var ious  k inds  of c r u s t s ,  

490 The quest ion of snow c l a s s i f i c a t i o n  was examfned 
by a  s p e c i a l  eommfttee of the  I n t e r n a t i o n a l  Associat ion of 
Hydrology i n  1949, The committee divided snow on t h e  ground 
i n t o  f i v e  c l a s s e s  according t o  g ra in  shape, These c l a s s e s ,  
descr ibed  i n  paragraph 138 of Appendix D, r ep lace  the  "grain-  
form d e n s i t y  sca le"  given i n  Nat ional  Research Councf 1 of 
Canada Reports Noo ?VIM-192 and lIM-.202 and a r e  now used i n  
the  snow-cover survey, 

TEST PROCEDURE 

Accuracv of Measurements 

50, Although t h e  t e s t s  should be made with reasonable 
ca re  a  h igh  degree of accuracy i s  not  requi red ,  Even i n  
f l a t  open country the  snow-cover i s  not  e n t i r e l y  unfform 
and t e s t s  made i n  one p lace  all not  y i e l d  e x a c t l y  the  same 
r e s u l t s  a s  s l m i l a r  t e s t s  made i n  another  p lace  only 10 or  
20 yards away, In  genera l ,  the observer should t r y  t o  
ob ta in  a s  near lverage r e s u l t s  a s  posa ib le  and t h i s  appl fea  
no t  only to  the  d f f f e r e n t  t e s t s  but  a l s o  t o  the  l o c a t i o n  
of the  t e s t  t r ench  whfch should be chosen wf t h  a  view t o  
obta in ing  a  reasonably t y p f c a l  see t ion  through the snow- 
CovePo 

Afr Temperature 

51, A i r  temperature should be taken from 1 t o  3 f e e t  
above the snow surface a t  the  time of observat ion,  The 
thermometer must be s h e l t e r e d  from the sunas r ays  and 
should be given s u f f i c i e n t  time t o  reach a  cons tant  reading,  



When snow t e s t s  a re  made within a s h o r t  d i  s t ance  of a weather 
%$a t ion  ( a s  i n  the  snow-cover survey) a i r  temperature as 
measured a t  the  weather s t a t i o n  may be used even though they 
a r e  u s u a l l y  taken a t  a somewhat g r e a t e r  he igh t  above the  snow 
surface  

52, When the  f a c i l f  t f . e s  ape p resen t ,  the maximum and 
rnfnfm~w, temperatures of the preceding day should a l s o  be 
r e c ~ r d e d ~  

Snow Temperature 

530 For t h i s  and most of the following t e s t s  a t r anch  
must be dug i n  the  snow cover t o  d i s c l o s e  the d i f f e r e n t  snow 
l,ayers, The temperature measurements should be c a r r i e d  out  
immedlateby a f t e r  the  t rench has  been dug i n  order  t o  mini- 
mize e r p s r s  due t o  exposure t o  a i r  and sum, Snow temperatures  
should be taken c lose  t o  the  sur face  of t h e  ground, w i  t h i n  
% inch  of t h e  snow surface  and approximately every 6 inches 
through the  p r o f i l e ,  Thus snow depths of l e s s  than 12 i nches  
w i l l  have a minimum of 3 temperature measurements, The ther -  
mornete~ should be given s u f f f c f e n t  t irm to  reach a constant  
reading,  

Snow Hardness T e s t s  

56, Snow hardness  readings  should be taken i n  each 
d i  s t l n c  t SLOW l a y e r ,  The hardness  gauge i s used horf zontably 
a g a i n s t  t.k~e wall  sf the t rench,  Care should be taken in 
e u t t i c g  Ins f a c e  on which the  t e s t  i s  t o  be made so as t o  
ob ta in  a s  f l a t  a su r face  a s  p o s s i b l e  and t o  avoid d i  s tu rb ing  
the  snow, The reading i s  obtained by slowly p ress ing  t h e  
gauge s q u a r e 3  a g a ~ ~ i r t  t h e  snow and not ing  the  value on the 
s c a l e  a t  whPeh the d l s c  begins t o  e n t e r  t h e  snow, While the 
manney i n  which the  d i s c  e n t e r s  the  snow v a r i e s  somewhat with 
snow condi t ions  i t  i s  u s u a l l y  f a i r l y  sudden, Very s l i g h t  
csn:pr.essj.on of the snow should be d i  sregarded, Readings t o  
t he  nea res t  h a l f  d i v i s i o n  a r e  s u f f i c i e n t l y  accura te ,  

55 , The gauge may be used v e r t i c a l l y  t o  measure t h e  
hardness  of a t h i n  Layer a t  the  surface,  When used v e r t i c a l l y  
a c o r ~ s s t i o n  f o r  the  weight of the  moving p a r t s  must be added 
to t he  sdbse~ved reading,  The cor rec t ion  can be found by 
read lnc  the s c a l e  when the gauge i s  he ld  v e r t i c a l l y  with t h e  
d f s c  end uppermost, It i s  approximately one-third of a 
d i v i s i ~ n  f o r  d i s c  C and three-quar ters  f o r  d i s c  D when the 
Lcw-range hardness  gauge i s used, 



5 6 ,  Each srlotv k i t  con ta lns  a high-range and a low-range 
gauge. The Pow-range gauge should be used f o r  hardness  up ts 
l ,000 fa; w l t h  d i s c s  B, C and D only,  and the h igh  range gauge 
f o r  h a ~ d n e s s e s  above l ,000 , f0e4  with d i s c  A and B only,  In 
r e c ~ ~ d f n g  hardness,  c a r e  must be  taken t~ g e t  the r i g h t  number 
of z e ~ c s ,  I f  the observer f i n d s  t h i s  d i f f i c u l t ,  i t  i s  suggested 
t h a t  i n  h i s  yough f i e l d  no tes  he record a reading  of say 4,s 
wfth the  $ow-range gauge and d i s c  C a s  4,s 6 ,  or  a peading of 
s a y  30 w%th the  high range  gauge and d i  s c  B a s  3OBo Sfnce the  
$ow and high range gauges a r e  graduated 0, 1, 2 , 0 0 , , 1 0  and 0, 
PO, 20 , , ,  , ,100 r e spec t ive ly ,  these  no ta t f  ons I n d i c a t e  which 
gauge and d i s c  were used, The hardness  numbers corresponding 
t o  the  above examples a re :  

4 , 5 x B O = = 4 5  and 
30 x 9.00 = 3,000 ( s e e  paragrapka42 and 43). 

However, only the h a ~ d n e s s  numbers should be entered  i n  the 
r e p o r t ,  

Average Grain Sf ze and Sham 

57 , Observations of" g r a i n  s i z e  and shape should be made 
i n  each d i  s t i n c t  l a y e r ,  Grain s i ze  i s taken a s  the  maximum 
dimension of a s i n g l e  g r a i n  o r  c r y s t a l ,  I n  a l a y e r  formed by 
a f a l l  of compound snowflakes, only the separa te  c r y s t a l s  which 
make up t h e  f l a k e s  should be considered, A f a i r  number of 
g ra fns  should be examined and an es t fmate  made of t h e i r  average 
s i zq ,  Est imates  t o  the  n e a r e s t  0,2 mrn, are suf f ic ientBy 
accura te ,  When t h e  g r a i n s  a r e  bonded toge the r  t h e  aggregate  
must be bnaoken up be fo re  t h e  measurement can be made, b u t  g r a i n  
fragments must no t  be mf s taken f o r  i n d i v i d u a l  g r a i n s ,  I n  
eases  of extreme bonding o r  i n  very wet snow, g r a i n  s i z e  and 
shape begln t o  l o s e  t h e i r  meaning and need not  be recorded, 

58 0 F~equen-bBy the  g r a i n s  i n  a s i n g l e  l a y e r  of snow a r e  
not  all. of the  same form although most l a y e r s  which have 
passed the  s e t t l e d  s tage  a r e  f a i r l y  unfform bo th  a s  t o  shape 
and s f z e  of g ra ins ,  The average shape and s f z e  of c r y s t a l s  
determine t o  some extent  the  phys ica l  c h a r a c t e r i  s t f c s  of the 
l a y e r ,  Therefore the  observer should record  the  average shape 
and s i z e  of c r y s t a l  under "grain shape and s i z e "  and i f  o t h e ~  
shapes a r e  pnaomfnent, a record of these  should be made i n  the 
'"emark S" column, 



59, A f e w  clbsenvexl@i have i ~und l  F c  d i f f f f eu l t  t o  dfe$i%n@;iliah 
between ? - O P ~ B  " p t '  a~hd '%Is o f  old. snow, T n e  "oP' anQw 2 s  a 
produck ofn rne%%%ng whm3ea% t y p e  ''d's snsw i s  pasd-uced by the 
process  of s u b ~ f m a t Y ~ n ,  The: o r y s t a l  f a c e t s  of form RSld(lPI a r e  
no& always e a s y  & o  rea,ognTze, espaciadbly s ince  the  g r a i n s  of 
both  fo rms  a r e  somewhat airngLas add df s t o ~ e e d  shapes, When 
an aggregate  af gaaLns h a s  to ba b ~ o k e l ;  up fop  exanfnatlnan, 
the  f ~ a c t u ~ e s  have some 0% t h e  genekal aspects  s f  f a c e t s  and 
t h i s  adds t o  the dFfficulty, A .:ne3knod whlch wf$% serve tea 
d e m o n s t ~ a t e  t h e  d i f f e r e n c e  be tween the two f e r n s  f s t o  observe 
the  amount of' spa rk le  when d i r e @ %  s u n l i g h t  f  aPEs on a  sample 
of snow, The f l a t  f a c e t s  produce a  d e f i n i t e  spark le  a f f e c t  
and fnd lca te  t h a t  the form i s  "d" whereas f r a c  t u r e s ,  whf ch 
a r e  seldom flat, do n o t  produce such c l e a r  c u t  r e f$ee t ions ,  
With expepleaco the obaerver will be a b l e  t o  i d e n t i f y  f a m s  
rr 99 and "dig wf%hout us ing  t h i s  simple t e s t ,  

60, D r i f t i n g  can cause loose  g ra fns  of oLd snow a t  the 
su r face  t o  become pounded by abras iono  I f  they have l o s t  all 
t r a c e s  of thefk r a c e t s  they a r a  of form " c "  even though no 
mel t ing  has  t aken  p lace ,  But i f  they aaetain some of' t h e i r  
f a c e t s  they a r e  of  for^ "d" , Whewver d r i f t i n g  has  oesumed, 
a  note  t o  t h a t  e f f e c t  should always be included in t he  
'"-emark sP' 

W e E  old  snsw P a  always of type "cgL, 

Surface Lager G ~ a f n  Shape and S%ze  - 

61, The mask rap5-d changes usua l l y  take p lace  In t h e  
su~f faes  Payer because %t is of f a f p l y  r e c e n t  o r i g i n  and 
the  one most exposed t o  t h e  aotfon of t h e  weakher, GraSn 
samples should be taken about 1 inch  below the 8 u ~ f a e e  
except when t h e  su r face  l a y e r  i s  l e s s  than % inch  th ick;  
they should then be t akan near the  midpoint of the  l a y e r  
t h i  ckness, Recolad average shape and avepage sf ze and,, when 
necessapy, give mom d e t a i l s  i n  the '%emarksR0 

Free Water Content (F, Vb,  6,) 

62, Free water content  need only  be repor ted  when the 
snow f s w e t ,  a,@.? when the snow t e m p e r a t u ~ e  i s Q"C, 

63, The d % f f i c u l % y  i n  obta in ing  an a c s u ~ a t e  value f o r  
t he  f r e e  wates ssn tenc  when I n  t h e  %Lead i s  v m y  g r e a t ,  



For t he  purpose of t h i s  survey It  I s  s u f f i c i e n t  t o  u s e  t h e  
terms g iven  i n  paragraph 138 of Appendix Do If a mope 
a c c u r a t e  value i s  r e q u i r e d ,  one i s  r e f e r ~ e d  t o  a s tandard  
l a b o r a t o r y  procedure which makes use  of a r e l i a b l e  c a l o r i -  
mnecer", 

