
Plant	
  quiz	
  

We will display 12 examples of plants for the teaching collection for you to 
identify with the following information: 
 
Latin name (Genus, species)   Family name    

  
 
On the final I will deduct for incorrect spellings, capitalization and italization 
of names.  

•  Latin are underlined (or italicized).  
•  Capitalize the genus name, no caps on the species name. 
•   Items like ssp., var. cf. are not italicized.  
•  Family names are not italicized.  

 
Options for today:  
1.  Display the correct answers after the quiz so you can correct your own.  
2.  Turn in the quiz in for a grade, e.g. 25 points. If you go for the second 

option, I would give you 1/2 point for the genus name, 1/2 point for the 
species name, and 1/2 point for the family name, and 1/2 point if 
everything is spelled, captitalized and underlined properly. You get one 
point for putting your name on the quiz.  



Field	
  trip	
  
1.  Logistics too complicated for such a large group, so local trip on 

Saturday Mar 9 instead.	



2.  North Campus Lands, Smith Lake and Ester Dome or Murphy Dome.	



3.  Will still need snow shoes or skis for the day. Walking may be 
possible because we will be near the walking trails on the NCL, and 
snow will likely be hard packed in the alpine.	



4.  Bring a sack lunch. 	



5.  Clothing and equipment list will follow.	





Lesson 7  
Snow Ecology 

D.A. (Skip) Walker 

Biol 488, Arctic Vegetation Ecology 
University of Alaska Fairbanks 



Overview of lecture 7 
Focus on the ecology of snow  
 
•  Lecture 7: An interdisciplinary examination of snow covered 

ecosystems 
–  Physical properties of snow (Pomeroy and Brun 2003) 
–  Characterization of snow (UNESCO-IHP 2009) 
–  Snow metamorphosis (Sommerfeld and Chapelle 1970) 
–  Global snow cover classification (Sturm, Holmgren, Liston 1995) 
–  Snow chemistry (Tranter & Jones 2001) 
–  Snow ecosystems (Hoham 2001, Aitchison 2001) 

•  Lecture 8: Snow vegetation interactions (Walker et al. 2001) 



 
Biological relevance 

of  physical and chemical properties of snow 

Photo: Sastrugi at the South Pole. 
Photo by Bill McAfee, National 

Science Foundation. 



Important physical properties of snow 
for ecology 

1.  May exist as a solid, liquid or vapor at 0 ˚C. All these may exist in a snow pack, and 
have important implications for snow metamorphosis and life in, on and beneath the 
snow pack. 

2.  Extremely large latent heat of vaporization (2.83 MJ kg-1) and latent heat of fusion (333 
kJ kg-1). Energy required to sublimate 1 kg of snow at 0 ˚C is equivalent to energy 
required to raise 10 kg of water 67 ˚C! Energy required to melt 1 kg of snow at 0 ˚C is 
equivalent to energy required to raise 1 kg of water 79 ˚C. Many important effects for 
permafrost and plant energy relationships. 

3.  Thermal conductivity of snow is low (compared to soil), but varies with snow density. 
Thermal conductivity of dry snow at density of 100 kg m-3 is 0.045 W m-1 K-1 (6 times 
that of soil). Generally a very good insulator.  

4.  Albedo of shortwave (solar) radiation is very high (0.8 to 0.9 for fresh snow), but is 
strongly affected by impurities and aging of the snow pack. At the same time, snow is a 
blackbody for long-wave (thermal infrared) radiation. Hence it readily absorbs heat and 
reradiates it. 

5.  Snow cover is generally smooth. This creates higher wind speed (less ground friction 
and turbulent transfer of sensible and latent heat is less than for a vegetated surface. 
Provides for ready transport of erosive snow and mineral particles and plant propagules. 

 
 

Pomeroy, J. W. and E. Brun. 2001. Physical properties of snow. Pages 45-126 in H. G. Jones, J. W. 
Pomeroy, D. A. Walker, and R. W. Hoham, editors. Snow Ecology: An Interdisciplinary Examination of 
Snow-covered Ecosystems. Cambridge University Press, Cambridge. 



