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FOREWORD

In 1985 the International Commission on Snow and Ice established a Working Group
on Snow Classification to update the old system for classifying snow on the ground.
This group sought input from many people from various countries, and after several
years of discussions about the different needs, it was able to put together a system
that has widespread support.

After this long and difficult period of synthesizing ideas from different countries and
users, we are fortunate to have the publication of this document made possible by the
World Data Center A for Glaciology and CRREL. On behalf of ICSI, I would especially
like to thank Dr. S. Colbeck, the Chairman of the Working Group, who has put much
effort in the organization of the ICSI system’s updating and made possible its
publication through CRREL, as well as the members of his Working Group: Dr. E.
Akitaya, Dr. R. Armstrong, Dr. H. Gubler, Dr. J. Lafeuille, Dr. K. Lied, Dr. D.
McClung and Dr. E. Morris for their valuable contributions to this very important
work.

V.M. Kotlyakov
President, ICSI
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The International Classification for
Seasonal Snow on the Ground

S. COLBECK, E. AKITAYA, R. ARMSTRONG, H. GUBLER,
J. LAFEUILLE, K. LIED, D. MCCLUNG AND E. MORRIS

INTRODUCTION

In 1954 the International Commission of Snow and Ice issued a classification for snow on the
ground (Technical Memorandum No. 31, Associate Committee on Soil and Snow Mechanics,
National Research Council, Ottawa, Canada). This work has been widely used as a standard for
describing the most important features of seasonal snow covers and is often cited in publications
where a common description is needed. Other systems have been developed and used more re-
cently, in part because of the increase in knowledge about the formation of snow-cover crystals
and the changing nature of the way observations are made. The practice was markedly different
in different countries, and some consolidation and updating were badly needed before a widely
acceptable system could be published.

A new committee was formed in 1985 to update the existing international classification by
including results of recent research and adapting the guidelines to several more or less parallel
systems in use today in different countries. Special consideration was given to meeting the re-
quirements of the various user groups working with seasonal snow: snow avalanche safety, snow
hydrology, seasonal snow-cover remote sensing, snow mechanics, and research in snow physics
including snow metamorphism.

An important feature of the classification is that it has been set up as the basic framework,
which can be expanded or contracted to suit the needs of any particular group ranging from sci-
entists to skiers. It has also been arranged so that many of the observations can be made either
with the aid of simple instruments or by visual methods. Since the two methods are basically par-
allel, measurements and visual observations can be combined to produce the degree of precision
required for any particular type of work.

The morphological classification of grain shapes has been supplemented with a process-orient-
ed classification that includes some remarks on the physical processes involved. In many discus-
sions it has become clear that users can be divided into two groups, one group classifying with
only morphological criteria and a second group always using more process-oriented reasoning
for snow characterization. Attempts have been made to set up a more structured, tree-like, exclu-
sively morphological classification, but so far they have clearly failed. Futhermore, these seem
not to be accepted by the majority of users. The request to include parameters available from
automatic texture analyses could not be accepted because of the lack of a standard, unambiguous
set of parameter definitions.

The material has been arranged into two sections and several appendices. Alphanumeric and
graphical symbols are defined to allow for easy characterizations of snow types. The alphanu-
meric symbols of the snow grain classification are different from those of the 1954 classification.
Some graphic symbols have been added to adapt the classification for practical use. There are two



parallel alphanumeric symbols. The first simply divides the classification into a,b,c,... while the
other uses letters from the English words, e.g., dh for depth hoar. Either of these two systems may
be used since they are equivalent.

Solid precipitation, in the sense of freshly deposited snow particles, has been included in Sec-
tion I on deposited snow. For the classification of falling snow, internationally recognized sys-
tems can be used when more detail is needed.

Section I is based on the fundamental features that determine the physical characteristics of a
mass of snow and distinguish one type from another. It includes freshly fallen snow as well as
surface deposits such as hoar and rime. Section II deals with other measurements that character-
ize the snow cover, including its surface features. The appendices include a list of symbols (A), a
summary of definitions of terms (B), a multilinguistic dictionary of terms (C), an example of a
graphic representation of a snow cover profile (D), and photographs to help practitioners classify
snow (E).

