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ABSTRACT: Avalanche destructive (D) size classifications are essential for forecasting, communica-
tion, and risk management, yet size estimation remains one of the more subjective elements of ava-
lanche assessment. Practitioners typically rely on visual impressions of destructive potential, path
length, and estimated mass and volume. Recent work indicates that size is often underestimated even
by experienced observers, especially when based on photographs or distant observations. Although
mass is central to defining destructive size, the empirical foundations of mass—size relationships have
rarely been revisited, and expert variability in size assignment could be decreased if more consistent
operational tools were available. We evaluated whether a simple, practitioner-focused calculation tool
using slab dimensions, snow density, and snow water equivalent can provide reliable mass estimates
that correspond meaningfully with existing destructive size classes. Using this tool, we estimated ava-
lanche mass and compared the results to observer-assigned D sizes. We also simulated mass outputs
using a dense flow avalanche simulation module and compared observer estimates and simple-tool
outputs to recent volume-based methods for D-size classification. Across 143 well-documented dry
snow avalanches from multiple avalanche climates, the size estimation tool tends to classify avalanches
larger than field-based observers. We found a mean bias of 0.47 D-size units and a typical (mean ab-
solute) disagreement of 0.56. Our results show that 95% of events landed within one whole D-class of
each other and 71% within a half-class. Agreement between the simple tool mass estimates and dense
flow avalanche simulations was generally strong, though discrepancies emerged in cases with substan-
tial entrainment or complex terrain. We compared the size tool to the simulation module with entrainment
(n=4) and without entrainment (n=8). With entrainment, the two methods estimate the same D-size class
in 4 of 4 comparable events and 7 of 8 events without entrainment. Also, the simulation module esti-
mates larger sizes than the observer in 7 of 8 cases without entrainment and all 4 cases with entrain-
ment. These findings support that development of practical, mass-based tools could improve D-size
consistency and emphasize the value of revisiting historical mass—size relationships. The accompanying
application offers practitioners an accessible and operationally useful resource for improving D-size es-
timation from field observations.
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size adequately, and they limited the scale to five
classes because subjectivity precluded finer res-
olution.

Both current standards codify these typical val-
ues. SWAG (Greene et al., 2022) lists typical
mass (10 t to 10° t), path length, and impact pres-
sure, and it retains the R-scale (relative to path)
to preserve continuity with older records in the
United States. OGRS (Canadian Avalanche As-
sociation, 2024) adds typical deposit volumes for
each class. Avalanche and snow safety opera-
tions often use the most relevant parameters (i.e.
destructive potential, mass, volume, impact pres-
sure, and R-scale) to suit the needs of their oper-
ation and maintain consistency (Jamieson et al.,
2014). Despite the assumption of reasonable
agreement, recent research documents substan-
tial variability in size estimates. Moner et al.
(2013) found that experts agreed with the most
common size only 62% of the time. Jamieson et
al. (2014) surveyed 22 practitioners rating 18 av-
alanches and reported 79% agreement on full
sizes. However, they cautioned that less experi-
enced observers and larger avalanches would
drive more variability. Hafner et al. (2023) sur-
veyed 170 professionals and found that any two
estimates agreed only 53% of the time with an in-
dividual-estimate reliability of 0.72. This result
alone has implications for research on avalanche
size because a model validated against single-
observer labels can reach only about 73% accu-
racy by chance alone.

Carson et al. (2023) identified that interpretation
differences and operational context could contrib-
ute to inconsistent ratings. They also noted his-
torical drift in practitioner application of the scale
as risk-based decision-making and measurement
technology advanced over time. Observers fre-
quently underestimate avalanches viewed from a
helicopter or from a distance (Hafner et al. 2023).
Hafner et al. (2023) also found that North Ameri-
can practitioners rate avalanches systematically
smaller than European practitioners, partially due
to differing scale definitions. The North American
scale specifies mass whereas the European
scale specifies volume. Carson et al. (2023) fur-
ther pointed to stress, operational pressure, and
observer bias, and argued that measurable indi-
cators such as mass and volume offer more reli-
able ground for resolving disagreements than the
more subjective destructive potential classifica-
tion.