S p e c i f i c  Gravi ty  Measurements 

64 0 Measurements of s p e c i f i c  g r a v i t y  should be made at 
approximately 6 Inch i n t e r v a l a o  However, t h i  s spacing may 
be v a r i e d  somewhat t o  permft  t ak ing  a sample i n  a uniform 
l a y e r ,  The h e i g h t  of t he  c e n t r e  of t h e  sample above ground 
should be ~ e c o r d e d ,  

65 , The d e n s i t y  of t h i n  hard  c r u s t s  need n o t  be  found 
p~aovided t h e i r  hardness  h a s  been measured, I f  a group 0% 

t h i n  slrnikar l a y e r s  occur toge the r  i n  s e t t l e d  o ld  snow, a 
r e p r e s e n t a t i v e  s i n g l e  sample may be used t o  determine the  
d e n s i t y  of the  group, The r e s u l t s  t h u s  f a r  show t h a t ,  once 
the  snow has  s e t t l e d . ,  i t s  s p e c i f i c  g ~ a v i t y  can be e s t ima ted  
f a i r l y  a c c u r a t e l y  i f  i t s  hardness ,  g r a i n  shape, and f r e e  
water conten t  a r e  known, Tnis  i s  no t  the  case  f o r  new ap 
s e t t l i n g  snow, 

66 ,  The measurements a r e  made by weighing a known 
volume of snow, When the snow P s  moderately dense,  2 
samples c u t  wf t h  one of the  snow sample c u t t e r s  should b e  
weighed a t  a tlme; when i t  i s  l i g h t ,  4 samples may be  
weighed, The s p e c i f i c  g r a v i t y  i s  then sfmply the  weight 
divPded by the  volume, Volumes of' 500 t o  1008 cc,  a r e  the  
most convenient s ince  the  c a l c u l a t i o n s  then  become extremely 
slmp Pe , 

67 S o f t  snow samples should be  very c a r e f u l l y  c u t  to 
avold compressfng t h e  snow and any snow samples which do 
n o t  completely f i  ll t he  I n t e r n a l  volume of t h e  c u t  t e ~  should 
b e  df searded,  

68, In  c u t t i n g  samples, i t  i s  adv i sab le  t o  f i ~ s t  c u t  
them from t h e  top  layelp and then the  nex t  l a y e r  down and 
s o  on u n t i l  t h e  lowest  Payer f r ~ m  which samples a r e  t o  be 
c u t  a s  reached, Frequent ly  a cons ide rab le  amount of' d igg ing  
is r e q u i r e d  t o  o b t a i n  t h e  snow samples and the  procedure 
suggested above t ends  t o  minfmize t h e  amount of d g g i n g ,  



Form of Snow Surface 

69, The cond i t ion  of t h e  snow sur face  should be des- 
c r ibed  by t h e  terms given i n  the "Tenta t ive  Snow Class i -  
f i c a t i o n "  f see Appendix D), When unusual condi t ions  e x i  a t ,  
t he  terms of the snow c l a s s i f i c a t i o n  may be augmented by 
s h o r t  d e s c r i p t i o n s  i n  the  "remarksPe o r  by photographs, A 
few simple measurements such as  average he igh t  and spacing 
of drSf t s  may a i d  In the description, If d r i f t i n g  h a s  
o ~ c u r r e d  s ince  the  l a s t  observation, a n o t e  desc r ib ing  i t 
a s  e f t h e r  PLght, medium or  heavy should be included in t he  

o 

70 o When photography I s used, consf de ra t ion  should be  
given t o  the e f f e c t s  of shadows, a s  these  can of t e n  be 
employed t o  good advantage s ince  they emphasf ze t h e  fr- 
r e g u l a ~ i  t i e s  of t h e  snow, It Ys o f t e n  d e s i r a b l e  t o  add a 
f e w  simple dimensions t o  the photograph; t h e  photograph 
should inc lude  an ob jec t  of known sf z s  f o r  cornpapi son, Id" 
p h o t o g ~ a p h s  a re  taken, t h e  observers  a r e  agked t o  send 2 
p r i n t s  of each photograph and t o  l i g h t l y  mark f n  p e n c i l  
the  a t a t i o n  and d a t e  on the back of each,  

710 The average wind speed s ince  t h e  l a s t  observa t ion  
should be recorded because i t  i s  more s i g n i f i c a n t  than a 
s i n g l e  measurement. P r a c t f c a l l y  every one of the exposed 
a rea  s t a t i o n s  i s  equipped with an anemometer which produces 
a stepped record ,  each s t e p  rep resen t ing  one mi le  of a f k  
movement, Knowing the  pe r iod  of time i n  hours  and the  t o t a l  
number of s t e p s  corresponding t o  t h f s  per iod,  the  calculation 
of average wind speed becomes very simple, For example, 8% 
dafky observat ions  were taken a t  10,30 on January 4 and a t  
10,90 on January 5, and 156 mi les  of a i r  movement took p l a c e  
dur ing  che i n t e ~ v e n i n g  period,  then t h e  average wind apead 
which should be en te red  f o r  January 5 i s  156/24 = 605 or 
7 mopoh, The n e a r e s t  m o p o h ,  % a  s u f f i c i e n t l y  asoura te ,  

72, 1%" a record ing  anemometer f s  no t  a v a i l a b l e ,  s e v e r a l  
r"eadi ngs taken a t  r e g u l a r  I n t e r v a l s  throughout the per f  od 
may be averaged, If no method of ob ta in ing  average speed 
1 s f e a s i b l e ,  a s l n g l e  reading  taken a t  t h e  time of observa- 
t i o n s  should be e n t e ~ e d  f o r  the d a t e  of t h e  observat ion,  

'73, The p r e v a i l i n g  wind d i r e c t i o n  f o r  the  24-hour 
pe r iod  should be recorded,  



GENERAL INSTRUCTIONS FOR SNO\'l -COVER SURVEY 

Snow-Cover Survev Tes t s  

74 , These t e s t s  w i l l  be conducted a t  a  number Q% 

observat ion s t a t i o n s  over a  pe r iod  of seve ra l  win te r s ,  
Therefore i t  i s  h igh ly  d e s i r a b l e  t h a t  a  uniform procedure 
be adopted, Uniformity of methods w i l l  a l s o  s impl i fy  t h e  
the anal.ysis of the many observat ions,  

'75 , The amount of s h e l t e r  from wind and sun h a s  an 
important bea r ing  on the  form of the  snow-cover, It i s  
r a t h e r  d i f f i c u l t  t o  eva lua te  the  e f f e c t  of d i f f e r e n t  degrees 
of s h e l t e r ,  t he re fo re  a r e a s  t h a t  provide e i t h e r  one of the  
two e x t ~ e m e s  of s h e l t e r ,  i ,ed A l l a t  unprotected a r e a s  o r  heavf &y 
wooded a r e a s ,  a r e  t h e  most s u i t a b l e  from t h e  p o i n t  of view of 
unff  ormf ty ,  Durf ng t h e  i n i  t i  a 1  yea r s  of the survey %he 
majo r i ty  of the  s t a t i o n s  were exposed, I n  order  t o  make the 
survey more complete s h e l t e r e d  a r e a s  were f n t ~ o d u c e d  i n  the  
winter  1950-51, 

Choice of Area 

"76, An a r e a  of a t  l e a s t  500 sq,  F t ,  i s  r equ i red  f o r  
the  t e s t  t renches,  I f  p o s s i b l e  i t  should be loca ted  on a 
s l i g h t  ~ S s e  t o  avoid f lood ing  wf t h  water i n  spr ing ,  A  snow^) 

cover depth  gauge i n  t h e  form of a  p o s t  marked o f f  i n  inches  
should be s e t  up a t  one edge of the  t e s t  a r e a  i n  a  convenienz 
loca t ion ,  

77 o For s h e l t e r e d  t e s t  a r e a s ,  a  r e l a t f v e l y  f l a t   cation 
exposed t o  p r e c i p i t a t i o n  bu t  well  s h e l t e r e d  from the  wfnd by 
f a i r l y  c l o s e l y  spaced t r e e s  should be chosen, S h e l t e r  from 
the  sun i s  a l s o  d e s i ~ a b l e  b u t  i s  n o t  a s  important a s  s h e l t e r  
from the  wind, Ease of a c c e s s i b i l i t y  may d i c t a t e  t h e  choice,  
The observer can only use  the above a s  a  guide and make the  
b e s t  s e l e c t i o n  l o c a l  condi t f  ons permf t o  

78 ,  Dai l y  observat ions  should be taken when condi t ions  
a r e  fairly c l o s e  t o  average ids& 10030 or  15,30 [3,30 porn,) 
hours l o c a l  s tandard  time, Morning readfngs a r e  p r e f e r r e d ,  
Once the  survey h a s  commenced the  readings  should be taken 
at t h e  same time each day, Observations should be recorded 
on Form "B" ( see F i  go  8 and Appendix 6 )  , 



Snow Prof iSe Observatiowa 

7 3 ,  A d e t a i l e d  s tudy  of the  p r o f l l e  of t he  e n t i y e  s~:ow- 
cover ahould be c a r r i e d  out  p e r i o d i c a l l y ,  Changes i n  t h e  anow- 
covey a r e  u s u a l l y  q u i t e  slow and i t  has  been found t h a t  % w ~  
prof i l e u  taken each month a r e  s u f f i c i  e n t ,  These obse rva t fons  
should be taken on t h e  f i r s t  and l ' i f t e e n t h  day of each month, 

80 , The t e s t  p i t s  should be aug according t o  some p l a n  
so t h a t  every p r o f i l e  i s  taken i n  an 'undisturbed r e g i o n  a d ~ a c e n t  
t o  the  p r o f i l e  s tud ied  15  days e a r l i e r ,  Each t r e n c h  should be 
no l a r g e r  than necessary  Sor c a r r y i n g  out  t he  measurements, 
2 f e e t  6 inches  by 3 f e e t  6 i nches  should be  anrple, It i s  a 
good i d e a  t o  d i g  the f i r s t  t r e n c h  a t  t he  down-wind edge of t h e  
t e s t  s i t e  and a s  new t r e n c h e s  a r e  r equ i red  they should be 
1oca tea  so  a s  no t  t o  d f s t u r b  the  normal d r i f t i n g  01' t h e  snow 
over the  unused p a r t  of t he  a r e a ,  On completion 01' a s e t  of 
measurements, the  t r ench  should be f i l l e d  and t h e  snow su r face  
roughly l e v e l l e d  o f f ,  

81, It i s wise t o  mark the  l o c a t i o n  of a l l  t h e  o l d  
t r enches  with  s t a k e s  o r  by any o t h e r  suf t a b l e  method i n  o r d e ~  
t o  avoid d igging  two t r enches  i n  the  same p lace ,  

82 , Unless t h e  depth of snow i s  excess ive  the t r e n c h  
should be dug r i g h t  t o  the  ground, One f a c e  of t h e  t r e n z h  
should be v e r t i c a l  and c lean  c u t ,  

83, Previous  t e s t s  have shown t h a t  t he  most prominent 
Teacures whieh d i s t i n g u i s h  one l a y e r  of snow 1'rom another  are  
hardness  and g r a i n  sf ze, Rough p re l imina ry  measurements of 
hardness  and g ~ a i n  sf ze should t h e r e f o r e  be made merely a s  a 
g ~ i  de t o  l o c a t i n g  the  boundaries  of the  p r i n c i p a l  laye pa ,  Do 
nclt record  the p r e l i m i n a r y  measurements of' hardness  m d  gB"aJn 
~ T z e ,  Af t e r  the  boundari  e s  have been Uetermfned, more accurabe 
measurements should be made and recorded,  When c e m p e r a t u ~ e s  
a r e  p e r s i  s t e n t l y  low, a s  i n  t h e  Barrens ,  a  s e c t i o n  through t h e  
snow-cover appears  t o  he f a f r a l y  uniform and i t  i s  d i f f i c u l t  to 
d i s  t inguf  sh one l a y e r  from another  u n l e s s  the  p re l imina ry  
rneasuremer~ts a r e  made, 

