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Introduction
In areas that experience frequent or seasonal 
snowfall, crime scene investigators are 
faced with the challenge of developing and 
adapting their skills to deal with effects that 
snow can have on a crime scene. Snow can 
serve as a medium for recording evidence, 
such as impression evidence, and it can also 
hide evidence from view if fresh snowfall or 
windblown snow is deposited on a scene after 
an incident. This presents a unique challenge in 
which the same medium for recording evidence 
can also conceal it.

Consider the following hypothetical crime 
scene. A subject passes through snow on foot 

or in a vehicle and leaves behind impressions 
in the snow. If snow is still falling at the time 
or begins to fall again before the arrival of 
law enforcement, the existing impressions 
could be completely hidden beneath a blanket 
of fresh snow. In such a scenario, the crime 
scene investigator needs to determine if snow 
impressions are present, locate the impressions 
within the snowpack, and separate them from 
the surrounding snow while preserving the 
detail of the impression. With the impressions 
revealed, the investigator could then proceed 
with standard processing. This would include 
examination quality photography and casts 
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using an appropriate technique for the snow 
conditions [1].

The questions that this study was designed 
to answer are whether those snow impressions 
persist in the snowpack as distinct objects, 
whether they retain any of their original detail 
after being buried, if it is possible to locate 
and uncover the impressions for standard 
documentation, and what techniques and tools 
are most effective to locate and recover them. 
During the course of answering these questions, 
the authors made additional observations about 
snow metamorphism in the impression that 
relate directly to both their durability and 
transience.

Background
Snow forms in the atmosphere at temperatures 
well below freezing [2, 3]. The exact shape of 
a snowflake varies with the conditions under 
which it forms and is further modified as it 
falls through regions of different temperature, 
different humidity, and encounters the effects 
of wind [3]. The snow can arrive on the 
ground as individual flakes or polycrystalline 
conglomerations of flakes. In either case, these 
single or polycrystalline units are commonly 
referred to as grains [4, 5]. Once on the ground, 
these grains form the snowpack. A snowpack 
is a matrix of ice grains with pores filled with 
air, water vapor, and sometimes by liquid water 
[6]. This matrix of grains is essentially a single 
component system of H2O that is present in 
two to three phases [7]. Dry snow is a two-phase 
system composed of solid ice and water vapor. 
Wet snow is a three-phase system composed of 
solid ice, liquid water, and water vapor.

Importantly, the physical state of snow is 
never at thermodynamic equilibrium [4]. This 
means that snow is always in a state of flux as it 
tries to lower its internal energy by coming to an 
equilibrium state. In nature, it can never truly 
reach equilibrium because the environmental 
conditions are constantly changing with the 
weather conditions, especially temperature 
fluctuations. As a result, snow is constantly 
changing in form, or metamorphosing [4, 8, 9]. 
This causes a number of practical challenges 
for human activities such as avalanche 
forecasting, traveling on snow, snow removal, 
and construction on snow. These are just a few 
examples of why the mechanical properties and 
metamorphosis of snow has been an important 

subject of scientific study. These non-forensic 
studies of snow form the foundation upon 
which much of this paper is built as we try to 
adapt those concepts to better understand how 
they apply to crime scene investigation.

Impressions in Snow
When an impression is made in dry snow, 
the snow is being mechanically compressed 
resulting in an impression that is chemically 
identical to the surrounding snow, but now 
has a distinctly different structure. Chief 
among these structural changes is a change in 
the snow’s density. Fresh fallen snow can have 
a density so low that it can be as much as 80 
to 90% air [10]. However, in an impression 
mechanical compression has driven out most 
of the air present between the particles. This 
increase in density is a key difference between 
the impression and the undisturbed snow 
around it, but not the only one.