Important physical properties of snow for ecology 

Photos: UAF North Campus Lands, January 2012, 
D.A. Walker 

•  For example, large physical effect 
influencing evolution of plant 
architecture in northern latitudes. 



Characterization of 
snow 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  
D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  
Sokratov.	
  2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  
Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  
Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  IACS	
  
ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

  Features	
  of	
  deposited	
  snow	
  
•  Grain	
  shape	
  and	
  size	
  
•  Snow	
  density	
  and	
  hardness	
  
•  Liquid	
  water	
  content	
  
•  Layer	
  thickness	
  and	
  total	
  

depth	
  
•  Surface	
  features	
  

 Grain	
  shape	
  classifica<on	
  
 Observa<on	
  guidelines	
  



Snow pit descriptions 

Mary	
  Albert	
  	
  (CRREL)	
  sampling	
  snow	
  in	
  Antarc<ca.	
  hJp://
snow.usace.army.mil/heat_mass_transfer/	
  	
  



Characteristics typically  described in snow pits 

•  Grain shape (form) (F) 
•  Grain size (E) 
•  Snow density (ρs) 
•  Snow hardness (R) 
•  Liquid water content (LWC, θw) 
•  Temperature (Ts) 
•  Impurities (J) 
•  Layer thickness (L) 



Snow grain shape and size classification 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Shape	
   Size	
  



 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

1.   Precipita<on	
  (PP)	
  (columns,	
  needles,	
  plates,	
  stellar	
  dendrites,	
  irregular	
  
crystals,	
  graupel,	
  hail,	
  ice	
  pellets)	
  

2.   Decomposing	
  and	
  fragmented	
  precipita<on	
  par<cles	
  (DF)	
  par<ally	
  
decomposed,	
  highly	
  broken	
  par<cles)	
  

3.   Rounded	
  grains	
  (RG)	
  (small,	
  large,	
  mixed)	
  
4.   Faceted	
  crystals	
  (FC)	
  (solid	
  faceted,	
  small	
  faceted,	
  mixed)	
  
5.   Cup-­‐shaped	
  crystals	
  and	
  depth	
  hoar	
  (DH)	
  (cup	
  crystals,	
  columns	
  of	
  depth	
  

hoar,	
  columnar	
  crystals)	
  
6.   Wet	
  grains	
  (WG)	
  (clustered	
  rounded	
  grains,	
  rounded	
  poly-­‐crystals,	
  slush)	
  
7.   Feathery	
  crystals	
  (SH)	
  (surface	
  hoar,	
  cavity	
  hoar)	
  
8.   Ice	
  forms	
  (IF)	
  (Ice	
  layer,	
  ice	
  column,	
  basal	
  ice,	
  sun	
  crust,	
  rain	
  crust)	
  

Grain shape classification 



Precipitation 
particles 

(Class PP) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Columns	
  
 Needles	
  
 Plates	
  
 Stellar,	
  dendrites	
  
  Irregular	
  crystals	
  
 Graupel	
  
 Hail	
  
  Ice	
  pellets	
  
 Rime	
  



Precipitation particles (class PP cont) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Columns	
  (PPco):	
  
Growth from water 
vapour at –8°C and 
below–30°C	
  

 Needles	
  (PPnd):	
  
Growth from water 
vapour at super-
saturation at –3 to –
5°C and below –
60°C	
  

 Plates	
  (PPpl):	
  
Growth from water 
vapour at 0 to –3°C 
and –8 to –70°C	
  



Precipitation particles (class PP cont’) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Plates	
  (PPpl)	
  
 Stellars,	
  

dendrites(PPsd):	
  
Growth from water 
vapour at 
supersaturation at 0 
to –3°C and at –12 
to –16°C	
  



Precipitation particles (class PP cont’) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Graupel	
  (PPgp):	
  Growth by 
accretion of supercooled 
water Size: >5 mm	
  

  Ice	
  pellets	
  (PPip):	
  Freezing of 
raindrops or refreezing of 
largely melted snow crystals 
or snowflakes (sleet)	
  

 Hail	
  (PPhl):	
  Growth by 
accretion of supercooled 
water Size: >5 mm	
  



Precipitation particles (class PP cont’) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  
2009.	
  The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  
Hydrology	
  No.	
  83,	
  IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