I. FEATURES OF DEPOSITED SNOW

Table 1. Primary physical characteristics of depos-
A snow cover is generally composed ited snow.

of layers of different types of snow,

each of which is more or less homoge- - Feature Units Sumbol
neous within its own boundaries. This Densi 3
. . e ensity kg/m p
section deals with the classification of Grain shape (see Table 2) F
the snow in any one layer. Inhomogen- Grain size, mm E
eity invariably occurs on a large scale greatest extension \
> " N o
and can occur within layers for reasons Liquid water content % by ovomme (Table 4) o
. X R Impurities % by weight ]
such as flow fingers, wind, or the dis- Strength (compressive, Pa 3
turbance caused by snow falling from tensile, shear)
trees. These features can be taken into Hardness index depends on instrument R
_Snow temperature °C T

account by classifying grain types with-
in the disturbed areas separately and by
making an additional description of the extent and shape of the disturbance. Three types of ice
bodies that commonly occur in snow covers are also described: horizontal layers, vertical chan-
nels and basal ice.

Snow is very porous and sometimes contains liquid water. In the general case, therefore, snow
can be regarded as a mixture of ice, air and water. The ice is in the form of crystals and grains that
are usually bonded together to form a texture that possesses some degree of strength. The physi-
cal characteristics of a mass of snow, like those of many other materials, depend on its texture, its
temperature and the relative proportions of its constituents. The primary distinctions between
types of deposited snow are based on physical characteristics. The proposed standards are given
in Table 1. The terms used in this table are defined in Appendix B.

Density General symbol: p
Density is mass per unit volume. Mass is normally determined by weighing snow of a known
volume. Sometimes total density and dry or ice density are measured separately.

Grain shape (form) General symbol: F

In Table 2 (included as a foldout in the back of this report) the morphological classification of
grains is supplemented by a process-oriented classification, including remarks on the most im-
portant physical processes involved. This side-by-side representation of the two classification
types should help various user groups arrive at a more reliable classification and an easier physi-
cal interpretation of their observations.
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For the grain shape classification, numbers 1-9 are used for the basic grain types, and letters a,
b,... are used for the corresponding subclassifications. An alternate set of letters is given (e.g., dh
or mf) for those who want symbols that suggest the corresponding English description. The two
sets, however, are equivalent. If one has to deal with mixtures of grain types, proportions of the
various types may be expressed as the number of tenths, e.g., 8F2aE£0.5 and 2F1cE1.0, where the
first number is the fraction, Fxx indicates the shape and Exx indicates the size. The graphic sym-
bols for the different types of a mixture can either be separated by commas or, if a metamorphic
transition between the different types can be identified, arrows indicating the direction of transi-
tion.

Additional attributes can be used to refine the description of the grains. Examples of these
attributes are grouped below and may be seen in Appendix E, which contains the photographs:

* General appearance: solid, hollow; broken, abraded, partly melted, rounded, angular;

* Grain surface: rounded facets, stepped or striated, rimed;

¢ Grain interconnections: bonded, unbonded, bond size, clustered, coordination number (num-

ber of bonds per grain), oriented texture, arranged in columns.

Grain size General symbol: E
The grain size of a more or less homogeneous mass of snow is the average size of its character-
istic grains. If there is an obvious mixture of different grain types and sizes, the different classes
may be characterized individually. The size of a grain or particle is its
greatest extension measured in millimeters. Other definitions are poss-

ible depending on the application but have to be clearly stated. A sim- Table 3. Grain size.

ple method suitable for field measurements is to place a sample of the Term Size (mm)

grains on a plate that has been ruled in millimeters. The average size is _

then estimated by comparing the size of the grains with the spacing of :;;2’ fine ;_2:35

the lines on the plate. This estimate may differ from those obtained by Medium 0.5-1.0

sieving or stereology. Some users will need to specify the range or dis- Coarse 1.0-20

tribution of sizes. Very coarse 20-50

L. . . . 1 Extreme >50

The grain size of deposited snow is expressed in millimeters or alter-

natively by using the terms in Table 3. A grain size of 1 mm is classified

as E1.0.

Liquid water content General symbol: 6

Measurements of liquid water content or wetness are expressed as a percentage by volume,
which usually requires a separate measurement of density. Several methods are in use today for
field measurements to determine liquid water content: hot (melting) and cold (freezing) calori-
metry, dilution and dielectric measurements. A general classification of liquid water content is
given in Table 4.

Liquid water is only mobile if the irreducible water content is exceeded. The irreducible water
content is about 3% by volume and depends significantly on snow texture, grain size and grain
shape. This is the water that can be held by surface forces against the pull of gravity.