The process of compressing the snow results 
in grains that are in closer physical contact. 
What this means in a practical sense is that when 
compressed, the snow has a natural tendency 
to fuse together in a process called sintering, 
which will be discussed in greater detail later 
in the paper. Depending on the amount of 
compression and other conditions, like moisture 
content, this can result in the compressed snow 
fusing into a more structurally sound mass. This 
makes the impression a distinct object within 
the snow cover with a durability that will be an 
important property when trying to recover that 
impression. 

Procedure
Tests were conducted in Denver, Colorado at an 
altitude of 1615 m (5298 ft) above sea level. All 
tests were conducted using natural snowfall. This 
made the conditions of the impression formation 
and recovery process very true to conditions 
that might be experienced at a crime scene and 
included the full range of snow and weather 
conditions available to the researchers.

All tests were conducted using natural snowfall 
from a single snowfall event. All the impressions 
were made in snow over a cement slab substrate. 
This provided a rigid and flat anvil over which the 
snow was compressed. Since natural snowfall was 
used, the study was dependent on enough snow 
falling in a single storm to allow the impressions 
to be made and subsequently covered. 
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The footwear used in this study were The 
North Face Baltoro 400 III insulated winter 
boots, men’s size 9 (Figure 1). These boots 
were selected due to the minute details in their 
distinctive tread pattern. After at least 2 cm of 
snowfall, impressions were made in the snow. 
Weather permitting, the original impressions 

were photographed with a scale to document 
their original condition, clarity, and detail. 
After the snowfall ceased, the test area was 
photographed to document the level to which 
the original impressions were masked by the 
subsequent snowfall. The new depth of the snow 
was measured in the area of the impressions 
and recorded. Any additional circumstances of 
relevance, to include temperature fluctuations, 
a qualitative description of the moisture 
content, and the time span between the making 
of the impression and the attempted recovery, 
were documented. Though much of this data 
was collected, there were not sufficient snowfall 
events during the testing to draw any significant 
conclusions regarding many of these factors.

During the recovery process, the impressions 
were photographed at various stages to 
document the extent to which the original 
impression was preserved. Once uncovered, 
the impressions were photographed with a scale 
and notes were taken regarding the recovery 
process, technique, and outcome.

The impressions were photographed using a 
Nikon D800E digital single lens reflex camera 
fitted with a lens using a normal focal length 
(40 to 60 mm). The accessories used included 
a tripod, off-camera flash with extension cord 
for oblique lighting, and standard forensic 
L-shaped scale.

Results
Survival and Recovery of 
Impressions
The first question in this study was whether 
the snow impressions survive under new snow 
as distinct objects separate from the snow 
surrounding them. The authors found that this 
was indeed the case. Under most conditions, 
the compressed snow present in the impression 
maintained its form (Figure 2). The impression 
even tended to retain much of the detail that was 
present in the original impression and footwear.

Not only was it possible to recover impressions 
with tread detail, but with practice it became 
fairly routine. The authors were able to recover 
detailed impressions under a wide variety of 
conditions ranging from relatively dry mid-
winter snowfalls under very low temperature 
conditions to relatively wet late-season snowfalls 
at much more moderate temperatures. How the 
moisture content in Colorado snow compares to 
other areas will be discussed later in the paper.

FIGURE 1: The footwear used for testing, The North Face Baltoro 400 winter boots, men’s size 9, and tread 
detail on right.
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These results are not meant to imply that 
successful recovery of impressions should be a 
foregone conclusion. In fact, the authors did 
use techniques and encountered situations that 
yielded very poor results or even complete decay 
of the impression. But, even if results are poor, 
they could still provide some information of 
value such as tread pattern class characteristics, 
movement in the scene, or lead investigators to 
other evidence.

Comparison of Detection 
Techniques
From a practical perspective, a crime scene 
investigator would first need to determine where 
impressions could be hidden beneath the snowpack 
and then be able to delicately remove unwanted 
snow from the impression. If the scene has large 
areas of snow cover, it would be necessary to 
prioritize likely avenues that a subject, victim, or 
witness could have used to access or leave the scene. 
It would also be important to have a technique that 
can be used for quick screening, which is more 
practical than spending hours gently removing 
snow. 