 Rime	
  (PPm):	
  AccreKon	
  of	
  small,	
  supercooled	
  fog	
  droplets	
  frozen	
  in	
  place.	
  Thin	
  
breakable	
  crust	
  forms	
  on	
  snow	
  surface	
  if	
  process	
  conKnues	
  long	
  enough	
  



Decomposed 
precipitation snow 

particles (class  DF) 
 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  
McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  The	
  
InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  
UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  IACS	
  
ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Decomposi<on	
  due	
  to	
  
either	
  increasing	
  
temperatures,	
  decreasing	
  
thermal	
  gradient	
  	
  (DFdc)	
  
	
  
Or	
  to	
  fragmenta<on	
  and	
  
packing	
  by	
  wind	
  and	
  
sintering	
  (DFbk)	
  
	
  



Rounded grains 
(class RG) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Small	
  (RGsr):	
  Result	
  
of	
  low	
  temperature	
  
metamorphosis,	
  
decrease	
  in	
  surface	
  
area,	
  slow	
  sintering.	
  
	
  
Large	
  (RGlr):	
  	
  Effect	
  of	
  
grain	
  to	
  grain	
  vapor	
  
diffussion	
  and	
  
sintering.	
  	
  
	
  
Wind	
  packed	
  (RGwp):	
  
Packing	
  and	
  
fragmenta<on	
  with	
  
sintering.	
  	
  



Faceted particles (class FC) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Solid	
  faceted	
  par<cles	
  (FCso):	
  Solid	
  kene<c	
  
growth	
  form	
  with	
  sharp	
  edges,	
  glassy	
  
smooth	
  faces.	
  

Grain	
  to	
  grain	
  vapor	
  diffusion	
  driven	
  
by	
  high	
  temperature	
  gradient.	
  

Faceted	
  rounded	
  par<cles	
  (FCxr):	
  Transi<onal	
  
form	
  to	
  faceted.	
  



Faceted particles 
(class FC) 

 
 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Solid	
  faceted	
  par<cles	
  
(FCso):	
  Solid	
  kene<c	
  
growth	
  form	
  with	
  sharp	
  
edges,	
  glassy	
  smooth	
  
faces.	
  

Grain	
  to	
  grain	
  vapor	
  
diffusion	
  driven	
  by	
  

moderate	
  temperature	
  
gradient.	
  

Faceted	
  rounded	
  
par<cles	
  (FCxr):	
  
Transi<onal	
  form	
  to	
  
faceted.	
  



Depth Hoar 
(class DH)  

 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Grain	
  to	
  grain	
  vapor	
  diffusion	
  driven	
  by	
  
large	
  temperature	
  gradient.	
  

Hollow	
  cups	
  (DHcp):	
  Large	
  temperature	
  gradient	
  
Large	
  striated	
  crystals	
  (Dhla):	
  Long	
  <me	
  with	
  
large	
  temperature	
  gradient	
  required.	
  



Depth Hoar (class DH) 
(cont’)  

 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Grain	
  to	
  grain	
  vapor	
  
diffusion	
  driven	
  by	
  very	
  

large	
  temperature	
  gradient.	
  

Chains	
  of	
  depth	
  hoar	
  (DHch):	
  High	
  
recrystalla<on	
  rate	
  for	
  long	
  <me.	
  
Snow	
  has	
  completely	
  recrystallized.	
  



Surface Hoar (class SH) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Rapid	
  keneKc	
  growth	
  of	
  
crystals	
  on	
  snow	
  surface	
  
from	
  water	
  vapor	
  in	
  air	
  

combined	
  with	
  cold	
  snow	
  
surface.	
  

Surface	
  hoar	
  (SHsu):	
  Condi<ons	
  of	
  
combined	
  cooling	
  of	
  snow	
  surface	
  
with	
  increasing	
  rela<ve	
  humidity.	
  
Common	
  on	
  lakes	
  and	
  near	
  creeks.	
  



Surface Hoar on Smith Lake (Oct 2008) 

Photos:	
  D.A.	
  Walker	
  
	
  



Surface Hoar on Smith Lake (Oct 2009) 

Photos:	
  D.A.	
  Walker	
  
	
  



Melt forms (class MF) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
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  S.	
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  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Wet	
  snow	
  with	
  liquid	
  water	
  
content.	
  