84, More o r  l e s s  continuous i c e  c r u s t s  w i th in  t h e  snow- 
cover should be recorded a s  a  sepa ra t e  l a y e r ,  Sometfmes 
s e v e r a l  sf t h e s e  l i e  q u i t e  c l o s e  t o g e t h e r  i n  which case  t h e  
group should be regarded a s  a  s i n g l e  l a y e r ,  In no o t h e r  ease ,  
however, should two df s t l n c t l y  d i  f f e r e n t  l a y e r s  be  grouped 
toge the r  a s  a  s i n g l e  l a y e r ,  I c e  l a y e r s  i s o l a t e  one snow l a y e r  
from another  by a c t i n g  a s  b a r r f e r s  t o  t h e  Slow of a i r  md 



seepage water and thus a f f e c t  the  changes which take  p lace  
i n  t h e  d i f f e r e n t  snow l aye r s ,  If an a i r  space occurs I n  
the snow-cover f t should be recorded, 

8 5 ,  The order of t he  t e s t s  f o r  the  p r o f f l e  o b s + ~ \  - 
t i  ons should be a s  follows: 

1, Snow Temperature 
2 ,  Mark bayer Boundarfe s ( s ee  paragraph 83) 
3 ,  Average Grain Sf ze and Shape 
4, Snow Hardness 
5, Spec i f i c  Gravfty 
6,  Free Water Content ( see paragraph 62)  

86 , The r e s u l t s  of these t e s t s  should be recorded f n  
f o m  '%It ( F i g o  91, The "~dema~ks" column may be used t~ 
descr ibe  m y  unuaual condit ions such a s  dus t  p resen t  i n  a 
%ayek, 

87, Layers should be recorded in order frm the  ground 
up ( aee example Fig, 99, Prof fbe observatfona and d a i l y  
o b s e ~ v a t f o n s  should be taken during the  same perf od of the  
day, 

Observatf ons a t  Sheltered Areas 

88, Slnce acces s fb f l f t y  may no t  always be easy, It  
f s proposed t o  l f m i  t t he  observatf ons a t  she l te red  s t a t f o n s  
t o  the  bare minimum consis t e n t  wf t h  obtainf ng worth-whf l e  
r e s u l t s .  

8 9', Prof f l e  sb se rva t i  ons should be made according t o  
the f n a t r u ~ t i  ons gf ven f n paragraphs 79 t o  87, 

90, Daily o b s e ~ v a t f o n s  should include a t  l e a s  

Column No, 
!see V f g ,  8) 

l o  d a t e p  
2 ,  time ( l o c a l  standard time 1 , 
3, t o t a l  snow depth, 
5 ,  shape of c r y s t a l  a t  snow surface ,  
6, sf ze of c r y s t a l  a t  snow surface ,  
80 depth of new snow sfnce  l a s t  observatfon, 
9, a f ~  t empe~a tu re ,  

and 17, kind  of p rec lp f t a t fon  sfnce l a s t  observatfon, 



91. A sheet  of heavy white cot ton ,  about a yard square,  
may be used a s  a snow gauge, The sheet  should be anchored 
t o  t h e  snow by means of s t a k e s ,  It should be approxfmately 
f l u s h  with t h e  snow surface  and i n  a l o c a t i o n  which i s  r e l a -  
t i v e l y  f r e e  from d r i f t f n g ,  The depth  of any new snow on t h e  
sheet  can be measured very easf l y ,  The snow should be shaken 
off  a f ' t e r  the  depth has  been measured, 

I N F O R M A T I O N  TG BE FURNISHED BY ALL OBSERVATION STATIONS 

92 l n h i l e  the M e t e o r ~ l o g i c a l  S t a t i o n s  t a k i n g  p a r t  f n  
t h e  snow-cover survey have a l l  t h e  d e s i r a b l e  f a c r i l i t i e  s,  some 
of t h e  o t h e ~  s t a t i o n s  may no t  be so wel l  equipped and f o r  t h i s  
reason it  may be necessary t o  use  an a l t e r n a t i v e  method f o r  
some of the  measurements, t h e n  t h e  r e s u l t s  of a l l  t h e  s t a t i o n s  
a r e  analgaed, the  methods used a t  each s t a t i o n  and o t h e r  genepal 
information should be known, The fo l lowing i s  a l f s t  of the  
fnformatfon r e q u i r e d ,  Items 111, I V  and V do not apply t o  
complately s h e l t e r e d  s t a t i o n s ,  

I Test Areas i s  i t  (a] compBete1.y exposed, ( b )  s l i g h t l y  
she l t e red :  OP ( c  8 completely she l t e red?  

I1 Daily Observatfons: a r e  they  taken a t  (a3 t h e  t e s t  
a r e a ,  o r  ( b )  some o the r  p lace?  

111 Wind V e l o c x : :  i s i t  ( a )  the  average taken f  som 
anemornet%% records ,  ( b )  the  average of s e v e r a l  
rneasu~ements (gf ve number ~f measurement s p e r  d a y ) ,  
or  ( c )  a s fng le  measurement'? 

I V  Hours of Sunshine: f s  i t  obtained ( a )  from a - --- -- 

sunshfne r e c o ~ d e r ,  or  ( b )  by es t ima te?  

V Mounting Height of Meteorological Instruments:  
what i s  the  approximate he igh t  above t h e  ground of 
( a )  the  anemometer, and ( b )  t h e  sunshine r e c o ~ d e r ?  

V I  w: a map showing t h e  genera l  f  e a t w e s  of the  
surrounding country and on which t h e  l o c a t i o n  of 
the  t e s t  a rea  has  been marked would be very h e l p f u l ,  
The s c a l e  of the  map should be n o t  l e s s  t h a n  1 inch  
t o  t h e  mile;  2 Inches or 4 tnches t o  t h e  mibe  wm8d 
be b e t t e r ,  It may be e i t h e r  a p r i n t e d  map, a blue- 
p r i n t ,  an a i r  photograph, a p e n c i l  t r ac ing  of eft he^ 
of these ,  o r  a p e n c i l  ske tch  reasonably t o  scale 



VII Test  Area Pho t~graphs :  a few photographs of the  
t e s t  a r ea  a re  very d e s i r a b l e ,  These should show 
the  e n t i r e  t e s t  a r e a  wf th  i t s  l i m i t s  marked by 
s t akes  o r  f l a g s ,  and the t r e e s ,  f ences ,  bu i ld ings ,  
e t c ,  whfch a r e  c l o s e s t  t o  the t e s t  a r e a ,  The 
s t a t i o n ,  d a t e  and approximate d i r e c t i o n  i n  which 
the  photograph was taken should be  l i g h t l y  marked 
i n  p e n c i l  on t h e  back of each photograph, 

CONCLUSION 

93, Snow f s of such v i t a l  importance t o  t h e  economic 
l i f e  of Canada t h a t  r e s e a ~ c h  I n t o  f t s  p r ~ p e r t i e s  f  s  a 
n a t i o n a l  t a sk  of sf gnif i cance , A proper understanding of 
the  p rope r t i e s  of snow must be based upon accura te  knowledge 
a s  t o  t h e  va r fe ty  of forms i n  whfch i t  o c c u ~ s  throughout the  
Dominion. The observatfons suggested i n  t h f  s publf c a t i on ,  
the re f  ore ,  simple though they may appear t o  be,  w i  11 and have 
provf ded fundamental i n f  o m a t i o n  e s se n t i  a 1  f o r  t he  f u t u r e  
progress  of Itsnow me~han ics"  s t u d i e s  i n  Canada, The Associ a t e  
Committee on S o i l  and Snow Mechanics of t he  National  R e s e ~ ~ e h  
Council of Canada w i l l  be indeed g r a t e f u l  t o  a l l  observers  
assf s t i n g  with the  w o ~ k  here in  descr ibed,  It f s hoped tha% 
o b s e ~ v e r s  may f ind  i n t e r e s t  i n  the  obse rva t i  ons and some 
r e t u n  f o r  t h e i r  a c t i v i t i e s  by a new apprec i  a t i on  of t h e  
wonder and beauty of what w i l l  aPmays be one of t he  mcst 
yemarkable of a l l  m a t e r i a l s  - snow, 

The Associate Committee on S o i l  and Snow Mechanfcs 
of t h e  National  Resenrch Council of Canada wishes t o  thank 
a11 who have cont r ibuted  t o  t h e  success  of t h e  snow-cover 
survey, and p a r t i c u l a r l y  the  observers  who have been so 
enthusf a s t i c ,  and have f a i  t h f u l l y  c a r r i e d  out  the many obser-z 
va t f  ons, of t en  under d i f f i c u l t  and uncomfortable condf t i  ons, 
The Committee w i l l  be w a t e f u l  indeed t o  a l l  who help  con- 
t fnue  t h i s  valuable work, 



Appendix A 

GENERAL NOTES ON SNOW 

94 o The f a c t  t h a t  water becomes s o l i d  e i t h e r  by 
f r e e z f n g  o r  by sublimation i s of fundamental s ign i f i cance  
f n  a l l  snow s t u d i e s ,  Sublimation i s  the t r a n s i  t i o n  from 
vapsur to s o l i d  (and Tram s o l i d  t o  vapour) without pass ing  
through the  l i q u i d  s t a t e ,  

95 0 When water f r e e z e s  the  shape of the  r e s u l t i n g  
i c e  i s approximately t h a t  of the  water p r i o r  t o  f r e e z i n g ,  
but  when the  s c l i d  i s  f omed by subl imation i t s  share  % a  
t h a t  of a  c r y s t a l ,  Freezing produces i c e  and rime while 
sublimation produces the  b e a u t i f u l  c r y s t a l s  of snow and 
h o a ~ ,  Actua l ly  a l l  s o l f d  forms of water have a  c r y s t a l l i n e  
s t r u c t u r e  but only those formed by subl imation show evidence 
of thf s  i n  thef  r e x t e r n a l  shape, 

Fsrmatf on of Snowflakes 

96, When a i r  1 s  cooled i t s  r e l a t i v e  humidity r i s e s ,  
The most cornnion way i n  which a i r  i s cooled i s  by expanslon 
due t o  t h e  a i r  mass r i s i n g  t o  a  hefght  where the  atmospheric 
pressure  i s  reduced, but  cool ing  may t ake  p lace  i n  s e v e r a l  
o the r  ways, If t he  cool ing cont inues beyond the s a t u r a t i o n  
po in t ,  t h e  excess moi s t u r e  w i l l  be deposi ted on any s o l f d  
o b j e c t  such a s  dus t  p a r t i c l e s  whfch are  genera l ly  p r e s e n t  in 
the  atmosphere, A t  temperatures  above f r e e z i n g  the  moisture  
w i l l  condense and form fog ,  while a t  temperatures  below f r e a z - -  
fng  the s a t u r a t i o n  p o i n t  with r e spec t  t o  i c e  w i l l  occur bef o ~ s  
the s a m r a t l o n  p o i n t  wlth r e s p e c t  t o  water and consequently 
the rnoLature w l l l  sublime and form snow, 

97 , The p a t t e r n  of a  snowflake depends mafnly on the 
pa te  of growth of the  f l a k e ,  Slow growth produces the more 
s o l i d  forms such as hexagonal columns and t h i n  hexagonal 
p l a t e s ,  while very r a p i d  growth r e s u l t s  i n  plane c r y s t a l s  of 
very slender p ropor t ions  and open p a t t e r n ,  General ly  the 
pa te  of gxlswth 1s n o t  cons tant  and a s  a  r e s u l t ,  f l a k e s  of 
complex p a t t e r n s  a r e  produced, Sometimes t he  f l a k e s  have 
as tonfshfng forms; a  symmetrical combfnatfon of a s h o r t  
eol.um and two o r  more p lane  c r y s t a l s  i s  n o t  uncommon, A 
twelve r a y  f l a k e  i s  simply a  very  s h o ~ t  column with s i x  paye 
aktaehad t o  each end and even some s i x  r a y  f l a k e s  have t h e i r  
r a y s  I n  two p lanes  separated by a  very s h o r t  column, No% 
a93 snowflakes a r e  p e r f e c t , -  var fous  circumstances produse 
some surprf  sf ng I'orms, 



98 , A l l  f l a k e s  which c o n s i s t  of' a  s i n g l e  c r y s t a l  ape 
c a l l e d  "simple snowflakes" t o  df s t i n g u i s h  them from "oompound 
snorvf lakes 'bhich  a re  composed of s e v e r a l  p a r t i  a l l y  melted 
f l a k e s  t h a t  have become s tuck  together  dur ing  t h e i r  f a l l  t o  
e a r t h ,  