Impurities General symbol: |
This subsection has been included in the classification to cover those cases in which the kind
and amount of an impurity have an influence on the physical characteristics of the snow. In these

cases the kind of impurity should be fully described and its amount given as a percentage by
weight. Common impurities are dust, sand, organic material and solubles. Very low amounts of
impurities do not strongly influence the physical properties of snow but are of hydrological and
environmental interest. These are normally given in parts per million by weight (e.g. acids). The
graphic symbol for impurities is



Table 4. Liquid water content.

Approximate Graphic
Term Remarks Rangeof 8 Symbol

Dry  Usually T is below 0°C, but dry snow can occur at any temperature 0% :
up to 0°C. Disaggregated snow grains have little tendency to adhere
to each other when pressed together, as in making a snowball.

Moist T = 0°C. The water is not visible even at 10 x magnification. When <3% ED
lightly crushed, the snow has a distinct tendency to stick together.

Wet T '=0°C. The water can be recognized at 10 X magnification by its 3-8% DI:]
meniscus between adjacent snow grains, but water cannot be
pressed out by moderately squeezing the snow in the hands.
{Pendular regime)

Very T =0°C. The water can be pressed out by moderately squeezing the 8-15% E[[D
Wet  snow in the hands, but there is an appreciable amount of air
confined within the pores. (Funicular regime)

Slush  T'=0°C. The snow is flooded with water and contains a relatively >15% D]:[I:l
small amount of air

Snow strength General symbol: ¥
Snow strength depends on the stress state (compressive, tensile or shear), stress rate, strain and
strain rate. In addition, strength depends on the sample volume because snow is imhomogene-
ous. To make measurements meaningful, all of these parameters must be considered. Moreover,
strength types such as ductile, brittle fracture or maximum strength at low strain rates must be
given.
Strain is dimensionless. The units are s for strain rate, Pa for stress and Pa-s for stress rate.

Snow hardness General symbol: R

Hardness measurements are subjective and produce an index value that depends on the in-
strument; therefore, the device has to be specified. A widely accepted instrument is the Swiss
Rammsonde (cone tip angle: 60°; base diameter: 40 mm; weight: 10 N/m; ram weight: 10 N).
Hardness is measured in newtons. It may be classified as shown in Table 5, which includes both
the Rammsonde and the commonly used hand test. With the hand test, objects of different areas
are gently pushed into the snow with a penetration force of about 50 N, which is easily executed
with the hand.

Table 5. Hardness of deposited snow.

Swiss Order of magni-
Rammsonde tude strength Hand Graphic

Term (N) (Pa) test Symbol  symbol
Very low 0-20 0-10° fist R1
Low 20-150 1°-10' 4 fingers R2 /
Medium 150-500 10410° 1 finger rR3 X
High 500-1000 10410 pencil R&e 7
Very high > 1000 > 10¢ knife blade R5 )3((
Ice R6 —




Snow temperature General symbol: T
The temperature of snow should be given in °C. Sometimes it is desirable to record other
related temperatures; the suggested symbols for the more common ones are

Temperature T
1.5-m air temperature Ta
Temperature of snow surface Ts
Ground temperature Tg
Snow profile temperature at height H (m)
above the ground TH0.5
or below the surface TH-0.5
Layer thickness General symbol: L

The layer thickness is usually of primary interest, although in the case of lenses the lateral
dimension is also important. The diameter and spacing of columnar features is essential for their
description. For convenience, the use of centimeters is allowed as an exception to the SI system of
units for measurements such as thickness and depth.

I1. ADDITIONAL MEASUREMENTS OF DEPOSITED SNOW

A cross section of a snow cover can be described by classifying the snow in each layer, includ-
ing the surface of the snow cover, as outlined in Section I. Some of the important measurements
are listed in Table 6. The locations of the boundaries of the layers relative to the snow/ground
interface should also be given. The location is generally established by its vertical distance from
the surface of the ground, but when only the upper part of the snow cover is of interest or where
it is difficult to use the ground as the reference, the snow surface may be taken as the reference.
This should be indicated by using negative coordinate values.

The symbols H, HS and HN should be used for all vertical measurements, regardless of wheth-
er they are taken at a place where the snow surface is horizontal or inclined. Vertical measure-
ments are sometimes preferred even when the snow lies on a slope. If, however, the measure-
ments are perpendicular to an inclined snow surface, this fact should be indicated by using the
corresponding symbols D, DS and DN.