Clustered	
  rounded	
  grains	
  (MFcl):	
  
Wet	
  snow	
  with	
  low	
  liquid	
  water	
  
content.	
  Meltwater	
  can	
  drain,	
  
usually	
  near	
  the	
  surface.	
  
	
  
Slush	
  (MFsl):Wet	
  snow	
  with	
  high	
  
liquid	
  water	
  content.	
  Meltwater	
  is	
  
blocked,	
  some<mes	
  with	
  very	
  high	
  
solar	
  radia<on,	
  temperature	
  or	
  rain.	
  
	
  
	
  	
  



Ice forms (class IF) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

Ice	
  layer	
  (IFil):	
  Rain	
  or	
  meltwater	
  
percolates	
  into	
  snow	
  and	
  refreezes	
  
along	
  layer	
  of	
  cold	
  snow.	
  
Ice	
  column	
  (IFic):	
  Draining	
  water	
  
freezes	
  in	
  flow	
  fingers	
  surrounded	
  
by	
  subfreezing	
  snow.	
  
Basal	
  ice	
  (Ibi):	
  Forms	
  at	
  top	
  of	
  
frozen	
  soil,	
  common	
  in	
  permafrost	
  
areas.	
  
Rain	
  crust	
  (IFrc):	
  Freezing	
  rain	
  on	
  
snow.	
  
Sun	
  crust	
  (sunspiegel)	
  (IFsc):	
  Thin	
  
tranparent	
  and	
  shiny	
  glaze	
  on	
  
surface	
  ocen	
  with	
  space	
  beneath.	
  
	
  
	
  	
  



Snow density (ρs) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  

•  Mass	
  per	
  unit	
  volume	
  (kg	
  
m-­‐3).	
  

•  Determined	
  by	
  weighing	
  
snow	
  of	
  a	
  known	
  volume.	
  

•  Can	
  be	
  done	
  for	
  the	
  whole	
  
profile	
  in	
  a	
  long	
  tube.	
  

•  And/or	
  in	
  small	
  samples	
  
from	
  each	
  layer	
  in	
  the	
  
snow	
  profile	
  using	
  a	
  small	
  
can	
  or	
  snow	
  sampling	
  
container	
  of	
  known	
  
volume.	
  

	
  

h\p://www.skiingthebackcountry.com/skiing-­‐
resources/snow_density	
  



Snow hardness (R) 

Fierz,	
  C.,	
  R.	
  L.	
  Armstrong,	
  Y.	
  Durand,	
  P.	
  Etchevers,	
  E.	
  Green,	
  D.	
  M.	
  McClung,	
  K.	
  Nishimura,	
  P.	
  K.	
  Satyawali,	
  and	
  S.	
  A.	
  Sokratov.	
  2009.	
  
The	
  InternaKonal	
  ClassificaKon	
  for	
  Seasonal	
  Snow	
  on	
  the	
  Ground.	
  UNESCO-­‐IHP,	
  IHP-­‐VII	
  Technical	
  Documents	
  in	
  Hydrology	
  No.	
  83,	
  
IACS	
  ContribuKon	
  No.	
  1,	
  Paris.	
  
	
  



Snow 
hardness: 

Swiss 
Rammsonde 

PenetraKon	
  depth	
  is	
  
translated	
  into	
  force	
  in	
  

Newtons	
  (N).	
  	
  
	
  

Has	
  its	
  own	
  problems.	
  

See:	
  Haefeli,	
  R.	
  (1936)	
  Beitrâge	
  zur	
  
Géologie	
  der	
  Schweiz	
  Geotechn.	
  
Serie-­‐Hydrol.	
  Lieferung	
  3.	
  
Waterhouse,	
  R.	
  (1966)	
  Re-­‐
evaluaKon	
  of	
  the	
  Rammsonde	
  
hardness	
  equaKon.	
  CRREL	
  Special	
  
Report	
  100.	
  



Snow 
description form 

Also	
  take	
  
photo	
  of	
  pit	
  
wall	
  with	
  
tape	
  for	
  scale	
  
and	
  markers	
  
showing	
  
layer	
  
boundaries.	
  