99, The r a t e  of growth of a  f l a k e  depends l a r g e l y  on 
the  temperature a t  the  a l t i t u d e  a t  which t h e  f l a k e  1 s  f ~ s m e d , -  
the  l ~ w e r  the tesrlperature the Xess the amount of mof s t u r e  
a v a i l a b l e  f o r  srlowflake growth, A t  very low temperatures  the  
f l a k e s  a r e  the re fo re  small  and of hexagc:,nal p l a t e  or  column 
form, a t  moderate temperatures  the f l a k e s  a r e  l a r g e r  and msstbg 
of zomplex p a t t e r n s ,  while a t  tem e r a t u r e s  above f r e e z i n g  they 
a r e  l a r g e  compound snowflakes o r  's leet",  

100, Praquent'ly, snowflakes f a l l  through a  cloud l a y e s  
sf water d r o p l e t s  and become coated w i t h  rime, The t h i c k n e a ~  
of the coa t ing  v a r i e s  considerauLy, When the coat ing  I s  
f a i r l y  t h i c k  the f l a k e s  become roughly s p h e r i c a l  and a r e  c a l l e d  
:'LgraupeIn" o r  " s o f t  h a i l " ,  A l a y e r  of graupeln has  a  d u l l  
chalky white appearance, and i s the  only form of f r e s h l y  f a l l e n  
snow t h a t  has  good skb-ing q u a l i t i e s ,  

l O l  , Snowflakes suspended i n  the  a tmosphe~e a re  ofteri  
c a r r i e d  t o  h i g h e ~  a l t i t u d e s  by r f s i n g  a i r  c u r r e n t s ,  Somstlmes 
a  f l a k e  f a l l s  t o  a  warm l e v e l  where i t  f s  p a r t i a l l y  m e l ~ e d  and 
f s  then c a r r i e d  upwards t o  a  co ld  l e v e l  where i t  f r e e z e s  again,  
When f l a k e s  pass  through a  s e r i e s  of mel t ing  and f r e e z i n g  
s t a g e s  with the  a d d i t i o n  of moisture between t h e  s t ages ,  they 
become coated with successive l a y e r s  of i c e  and a r e  c a l l e d  
"hai l1 ' .  Some a u t h o r i t i e s  on snow use  a  separa te  term "Ice  
p e l l e t s 1 '  t o  descr ibe  f rozen  r a i n  drops, but  i n  snow~cover  
measurements the re  i s  no reason f o r  making t h i s  d i  s t inc t l lon  
and both forms should be descr ibed  a s  ' h a f b " ,  

k a n a e a  t h a t  Take Place  i n  F a l l e n  Snow 

102 , Immediately a f t e r  the  snow h a s  f a l l e n ,  changes 
bagin ts take p lace  i n  i t s  s t r u c t u r e ,  The p o i n t s  and s l ender  
branches begin t o  evaporate  and sublime again on t h e  more 
sokid p a r t s  of the c ~ y s t a i s  which gradual ly  become small  
5 ~ r e g u l a r l y  shaped g ~ a i n s ,  A s  t he  c r y s t a l s  change shape 
they become more c ~ m p a c t  and t h e  snow s e t t l e s ,  

$03, The s e t z l i n g  of snow u s u a l l y  t a k e s  p lace  i n  %wo 
f a i r l y  d i  s t l n c t  s t ages ,  The p r i n c i p a l  d i f f e ~ e n c e  be Lweec the 
two i s  t h a t  the   ate of s e t t l i n g  i s  much g r e a t e r  i n  the i t r s t  
than I n  t h e  second s t age ,  In  the f i r s t  s t age  the crys+,a i?  



l o se  a l l  thePr  f e a t h e r y  s t r u c t u r e  and become small  and 
granular , ,  Snow i s  s a i d  t o  be s e t t l e d  when t h e  end of t h e  
f i r s t  s.tage has  been reached, In  t h e  second s tage  the  
g r a i n s  grow i n  s i z e  and become bonded toge the r ,  Sun, pa in  
and thawing condftfons g e n e r a l l y  p lay  a  p a r t  i n  t h e  secoa7,d 
s t a g e ,  

Changes due t o  Wind Action 

104, Most of the  bull: of' f a l l e n  snow i s  ail. ,- d ry  new 
snow con ta ins  about 90 pe r  cen t  a i r  by volume, and hard  c r u s t  
about 50 per  c e n t ,  A snow l a y e r  i s  the re fo re  very porous and 
con ta ins  a  g r e a t  many in terconnected  passages through whfch 
a f r  may f low,  A wind blowing over the snow surface  induces 
a i r  flow wf t h f n  t h e  snow laye r  and i n  t h f  s way g r e a t l y  
a c c e l e r a t e s  t h e  settling of snow, 

105, The changes i n  snow s t r u c t u r e  due t o  wind a c t i o n  
depend upon t h e  temperature,  r e l a t i v e  humfdf ty ,  s t r e n g t h  and 
dura t ion  of the w%nd, Whenever the a i r  temperature i s  below 
f ~ e e z f n g ,  wind a c c e l e r a t e s  bo th  evapora t ion  and sublfmatf sn 
wf thout  causing mel t ing ,  When t h e  wind i s  dry ,  e v a p o ~ a t f o n  
p~edomina tes  and the snow s e t t l e s  wfth very  l i t t l e  kendemny 
f o r  the  g r a i n s  t o  become bonded together  - i n  f a c t ,  a very 
dry  wind tends t o  loosen p a i n s  t h a t  have previous ly  bean 
bonded, But when the  humidity of t h e  wfnd f s  h igh ,  subl9ma- 
t l o n  predominates and causes b ~ n d f n g  of t h e  snow p a i n s ,  and 
thus  toughens OP hardens the snow, The hardening of snow by 
wind a c t i o n  f s c a l l e d  "wfnd packing'" Prolonged wind packing 
forms very hard ''wind crus t ' '  i n  which s k l s  and even hob nailed 
boo t s  make Pf t t l e  o r  no impression,,  

106. TUhen new snow i s  compressed i t s  c r y s t a l s  become 
broken and the  fragments l i e  more c l o s e l y  together  than 
o r i g i n a l l y o  Very lf t t l e  wind a c t i o n  i s  then r e q u i r e d  t o  bond 
the  g r a i n s  and considerably harden the snow, T h i s  proper ty  
of snow has  been u t i l i z e d  a t  many a i r p o r t s  when f r e s h l y  f a l l e n  
snow f  s  compacted by r o l l f n g ,  Immediately a f t e r  r o l l i n g ,  t h e  
snow f s  s t i l l  f a i r l y  s o f t  bu t  f t  hardens s u f f i c i e n t l y  i n  only 
a few hours  t o  permit landings  with wheel landing gear even 
when there  1.8 only a  s l i g h t  wind, 

107. Whenever the  wind v e l o c i t y  i s  g r e a t  enough +Q 

cause d r i f t i n g  of o l d  snow, the g r a i n s  become rounded by 
f r i c t i o n  with the  snow surface  and t h u s  l o s e  a l l  t r a c e s  of 
t h e i r  c r y s t a l l i n e  f a c e t s ,  I f  the rounded gr-afns of sbd snow 
a r e  deposi ted f n  an a r e a  of complete calm, a d r i f t  of loose ly  
Byfng snow g r a l n s  wf l b  f o ~ m ,  However, f f' they a r e  depoaf t ed  



I n  an a r e a  of low rvfnd v e l s c i t y  and the  humfdf t y  i s high  enough 
t o  cause 1,rInd packing,  ''avind slab' '  w i l l  form, The f e a t u r e  
~ ~ h i c h  d i s t i n g u i s h e s  wind s l a b  from wind c r u s t  i s  t h a t  t h e  
anchorage of wind s l a b  t o  the  snow beneath i s  very weak, 
S e t t l i n g  of t h e  under ly ing  snow o f t e n  forms an a f r  space below 
w l r l d  s l a b ,  General ly  wind c r u s t  forms on a r e a s  exposed t o  t h e  
wind and i t s  supface i s  o f t e n  consf derab ly  eroded, whereas wf nd 
s l a b  forms in s h e l t e r e d  a r e a s  and f o r  t h i s  reason i t s  s u r f a c e  
f s  only s l i g h t l y  wind ~ l p p P e d o  Wicd s l a b  i s  u s u a l l y  found in 
pafiches and can be e a s i l y  recognized by i t s  d u l l  whate appear- 
ance,  \'hen wind s l a b  f s  broken by a  v e r t i c a l  l ~ a d ,  a t  breaks  
suddenly wfth long c racks  r a d i a t i n g  outward i n  a l l  d i reothasm, 
T h i s  p e c u l i a r i t y  X s  due t o  t h e  brf  t t l e n e s s  of t h e  s l a b  and the  
presence s f  a  space d f r e s t l y  below the s l a b ,  If pay t  of a 
l a r g e  a r e a  of wina s l a b  on a  s t e e p  s lope  1s broken by the  weight 
of a  skfer  o r  veh ic l e ,  t h e  s l a b  w i l l  9n most cases  break  up I n t o  
b l a c k s  and I n i t i a t e  a  d a n g e r ~ u s  avalanche,  

PO8 , Wind a l s o  changes the  shape ~f t h e  snow s u r f a ~ e  by 
forming e r o s i o n  r i d g e s ,  d r i f t s  and snow c o ~ n % c e a ,  

Changes due t o  Melting and Freezing 

109, The changes 9n snow s t r u c t u r e  caused by me l t lng  arid 
subsequent rrdeezfng a i f f e r  from those  due t o  evaporation and 
subl imat ion,  Sublimatfon always produces forms t h a t  have c r y  
s t a l l i n e  f a c e t s ,  while me l t ing  followed by f ~ e e z f n g   produce:^ 
forms aevofd of f a c e t s ,  The amount of' mel t fng c te te~mines  b;he 
e x t e n t  of t he  change = i f  a  smal l  amount 01' mel t ing  occur s ,  
only the  sharp ends of the c r y s t a l  branches w l l P  melt  and 
b e c m e  pounded, i f  a  g r e a t e r  amount of mel t ing  t a k e s  p l a c e ,  
t he  c r y s t a l s  may become coated w i t h  tvater and on f r e e z i n g ,  
form a netwo~ak of mlnfa ture  i ~ e  b r i d g e s ;  b u t  i f  cons iderable  
me l t ing  o c c u r s ,  an icy c r u s t  o r  I c e  w i l l  be I'ormed, 

110 , The repea ted  thawing and r e f r e e z i n g  whfcn u s u a l l y  
occurs  i n  l a t e  sp r ing ,  when the  temperature i s  above f r e e z i n g  
dur ing  the day and be%ow I 'reezing a t  night,, produces a  very  
coarse  type of snow, Durfng the  thawing per iod ,  the smaller  
g r a i n s  mel t  more r e a d i l y  than t h e  l apga r  g ~ a i n s ,  If a  mads- 
r a t e  amount. oS melting o c c u ~ s ,  t h e r e  w i l l  be no apprec iab le  
~ u n - o f f  and n e a r l y  a l l  t h e  thaw water  w i $ i  be d i s t r i b u t e d  1x1 
a  f a i r P y  even coa t rng  an the remainfng g r a i n s ,  so t h a t ,  when 
f r e e z i n g  t a k e s  p l ace ,  t he  s i z e  of t h e   large^ gpa lns  wl$$ be 
g r e a t e r  t han  a t  the  begsnnfng of t h e  cyc le ,  %hu% t he  l a r g e r  
g r a l n s  p o w  a t  t h e  expense of the  smal le r  g r a f n s  Xsl Xts 
thawed condli',lon thf s coapense type sf snow 1 s  c a l l e d  "spra%ng 
snow", when a t  2 s  f r o z e n  X t  i s  c a l l e d  n L s p ~ i n g  



