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1.2. Present state of snow mechanics 21

parameters. Recently, Carmagnola et al. [2014] rewrote the original equations of
CROCUS formulated with d, s and gs in terms of s and the optical diameter dopt
(details in [Warren, 1982]), which is a well-defined variable and measurable in the
field: d = dopt−4+s

s−3 and gs = (4− s) with dopt and gs in mm. This is a first step to-
ward a complete physical parameterization of CROCUS on variables unambiguously
defined and measurable.
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(a) Dendritic snow. Note that gs is arbi-
trarily set to 0.3 mm for all dendritic
snow (d > 0).
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(b) Non dendritic snow. The size of the
disk represents the grain size gs (small
disk gs < 0.5 mm, intermediate 0.5 <
gs < 1.0 mm, large 1.0 mm < gs).

Figure 1.9: Recent snow is described in terms of dendricity and sphericity (a), and
the “evolved” snow is defined by its grain size, sphericity and history
(b). Color and symbol correspond to the international classification
[Fierz et al., 2009]. If the snow type does not correspond to a unique
type in the classification, it is described by two symbols. The first
symbol (left or top) is the primary snow type, the second symbol
(right or bottom) is the secondary snow type.

MEPRA [Giraud, 1992] deduces one risk level for natural avalanches and one
for skier-triggered slab avalanches, based on the snowpack simulated by CROCUS.
To compute these levels, MEPRA uses several “expert rules”. For instance, if the
snowpack stability increases from low to moderate, then the natural risk is relatively
low since all potential avalanches should have already released. MEPRA is also based
on a static stability index S computed for each layer and defined as:

S =
τmax

τn + τs
, (1.1)

where τmax is the shear strength of the layer, τn the shear stress due to the weight of
snow and τs is a possible additional stress due to a skier. The value of S quantifies
the level of instability for each layer. The risk level is computed with S but also with

Current snowpack models

(Crocus / SNOWPACK)

Vionnet et al., 2021
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disk represents the grain size gs (small
disk gs < 0.5 mm, intermediate 0.5 <
gs < 1.0 mm, large 1.0 mm < gs).

Figure 1.9: Recent snow is described in terms of dendricity and sphericity (a), and
the “evolved” snow is defined by its grain size, sphericity and history
(b). Color and symbol correspond to the international classification
[Fierz et al., 2009]. If the snow type does not correspond to a unique
type in the classification, it is described by two symbols. The first
symbol (left or top) is the primary snow type, the second symbol
(right or bottom) is the secondary snow type.

MEPRA [Giraud, 1992] deduces one risk level for natural avalanches and one
for skier-triggered slab avalanches, based on the snowpack simulated by CROCUS.
To compute these levels, MEPRA uses several “expert rules”. For instance, if the
snowpack stability increases from low to moderate, then the natural risk is relatively
low since all potential avalanches should have already released. MEPRA is also based
on a static stability index S computed for each layer and defined as:

S =
τmax

τn + τs
, (1.1)

where τmax is the shear strength of the layer, τn the shear stress due to the weight of
snow and τs is a possible additional stress due to a skier. The value of S quantifies
the level of instability for each layer. The risk level is computed with S but also with
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(a) Dendritic snow. Note that gs is arbi-
trarily set to 0.3 mm for all dendritic
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(b) Non dendritic snow. The size of the
disk represents the grain size gs (small
disk gs < 0.5 mm, intermediate 0.5 <
gs < 1.0 mm, large 1.0 mm < gs).

Figure 1.9: Recent snow is described in terms of dendricity and sphericity (a), and
the “evolved” snow is defined by its grain size, sphericity and history
(b). Color and symbol correspond to the international classification
[Fierz et al., 2009]. If the snow type does not correspond to a unique
type in the classification, it is described by two symbols. The first
symbol (left or top) is the primary snow type, the second symbol
(right or bottom) is the secondary snow type.

MEPRA [Giraud, 1992] deduces one risk level for natural avalanches and one
for skier-triggered slab avalanches, based on the snowpack simulated by CROCUS.
To compute these levels, MEPRA uses several “expert rules”. For instance, if the
snowpack stability increases from low to moderate, then the natural risk is relatively
low since all potential avalanches should have already released. MEPRA is also based
on a static stability index S computed for each layer and defined as:

S =
τmax

τn + τs
, (1.1)

where τmax is the shear strength of the layer, τn the shear stress due to the weight of
snow and τs is a possible additional stress due to a skier. The value of S quantifies
the level of instability for each layer. The risk level is computed with S but also with
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(a) Dendritic snow. Note that gs is arbi-
trarily set to 0.3 mm for all dendritic
snow (d > 0).
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disk gs < 0.5 mm, intermediate 0.5 <
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Figure 1.9: Recent snow is described in terms of dendricity and sphericity (a), and
the “evolved” snow is defined by its grain size, sphericity and history
(b). Color and symbol correspond to the international classification
[Fierz et al., 2009]. If the snow type does not correspond to a unique
type in the classification, it is described by two symbols. The first
symbol (left or top) is the primary snow type, the second symbol
(right or bottom) is the secondary snow type.

MEPRA [Giraud, 1992] deduces one risk level for natural avalanches and one
for skier-triggered slab avalanches, based on the snowpack simulated by CROCUS.
To compute these levels, MEPRA uses several “expert rules”. For instance, if the
snowpack stability increases from low to moderate, then the natural risk is relatively
low since all potential avalanches should have already released. MEPRA is also based
on a static stability index S computed for each layer and defined as:
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