Mary	
  Albert	
  	
  (CRREL)	
  
sampling	
  snow	
  in	
  
Antarc<ca.	
  hJp://
snow.usace.army.mil/
heat_mass_transfer/	
  	
  



Snow metamorphosis 

 
 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  Journal	
  of	
  Glaciology	
  
9:3-­‐17.	
  
	
  



Snow metamorphosis 

 
 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  
Journal	
  of	
  Glaciology	
  9:3-­‐17.	
  
	
  



Equi-temperature vs. temperature-gradient snow 
metamorphosis 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  
Journal	
  of	
  Glaciology	
  9:3-­‐17.	
  

Beginning	
  equi-­‐
temperature,	
  

decreasing	
  grain	
  
size	
  metamorphism	
  

Late	
  equi-­‐
temperature,	
  

decreasing	
  grain	
  
size	
  metamorphism	
  

Beginning	
  equi-­‐
temperature,	
  

increasing	
  grain	
  size	
  
metamorphism	
  

Advanced	
  equi-­‐
temperature,	
  

increasing	
  grain	
  size	
  
metamorphism	
  

Beginning,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Par<al,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Advanced,	
  early,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Beginning,	
  late,	
  
temperature-­‐
gradient	
  

metamorphism	
  

Advanced,	
  late,	
  
temperature-­‐
gradient	
  

metamorphism	
  



Low-temperature-gradient vs. High-temperature-
gradient snow metamorphosis 

Low-temperature-gradient metamorphosis: Temperature gradient < 5˚C 
m-1, produces small rounded grains (class 3), efficient settling rate, good 
cohesion due to growth of ice bonds between grains (sintering). Typical 
of in regions with heavy snowfalls or strong redistribution by wind. 

 
Medium-temperature-gradient metamorphosis: Temperature gradient  

5-15 ˚C m-1, produces faceted crystals (class 4). Crystal growth is slow 
because gradient effects are partially balanced by curvature effects. 

 
High-temperature-gradient metamorphosis: Temperature gradient > 15˚C 

m-1, produces depth hoar crystals (class 5). Large plate-like crystals grow 
quickly. Characterized by very slow settling rate, weak cohesion. Typical in 
cold and dry climate regions. 

 
 
 

Pomeroy,	
  J.	
  W.	
  and	
  E.	
  Brun.	
  2001.	
  Physical	
  properKes	
  of	
  snow.	
  Pages	
  45-­‐126	
  in	
  H.	
  G.	
  Jones,	
  J.	
  
W.	
  Pomeroy,	
  D.	
  A.	
  Walker,	
  and	
  R.	
  W.	
  Hoham,	
  editors.	
  Snow	
  Ecology:	
  An	
  Interdisciplinary	
  
ExaminaKon	
  of	
  Snow-­‐covered	
  Ecosystems.	
  Cambridge	
  University	
  Press,	
  Cambridge.	
  
	
  



Equilibrium (= low-
temperature-

gradient) snow 
metamorphosis 

h\p://www.geotech.org/survey/geotech/Snow
%20Metamorphosis.pdf	
  



Kenetic (= high-
temperature-gradient) 
snow metamorphosis 

h\p://www.geotech.org/survey/geotech/Snow%20Metamorphosis.pdf	
  



Snow metamorphosis animation 

 
 

Sommerfeld,	
  R.	
  A.	
  and	
  E.	
  LaChapelle.	
  1970.	
  The	
  classificaKon	
  of	
  snow	
  metamorphism.	
  Journal	
  of	
  Glaciology	
  
9:3-­‐17.	
  
	
  

h\p://www.slf.ch/ueber/organisaKon/schnee_permafrost/projekte/
schneemetamorphose/index_EN	
  

WSL,	
  InsKtute	
  for	
  Snow	
  and	
  Avalanche	
  Research,	
  Davos,	
  Switzerland,	
  
SLF	
  



Snow Cover Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  
for	
  local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  8:1261-­‐1283.	
  



Snow Cover Classification 

 
 

Sturm,	
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  Holmgren,	
  and	
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  A	
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  snow	
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  to	
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  8:1261-­‐1283.	
  