In addition to observer variability, typical mass
and volume values are also a source of uncer-
tainty. Jamieson et al. (2014) investigated a Size
5 case study on Mt. Tumbledown in British Co-
lumbia, Canada, and showed that the typical
masses for Size 4 and Size 5 avalanches in the
original scale are roughly an order of magnitude
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lower than values from other sources. They sug-
gested that explosive control at Rogers Pass, the
study site dataset used in McClung and Schaerer
(1981), reduced deposit masses during calibra-
tion, thus artificially biasing mass for the largest
avalanches. Jamieson et al. (2014) noted that ac-
curately measuring avalanche mass is extremely
challenging with most mass estimates relying on
measured volume combined with an assumed or
estimated snow density. They also found that
width-length-depth calculations overestimate de-
posit volume by about 86% on average. Addition-
ally, they identified the phrase "largest snow ava-
lanches known" as a deterrent to classifying ex-
treme events as Size 5, a point Carson et al.
(2023) echoed in recommending its removal.
Grist et al. (2023) illustrated these principles op-
erationally, calculating a deposit mass of 2.4x108
kg for the Jack MacDonald avalanche in British
Columbia, Canada in 2022. They used mass, vol-
ume, run length, and destroyed forest area to
classify it as Size 5. Entrainment further compli-
cates mass estimations. For large avalanches,
mass can increase by a factor of 4 to 10 after it
releases (McClung and Schaerer, 2006; Sovilla
et al., 2006). Entrainment contributes to mass,
destructive potential, and runout but is difficult to
quantify.

These limitations and uncertainty highlight the
need for greater objectivity when classifying ava-
lanche size. Carson et al. (2023) proposed vol-
ume descriptors and annotated imagery, and
Hafner et al. (2023) recommended standardized
training, consensus estimates, and eventually au-
tomation. Mass and volume offer common objec-
tive approaches to size classification that ava-
lanche practitioners can refer to when disagree-
ment or uncertainty arises. Here, we introduce a
simple tool (https://avystormtracker.com/Ava-
lanche_Destructive_Size) that converts routine
field observations into mass estimates to aid in
assigning avalanche sizes. In this study, our ob-
jectives are:

1. Develop a simple tool that can be used to
calculate mass as a means of helping with size
estimates and to improve consistency within and
across avalanche operations.

2. Assess mass of individual avalanches
using a mass-based tool to estimate D-size and
compare against field observer D-size estimates.

3. Reuvisit original mass associations cate-
gorized using the D-scale and determine how us-
ing the tool to calculate the D-size compares to
the original estimate.

To achieve these objectives, we attempt to an-
swer these questions: 1) Can we use simple es-
timates of snow water equivalent or density, slab
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dimensions (volume), and entrainment to calcu-
late mass for improving accuracy of D-size esti-
mates? and 2) How do the resultant size tool es-
timates align with observer D-scale classifica-
tions and physics-based simulated mass esti-
mates?

2. DATA

We collected a robust dataset of well-docu-
mented dry slab avalanches by sourcing previous
avalanche events from regional avalanche fore-
cast centers in the western United States and
Austria. For quality control, we included only av-
alanches that were observed and documented by
avalanche professionals, and avalanches where
dimensions and snowpack characteristics could
be reasonably estimated using photos or on-site
measurements. A portion of the data comes from
avalanche fatality and accident datasets, which
are typically the most thoroughly documented av-
alanches.

The dataset included 143 unique avalanche
events comparing original field-rated D-sizes to
mass and volume estimates using our size tool.
Of the 143 events, 130 were assessed using a
mass-based calculation from start zone charac-
teristics, and 13 used a volume-based calculation
from runout characteristics. Thirty-three events
had both representative snow profiles and snow
water equivalent estimates from their start zones,
allowing comparison between the two mass-
based approaches. The dataset consists of
unique detailed avalanche events from several
snow climates throughout Colorado (29%),
Alaska (24%), Montana (11%), Austria (10%),
Idaho (8%), Wyoming (6%), Washington (5%),
and Utah (3%), The dataset included a broad
range of field-rated D-sizes (Table 1).