Table 6. Snow cover measurements.

Term Dimension _ Symbol
Vertical coordinate (measured from the ground) cm H
Total depth of snow cover cm HS
Depth of daily new snowfall cm HN
Measurements corresponding to those above but cm D
taken perpendicular to an inclined snow cover DS
DN
Inclination of snow layer or ground deg y
Aspect of snow-covered slope deg AS
Surface roughness S
Penetrability of snow surface layers P
Water equivalent of snow cover mm HSwW
Water equivalent of snow layer mm HW
Water equivalent of new snow layer mm HNW
Ratio of snow covered area to total area tenths Q
Age of snow deposit hours, A
days or
years




Surface roughness General symbol: S Table 7. Surface roughness.
This subsection does not refer to roughness due to

the granular nature of snow but to the roughness of a Term Symbol_Graphic symbol
s'now surface causTc'l by w;md, rain, uéleven efva;\pqra- Smooth Sa
tion or uneven me tmg.- T e average epth of the ir- Wavy Sh UL
regularities, measured in millimeters, can be com-
. . Concave furrows Se AAAA
bined with the relevant symbol, for example, Sc15.
Convex furrows Sd YYYY

The wavelength and compass direction may also be of

interest. The roughness types are given in Table 7. Random furrows S NN

Load-bearing capacity of the snow surface General symbol: P

Occasionally an approximate indication is required of the ability of a snow cover to support a
certain load satisfactorily. The depth of penetration in millimeters of some suitable object, such as
a ski or a foot, may be employed for this purpose. The following symbols are suggested:

Depth of ski track (skier supported on one ski) PS
Depth of footprint (person standing on one foot) pp
Penetration depth of a Swiss Rammsonde (first
element by its own weight) PR
Water equivalent General symbol: HW

The water equivalent is the height of water if a snow cover is completely melted, measured in
millimeters, on a corresponding horizontal surface area.

Aspect General symbol: AS
The compass direction of the fall line of the snow-covered slope should be given by two digits,
e.g. 09 for East, 18 for South, 27 for West or 36 for North.



Symbol

A

AS

D

DN
DS

E

F
Fla..F9e
H
HN
HNW
HS
HSW
HW

/

L

P

PP
PR
PS

Q

R
R1..R6

Sa..5¢

APPENDIX A. LIST OF SYMBOLS

Description

Age of snow deposit

Aspect of snow-covered slope
Slope-perpendicular coordinate
Slope-perpendicular new snow thickness
Slope-perpendicular snow thickness
Grain size

Grain shape

Grain shape classification

Vertical coordinate above ground
Depth of new snowfall (daily)
Water equivalent of new snow layer
Total depth of snow cover

Water equivalent of snow cover
Water equivalent of layer
Impurities

Layer thickness

Penetrability

Depth of foot print

Penetration depth of Swiss rammsonde
Penetration depth of ski track
Snow-covered area

Hardness index

Hardness classification

Roughness of snow surface

Surface roughness classification
Temperature of snow

Air temperature

Ground temperature

Snow profile temperature at height H (m)
(i.e. THO.5 is the snow temperature 0.5 m above the ground)

Temperature of snow surface
Inclination

Strain

Liquid water content
Density

Stress

Strength

Units

hdy
deg

cm, m
cm, m
cm, m

%, ppm (both by weight)
mm, cm, m

mm

mm

mm

mm

tenths

N

mm

°C
°C
°C
°C

°C
deg

% (by volume)
kg/m?

Pa

Pa






Abraded
Aspect
Calorimetry
Crust

Crystal

Density

Dielectric devices
Dilution method

Equilibrium form

Facet
Firnspiegel

Flow fingers

Funicular regime

Grain bond

Grain, particle

Hardness

Ice
Ice layer

Irreducible liquid
content

Kinetic growth form

Layer

Liquid water

Morphological
classification

APPENDIX B. DEFINITIONS

Mechanically rounded by interaction with other particles in the saltation layer
The exposure of the terrain as indicated by compass direction of the fall line

A method for determining the amount of heat needed to either freeze the
liquid water content or melt the ice portion of the snow; used to determine the
liquid water content

A hard, usually thin layer consisting of either one or a few grains in thickness
or consisting of uniform, well-bonded material

A solid whose atoms or molecules have a regularly repeated arrangement that
may be outwardly expressed by plane faces