Snow Cover Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  
for	
  local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  8:1261-­‐1283.	
  



Snow Cover 
Classification 

 
 

Sturm,	
  M.,	
  J.	
  Holmgren,	
  and	
  G.	
  E.	
  Liston.	
  1995.	
  
A	
  seasonal	
  snow	
  cover	
  classificaKon	
  system	
  for	
  
local	
  to	
  global	
  applicaKons.	
  Journal	
  of	
  Climate	
  
8:1261-­‐1283.	
  



Snow chemistry 

Processes affecting snow chemistry 
during growth and fall: 
 
•  In-cloud processes 

–  Cloud droplet formation (uptake of 
gases) 

–  Ice crystal nucleation (incorporation of 
nucleating agents) 

–  Ice-crystal growth (dilution) 
–  Scavenging of cloud droplet during 

motion within cloud. 

•  Below cloud processes 
–  Aerosol scavenging of gases  

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry 

Chemical composition of snowfall at selected sites: 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry 

Processes affecting dry snow 
chemistry during accumulation 
season: 
•  Above-snow processes: 

–  Windblown snow scavenging 
–  Dry deposition. 
–  Wet deposition 
–  Local litter, dust 
–  Photochemical reactions 

•  Within snow processes: 
–  Dry snow metamorphism 

•  Below-snow processes: 
–  Gaseous emissions 
–  Snow- soil deposition 
–  Microbial activity (if soil is 

warm enough) 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow chemistry: Exchange with soil 
surface 

Gas concentrations within snow pack: 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 

•  Mainly a result of microbial decomposition beneath the snowpack. 
•  Ceases at about -8˚C. 



Snow chemistry 

Processes affecting snow chemistry 
during thaw: 
•  Above-snow processes: 

–  Windblown snow scavenging 
–  Dry deposition. 
–  Wet deposition 
–  Local litter, dust 

•  Within snow processes: 
–  Wet snow metamorphism 
–  Micro-pore flow 
–  Melt-water leaching 
–  Melt-particulate interactions 
–  Microbial activity 

•  Below-snow processes: 
–  Gaseous emissions 
–  Microbial activity 

 

Tranter, M. and G. Jones. 2001. The Chemistry of Snow: Processes and Nutrient Cycling. Pages 127-167 
in H. G. Jones, J. Pomeroy, D. A. Walker, and R. Hoham, editors. Snow Ecology. Cambridge University 
Press, Cambridge. 

 



Snow as a habitat:  
Microbial ecology of snow 

Watermelon 
snow 

 
 

 

Photo:	
  	
  Watermelon	
  snow	
  in	
  Sierra	
  mountains,	
  Green	
  snow	
  alga:	
  Chlamydomonas	
  nivalis	
  
Will	
  Beback,	
  h\p://en.wikipedia.org/wiki/File:Watermelon_snow_streaks_3.jpg	
  

Green	
  alga:	
  
Chlamydomonas	
  
nivalis.	
  	
  
Source:	
  h\p://
emu.arsusda.gov/
typesof/pages/green
%20algal.html	





Life cycle of algal 
flagellate, Chloromonas 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

1.   2N	
  Zygospores	
  germinate	
  by	
  
meiosis	
  on	
  soil	
  surface	
  producing	
  
bi-­‐flagellated	
  1N	
  zoospores.	
  

2.   1N	
  Zoospores	
  “swim”	
  upward	
  to	
  
snow	
  surface	
  within	
  liquid	
  water	
  
surrounding	
  snow	
  crystals	
  of	
  
isothermal	
  snow.	
  

3.   Zoospores	
  reproduce	
  asexually	
  
developing	
  large	
  popula<ons	
  of	
  
snow	
  algae.	
  

4.   Zoospores	
  create	
  visible	
  blooms	
  of	
  
snow	
  algae	
  on	
  the	
  snow	
  surface.	
  
With	
  nutrient	
  deple<on,	
  1N	
  
gametes	
  from	
  1N	
  zoospores	
  fuse	
  
to	
  form	
  2N	
  res<ng	
  zygotes.	
  