In evaluating equipment and techniques, they 
were considered against their abilities to meet the 
following criteria:

1. Ability to quickly clear large areas of snow 
without damaging any underlying impressions.

2. Ability to conduct fine cleaning of tread 
detail without damaging the impression.

The following techniques were tested and 
their ability to meet these criteria are detailed 
below.

Snow shovel and broom. These are both 
readily available items and were effective in 
clearing large areas of snow. Not surprisingly, 
they were not effective at protecting the delicate 
tread details in an impression. When the snow 
was dry, we found that a snow shovel could 
leave behind a fairly clear outline of footwear 
impressions, but all tread detail was lost (Figure 
3). When there was a wet or slushy layer of snow 
against the cement, we found that all signs of 
the impressions could be obliterated by a shovel. 
The results from using a broom were similar, 
though it was found that the bristles actually 
obscured the outline of the impressions more 
than the dry snow scenario for the snow shovel. 
The authors do not recommend the use of 
either snow shovels or brooms. Though they are 
effective in clearing large areas of snow cover, 
they are far too destructive to the impressions. 

Canned compressed air. A benefit to 
compressed air cans is that they are readily 
available in any store selling office supplies. 
They are marketed for use in cleaning 
electronics and usually come with a small 
rigid tube attachment for directing the air. 

FIGURE 2: A footwear impression recovered from beneath 2.5 cm of snow using compressed air canisters. 
Though parts of the tread pattern were not recovered, the detail of The North Face logo (see Figure 1) is still 
clearly visible in the center of the impression. The characters in the logo are 3 mm tall.
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They are completely impractical for removing 
large volumes of snow, but it was found that 
they were very good at detailed cleaning of the 
impression detail. However, this technique had 
a couple significant drawbacks. First, the cans 
are consumable. Second, the pressure in the 
can is highly susceptible to the cold. As the air 
was being expelled from the can, the drop in 
pressure caused the can and the air inside to 
cool. Since we were already working in a cold 
environment, there was additional cooling from 
heat loss to the ambient air. The result was that 
the drop in temperature caused a corresponding 
drop of pressure inside the can. When using this 
technique on very cold days, one of the authors 
had to rotate three cans that were sequentially 
returned indoors to warm between use. 

For these reasons, the use of canned 
compressed air was considered effective, but 
impractical.

Air compressor. The use of an air compressor 
kept the benefits of canned air while solving 
many of the problems. First, as long as there 
was a source of electricity the compressor 
could continue to supply compressed air for 
the duration of the processing. Second, the air 
compressor was not affected by the cold since it 
could compress more air in its reservoir when 
the pressure dropped. Third, the air compressor 
provided much higher pressure and air flow 
volume that was useful in clearing larger areas 
of snow during initial processing.

Small portable electric air compressors cost 
between about $130 to $300 (US dollars) plus 
the cost of a hose and nozzle, which was the 
highest initial cost of the tested equipment 
(Figure 4). However, this initial cost may be 
justifiable considering the improved results 
and that the air compressor can be used for 
various alternate functions such as inflating 
tires, powering air tools, or aerosol dispersal of 
chemical reagents such as leucocrystal violet or 
luminol over large areas. It is also noteworthy 
that the portable air compressor was the only 
tool that could be used for both large area snow 
clearing and delicate cleaning work using the 
same standard air nozzle (Figure 5). The authors 
noted that the detailed work does take some 
care to avoid excessive air pressure that can 
damage an impression. It was found that an air 
compressor with a 22.7 L (6 gal) reservoir and 
a maximum operating pressure of 1034.2 kPa 
(150 psi) was powerful enough to be effective 

FIGURE 3: These impressions were a casual 
observation that inspired this study. The milk 
deliveryman left the impressions during the night and 
were uncovered using a snow shovel. The prints are 
clear and can be distinguished as left or right and 
direction of travel (left). However, tread detail has 
been lost (right).