Mass per unit volume

Instruments that use the dielectric properties of snow to determine the liquid
water content through capacitance and density measurements

Method for determining the liquid water content of snow based on the reduc-
tion in concentration when the snow is added to an aqueous solution

The shape (usually rounded) resulting from no or slow growth

A crystal face or flat surface of a crystal; external manifestation of internal
order

The thin, clear sheet of ice that forms over snow by absorption of sunlight on
clear, cold days; gives bright, specular reflection of sun

Vertical channels with percolating water

The condition of high liquid water content in which liquid exists in continuous
paths; grain-to-grain bonds are weak

The interconnection between grains, usually neck-like and narrow

The smallest characteristic subunit of snow texture recognizable with a hand
lens (e.g. 10 x); it can consist of one or more crystals of ice

The resistance to penetration of an object into snow

Ice crystals frozen together, with isolated pores and a density greater than
about 830 kg/m?

Snow grains that have been frozen together to form a hard mass, which may
still be permeable

The liquid content held by capillarity against the pull of gravity

Faceted shapes that result from rapid growth

A stratum of snow that is different in at least one respect from the strata above
and below

All water in the liquid state; sometimes called free water

A classification of the shape of the individual grains



Pendular regime

Penetrability
Solid precipitation

Process-oriented
classification

Sintering

Size

Specific surface area

Striation
Slush

State of snow

Structure
Suncrust
Surface roughness

Texture

Type of snow

The condition of low liquid-water content where air exists in continuous
paths; grain-to-grain bonds give strength

The depth of penetration of an object into the snow cover

The various kinds of solid water particles that develop in the atmosphere
and fall earthward, for example, snow crystals or ice pellets, including
freshly deposited particles that have not undergone perceptible transfor-
mation after being deposited on the ground; when clear morphological dif-
ferences exist between falling and deposited particles, the term applies to
precipitation while it remains air-borne

A classification with respect to the most important physical processes re-
sponsible for a given grain shape

The process of bond formation in snow

The largest dimension of a grain or particle, measured in millimeters
The surface area per unit mass of a bulk sample of snow

Easily recognizable growth steps across facets or crystal surfaces
Snow that is soaked with water and has very little strength

Snow as characterized by such properties as liquid water content, tempera-
ture, impurities and hardness

Stratification or layering of snow, usually seen in snow pits
A hard, thin layer with refrozen crystals from surface melting
The average shape and depth of the irregularities at a snow surface

The intergranular relationship; the size, shape and arrangement of grains as
seen with a hand lens

Snow characterized by its texture and density
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APPENDIX D. EXAMPLE OF A DATA SHEET FOR A SNOW COVER PROFILE
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APPENDIX E: PHOTOGRAPHS OF VARIOUS GRAIN SHAPES

Class 2bk and 9wc, highly broken particles (on top)  Class 3sr, small rounded particles. Photo by E. Akitaya.
and wind crust (on bottom). Photo by E. Akitaya.
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Class 3lr, large rounded particles.
Photo by E. Akitaya.

Class 3mx, rounded particles
with developing facets. Photo by
E. Akitaya.

Class 4fa, solid faceted particles. Photo by
E. Akitaya.




Class 4sf, small faceted particles in
surface layer. Photo by E. Akitaya.

| Class 4mx, faceted particles with recent
rounding (buried surface hoar, 7sh, in this
example). Photo by E. Akitaya.

Class 5c¢p, cup-shaped, striated crystals.
Photo by K. 1zumi.
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Class 6cl, clustered single crystals at low liquid content. Photo
by S. Colbeck.

Class 5cl, large columnar crystals.
Photo by M. Sturm.

Class 6mf, polycrystalline particle from melt-freeze cycles. Photo by S. Colbeck.
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Class 6sl slush. Photo by S. Colbeck.

I1mm|

Class 7sh, surface hoar. Photo by E. Akitaya.

-

Class 7ch, cavity hoar. Photo by S. Colbeck. Class 8il, horizontal ice layer (in dry snow, 3st, in
this example). Photo by E. Akitaya.
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Classiic 8ic, vertical ice bodies. Photo by P. Marsh.

Class 8ic and 8il, vertical and horizontal bodies. Photo by

P. Marsh.

Class 8bi, basal ice layer. Photo by S. Custer.
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Class 9sc, sun crust-firn spiegel. Photo by E. Wengi.
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Class 9sc, sun crust-firn spiegel. PHOTO BY E. WENGI.