Table 1. D-sizes as reported by field observers.

D-size (Observer reported) n %
D1 6 4.2
D1.5 10 7.0
D2 41 28.7
D2.5 20 14.0
D3 39 27.3
D3.5 8 5.6
D4 16 11.2
D4.5 1 0.7
D5 2 14
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3. METHODS

3.1 D-scale mass estimation tool

We used the size tool to estimate the mass of a
slab release, and optionally, additional mass from
entrainment, using the dimensions and density of
the avalanche release. We, or the observers of
the avalanches in the dataset, estimated the di-
mensions of the start zone from on-site field
measurements or by mapping the release area
using crown photos and satellite or aerial im-
agery. We defined the width of the slab by the
crown and flanks and estimated the downslope
length of the slab using terrain and slope angle
tools, or the stauchwall if it was still visible. Some
users included entrainment for avalanche events
with appropriate data where they estimated the
area of the track and runout using mapping soft-
ware, photos, and field measurements.

In the tool, the density of the slab was calculated
using two approaches: a snow water equivalent
(SWE) method or a snow profile method. In situ-
ations where the slab releases on a known weak
layer with a known burial date, the cumulative
SWE since weak layer burial serves as an esti-
mate for the density of the slab. This cumulative
SWE is tallied from nearby snow telemetry
(SNOTEL) or manual snow study sites, and can
be adjusted to account for anticipated differences
caused by wind loading or scouring and oro-
graphics based on expert judgment and local ter-
rain familiarity. For example, when planning for
extreme avalanches, Schaerer (2002) proposed
that height of snow water equivalent (HSW) can
be reduced by 30% on windward or scoured
slopes, and that HSW can be increased by 50%
for a lee start zone (Jamieson, 2018). When a
crown profile or representative snow profile was
conducted, we estimated slab density using em-
pirical relations to hand hardness and grain type
(Kim and Jamieson, 2014).

Optionally, entrainment density can be calculated
using either hand hardness or SWE. Observers
estimated the depth and hardness of entrained
surface snow or the amount of SWE available for
entrainment in the upper snowpack in situations
where the avalanche gains significant mass as it
moves through the track and into the runout.

We incorporated user uncertainty estimates into
the tool for each input parameter section. This in-
cluded uncertainty for slab dimensions and den-
sity for the start zone method, and volume in the
runout method. We then used the root sum
square (RSS) to calculate an overall uncertainty
that minimizes inflation and captures the most in-
fluential sources of error, assuming all inputs are
independent. We used the uncertainty estimates
to calculate a confidence band around the mass
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estimates, helping users visualize the range of
potential D-sizes for each event.

With these mass estimates, the tool assigns D-
sizes using the typical mass values reported in
SWAG and OGRS (D1 =10t,D2=100t, D3 =
1,000 t, D4 = 10,000 t, D5 = 100,000 t). These
typical values serve as the geometric midpoints
of logarithmic bins (see
https://avystormtracker.com/Avalanche_De-
structive_Size for classification bins). Each full D-
size class and each half-step class therefore
spans a factor of V10 (= 3.16) on either side of its
typical value. For example, masses from roughly
56-178 t are classified as D2, 178-562 t as D2.5,
562-1,778 t as D3, and so on. We also included
a calculated volume estimate for the deposit in
the tool. Because debris density is highly varia-
ble, the tool calculates D-size directly from meas-
ured deposit volume using the typical volume
classification as per Jamieson et al. (2014). We
used the same binning techniques for volume as
we did for mass, and we also allowed users to
input custom debris density for an optional mass
reference.