FIGURE 4: The portable electric air compressor used 
in the study. The model pictured was made by Porter 
Cable and had a 22.7 L (6 gallon) reservoir and 
was capable of feeding two hoses simultaneously. 
It had a maximum operating pressure of 1043.2 kPa 
(150 psi).

FIGURE 5: A standard air hose nozzle can be used for 
both high-volume screening and delicate cleaning of 
the impression. Though the latter does require some 
care on the part of the operator.
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over large areas in a relatively compact size. A 
model with a regulator that permits the user to 
reduce the air pressure to around 50 psi during 
cleaning of impression detail is recommended.

The authors recommend a portable air 
compressor as the best solution for both large 
volume clearing and cleaning of impression 
detail. 

Airbrush. We also tested an air brush 
compressor with a standard air brush kit (Figure 
6). The airbrush proved to be very effective 
in uncovering the minute details during the 
cleaning phase of the impression recovery. The 
airbrush allowed for careful control of airflow 
and a small stream of air. The compressor used 
in this study was a Central Pneumatic 1/5 
horsepower compressor that operated with a 
maximum pressure of 400 kPa (58 psi). Similar 
airbrush/compressor kits are available for under 
$100 (US dollars). 

Though the volume of air available would 
too weak for clearing large areas, the airbrush 
proved to be the best of the tested options for 
delicate cleaning of impression detail and is 
highly recommended.

Discussion
Practicing Techniques
The authors cannot stress enough that 
successful recovery of snow impressions using 
the techniques in this study required the proper 

equipment and practice. The authors found that 
any combination of over-processing, improper 
technique, or improper equipment could result 
in loss of evidence (Figure 7). Due to the 
delicate nature of processing the impressions, it 
required practice under different conditions to 
develop the feel for the techniques that would 
yield the best results.

This also highlights the importance of 
taking proper examination quality photographs 
of the impressions at various stages during the 
processing, so that the unanticipated loss of an 
impression would not be a catastrophic loss of 
evidence. When taking examination quality 
images, the authors found it was easy to focus 
on the impression and overlook the fact that 
the scale was being obscured by snow blown on 
onto it during the impression detail recovery.

When conducting detail recovery on 
an impression, if your air compressor has a 
regulator, turn the pressure down to around 
345 kPa (50 psi) and start with a gentle flow 
of air while holding the nozzle about 25 cm 
(10 in) away from the impression. When the 
impression detail is no longer improving, start 
moving the nozzle closer to the impression 
very slowly to concentrate the airflow onto the 
impression. It is recommended that the air be 
gently passed across the impression in a pattern 
that is perpendicular to the edges of the tread 
pattern being revealed. This ensures that the air 

FIGURE 6: A Central Pneumatic airbrush compressor 
with airbrush kit and a maximum operating pressure 
of 400 kPa (58 psi). This was the most effective 
option tested for the delicate work of recovering fine 
impression detail.

FIGURE 7: The potential tread detail visible at an early 
stage of processing (left) was lost in an instant due 
to excessive air pressure (right). This is a dramatic 
example of the loss of evidence that can occur 
from over-processing, poor technique, or improper 
equipment. However, loss of detail in smaller areas 
is also possible.



J Assoc Crime Scene Reconstr. 2017:21 WWW.ACSR.ORG21

is revealing a true tread pattern as opposed to 
drawing the pattern in the snow. Controlling 
the air flow is much easier with the air brush 
described above. With a nozzle like the one in 
Figure 5, it requires careful control that only 
comes with practice. A full blast of air from 
such a nozzle at a close distance is likely to 
destroy your impression.