111, The molecular a t t r a c t i o n s  which occur a t  t he  sur 
f a c e  of concact between two Piqufds,  o r  between a  I f q u i d  and 
a g a s ,  produce e f f e c t s  iwhlch appeana t o  be due t o  a  t ens lon  i n  
the s u ~ f a r m  of contac t ,  This  phenomenon I s  known as  s u ~ f  ace 
tens ion ,  It a c t s  a t  t he  a i r - , t o - w a t e ~  s u r f a c e s  of water drtag-9 
and oausea them t o  ~ i i r i , ;  t o  soPfd o b j e c t s  wetted by the  d ~ o p s v  
7Tnew a water urop wets %evepa$ small  g r a i n s ,  such a s  gaaiaia 
of sand, the  f o r c e s  due t o  surface  t ens lon  draw t h e  g~aixln, Co- 
gethezn, In wet snow, t h e r e  a r e  a  l a r g e  number of a ir- to-water  
surfa.ces , wi th  the r e s u l t  t h a t  surf  ace tensf  on has  considerable  
e f f e c t  on the p r o p e r t i e s  of the snow and i s  l a r g e l y  responsible 
f o r  the  coheslon of wet snow, 

lL2 .3 The moulding przoperties of' sand a f f o r d  a  gooa ex 
ample 01' surface  tens ion  e f f e c t s ,  Dryg very f i n e  sand c a n n ~ t  
be moulded, bu t  when i t  i s  dampened and pressed  toge the r ,  S t  
has  cons iderable  cohesion whXch g ives  i t  e x c e l l e n t  moulding 
p roper t%es ,  However, i f  a l l  the  a i r  i n  t h e  sand i s  expel led 
by f lood ing  with water, t he re  w i l l  be no a i r -  to-water aurfar,er 
a t  which suaface tens ion  can a c t ,  Sand f looded with water has 
na cohesbon bu t  tends  t o  flow l i k e  a  l f q u i d ,  Thus the re  .LY a 
~ e r t a h n  pkopoPt;aon at' sand and water whfch g.fves maximum cohe 
sl on and optimum moulding propept i  e s ,  

123, G r a l ~  s i z e  a l s o  a f f e c t s  the  cohesion, If we ccn 
s i l d e ~  two equal  woPumes of sand, each wetted t o  give maximum 
cohesion bu t  each of d i f f e r e n t  g ~ a i n  s i z e ,  the  sand of f'tnen 
g r a i n s  w i l l  conta in  a  g r e a t e r  number of sur face  t e n s i o n  bond? 
and w l b P  Lherefore have g r e e t e ~  cohesion, For Ins tance ,  thea-a 
i a  prac tbca2ly  no cohesion i n  a  p l l e  of small pebbles  no rnaLtei- 
what mount  of water Xs used t o  wet t h e  pebbles,  

114, The sur face  tens ion  e f f e c t s  i n  snow a r e  very sirnilas 
t o  those i n  sand, Loose d r y  snow h a s  very l P t t P e  c o h e s l o n O c ~  
I n  a t h e r  words i t  i s  d i f f i c u l t  to  make a snow b a l l  of d ry  snow, 
On the  o the r  hand, s l i g h t l y  wet new snow composed 01' c ~ y a t a i a  
which have a  l a r g e  number of s lender  branches,  has  high coheakon 
b - ~ t ,  i f  i $ s  f e a t h e r y  s t r u c t u r e  Ys destroyed by f u r t h e r  me%t.lng 
i t  will have considerably l e s s  cohesion, Coarse sp r ing  snow 
has  r e l a t i v e l y  Pow cohesion, and s l u s h  has  p r a c t i c a l l y  none, 

115, When s l i g h t l y  wet t o  moderately wet new snow 1s 
pressed  t o g e t h e r ,  t h e  c r y s t a l s  become broken and l i e  much 
c l o s e r  togetherc, This  g r e a t l y  i n c r e a s e s  the number 01' m r f a c a  
t ens ion  bonds w i t h  the  r e s u l t  t h a t  the  cohesion becomes very 
much g r e a t e r ,  



116, When nisderately wet snow f 5 s u b j e c ~ e r l  t o  h i e l  

sure,  most of the a f r  and some of the water 1 s  R~~H~C~:C? .  # . ' , t g  
I 

the  remaining water becomes a  t h i n  f i l m  between rhe , - a : ' * - d  4 * - 2  ,:, 
On r e l e a s e  of t h e  pressuaoe, the  f i b  of w a t e - ~  free~a:; 1 5 ' )  r h j . a  

snow becomes very hard and i cy ,  I ce  may form 11). thls  w' , :  % : c  

tween the wheels and t r a c k s  of t r ack  type r rehrs ,+a  m r " ,  ~ ~ ' K C : U X  

p ~ e c l u d e s  t h e i r  use  on f a i r l y  wet snow, In some cu3+ , r r  s I ;n 

causes excess ive  a t r e t c h i n g  o r  breakage of tha I ' . s e ~ \ x , ~ ,  2' + 

d i f%icuPty  may be e l iminated  by the  use  ol" a f l e x l b i ~  " . t c i a x l ; . -  

such a s  a  rubber t ~ a c k  - which f r e e s  f t s e % f '  (sf she d e e  I+ c 
f l e x i n g  

117 , It should be noted t h a t  the r a t e  06' s e ~ p ~ g . ?  I -  f ; l C 1 ~  

water through snow is very lowo In  most cases  the r a k e  ? -$ t i e  
tween 0,3 and 2 inches  p e r  minute, 

Hoar - 
118, Hoar c r y s t a l s  a r e  s imi la r  t o  snow cry-stahs,  t!,t: 
main d i f f e r e n c e  being t h a t  hoar  grows on fixed ~ b j o c f  5 wk S +  
snow grows on d u s t  p a r t f c l e s  f l o a t i n g  i n  the a tmoapherb- ,  
Sfnce hoar grows on o b j e c t s  t h a t  a r e  usua3.$y f air-%y J ~6 r ;  .;. 

presence of the  o b j e c t  and of ad jacent  hoar c ~ y i t a i s  : L O  L l ~  

inf luence  on the  manner i n  which the  c r y s t a l s  g r r w  ;ur:c! _:-i 

them t h e i r  c h a r a c t e r i s t i c  f o m ,  

119, Hoar which grows on o b j e c t s  above the  s r l c ~  s~:~*i  r 1  - @ ', 
such a s  t r e e s ,  i s  c a l l e d  " a i r  hoar", I t s  crysta3.e are:, usr i , ik i iy  

hollow hexagonal p r f  s m s  when i t grows slowly, and s lsadr  .- 
needles  arranged i n  a  haphazard manner whea? . i t ;  g ~ t a w s  '. "' 1 ,  

120 , A common form of hoar ,  " surd'aee hc>a~+" 5r.c~ r;,- ( ‘ 1 - ,  

the  snow surface ,  The condi ti ons t h a t  promote st% grow1 3 t b c  r -,s 
on c l e a r  n i g h t s  w i  t h  lf t t l e  o r  no wind when the humid I ?;- I -  t %he 
a i  r f a h igh  and t h e  a i r  temperature i s  h i  ghex than t.hh t n f  r lid 
snow, It o f t e n  grows near  open water,  I ts  c ~ y % t a l y  &a + ? A  , +  
hexagonal p l a t e s  o r  almost f l a t  hexagonal cups and c a n  ?yi.rs: ly 
be mistaken f OP f r e s h l y  f  a l l s n  snow, Surface h~ are C P Y ~ . ,  t: ' ,  LY &rL.* 
o f t e n  a s  l a ~ g e  a s  l/2" and In a  few cases  c r y s t s l s  s e ~ - e ~ ~ ; , L  sx;,llee 
i n  d i  m e t e r  have been observed, If f  t f a  fo~rnsd  durixig 3 ..!2 gh% 
wind, the two s i d e s  most n e a r l y  p a r a l l e l  t o  tohe wind ~r L x  3 - c ~  
w i l l  be s l f g h t l y  longer  than  t h e  o t h e r  s ides ,  

P2B , Hoar a l s o  grows i n  c a v i t i e s  witnfn the  ana:vt*-i.a 
and i s  then c a l l e d  "depth hoarsf ,  It i s  genern1i.y fcu~~l . c 4 * :  

spaces d i ~ e c t l y  below a hard o l d  c m s t  aftela a long  m i - i l t ,  i e by 
cold per iod  without thaws, Since i t s  c r y s t a l s  grow vr,y i c : v b Y  

they always have s o l i d  s u r f a c e s  and a r e  eithesa p ?  ates n . Y = w  
hexagonal cups,  



122 , There a r e  some c r y s t a l s  of o ld  snow whfch a r e  
analogous t o  hoar ,  al though they a r e  n o t  hollow l i k e  most 
depth hoar c r y s t a l s ,  They occur i n  the deeper p a r t s  of t h e  
snow-cover and reach  f u l l  development only a f t e r  a f a f r l y  
long per iod  i n  whfch the  lower l a y e r s  have n o t  been subjec ted  
t o  melt ing,  These c r y s t a l s  a re  f a f r l y  coarse  and r a t h e r  
weakly bonded together .  They may o r  may n o t  have c r y s t a l l i n e  
f a c e t s ;  i n  t h e  Barrens where temperatures a r e  q u i t e  low and 
calm condi t ions  a r e  r a r e ,  c r y s t a l s  with f a c e t s  a r e  t h e  most 
common 

Rime - 
125, Rime d e p o s i t s  a r e  found n o t  only on snowflakes 
b u t  a l s o  on v e r t i c a l  o b j e c t s  above the snow sur face  and 
oeeas ional ly  on the  snow sur faceo  

124, Rime i s  an accumulation of f rozen  water d r o p l e t s  
which g e n e r a l l y  r e q u f r e s  a moderate t o  s t rong  wfnd t o  promote 
i t s  formation, For t h i s  reason,  rime d e p o s i t s  a r e  u s u a l l y  
h e a v i e s t  near  the top of v e r t i c a l  o b j e c t s  whereas hoar deposi  ts ,  
whfch a r e  more f r a g f l e  and grow i n  l i t t l e  wind, a r e  h e a v i e s t  
near  the snow surface ,  V'fhen rfme i s  depos i ted  during a snow 
storm, some of the  snowflakes become entrapped i n  t h e  d e p o s i t  
and give f t the appearance of hoar,  



Appendix B 

NOMENCLATURE FOR SNOW 

125, The snow nomenclatures which have been used a t  
var ious  timas by meteorologis t s ,  g lac io logf  s t u ,  s k i e r s  and 
o t h e r s  have not  been i n  complete harmonyo O ~ c a s i o n a l l y  the  
same term has been usad by d i f f e r e n t  groups, o r  i n  d i f f e r e n t  
P o c a l i t i e s ,  t o  descr ibe  e n t i r e l y  d i f f e r e n t  forms of snow md 
t h i s  h a s  l e d  t~ a c e r t a i n  mount  of confusion, 

126 , The use  of r a d i o  f o r  r e p o r t i n g  ski-fng condi t ions  
has  g r e a t l y  emphasized the  d e s i r a b i l i t y  ~f  a  s tandardized 
nomenclature f o r  snow and an apprec iable  advance has  been made 
i n  t h i s  d i r e c t i  ono The p r e s e n t  t r end  among s k i  e r s  and spec ia l -  
i sts i n  snow mechanics i s  t o  adopt the  terminology used by 
Seligman i n  h i s  booPC "snow S t ruc tu re  and Ski F ie lds"  or  some 
modif ica t ion  of i t ,  

127 The nomenclature given below fol lows S e l i g m a n ! ~  
c l a s s i f f  c a t i  on very c lose ly ,  Although f  t f s  not a  complete 
l i s t  of commonly used snow terms S t covers a l l  ord inary  snQw 
condi t ions  and amploys terms whfch have been widely used by 
s p e c f a l f s t s  and s k i e r s ,  Many of the terms a r e  more or  l e s s  
s e l f  explanatory and t h e r e f o r e  m e  l e s s  l i k e l y  t o  be m i s -  
i n t e r p r e t e d ,  Since each term r e f e r s  t o  a  f a i r l y  wide range 
of genera l ly  s i m i l a r  forms of snow i t  i s  o f t e n  necessary t~ 
add-quali  f ying words such ass s l f  g h t l y  wet new snow, moderately 
wind toughened snow, very coarse sp r ing  snow, sun c r u s t  beglxx- 
nialg t o  thaw, e t c ,  The f f g u r e s  f o r  s p e c f f f c  gravi ty  and f ~ e s -  
water content  a r e  only approximate and a r e  given merely a s  a 