3.2 AvaFrame com1DFA

For a subset of eight individually investigated av-
alanche case studies, we compared size tool and
observer-assessed D-size estimates against
dense-flow avalanche simulations using Ava-
Frame. AvaFrame is an open-source software
package for avalanche dynamics simulation and
hazard mapping (Oesterle et al., 2026). Simula-
tions were run using AvaFrame's com1DFA mod-
ule, a depth average dense-flow avalanche
model based on a Lagrangian, smoothed particle
numerical scheme (Tonnel et al., 2023). We sim-
ulated each event both with and without a snow
entrainment module active along the avalanche
track. Given the small sample size (n = 8), we re-
ported per-event differences and simple agree-
ment counts (e.g., number of events for which the
modeled and observer-assessed D-size classes
matched exactly) as descriptive case-level re-
sults. Our intention was to provide an independ-
ent, physics-based benchmark against which to
contextualize the size tool's mass-based esti-
mates, distinct from the subjective destructive-
force judgments used in the observer compari-
son.

3.3 Statistical Analysis and Comparisons

We compared size tool-calculated D-size esti-
mates against observer-assessed D-size (follow-
ing the destructive-force scale of the American
Avalanche Association's SWAG guidelines
(Greene et al., 2022) for 143 independent ava-
lanche events. We quantified agreement using
mean bias (bias), mean absolute error (MAE),
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and the percentage of events agreeing within
one-half and one whole D-size class. Because D-
size classes are ordinal and approximately log-
scaled with respect to avalanche mass, we addi-
tionally converted MAE into an approximate mul-
tiplicative mass ratio via 10MAE to express typical
disagreement in an interpretable way. We tested
directional bias using the Wilcoxon signed-rank
test (Wilcoxon, 1945), and size-dependent disa-
greement using a Bland-Altman analysis, com-
paring two estimates against their difference and
regressing the difference on estimated magni-
tude (Bland and Altman, 1986).

4. RESULTS

4.1 Analysis Set

In our dataset, 130 (91%) events were user-sub-
mitted events that applied a mass-based start-
zone estimate and 13 (9%) volume-based runout
estimates. We conducted a separate dual-run
analysis of SWE-based method versus snow pro-
file (layer density+grain type) method, resulting in
33 clean event pairs with both density ap-
proaches. Both density estimate approaches
were similar when compared to observer esti-
mates with a mean tool spread of 0.09 D-size
units when compared to observer estimates
(snow profile MAE=0.56; SWE-based density
MAE=0.55). For event pairs, we chose the snow
profile density method as the approach when
comparing to observer estimates for this analysis
because layer density and grain type reflect di-
rectly observed snowpack properties measured
in the profile and SWE-based density can depend
on a remote or estimated SWE source. Addition-
ally, we focused most of the analysis and inter-
pretation on mass estimates because we have a
much larger sample size when compared to vol-
ume estimates.

4.2 Overall Agreement Between Tool-Calcu-
lated and Observer-Assessed D-size

We focused on three metrics: bias direction,
MAE, and percent-within-one-class. These met-
rics provide insight into the magnitude and direc-
tion of disagreement between the size tool and
the field observer assessment. Across the 143
events, the size tool estimated slightly larger val-
ues of D-size than the observer's field estimate
(Figure 1). The tool produced a mean bias of 0.47
D-size units and an MAE (disagreement) of 0.56
classes. Overall, 95% of size tool estimates fell
within one whole D-class of the observer esti-
mate, and 71% fell within one-half D-size class of
the observer's estimate. The disagreement was
not a constant offset. Mass-based start-zone
events showed a mean bias of 0.48, but the much
smaller volume/runout subset showed a mean
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bias of 0.35 (n=13), which we interpreted cau-
tiously. The disagreement gap also widened at
larger avalanche sizes, where the size tool pro-
vided progressively larger estimates relative to
the observer estimates as size increased.
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Figure 1: Tool-calculated D-size plotted against field-assessed D-size for n=143 avalanche events
(points jittered slightly to reduce overplotting at repeated integer/half-integer values). Point color indi-
cates sizing basis (blue=mass-based, red=volume/runout-based). The dashed diagonal line indicates
exact agreement between the tool and the field observer.

The direction of disagreement between the size

tool and observer estimates was also statisti- Mass Tool <Observer |8 6.2
cally significant (p<0.001, Table 2) using the
start zone approach. The majority of cases con- Volume Tool > Observer 16 |46.2
sisted of the size tool estimating larger D sizes

Volume Exact match 3 |231

than the observer in 98 of 143 cases (69%).