When applied on a crime scene, it is likely 
that the investigator hasn’t practiced the use 
of the air compressor recently. It could be wise 
to take a few minutes to make an impression 
outside the crime scene perimeter, cover it with 
loose snow, and refresh those skills before using 
them in the scene.

Event Sequencing
The presence of an impression in snow that has 
then been covered by additional snowfall has 
a built-in implication of a sequence of events. 
There had to be snow present prior to the 
creation of the impression and there had to be 
continued deposition of new snow afterward, 
sufficient to obscure or completely hide the 
original impression. This relative sequencing 
of the three events (snowfall, impression, 
continued snowfall or deposition) can be 
made with confidence. This sequence could 
be valuable to investigators, depending on the 
facts of a particular case and statements made 
by witnesses or subjects. This does raise the 
question of whether that relative sequencing 
could be tied to more concrete time estimates. 
Closely associated with the issue of timing is 
whether the depth of the compressed snow 
beneath an impression can be correlated to 
the original snow depth, which this study did 
not analyze. Such a correlation would likely 
be dependent on other factors affecting the 
mechanical properties of the snow cover such 
as original grain morphology, grain size, and 
state of metamorphism along with various 
environmental conditions [8]. 

Both of these issues could be resolved through 
additional experimentation, but they also suffer 
from two significant unknown variables: local 
micro-climate and the mechanical properties 
of the snow from a particular snowfall event. 
Even if reliable times could be obtained for 
the start of snowfall and the rate of snowfall, 
this can vary over relatively short distances. 
Furthermore, the effects of wind can further 
complicate matters by redistributing the falling 

and fallen snow unevenly as the wind speed is 
modified by various barriers in the landscape. 
Even absent the effects of wind, coverage can be 
uneven based on elevation, slope, juxtaposition 
of surfaces with different thermal properties, 
surfaces roughness, aspect, vegetation, and area 
[11, 12]. Until these subjects are more carefully 
studied, investigators are cautioned to report 
a relative description of sequence and avoid 
specific timing without some compelling case-
specific factors.

Dry Snow Metamorphism
Dry snow can undergo two different types of 
metamorphism that differ based on the presence 
or absence of a strong temperature gradient. 
Snow is thermally insulative, so it inhibits heat 
flow. Generally, the warmest part of a snowpack 
is against the ground and the coldest is the 
surface exposed to the atmosphere. The greater 
the difference between these two temperature 
extremes, the stronger the temperature gradient. 
It is important to understand that gradients 
provide a driving force for metamorphosis.

At low temperature gradients of less than 
10 °C/m, dry snow metamorphosis is sometimes 
called equitemperature metamorphism or 
isothermal metamorphism [6, 10]. This term 
is not strictly accurate since the conditions are 
not isothermal, so the term radius-of-curvature 
metamorphism is also used [7]. The basic 
concept of radius-of-curvature metamorphism 
involves a reduction in surface energy through 
a change in geometry that reduces the surface 
area-to-volume ratio. This can be visualized by 
the behavior of two water drops on a surface 
that just barely come into contact (Figure  8). 
A connection will form between the two 
drops that initially has a very small radius of 
curvature. This connection, called a neck, will 
spontaneously grow to increase that radius of 
curvature between the two drops until a stable 
dumbbell-shaped drop forms. This increased 
radius of curvature corresponds to less surface 
area and a reduction in the combined drops’ 
surface energy.

The same basic process is present in radius-of-
curvature metamorphism resulting in a process 
called sintering. Unlike the liquid drop example, 
sintering produces these necks or bonds between 
solid particles. It is important to note that 
sintering is a solid-state process occurring at the 
atomic level that does not require melting, but 
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the end result is a lowering of internal energy 
because of a reduction in surface area analogous 
to what happens between two liquid drops. For 
illustration, consider a typical ice maker for a 
consumer refrigerator. The ice cubes are deposited 
in a bucket as individual cubes. Even though the 
thermostat on the freezer keeps the temperature 
below freezing, with time the cubes will begin 
to bond together and can sometimes form a very 
solid matrix of bonded cubes (Figure 9) [13 , 14]. 