1 SOLID FORMS OF WATER 

( a )  ICE 

The term "icev' has  f r equen t ly  been used i n  a  broad sense 
t o  cover a l l  soPkd forms of water, I n  a  s t r i  c t  sense 
P I  i c e "  ~ e f e r s  only t o  the s o l i d  produced by the  f r e e z f n g  
of water, eog ,  the  i c e  on r i v e r s  and lakes ,  i s i c l e s ,  e t c ,  

46 
"Snow S t r u c t u r e  and Skf F i e l d s N  by S e l f m a n ,  The MacMillan C o o ,  
1936, Th%s e x c e l l e n t  r e fe rence  book con ta ins  many photographs 
of snow and snow sur faces  and a  g r e a t  d e a l  of p r a c t i c a l  i n f o r -  
mation on snow, 



G l a c i e r  l e e  f a  n o t  a t r u e  product  of f r e e z i n g  - it i s  
formed mainly by p l a s t i c  deformation s? a snow mass - 
b u t  s ince  i t resembles t h e  product  of f ' reezfng in eve ry  
r e s p e c t ,  i t t o o  i s  c a l l e d  l l fce" ,  The g e n e r a l l y  accepted 
va lue  for t h e  s p e c i f i c  g r a v i t y  of f o e  f a  ,917, 

( b )  RIME 

A c ~ a t l n g  of very sma l l  water d r o p l e t s  which have f r o z e n  
immediately upon d e p o s i t i o n  onto  n s o l i d  o b j e c t ,  Its 
pebbly su r face  of' f ' i  ne t e x t u r e  g i  ves  i t  a d u l l  chalky 
white appearance, Snowflakes coated w i t h  r%me a r e  q u i t e  
oomon and some sf the  i ce  deposi  t s  on aeroplane wings 
a r e  s i m f B a ~  t o  rime, Wind g r e a t l y  a s s i s t s  t h e  growth of 
r ime, C See paragraphs 100, 122 and 125)  

( c )  HOAR 

C r y s t a l s  formed by subl imat ion  of water v a p o u ~  onto  any 
f i x e d  su r face ,  The terms " a i r  hoarr ' ,  " su r face  hoar1' and 
l idepth hoar" r e f e r  r e s p e c t i v e l y  t o  hoar  growing on o b ~ e o t a  
above the  snow su r face ,  on t h e  snow s u r f  ace,  and i n  aavi-  
t i e s  wf t h i n  the snow-cover, (See paragraphs 118 t o  1208 

( d )  SNOVI 

C r y s t a l s  which form i n  the  atmosphere by subl imat ion  OF 
water vapour onto s o l i d  n u c l e i  ( d u s t  p a r t i c l e s )  and f a L l  
t o  e a r t h ,  The term "snowfLakegf should be l i m i t e d  to snow 
i n  the  a c t  of f a l l i n g ,  

11 SNOWFLAKES 

(a) SINPLE SNOVJFLAME 

A snowflake c o n s i s t i n g  of a  s i n g l e  c r y s t a l ,  

( b 1 COMP OUND SNOWFLAKE 

A co l$ec t ion  of p a r t i a l l y  melted simple snowflakes which 
have become s tuck toge the r  d u r i n g  t h e i r  f a l l  t o  e a r t h ,  
They a r e  o f t e n  q u i t e  l a r g e ,  



111 - 
l a )  

SLEET ( S e e  Uo?, d e f i ~ ~ i t i o n  it-, Appendfx of Appendix D) 

Snowf Pakes wdnlcn reach t h e  ground i n  a v e ~ y  wet con- 
d i t i o n ,  Ths fxwe wata r  c ~ r i t e n t  of s l e e t  f s  above 25%, 
Rain which f r e e z e s  w h m  i t  comes i n  con tac t  wf t h  ap? 
objec t  i s  n o t  sLey;% al though s l e e t  of ten  f r e e z e s  upon 
falling, The i . 2 3  coat'ir,,s, f o ~ m o d  by ef t he r  r a i n  o~ 
si.eeS 1 s  ca%l,ed fi :-.'i $5, - < d ,c f- c f3 t g  ,, 

A snowfl.ake vv-h:P.cir n6.s fa1l.eri tfaPaough a el.oud l a y e r  of  
water d r o p 1 e . b ~  and b."s b:bm thickly coated wi th  rime, 
It. may r e t a r n  some c1.f - t he  t"aiape o f  the o r fg fna l  snow=- 
Flake o r  1% may be apgs:~x&nate ly  spher fca l ,  A layer 
af fre ahLg f'aJ.lej.1 pa .ape ln .  has  no spa rk le ,  

SnswfLakes which have b e a ~ m e  coated wi th  Payers of ice, 
( See paragraph 9.O'L) ,, 

FALLEN SN02 -- ( G e n e ~ a L  C l a a a e s )  

NEW SNOJV 

Snow made up of' c ~ y s t a l s  whfch xaetafn a l l  o r  most of 
t h e i r  d e n d ~ i t i c  s t r u c t u r e ,  

A 9 snow composed of c r y s t a l s  o r  g r a i n s  whfeh l i e  
loosePy, e , g , ,  new powder snow, s e t t l i n g  powder snow, 
and s e t t l e d  p ~ w d e ~  snovr, S e t t l e d  powder snow f  s t h e  
I d e a l  snow fol- ski - l r lgo 

SETTLING 

Snow mads up of" erys ta%s  which have l o s t  a good dea l  
but  no% all of t h e i r  dendlaf t i e  s t r u e t u ~ e ,  

SETTLED SNOW 

Snow which has Bas% all %?aces of d e n d ~ f  t i@ s t ~ u c & w e .  
It i s  the  e a r l y  stag6 o r  o ld  snow9 and f t s  g r a b s  are 
smaller than t t b ~ ~ e  01' 1123-d snowo G e n e ~ a l l y  ' t h e ~ e  f2 
not  a great d e a l  of bonding between g ~ a i n s ,  (See  
papagraph 103) 



( o )  CLD STJO's"J OR F:F,M 

Snow tvh;ch h a s  s e t t l e d  beyond t h e  " s e t t l e d  snow" 
stage ,, It ,o g r a i n s  hcive approximately s p h e r i c a l  pro- 
p o r t i o n s  sr?d mag Pie f a i ~ l y  'loosely or  they niay be 
'condad t o g e t h e r ,  :In moderate .@%%mates ~ % d  snow 
eerieral ly  has s d ~ ' ? . l ,  Rppearance, bu t  i n  cold  c l imates ,  
such A S  iî , *khc EYT'L-GI,.~;,  old  &now mag have as much 
s p a ~ k l a  a s  new snow :s ince , g r a f ~ s  have many cry- 
stal.!.l-re f ~ ~ c ~ t s , ,  063 snow hcrs f r e q u e n t l y  been c a l l e d  
I I g ~ a n u l a r  snow" bu t  s i n c e  t h e  term "granular"  has  a l s o  
been ~ : ~ s e c l  TOT 0 t h ~  f !?ram3 of snow I t  shou%d be avoided, 
( s e e  paragraph 133). 

f f  CRUST 

Any TalrPg hard layer. sf snow l y i n g  on n s o f t e r  l aye r< ,  
A csuv t  m a g  '9s st  cxB atear the  su%f"ace m a t  a consf- 
derable  depth ,  

IV NEIJi SN(31'I ( D f s t i n c t ~  T y p e s )  

( a: W I D  SNO'rJ {TIi'lSTGs@hnse: of l i l p i ~ e  nomenclature 

A dry ext~>eme:hy l f g h t  new snow which f a  very  fluffy 
and auxlstable, f a l l s  only when t h e r e  ils cornpiete 
cairn, Sm,cbr.lped up i n  t h e  hand it may be b l c m  c f f  like 
f e a t h e r s ,  Th%s term has  sometime s  been used a n z a r r e c t l y  
f o r  ax1 f oms of d r y  powdery new snow, 1 t . s  spec l f  f c 
gravity i s  below .03,, 

(b ) DRY NEX'I "ESNOV! 

A dry* f l u f f y  snow vhich has f a l l e n  i n  l f t t l e  or no 
wind Its c rye ta1s  a r e  mope so l1  d  than  those  of wild 
snow and nn $right 6 a ~ s  i t  has considerable  spa rk le ,  
I t s  b p ~ ~ f f l ~  gP8V'iGy 15 .03 t 0  < 0 8 ,  

A wet snow composed of c r y s t a l s  which s t i l l  r e t a i n  
some <~f +-heir dendrf t i c  s t r u c t u r e ,  It conkaina up t o  
about I5 20 per  cen t  f r e e  water and u s u a l l y  has  
very i ~ t t t e  spa~I- , l~e ,  I t  has considerable  F Q ~ ~ S ~ O X I  and 
very pcor skLc ik-~g o_ua l l t f e so  S k i e r s  sometimes c a l l  I t .  
"@log ~n,:~w'' or "s t . icky snowtf Its apec5.f f G gravity $3 
ahcult , I  to . 9 ,  



A d r y  new swc~w, ,  u m ~ a l l y  found or,Pg i n  p o l a r  naegfona, 
whS~h M s faf, l .&n a t  a -very low tempeaatuace (below 
-25°C) du;-i.ng 29.t$:b,e V ~ T  no wind, I t s  c ~ y s t a b s  ape 
fair Yy sma.12, and. E S e  l.sc=lssly, Its p r f  n@fpa% 
o h a r a l ~ t e r i s . t j . ,  5.2,  '$ " -  ~ r - t : . . . r i ' h ' r p .  I..L ., I ~ e l y  POOP.) s&Q-ing qua1.f t$, 
It f s s ~ x n a w h ~ c :  a g m l : - ~ . r  %i-s dlmy sand, 

V OED SNOW (!Dist inct  Types) 

[ a )  W I N D  TOUGHENED SNOW ( a  type o r  s e t t l e d  snow) 

A dry snow tjhat 5s 6"9m blut h.as no apprec iable  e ~ u a t ,  
15s g ~ a i n s  ape s f m Y l a %  t o  s e t t l e d  powder except t h a t  
they ~ 1 ~ 4  1ightS.y t ( s  moderately bonded t s g e t h e ~  c, It s. 
specif'a.~;: g?:avlf.,y S.,s abaut .2 t o  .35, 

[ b )  DRY OLD SNOW or DRY FBRN 

A dry g~anuLaag s n ~ 2 w  which ha8 been compacted by t h e  
combined ao%%on of" stan, wind m d  temperatux~e changes, 
It? g r a i n s  are mode~a t s%y eoarse  and aye gene~a1I.y 
f l m 8 y  bonded toge the r ,  I t s  s p e c i f i c  gsawlty f s 
about .3 t o  .55,  

Cc) WET OLD SNOW PIQF WET F I R N  

Old amow conta in ing  up t o  about 20 per  cent fpoee 
water,, It. diff erY".~tara sp r fng  snow In. t ha f  f %a 
gra in s  a r e  apgrec lably  smal ler .  It way be consideaced 
$0 be an e a r l y  stage of sp r ing  snow, S k i e r s  some- 
t i m e s  c a l l  f ti ""r:elsnz?ark snowP', I t s  s p e c i f i c  g ~ a v i t y  
is about 3 5  t o  .,65. 