Table 2. Disagreement of size tool and ob- Volume Tool < Observer |4 |[30.8
server estimates of D-size. Direction of bias

shows whether the tool estimated the ava-

lanche larger than (>), smaller than (<), or the 4.3 Does Disagreement Depend on Size?
same (Exact match) as the field observer for We used the Bland-Altman test to examine size
each event. n=the raw counts of events in tool and observer estimate disagreement with
each direction, and Percent is the share of avalanche magnitude (Figure 2). Disagreement
events in each direction. increased significantly with avalanche size
Sizing Basis Direction of Bias | n | Percent (slope = 0.27, p<0.001). The difference be-
tween size tool and observer estimates aver-

Mass Tool > Observer |92 |70.8 aged approximately 0.27 D-size units among
the smallest third of events (D-size range = 1-

Mass Exact match 30 |23.1 2) but increased to approximately 0.76 units
among the largest third (D-size range = 3-5).
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However, our sample size at the largest classes
(D4 and 5) is limited thereby influencing the
weight of the upper limit of the range so this
should be interpreted with caution.

Sizing basis
== Mass
=== yolume

Difference (Size Tool — Observer)

1 2 3 4 5
Average of size tool & observer D-size

Figure 2: Bland-Altman comparison of tool-calculated and field-assessed D-size across n=143 ava-
lanche events. The x-axis shows the average of the two estimates; the y-axis shows their difference
(size tool minus observer). Point color indicates sizing basis (blue = mass-based start-zone events, red
= volume-based runout events). The dashed horizontal line marks zero difference, and the dotted line
marks the observed mean bias (0.47 D-size units) across all events. Shaded bands are loess-smoothed
95% confidence intervals, shown separately by sizing basis.

When examining the distribution of differences (Figure 3). Additionally, in the few cases of vol-
in size estimates between the size tool and ob- ume estimates, the tool typically estimates one-
servers, we found most of the differences to be half size smaller than observers’ estimates.

one-half of a D-size unit for mass estimates
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Figure 3: Distribution of tool-minus-field D-size differences for n = 143 independent avalanche events,
classified by sizing basis. The top plot shows mass-based start-zone events (n=130) and the bottom
plot shows volume-based runout events (n=13). The dashed vertical line marks zero difference.

4.4 Comparison with Physics-Based Simu-
lations

We compared the size tool and observer esti-
mates against physics-based AvaFrame
com1DFA simulations for 8 individually investi-
gated case studies with entrainment added in 5
of the events (Figure 4a). The sample size is too
small for any formal statistical test, so we pre-
sent these results as illustrative. In each of the
8 events, the size tool (both with and without en-
trainment) classified D-sizes as either a half or
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full size larger than observer estimates. We
compared the size tool to com1DFA with en-
trainment (n=4 for both tool and simulation for-
comparison) and without entrainment (n=8).
With entrainment, the two methods estimated
the same D-size class in 4 of 4 comparable
events and 7 of 8 events without entrainment.
When comparing com1DFA estimates to ob-
server estimates, com1DFA estimated larger
sizes than the observer in 7 of 8 cases without
entrainment and all 4 cases with entrainment.
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Figure 4: a) D-size estimate by method for n=8 individually investigated avalanche case studies: ob-
server field assessment, Size-tool, and AvaFrame com1DFA simulation with and without snowpack en-
trainment. b) Estimated mass (tonnes, log scale) by method for n=8 avalanche case studies: Size-tool,
and AvaFrame com1DFA simulation with and without snowpack entrainment. The observer’s field as-
sessment is a D-size class rather than a mass estimate and is not shown. Each line is one avalanche,
tracked across methods within each panel; line color identifies the event and is consistent between
panels. Points and lines are offset by a small, fixed horizontal amount per event (the same offset for that
event in both panels and at every category) so that events sharing an identical D-size or mass value at
a given category remain individually visible rather than overlapping into a single dot. Note that all 8 cases
were run without entrainment, and 4 cases where entrainment was included in the analysis for each
method.