This experience is likely common to most readers 
and is an excellent example of sintering happening 
right in your kitchen.

Under the right conditions, sintering allows 
snow grains in physical contact to develop 
bonds between each other. These intergranular 
bonds result in a strengthened snowpack and 
what we will call constructive metamorphism.

Because the grains in a snow impression 
are compressed and in closer physical contact, 
sintering should result in more growth of the 
bonds between grains in the impression than in 
the surrounding uncompressed snow. The result 
is that the matrix of grains in the impression 
should become stronger than those in the 
uncompressed snow, resulting in a more stable 
impression. This is advantageous to the recovery 
of a snow impression, but the condition of a low 
temperature gradient needed to sustain this is 
not likely to persist. As the temperature gradient 
increases, radius-of-curvature metamorphism 
will give way to another type of metamorphism.

At high temperature gradients of greater than 
10  °C/m, temperature-gradient metamorphism 
becomes the dominate mechanism at play [9]. 
The higher temperature regions of the snowpack 
also correspond to a higher concentration of 

FIGURE 8: Neck formation between two drops or 
particles in contact. The configuration on the left 
is unstable with a very small radius of curvature at 
the point of contact while the configuration on the 
right results in a reduced surface and lower overall 
energy.

FIGURE 9: Examples of sintering in ice cubes. These cubes were maintained in a freezer at constant below 
freezing temperatures, but the physical contact and presence of water vapor led to the formation of bonds 
between them.
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water vapor. This produces both a temperature 
gradient and a water vapor concentration 
gradient. The water vapor will naturally want 
to travel down the gradients from areas of 
high concentration and temperature that 
are generally near the ground to areas of 
low concentration and temperature that are 
generally at the top surface of the snowpack. As 
the water vapor moves to lower concentration 
layers it encounters lower temperatures and will 
condense on the grains. This causes those grains 
to grow in a process known as faceting. These 
facetted grains are characterized by being large 
and cohesionless, which results in a weak layer 
of snow [8, 9].

Because the snow impressions in this study 
were all against the ground, the diffusion of 
water vapor from the ground level upward 
through the snowpack could be expected to 
result in the impression losing mass. With that 
loss in mass is likely a loss in the cohesion of the 
impression, making this type of metamorphism 
damaging to an impression, which we will 
referred to as destructive metamorphism. 

This destructive metamorphism was 
observed in some cases where areas known to 
contain impressions were processed and little 
or no evidence of those impressions could be 
located. During one of the tests conducted in 
this study, impressions were made on cement 
on both the south and north sides of a structure. 
It was reasonable to expect the cement to be 
warmer on the south facing side. This would 
have produced a higher temperature gradient 
and more rapid metamorphism on the south 
side as compared to the north side. This effect 
was observed. While the impressions made on 
the north side were still present and recoverable, 
the impressions on the south side completely 
degraded in the same time period of 2 days. 
Attempts to recover these known impressions 
yielded nothing that was even discernable as an 
impression (Figure 10). 

This result illustrates that not finding evidence 
of snow impressions does not necessarily 
preclude the possibility that they were there. 
This is especially true when the conditions 
favor a strong temperature gradient and as the 
time between the making of the impression 
and its attempted recovery increases. This also 
highlights the importance of processing a scene 
for snow impressions early before destructive 
metamorphism has time to degrade the quality 

of the impression. The investigator needs 
to appreciate that these impressions can be 
transient and evaluate that within the context 
of the entire scene to determine the order of 
processing that will allow the recovery of the 
most important evidence.