( d )  SPRING SNOW 

A coarse  g r a n u l a ~  wet snow which genera l ly  occurs  i n  
s p ~ i n g ,  It resembles ffnePy chopped i c e  and con ta ins  
up t o  about 20 per  c e n t f r e e  water ,  (See paragraph 110) 
S k i e ~ s  sometimes ~ e f e r  t o  I t  a s  "corn snow", "granular  
snow" or v @ a u g a ~  snow", In X t  s f rozen  s t a t e  i t  should 
be  c a l l e d  " s p ~ i n g  crus t "  I ts  s p e c i f i c  g r a v i t y  Is 
about ,5 t o  ,,?,, 



V e ~ y  wet snzqw sontaBnfcg ovar 25 pep c e n t  f r e e  w a t e ~ ,  
Its s p e c i f i c  g r a v i t y  is about c6 to .85, 

NOTE: There a re  a l s o  "dry s e t t l i n g  snow", "dry s e t t l e d  snowa, 
"wet set t l4 .ng s n s w P k d  "wet, s e t t l e d  snow", 

V I  CRUST 

( a )  'SIJXD SLAB 

A d ~ y  moderately hard and somewhat b r l t t b e  l a y e r  or 
w9nd packed snow, ~ s u a L l y  found a t  t h e  sukface,  whi eh 
i s  no t  anchored t o  t h e  snow beneath,  (See paragraph 
P07),, I t s  a p e e f f i e  gpavfty i s  about " 2 5  t o  .35 ,  

( b )  VJXND CRUST 

A tough o~ hard c r u s t  formed by t h e  ac t fon  of a  wind of 
high ~ e P a t i v e  humldf t y n  It d i f f e r s  from ~ 2 n d  s l a b  i n  
t h a t  b t  f s anchored t o  t h e  snow beneath,  Wind c r u s t  
forms on a reas  exposed t o  t h e  wind and i t s  surface  
g e n e r a l l y  shows c o s s i d e ~ a b l e  wind e ~ o s f  on, ( s e e  para- 
graphs PO5 and 107) , I t s  speci f  i c g r a v i t y  f s about 
,25 t o  "45,  

(c) SUN CRUST 

A crus t f  o~med by mel t ing  of t h e  sur face  snow due t o  
~ a d f a t a o n  f porn t h e  sun, followed by f r e e z i n g ,  Sun c r u s t  
f s u s u a l l y  f a f r l y  t h f n  and I t s  surface  5 s  g e n e ~ a l l y  
smooth, 

( d )  R A I N  CHUST 

A ~ ~ u s t  f orned by f r e e z i n g  a f t e r  a  r a i n f  a l l u  It i s 
f r e q u e n t l y  very hard and icy, 

( 9 )  SPRING CRUST 

A c r u s t  formed by t h e  f r e e z i n g  of s p r i n g  snow, 

( f 1 FILM CRUST 

A very t h f n  l aye r  of c l e a r  i c e  which i s  separated from 
the snow beneath., It i s  formed by t h e  s u n k  ~ a d i a t f  or, 
which passes  through a  th fn  t r ansparen t  sun c r u s t  or  
r a j n  c r u s t  without mel t ing  i t  and, being absorbed by 
the  snow benea th ,  causes t h e  snow t o  s e t t l e  and f o m  
the  a i r  space, 



Appendfx 6 

(Form 2390 of tha Ma teoro loglca% D i  vf s i o n  of t h e  
Dapa~tment  of Transpost)  

Da i ly  Snow and we at he^ Observations 

Date 
Time 
BS - T o t a l  snow dep th  measured in inches  a t  t h e  snow 

depth gauge ( s e e  paragraph 7 6 )  
Q - Estimated p a t i o  of a r e a  covered with anow t o  

total s r a a ,  Express i n  t e n t h s  and only recorded 
when r a t b i ~  has  a value of 9 / % ~  OP l e s s ,  

F -, Ave~iclge g ra in  shape (See p a ~ a g r a p h  63 and 
Appendix Dl , ' 

D Average g l ~ a i n  s f  ze i n  rn$llYme%ers0 
0 - Surface cond i t iona  Note code l e t t e r s  given I n  

Appendix D. 
N S  - Depth of new snow, measured i n  Inches,  t h a t  has  

been deposi ted s ince  l a s t  o b s e ~ v a t f  on<. 
A t  - A i r  temper"a$u~e a t  tfmo of observatfon,  neasured 

i n  degrees cent%grada. 
BP - Maxfmum and minimum temperatures s ince  last 

observat ion ,  
15 - Average wind speed and d i r e c t i o n  s i n c e  Pas t  

o b s e ~ v a t i o n  ( i n  mop , h ,  ) . 
Humidity - avepage r e l a t i v e  humidity of a i r  s ince  l a s t  

observa t i  o n ,  
Extent  of cloud- cover a t  time of o b s e ~ v a t i o n  expressed 

i n  per  cent, 
Average number of hours of sunshine since l a s t  obsey- 

vatPono 
Kind sf p r e c f p l t a t f o n  t h a t  has  oceurred s i n c e  l a s t  

observaf ion ,  

The s tandard symbols: snow, 4 h a i b ,  rain: 
g d r i z z l e  should be used, The symbol should be followed 
by the  amount t h a t  has  f a l l e n  s i n c e  the  l a s t  obse rva t f sn  
(snow and hafk t o  t h e  n e a r e s t  O , B v ' ,  r a i n  and drizzle t o  t h e  
n e a r e s t  8,0110), VJkbsn only a t r a c e  i s  observed ( l e s s  than 
O,%" snow or h a l l ,  l e s s  than O , B l e '  r a i n  os. d ~ f e z l e )  the  
symbol a lone  should he g iven ,  When one f ~ r m  s f  t h e  pre-  
c i p i t a t i o n  precedes another  the  symbols should be glven in 
the  order  of t h e P ~  occurrence - * , 5  o (,02 I n d i c a t e s  ,5" of 
snow f oPbowed by .O2" of r a i n ,  '?hen two forms occur;. 
together  b racke t s  should be used - ( c  ,,04" A ) indf c a t e s  



.04" of radn with a t r u c e  of haf lo Yihexl p r e c f p f t a t l o n  
cannot be d e s c r i b e d  b;j t h i s  n o t a t f o n ,  n o t e s  may be used, 

18 R e m a ~ k s  - Any a d d i t i o n a l  Inf ~ r m a t f o n  t h e  o b s e ~ v e r  
f e o l s  necessary  t o  give a sufficient descr ip-  
t.fon of the o'nservations,  



A P P E N D I X  D  

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



COMNiISSION ON SNOW AND I C E  

of  t he  

INTERNATIONAL ASSOCIATION OF HYDROLOGY 

COMMITTEE O N  SNOW CLASSIFICATION 

TENTATI VE SNOW CLASSIFICATION 

The fo l lowing  i s  t h e  t e n t a t i v e  form of  a c l a s s i f i c a t i o n  
be ing  developed by t h e  Comniittee on Snow C l a s s i f i c a t i o n  I n  
t h e  hope t h a t  i t s  f i n a l  form w i l l  be g e n e r a l l y  a c c e p t a b l e  t o  
s c i e n t i s t s  and o t h e r s  i n t e r e s t e d  i n  snow, The a i m  i s  t o  pro-  
mote un i fo rmi ty  i n  t he  method of d e s c r i b i n g  snow and t o  sfm- 
p l i f y  t h e  c o r r e l a t i o n  of d a t a  ob ta ined  by d i f f e r e n t  groups,  

The Committee i n v i t e s  comments o r  sugges t ions  f o r  i m -  
proving t h e  progosed c l a s s f  f i c a t i o n ,  

Snow r e s e a r c h  gruops a r e  urged t o  g ive  t h e  c l a s s i f i c a t i o n  
a t r f a l  and t o  r e ? o r t  t h e i r  assessment  o f  i t s  s u i t a b i l i t y  t o  
t h e  Committee, 

A l l  c o m u n i c a t i o n s  should be addressed  to :  The Snow Research 
SectSon, D iv i s ion  o f  Bui ld ing  Research,  Na t iona l  Research 
Councf 1, Ottawa, Canada, 
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GENERAL REhfIARKS 

Definf  tSc2- i~  of t e r n s ,  a s  they are  used here in ,  
may be found i n  the  Appenl:i.ixo 

Each c.lass un.2 basic f e a t y - e  of sn.ow has been 
designated b;y a. coda s p i b o l ,  w i t h  a view to m z k f n ~  t he  
c l a s s f f  i c a t i o n  internatll-~nii:L; 3 , e , ,  , independent of language, 
Yliost l e t t e r  symbols h a v e  'been chcsexl f rom an 1nternat ion.al  
term, f o r  example: F(f"orm i n  I;Zrrg);afsh,, f o r n e  i n  French, 
form i n  i;ar.;r?a:.i ")iar3 bee]; c h i j s ~ n  _PDT Ysgrfiin s,l~.apa'~, The 
small l e t t e r s  a ,  b ,  c ,  d and e have been ,used . to i n d i c a t e :  
very low, I c w ,  medium, high,  and very high ~ o s p e c t i v e l y ,  la 
describir ig  t.]r,e degree of a snow f e a t u r e ,  Tne code i s  a l s o  
s u i t a b l e  for. t e l e t y p e  wessages al. thau&~ t h i s  w a s  no t  the 
primary reason f o r  adopt ing a code, 

The class5ff c a t i o n  f o r  s o l i d  p r e c i p i t a t i o n  
( f a l l i n g  snow, ha.11, e t e ,  has been Sssed on the  form of the 
c r y s t a l  o r  grain, whereas t h a t f o r  depos i ted  snow h8.s been 
based on t h e  fundarnen-Lal f e a t u r e s  of t h e  szao~u which de te rn ine  
i t s  phys ica l  p r o p e r t l 5 s  nnd d i s t i n g u i s h  one type from another ,  
e ,g , ,  s p e c i f i c  g r a v i t y ,  cohesfon, e t c ,  It does n o t  cons ider  
t h e  "genesis t t  of t h e  snow, 

Two p a r a l l e l  methods have been given f o r  c l a s s i f y -  
ing  deposi ted snow, The one i s  f o r  the  use  of the  s c i e n t i s t  
and employs measurements; the  o the r  which i s  f o r  l e s s  p r e c f s e  
work, employs terms and does no t  r e q u i r e  the  use of i n s t r u -  
menta of any kind, Since both methods a r e  b a s f c a l l y  t h e  same, 
except f o r  the degree of p r e c i  sf on, any reasonable combination 
of t h e  t w o  may be used t o  meet the requirements  of a  p a r t i c u l a r  
c l a s s  of work, 

KO at tempt  has  been made t h u s  fap t o  s e t  up a 
nomenclature f o r  snow, 

Gxaaphical symbols have a l s o  been given so t h a t  
the  c l a s s  of p r e c i p i t a t i o r l  o r  the v e r t i c a l  p r o f i l e  of a  smw- 
cover may be presented  f n  a s tandardized  g raph ica l  form, 

For those cases  i n  which meteorological  d a t a  a r e  
requi red ,  t h e  s tandard i n t e r n a t i o n a l  meteorological  code 
mag be used, 
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SOLID PRECIPITATION 
( f a l l i n g  snow, h a i l ,  e t c , )  .. 

Type of P a r t i c l e  Code symbol F 

Graphic 
Code - Symbol - Term Remarks 

p .'+ P l a t e s  and combinations of p l a t e s  

w i t h  o r  wi thout  ve ry  s h o r t  
connec t ing  columns. 