5. DISCUSSION and within a half class in 71%, indicating that a
mass calculation built from routine field obser-
vations can reliably estimate the size class most

5.1 Agreement and the Direction of Disa- of the time. This level of agreement is notable in

greement light of the lack of the "ground truth" it is being
The size tool reproduced the observer's D-size measured against. Hafner et al. (2023) found
estimate within one full class in 95% of events that any two practitioners agree on a full D-size
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class only 53% of the time, with an individual-
estimate reliability of 0.72, which caps the accu-
racy any model can reach against single-ob-
server labels at roughly 73% by chance alone.
A tool that lands within a half class of a single
observer in 71% of cases is therefore perform-
ing near the ceiling implied by inter-observer
agreement itself, and generally above it at the
full-class level.

The size tool estimated a larger size than the
observer in 71% of cases, matched exactly in
23%, and was smaller in only 6% using mass
estimates. This distribution was significantly
skewed toward the size tool estimating a larger
D-size than observers' estimates (p<0.001).
This directional bias is the most challenging to
interpret. We provide two potential explanations
consistent with previous literature. First, observ-
ers systematically under-classify avalanches,
especially when viewed from a distance or from
a helicopter and especially at the largest sizes
(Hafner et al., 2023; Carson et al., 2023). This
level of disagreement matches how coarse and
judgment-based the observer's destructive-
force estimation is by design. Additionally, a po-
tential scale mismatch exists when using de-
structive potential, which can include observer
bias (Carson et al., (2023) compared to more
objective mass estimates within the same de-
structive scale (Greene et al.,, 2022; OGRS,
2024). Second, the mass thresholds in the orig-
inal D-scale may be set too low, so that a cor-
rectly measured mass corresponds to a higher
class than an observer would assign from de-
structive potential descriptions alone. Jamieson
et al. (2014) drew similar conclusions, suggest-
ing “that the typical values of deposit mass [from
McClung and Schaerer (1981)] for Size 4 and 5
avalanches could be increased.” Both explana-
tions move in the same direction and our data
cannot fully separate them. However, neither
explanation requires that the size tool itself be
bias-adjusted in either direction.

5.2 Size Dependence

The bias varied throughout the D-size scale.
Our results demonstrated increasing disagree-
ment with avalanche magnitude (slope = 0.27,
p < .001). This pattern aligned closely with Ja-
mieson et al. (2014), who showed that the typi-
cal masses assigned to Size 4 and Size 5 in the
McClung and Schaerer (1981) scale are roughly
an order of magnitude lower than values from
other sources. They attributed this discrepancy
to explosive control at the Rogers Pass calibra-
tion site reducing deposit masses during the
scale's original development. Our results agree
with the notion that if the class-mass associa-
tions at the top of the scale are set too low, then

929

a mass-based tool will place large avalanches
progressively above the observers’ class as
size increases. Jamieson et al. (2014) sug-
gested that the phrase “largest snow ava-
lanches known” used to classify Size 5 often
serves as a deterrent for classifying an ava-
lanche as a Size 5. This potential deterrent and
the tendency to underestimate large ava-
lanches viewed at a distance combine to in-
crease uncertainty in classifying Size 4 and 5
avalanches. This suggests that the widening
gap in our dataset is not evidence that the size
tool degrades at large sizes, but rather as fur-
ther evidence for revisiting the mass values that
anchor the upper end of the scale. This is also
consistent with recent operational case studies
(Grist et al., 2024). Furthermore, as avalanche
magnitude increases, estimating the potential
harm to objects such as trains, trucks, and vil-
lages becomes increasingly outside the scope
of most practitioners' experience.

5.3 Simulated Comparisons

Our sample size using AvaFrame com1DFA
was too small for formal testing, but it offered an
independent check on whether the size tool's
tendency to estimate larger than observers’ es-
timates is an artifact of the tool itself. The
com1DFA simulations’ mass output and corre-
sponding D-size also exceeded observer esti-
mates in 7 of 8 cases without entrainment and
in all 4 cases with entrainment incorporated.
The size tool matched the com1DFA simulated
corresponding D-size in 7 of 8 comparable
cases (without entrainment) and 4 of 4 events
(with entrainment). Two independent methods,
one a simple field-input calculation and the
other a dynamic, physics-based simulation,
both land above the observers’ estimates and
consistently produced similar mass outputs.
This suggests that the disagreement potentially
reflects observer under-classification and low
scale thresholds rather than a bias specific to
the size tool. The agreement between the size
tool and com1DFA, both with and without en-
trainment, also provides qualitative evidence of
the size tool's estimates.