5.   Zygotes	
  return	
  to	
  soil	
  passively	
  
through	
  meltwater	
  percola<on	
  
and	
  seJling	
  of	
  the	
  snow.	
  



Life cycle of algal flagellate, Chloromonas polyptera 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

a.  bi-­‐flagellated	
  1N	
  zoospores.	
  
b-­‐e.	
  1N	
  Zoospores	
  “swim”	
  upward	
  to	
  

snow	
  surface	
  within	
  liquid	
  water	
  
surrounding	
  snow	
  crystals	
  of	
  
isothermal	
  snow.	
  Zoospores	
  
reproduce	
  asexually	
  developing	
  
large	
  populaKons	
  of	
  snow	
  algae.	
  
Zoospores	
  create	
  visible	
  blooms	
  
of	
  snow	
  algae	
  on	
  the	
  snow	
  
surface.	
  	
  

f.  With	
  nutrient	
  depleKon,	
  1N	
  
gametes	
  from	
  1N	
  zoospores	
  fuse	
  
(anisogamy)	
  to	
  form	
  2N	
  resKng	
  
zygotes.	
  

g-­‐j.	
  	
  	
  Zygotes	
  return	
  to	
  soil	
  passively	
  
through	
  meltwater	
  percolaKon	
  
melKng	
  and	
  se\ling	
  of	
  the	
  snow.	
  

Zygote	
  (2N)	
  
(res<ng	
  stage)	
  

Zoospore	
  (1N)	
  

Zoospore	
  (1N,	
  vegeta<ve	
  stage)	
  

Planozygote	
  	
  
(2N)	
  

Rapid	
  vegeta<ve	
  reproduc<on,	
  migra<on	
  to	
  snow	
  surface,	
  
forming	
  blooms	
  of	
  snow	
  algae	
  	
  

Anisogamy	
  
(fusion	
  to	
  
form	
  2N	
  
zygot)	
  



Other cryophilic organisms 
found in snow 

Hoham, R. W. and B. Duval. 2001. Microbial ecology of snow and freshwater ice with emphasis on snow algae. 
Pages 168-228 in H. G. Jones, J. W. Pomerory, D. A. Walker, and R. W. Hoham, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

 

1-­‐2	
  	
  	
  	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  resKng	
  
spores	
  

3-­‐4	
  	
  	
  Green	
  alga	
  (Chloromonas	
  brevispina)	
  
zygospores.	
  	
  

5-­‐9	
  	
  	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  
vegetaKve	
  cells.	
  

10-­‐11	
  Green	
  alga	
  (Chlamdomonas	
  nivalis)	
  
zygospores.	
  

12-­‐21	
  Other	
  green	
  algae	
  forms.	
  
22-­‐24	
  Golden	
  alga	
  (Chromolina	
  chionophilia)	
  
25-­‐27	
  Euglena	
  (Notosolenus	
  sp.)	
  
28-­‐30	
  Fungus	
  (SelenoBla	
  nivalis)	
  
	
  



Red snow in the Sierras 

http://waynesword.palomar.edu/index.htm 

Upper	
  right	
  Microscopic view (400 X) of the 
bright red resting cells (aplanospores) of 
Chlamydomonas nivalis. The larger winged 
structure (lower left) is a pollen grain from 
the timberline whitebark pine (Pinus 
albicaulis). The smaller, transparent-green 
cells (center) with a lipid droplet at each end 
are Chloromonas, another species of snow 
alga. The red coloration is due to carotinoid 
pigments that protect the cells from intense 
solar radiation.	
  	
  (From	
  Wayne’s	
  World,	
  
Noteworthy	
  plant	
  for	
  1998.	
  h\p://
waynesword.palomar.edu/plaug98.htm).	
  

	
  



Yellow snow (where the doggies didn’t go!)  

Photo: Brian Duval 

•  Non	
  red	
  forms	
  thrive	
  in	
  
shaded	
  areas,	
  e.g.	
  spruce	
  
and	
  fir	
  forests.	
  

	
  
Some	
  consequences	
  of	
  snow	
  algae:	
  	
  
1.  Bacterial	
  colonies	
  develop	
  

around	
  the	
  algae.	
  
2.  These	
  are	
  fed	
  on	
  by	
  roKfers	
  

and	
  other	
  higher-­‐level	
  
predators.	
  