2 * S t e l l a r  and p a r a l l e l  s t a r s  w i t h  
C r y s t a l s  very  s h o r t  connec t ing  

columns, 

C olumn s and cornbinations of 
columns, 

f Needles and combinations of 
n e e d l e s ,  

S p a c i a l  
Dendr i t e s  

Capped 
Columns 

n I r r e g u l a r  
C r y s t a l s  

8 9 Graupel 

9 A S l e e t  

0 A H a i l  

Add i t i ona l  C h a r a c t e r i  s t i  c s  

broken c r y s t a l s  of t ype  
1, 2, e t c ,  

rimed c r y s t a l s  of t ype  
1, 2, e t c , ,  b u t  n o t  
s u f f i c i e n t l y  rimed t o  be  
c l a s s e d  a s  Graupel 

C l u s t e r s  of t ype  1, 2, e t c ,  
c r y s t a l s  

Wet o r  p a r t i a l l y  mel ted 
c r y s t a l s  of t ype  1 ,2 ,  e t c ,  



Page 3, 

Sf zg of P a r t i c l e  Code symbol D 

The g r e a t e s t  extension of a p a r t i c l e  ( o r  average 
when many a r e  considered) measured i n  mil l imeters ,  For a 
c l u s t e r  of c r y s t a l s  i t  r e f e r s  t o  the  average s i z e  of the  
c r y s t a l s  composing the f l ake ,  The following symbols may 
a l s o  be used t o  express size:- 

e 4,0 or l a r g e r  

Examples : FlrDl05 F2fw Dd 

HOAR AND RIBlIE 

Code - 
v1 

v2 

v3 

v4 

v5 

Graphical Symbol 

v. 
.V' 
v ' 

Term - 
Hoar 

Feathery Rime 

Dense Rime 

Opaque Glaze 

Transparent Glaze 
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DEPOSITED SNOW 

Snow-Cover Data 

Graphical 
Code - Symbol Term 

H S  Total  Snow Depth 

HN New Snow Depth 

Water equiva lent  
of snow- cover 

Rat io  of covered 
a r e a  

Z V e r t i c a l  coordina te  

Remarks 

cm, measured v e r t i c a l l y  

cm, snow depos i ted  
wi th in  24 hours  of obser- 
v a t i o n o  

cm, of water 

i n  t e n t h s ,  

Condition of Snow - Surface 

op - Smooth 

or 6\ Rain Erosion 

0s Sun 11 

O w - u  Wind " 

ox X X X X X  X Sun o r  Rain Crust 

oy 
- - Wind Crust  

02 - - - - - -  - - - Film Crust 

cm, measured from the  
ground ( t o  l o c a t e  a  
l e v e l  i n  t h e  snow-cover) 

ov \./ v \ 1 d Surface Hoar 
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Basic 3ea tu res  

The minimum number of f e a t u r e s  which completely 
de f ine  a snow type a r e :  

Code - Feature Units  

G S p e c i f i c  Gravi ty nondimensional ) 
\V Free Water Content $ by wei&t ) Material  
P Impur i t i e s  ( i f  any) $ by weigh% 1 

F Average Grain Shape (code symbol) 1 
D Mean Grain Size  mi l l ime te r s  ) S t r u c t u r e  
K Cohesion ( t e n s i l e  ,gms/cm2 1 

s t r e n g t h )  1 

T Snow Temperature OC (without  t h e  minus sign)  

For accura te  work t h e  snow type i s  c l a s s i f i e d  by 
mea surenent s,  f o r  example : 

G0320 Fd D2,2 K145 T23, (obviously *O ) 

With a l i t t l e  experience an  observer can c l a s s i f y  
a snow type without  the  use  of instruments ,  f o r  example: 

G medium, Fc, D f i n e ,  K high, 
Gc Fc Db Kd, ( a l t e r n a t i v e )  

The r e l a t i o n  between terms, code symbols, and 
measurements, f o r  each b a s i c  f e a t u r e ,  i s  given below, 

S p e c i f i c  Gravity 

Code - Term - 
a 0 - 0,099 very l i g h t  
b o O 1  - 0,199 li&ht 
c 0,2 - 0,299 medium 
d 0,3 - 0,499 heavy 
e 0,5 and g r e a t e r  very heavy, 
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Free Water Content 

Graphic 
Code - Symbcl Term - Remarks 

a s l i g h t l y  mof s t  Very small amount of 
f r e e  water  p resen t ,  

moist  

wet 

very wet 

Greater  than "an but  
l e s s  than  nen, 

Sa tu ra ted  but  no t  f looded 
wi th  water,  

Flooded wi th  water ,  iOsO,  
p r a c t i c a l l y  no a i r  p resen t  
i n  the  snow, 

Runoff condi t ions  depend, no t  only on the  percentage 
of f r e e  water ,  bu t  a l s o  on t h e  snow s t r u c t u r e ,  Code symbol "d" 
has  been omitted because snow i n  R condi t ion  between "c" and "er 
i s  v e r t u a l l y  never found, 

Impur i t i e s  

Since these  vary i n  k ind  and amount, and occur only 
occas ional ly ,  they  a r e  b e s t  descr ibed  by words or  measurements, 
The graphicv  symboP i s  

Average Grain Shape 

Graphic 
Code - Symbol Remarks 

a  + + - I - +  S t a r s  o r  p l a t e s  c lose  t o  t h e i r  
o r l g i n a l  form, ( s e e  f o o t  n o t e )  

b  B- \ \<.r\/ + \  F e l t l i k e  s t r u c t u r e ,  Needles o r  columns 
c lose  t o  t h e i r  o r i g i n a l  form ( s e e  f o o t  
n o t e )  and snow i n  t ransformat ion  wi th  
fragments  of  s t a r s  e t c ,  present ,  

e 0m30Q Rounded g r a i n s  of s e t t l e d  snow, g r a i n s  
rounded by abras ion  dur ing  d r i f t i n g ,  
grauple ,  s l e e t  and h a l l ,  

d  ~ h 3 E . m  S e t t l e d  snow g r a i n s  having c r y s t a l  
f a c e t s ,  

e  A A A A  Depth hoar ( g e n e r a l l y  cup shaped 
c r y s t a l s  ) 

Vote: Deposited snow composed of c r y s t a l s  c lose  t o  t h e i r  o r i g i n a l  
form may, a s  an a l t e r n a t i v e ,  be c l a s sed  according t o  t h e  
c l a s s i f i c a t i o n  f o r  s o l i d  p r e c i p i t a t i o n o  



Mean Grain Size  
- % -  

Code --- ---.- Range 

a 0 - O o k c % ,  very fine 

c l o o  - 1099 medi urn 

8 4,6 and l a r g e r  very coarse 

The terms given i n  t h e  l a s t  column apply only  t o  
t h e  granularu forms of snow, 

Cohesion 

In  S o i l  ~ e c h ' m f c s  --Q which i s  an engfneerfng sc ience ,  
eohesf on f s taken a s  s h e w  s t ~ e r g t h  and the re fo re  has  a - 
f r i c t i  onaP component, I n  snow, eohesf on 1s t h e  bond between 
p a i n s  due to welding, capi1l.f a ry  and hooking e f f e c t s ,  Fur ther ,  
shear  t e s t s  of" c e ~ t a f n  types of snow m e  d i f f i c u l t  t o  c a r r y  
out wi th  accuracy whereas r e l i a b l e  t e n s i l e  s t r e n g t h  measure- 
ments may be obta ined  by means of a simple c e n t r i f u g a l  appara tuso  
Therefore,  i t  i s  proposed t o  adopt t e n s i l e  s t r e n g t h  as  t h e  
r e fe rence  f a r  cohesion f r a  snrrw, 

For f l e l d  work, a snow hmdneas instpument ( o r  a 
shea r  s t r e n g t h  ins t rument)  may be more convenient, I n  t h i s  
case the  e o ~ r e l a t i  on between the instrument readings and 
t e n s i l e  s t r e n g t h  should be e s t a b l i s h e d ,  

Graphf e, 

Code Symbol Term Remarks ~- 

a L-A very Pow ) The ease  of pene t ra t ion  of a 

[IID 
) hand, p e n c i l ,  e t c ,  could 

b low 3 be used a s  a rough s c a l e ,  
) I t  is proposed t o  s e t  up 

e medium such a s c a l e ,  
\ 

d h igh  

e 
1 

very h igh)  

i - f e e  

Rough values ape given below f o r  two types sf 
hardness  f c s t ~ u m e n t s ,  These va lues  must n o t  be regarded as  a 
conver~t ion  t a b l e  st nee c o r r e l a t i o n  sf t he  r e a d i  ngs of t h e  two 
instruments! and comellat ion wf th t e n s i l e  s t r e n g t h  1s a t  p resen t  
fncomplete, 
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Swiss Canadian 
Kegelsonde P la te  type Hardness Gauge 

8 PO0 and g r e a t e r  10,000 and grea te r  

Note: If hardness ( o r  shea r )  measurements a re  used t o  describe - 
cohesion, a code symbol o ther  than K should be employedo 
The symbol R i s  suggested f o r  hardness measurementso 

Snow Temperature 

For rough work snow temperatwe may be omitted, in 
which case the snow i s  considered to  be below f reez ing  except 
when f r e e  water i s  reported,  

EXAMPLE OF REPRESENTATION BY CODE 



Snow - Self d precipf  t a t i o n  f  ormod in %he atmosphere 
by sublimation of water vapour onto minute 
sol- 

Snow Crysta l  
A s ingle  e ~ g s t a l ,  e i t h e r  regu la r  or i r ~ e g u l a k ,  

Snow Flake A c l u s t e r  o f  snow e ~ y s t a P s  which have become 
stuclc together  while f a l l i n g  t o  earth, 

Graupel A snow c r y s t a l  ( o r  f l a k e )  th ick1  coated wfth 
rime, I t  may r e t a i n  some 1"9 o the o r i g i n a l  Psrri 
of the c r y s t a l  or  i t  may be approximately 
spherical, Also c a l l e d  "snow pe l l e t " ,  

S l e e t  (U,S, def i n l t i a n )  Frozen rain-drops , They m e  
usua l ly  f aSrPy small and t ransparent+,  A l s o  c a l l e d  
"Ice  Pe l l e t s " ,  

Hai P - Sol id  p rec ip i t a t f  on formed by %he successf we 
f reez ing  of water l a y e r s  and growing sutwapd 
from a  sol f  d centre i n  semi-transpapent l aye r s ,  

Column A snow c r y s t d .  i n  the form of e. shor t  hexagonal 
p ~ i s m  with e i t h e r  plane, ppamfdal  OF t runcated 
ends, (~ength/ 'diameter  l e s s  than 51, 

Needle A s lender  needle l ike  snow c r y s t a l  usua l ly  
having a  s t r u c t u r e  cons i s t ing  of needle l ike  
components l y ing  p a r a l l e l  and c lo se ly  knf t 
together ,  (Length/di ameter g r ea t e r  than 51, 

Spac ia l  Dendkf t e  
A fea thery  type of snow c r y s t a l  having branches 
which a r e - n o t  i n  one plane, I t  may have a  s t e l l a r  
base on whi ch secondary branches which are not i n  
the base plane have formeb, or it  may have branches 
r ad i a t i ng  from f ts centre ,  

11.1.0- 

A snow c r y s t a l  which has  grown f n  random d%rect80nso 
I t  may have the appearance of a  eombinatfoa of 
mlcrsaeopfc c ~ y s t a l s  o r  i t s  s tpueture  may be con- 
cealed by a coat ing of' rfme whlch gives i t an 
opaque appearance, I t  should not be confused 
wfth a  fragment of a st-, Nakaya has used the 
term tlamsskphssus snown and Sehaefer,  the tern 
' ' a a s ~ e t ; ~ i c a 8  c rys t a l "  t o  descr ibe  t M s  f'o~ira of snow, 
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Hoar - Crys ta l s  formed by subl imat ion  of water  
vapour onto any f i x e d  o b j e c t o  

Depth Hoar Hoar c r y s t a l s ,  u s u a l l y  of cup shape, which have 
grown i n  c a v i t i e s  wi thfn  the  snow-covero 

Rime An i c e  coa t ing  on s o l i d  o b j e c t s  formed by 
freezinp;  of very smal l  water d r o p l e t s  immediately 
upon depos i t ion ,  I n  i t s  commonest form ft has 
a  pebbly su r face  of f i n e  t e x t u r e  and an opaque 
appe arance 

Glaze A n  i c e  formation on s o l i d  o b j e c t s  formed by 
f r e e z i n q  of water d r o p l e t s  Its  s u r f a c e  f s  
smoother than t h a t  of rime bu t  t h e r e  is no s h a ~ p  
s e p a r a t i o n  between rime and g laze ,  A s p e c i f i c  
g r a v i t y  of 0087 may be accepted as  the boundary, 
g laze  being more dense than rimeo 





















N A T I O N A L  RESEARCH C O U N C I L  

SN@I RESEARCH SECTION 

P ORIJ A 

SNOTl COVER GBSERVAT IONS 

S t a t i on  Montreal Road Day 15 Month Jano Year I350 
--, 

Tota l  Snow Depth 21.0 Inches -- Tfmex 0930 Z 

Tota l  Water EquI va lent :  inches  abserver x - D, C, Peasce - 
Form of Snow Surf ace OP A i r  Temp, o, - 18 "C 

-- - -. 
I 0 , s  i c e  sheet 

Layer f rom)  iS ec Grav8t  

*F = Crys ta l  shape; +6D = Crys ta l  s fze ;  P$IW = Fr~ee water conten' t ,  

Hardness Snow Te-mpg 
Ground Z * i  *D 1 '$VJ Z ( R 

( I nc hes )  1 nrm ; t e r m s i n s ,  1 i n s .  gr/cm2 
Z T / Rexoarks 

i n s  a 1 'C ! 