Wet Snow Metamorphism
Wet snow has the solid, liquid, and vapor forms 
of water all in coexistence. This results in a 
medium that is mechanically very different from 
dry snow. The presence of liquid water results 
in a much faster metamorphosis with grains 
rounding off relatively quickly as compared to 
dry snow metamorphism. Wet snow falls into 
three general categories. When the liquid water 
saturation is 3 to 8%, there is still grain-to-grain 
contact and bonding. This condition is known 
as the pendular regime and is characterized by 
continuous paths of air-vapor phases within 
the snow matrix. The bonding between grains 
means this regime can have relatively high 
mechanical strength. [4, 15]

When the liquid water saturation is 8 
to 15%, the water vapor phase only occurs 
in bubbles and the liquid water occupies 
continuous paths through the snow matrix. 
This condition is known as the funicular regime 
and is characterized by a lack of grain-to-
grain bonding and low mechanical strength. 
Importantly, this regime tends to occur 
immediately above impermeable surfaces that 
prevent the filtration of water. [4, 15]

Liquid water saturation above 15% results 
in snow that is flooded with water with only a 
small amount of water vapor bubbles present, 

FIGURE 10: A footwear impression was made on this 
south facing step. When recovery was attempted with 
compressed air, no part of the original impression 
could be recovered. The elapsed time between 
creating this impression and the attempted recovery 
was less than 2 days.
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which is called slush [4]. Slush has very low 
mechanical strength [10].

Though wet snow is not typical at the test site 
in Colorado, the authors did encounter some 
limited instances of slush. When the ground 
was warm during early or late season snowfall, 
the result was a wet slushy layer of snow against 
the ground. An impression in that slush could 
freeze into a solid block of ice if subfreezing 
temperatures persisted after the snowfall 
(Figure 11). The slush was less receptive to tread 
detail, but the actual location and orientation of 
the impression was still very clear and adhered 
strongly to the underlying cement.

Limitations
Test Design
The design of the study and the weather 
conditions introduced some limitations on 
the results that should be considered. First, 
all impressions were produced on a rigid, 
flat, cement surface. This likely resulted 
in the most ideal conditions for the initial 
impression formation since they were formed 
on an idealized, though not unrealistic, surface. 
We have not yet made attempts to recover 
impressions on less idealized surfaces such as 

uneven surfaces, compressible surfaces such 
as lawn grass, or deformable surfaces such as 
dirt or sand. Future study on such substrates 
would be warranted to determine if the same 
techniques apply. Additionally, the underlying 
substrate could also play a role in the type of 
metamorphism observed. For example, soil 
might not retain heat as readily as cement, 
leading to a lower surface temperature and a 
correspondingly lower temperature gradient 
that might inhibit destructive metamorphism. 
Soil would also allow for drainage of water from 
the snowpack resulting in different moisture 
content than an adjacent impression on cement.

The use of natural snow also limited the 
number of tests the authors could conduct and 
introduced variability in snow and weather 
conditions before, during, and after the 
snowfall. This variation should be taken into 
account when considering the results of the 
study.

Geographic Variation in Snow 
Conditions
Dry snow and wet snow develop under different 
temperature conditions. When temperatures 
are near freezing, wet snow develops. When 

FIGURE 11: A fully solidified footwear impression in which the original impression had metamorphosized into 
solid ice. Though the slush did not record some tread details, there were still portions of the tread pattern visible; 
particularly in the heel.
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temperatures are well below freezing, dry snow 
develops. The differences are important because 
the absence or presence of liquid water affects 
the snowpack’s mechanical properties, the type 
of metamorphosis it will experience, and how 
receptive the snow will be as a medium for 
impressions.

Investigators may find that their local 
snow conditions vary from those encountered 
in Colorado. The state of Colorado and the 
Rocky Mountain Region are known for snow 
with low moisture content during most of the 
year. Therefore, the methods in this paper may 
require some modification for those living in 
regions experiencing wetter snow conditions.