5.4 Implications, Limitations, and Potential
Tool Improvements

When practitioners disagree on a size or when
field conditions limit reliable observations, the
size tool can provide an objective and reproduc-
ible estimate from measurable inputs. Even in
instances when the size tool disagrees with a
given observer, the tool’s outputs are transpar-
ent and repeatable. This supports greater con-
sistency within an operation and comparability
across operations. The same properties make it
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suitable as a calibration and training aid and as
a common reference for resolving disagreement
over borderline cases of size. The tool's sys-
tematic disagreement from observer estimates,
especially at larger avalanche sizes, potentially
points toward the known weaknesses of the
scale's upper classes or observer inexperience
with larger avalanches (Carson et al., 2023; Ja-
mieson et al., 2014) rather than toward tool er-
ror.

The most obvious limitation is how the observer
D-sizes used as reference are single-observer
labels of unknown accuracy. Prior work shows
these labels are themselves only moderately re-
liable (Carson et al., 2023; Hafner et al., 2023;
Jamieson et al., 2014). Disagreement between
the size tool and an observer cannot neces-
sarily be construed as tool error. The dataset,
drawn from a broad range of snow climates, is
restricted to well-documented dry slab ava-
lanches and includes a share of fatality and ac-
cident cases, which may bias the sample to-
ward particular sizes and conditions. The vol-
ume subset (n = 13) and the physics compari-
son (n = 8) are small and should be read as
qualitative comparisons only. Finally, the tool
depends on estimated inputs, including SWE or
hand-hardness-derived density, slab dimen-
sions, and expert adjustments for wind loading
and lee effect. Each of these inputs carries un-
certainty that the root-sum-square treatment at-
tempts to reduce but cannot eliminate.

Mass is central to avalanche magnitude, but the
destructive force of an avalanche also depends
on path length and shape, and the velocity and
density of debris. Although our size tool offers
an objective approach, using mass alone has
limitations in some situations, and requires a
thoughtful and holistic assessment (Jamieson
et al., 2014; McClung and Schaerer, 1981).

Further work can be completed to improve the
size tool and observer size estimates. The size-
dependent bias and its consistency with prior
findings suggest future research could focus on
a formal recalibration of the mass values using
entrainment that anchors the D-scale, particu-
larly for Sizes 4 and 5. Second, future validation
could be conducted against consensus or multi-
observer estimates within an operation rather
than from a single observer. Third, the compar-
ison against avalanche simulations could be ex-
panded, and the volume or runout pathway and
entrainment estimation refined with larger sam-
ples. This could improve the divergence be-
tween the start-zone and runout method in our
study.
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6. CONCLUSION

In this study, we used a robust dataset of 143
avalanches to demonstrate that a simple, prac-
titioner-focused tool can convert routine field
observations of slab dimensions, density, and
snow water equivalent into mass estimates and
corresponding destructive size classes. This
tool agrees with subjective-based observer-as-
signed D-sizes within one full class in 95% of
143 events and within a half class in 71%. The
tool estimated a larger size than observers in
71% of cases when using mass estimates, and
this gap widened significantly with avalanche
magnitude (slope = 0.27, p < 0.001). Two inde-
pendent methods, the size tool and physics-
based model simulations, both exceeded ob-
server estimates. This suggests observer un-
der-classification and low mass thresholds, es-
pecially at the upper end of the scale, which is
consistent with previous work and reinforces the
case for revisiting the mass values. The tool
supplements observational workflow with an ob-
jective, transparent, and reproducible estimate
from measurable inputs. As such, it holds prac-
tical value for improving consistency within and
across avalanche operations, for assisting in
borderline size uncertainty, and as a training
and calibration aid.
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