3.  More	
  complex	
  animals,	
  such	
  as	
  
Mesenchytraeus	
  ice	
  worms,	
  
and	
  Collembola,	
  snow	
  fleas,	
  
also	
  graze	
  on	
  algae.	
  

4.  Tardigrades,	
  or	
  water	
  bears,	
  
prey	
  on	
  a	
  variety	
  of	
  organisms.	
  

5.  Fungi	
  decompose	
  the	
  organic	
  
material.	
  



Snow fleas 
(Collembola) 

Aitchison, C. A. 2001. The effect of snow 
cover on small animals. Pages 229-265 in 
H. G. Jones, R. W. Hoham, J. W. Pomeroy, 
and D. A. Walker, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 

Collembola	
  (Isotoma	
  sp.)	
  



Winter food of shrew (Sorex minutus) 

Aitchison, C. A. 2001. The effect of snow 
cover on small animals. Pages 229-265 in 
H. G. Jones, R. W. Hoham, J. W. Pomeroy, 
and D. A. Walker, editors. Snow Ecology. 
Cambridge University Press, Cambridge. 



Snow as a habitat: Snow ecosystems 

Aitchison, C. A. 2001. The effect of snow cover on small animals. Pages 
229-265 in H. G. Jones, R. W. Hoham, J. W. Pomeroy, and D. A. Walker, 
editors. Snow Ecology. Cambridge University Press, Cambridge. 

1.   Subnivian	
  plants.	
  
2.   Fungi	
  
3.   Snow	
  algae	
  
4.   Red	
  backed	
  vole	
  

(Clethrionomys	
  
gapperi)	
  

5.   Collembola	
  
(Isotoma	
  sp.)	
  

6.   Deer	
  mouse	
  ()	
  
7.   Wolf	
  spider	
  

(Pardosa	
  sp.)	
  
8.   Masked	
  shrew	
  

(Sorex	
  cinereus)	
  
9.   ShorJail	
  weasel	
  

(Mustela	
  erminea)	
  
10.   Red	
  fox	
  (Vulpes	
  

fulva	
  )	
  
11.   Great	
  gray	
  owl	
  

(Strix	
  nebulosa)	
  
12.   Boreal	
  owl	
  

(Aegolium	
  
funereus)	
  



Take home points 
1.  Go over methods of describing snow pits in the UNESCO manual 

(slides 8-32). We will describe three snow pits during the field trip.  

2.  Understand the processes of low-temperature-gradient (equilibrium)  
and high-temperature-gradient (kenetic) snow metamorphosis (slides 
33-39). 

3.  Be able to recognize the physical properties of tundra, tiaga, prairie, 
alpine, and maritime snow (slides 40-43). 

4.  Be able to describe the major processes contributing to changes in 
snow chemistry in the atmosphere, in dry snow on the ground, and 
during the snow melt period (slides 44-48). 

5.  Highly recommend reading Hoham & Duval’s  and Aitchison’s 
chapters (p.168-265) in Snow Ecology book (briefly discussed in 
slides 49-57). 
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1.  Walker, D. A., J. C. Halfpenny, M. D. Walker, and C. Wessman. 1993. Long-term studies 

of snow-vegetation interactions. Bioscience 43:287–301.	



2.  Aitchison, C. W. 2001. The effect of snow cover on small mammals. P. 229-265 in Jones 
H.G. et al. Snow Ecology. Cambridge: Cambridge University Press.	



	
  
Discussion	
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  2,	
  	
  
1.  Ehrich, D., J.-A. Henden, R. A. Ims, L. O. Doronina, S. T. Killengren, N. Lecomte, I. G. Pokrovsky, G. 

Skogstad, A. A. Sokolov, V. A. Sokolov, and N. G. Yoccoz. 2011. The importance of willow thickets for 
ptarmigan and hares in shrub tundra: the more the better? Oecologia 168:141–151.	



2.  Tape, K. D., R. Lord, H.-P. Marshall, and R. W. Ruess. 2010. Snow-Mediated Ptarmigan Browsing and 
Shrub Expansion in Arctic Alaska. dx.doi.org 17:186–193.	