One method used by climatologist to 
quantitatively describe the density and water 
content of a snowpack is a snow-to-liquid ratio 
(SLR), which is obtained by dividing the snow 
depth by the precipitation [16]. The resulting 
dimensionless value describes how much depth 
of snow is required to result in one unit of liquid 
water. For example, an SLR of 15 means that 15 
cm of snow would yield 1 cm of water when 

melted. Understanding how the SLR in your 
area compares to that in the test location will 
help an investigator evaluate how applicable 
the results in this study might be to his or her 
particular conditions. It should be noted that 
high SLR values relate to low-density snowfall 
and a low SLR values to a high-density snowfall. 
The density of snow is a function of both the 
crystal morphology and the amount of liquid 
water present between the grains. Though there 
is no way of separating the individual effects 
of these two variables, SLR values can still be 
considered generally proportional to moisture 
content and provide an effective way to make 
general comparisons of moisture content 
between different locations and seasons.

The annual mean SLR ratios are shown 
graphically in Figure 12 for the contiguous 
United States. Though Figure 12 illustrates that 
the Rocky Mountain Region and some areas 
around the Great Lakes receive much drier 
snow than most of the rest of the contiguous 
United States on average, this does not tell 
the whole story. Seasonal variations must also 

FIGURE 12: Map illustrating average snow-to-liquid (SLR) ratios in the contiguous United States from 1971 to 
2000. This provides a quick quantitative reference to compare the test location of this study which was in a 
14.5 band to other regions. However, this figure only shows the average SLRs, for seasonal measurements see 
Reference 15. (Figure provided courtesy of Martin A. Baxter and Charles E. Graves.) 
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be taken into account. SLR values will be the 
lowest, corresponding to wetter snow, in the 
early- and late-seasons when temperatures are 
near the melting point [12]. During early- and 
late-season snowfalls, the SLR in Colorado 
could be much closer to that found during 
a mid-season snowfall in other parts of the 
country. Additional maps showing seasonal 
variation in SLR can be found at the website 
provided in Reference 16. [16]

Even at a fixed geographic location, seasonal 
and climatic variation can still result in very 
different snow conditions. The temperature of 
the pavement when snow began falling was a 
particularly important variable. In Colorado, 
which frequently enjoys many consecutive 
sunny days even in the middle of winter, 
pavement temperatures can often be warm 
enough to cause melting of freshly fallen snow. 
This could be the case for hours before the 
temperature finally dropped low enough for 
snow to begin accumulating on the pavement. 
The result was a very wet and slushy bottom 
layer of snow covered by a layer of much drier 
snow.

The authors would like to see other 
researchers test these techniques under different 
snow conditions that were not available to us in 
Colorado.

Conclusion
The most important result of this study was 
that snow impressions buried by subsequent 
snowfall can survive within the snowpack and 
retain a significant level of tread detail. The use 
of compressed air proved to be the best option 
for both surveying a large area for impressions 
and for delicate recovery of detail. But, having 
the proper equipment and practicing the 
techniques are essential to successful recovery.
Snow metamorphism appears to play an 
important role in the short-term durability 
of impressions and their eventual decay. This 
makes prompt processing very important, 
but also arms a crime scene investigator with 
knowledge of which areas within a scene should 
be prioritized for processing to reduce loss of 
evidence. For example, areas subjected to more 
sunlight will have a stronger temperature 
gradient and will degrade faster through 
destructive metamorphism than those in 
shaded areas. This makes the sun-exposed areas 
the priority for processing.

As a crime scene investigator, this hidden 
evidence may also provide essential elements of 
solving a crime. If you can determine a path or 
direction of travel, it could point you to other 
evidence or provide other significant leads to 
include points of entry and exit, lead to other 
evidence, and could provide an approximate 
timeline with a relative sequence of events with 
respect to the snowfall event. Any recovered 
impressions also have the potential to yield 
class characteristics of the tread pattern and/
or individual characteristics that could be used 
to identify the footwear or tire that created the 
impression.
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