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ABSTRACT: Uncertainty is fundamental to avalanche risk management, yet public avalanche forecasts 
have not communicated it as consistently as other hazard characteristics. The Conceptual Model of 
Avalanche Hazard addresses what type of avalanche problem exists, where it is found, how likely it is, 
and how large it may be, but not "How sure are you?" . Our prior research found that although forecasters 
routinely assess uncertainty, many struggle with when and how to communicate it within existing tiered 
structures. This paper develops considerations for communicating forecast uncertainty more effectively 
across user levels. 

Using a systems-thinking approach, we examine three components of the forecast system - hazard, 
users, and products - and distill our understanding into four questions: Is the uncertainty decision-rele-
vant, and to whom? What can users reasonably understand and act on? Where in the tiered structure 
should it appear, and how should it be communicated? We apply these questions to three high-uncer-
tainty situations and to an existing operational element, the confidence statement, to illustrate how com-
munication needs shift with the nature of the uncertainty. 

Across these situations, decision relevance, reducibility, and user capacity varied independently, so no 
single approach applied across uncertainty types. Broadly relevant or irreducible uncertainty warranted 
direct messaging placed prominently in the forecast, while uncertainty relevant to narrower audiences 
suited deeper tiers with plain-language support. From these patterns, we offer five recommendations for 
avalanche warning services. Uncertainty communication should not be a fixed forecast component, but 
adapted in placement, content, and format to its nature and to users' capacity to respond - above all, 
relevant, actionable, and appropriate to user’s decision-making contexts. 

KEYWORDS: Avalanche risk communication, Uncertainty, Public avalanche forecasting, User re-
search

1. INTRODUCTION 

 Uncertainty is a fundamental component in all 
avalanche risk management, because we make 
decisions with incomplete information in a dy-
namic hazard environment. While the Conceptual 
Model of Avalanche Hazard  (CMAH, Statham et 
al., 2018) provides a  standardized workflow for 
avalanche hazard assessment in North America 
that distills the assessment process into four key 
questions (what type, where, how likely, and how 
big), the overarching question of “How sure are 
you?” is not addressed explicitly. Uncertainty is 
covered in CMAH mostly in broad terms, yet 
Sykes and Atkins (2023) argue that it could be 
considered the fifth key question in avalanche 
hazard assessments as the fifth key question 
(Sykes and Atkins,2023): how certain are we 
about our risk assessment?  

 

Uncertainty is equally prominent in public ava-
lanche forecasts. In addition to the inherent un-
certainty of the avalanche system itself, the fore-
cast production process introduces additional 
sources of uncertainty in all of its stages (Latosuo 
et al., 2026). Uncertainties that originate through-
out the process collectively determine the overall 
uncertainty of the forecast.  

However, public avalanche forecasts have so far 
not communicated uncertainty with the same 
consistency as other hazard characteristics even 
though clearly communicating the limitations of 
the available information can improve users’ de-
cision making (Doyle et al., 2019; Padilla et al., 
2021). Our research on users of public avalanche 
forecasts suggests that communicating uncer-
tainty more openly has the potential to benefit us-
ers' decisions and to increase their trust in the 
forecast as a reliable information source (Latosuo 
et al., 2024). In interviews with 30 public back-
country forecasters, we found that they assess 
uncertainty routinely in their work, but many 
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struggle to determine when and how to communi-
cate it systematically within the existing forecast 
structure (Latosuo et al., 2026). Hence, while 
there is considerable evidence highlighting the 
advantages of more openly communicating un-
certainty, we do not know how to do it effectively.  

To address this communication challenge, the 
objective of this paper is to share key considera-
tions for examining how information about uncer-
tainty could be communicated more effectively. 
We weigh the nature of the uncertainty, to whom 
it matters, and how forecast users can use this 
information in their decisions. The foundation of 
our research is the existing risk communication 
literature and our understanding of the nature of 
avalanche hazard and backcountry users. 

2. BACKGROUND 

To comprehensively characterize avalanche 
safety systems, St. Clair and Haegeli (2023) pro-
posed a systems thinking approach that consists 
of  three principal components: avalanche haz-
ard, people/communities, and services. Here, we 
apply this perspective to the public avalanche 
forecast system, whose corresponding compo-
nents are avalanche hazard, forecast users, and 
forecast products. This background section first 
reviews our understanding of each of these com-
ponents and then develops a set of four critical 
questions for reflecting on how avalanche fore-
casts communicate uncertainty to different users. 

2.1 Hazard: Sources and nature of uncer-
tainty in public avalanche forecasts 

There are four major sources of uncertainty in the 
public avalanche forecasts (Latosuo et al., 2026). 
The inherent randomness and complexity of the 
avalanche system results in spatial and temporal 
variability that makes predicting individual ava-
lanches with certainty almost impossible. We use 
observations and model outputs to capture what 
is going on, but they provide incomplete evidence 
and can introduce additional uncertainties. The 
interpretation of these data by forecasters are ex-
pert judgments that are affected by their 
knowledge, experience, and biases, and forecast 
procedures. Finally, the structure and limitations 
of the forecast products introduce additional un-
certainty into the forecast, including ambiguous 
or complex language.  

Uncertainty can be reducible or irreducible. Re-
ducible uncertainty arises from limitations in 
knowledge and can be narrowed through addi-
tional observation, information, or improved un-
derstanding. Irreducible uncertainty, by contrast, 
stems from inherent variability or randomness in 
the system and cannot be fully eliminated. In the 
scientific literature, this distinction is often termed 
epistemic versus aleatoric uncertainty. Distin-
guishing between the two is fundamental to de-
ciding what uncertainty information should be 
communicated to the public (Beven et al., 2018), 
since it determines the extent to which users can 
reduce, manage, or adapt to that uncertainty in 
their trip planning (Campbell et al., 2016). In com-
plex avalanche hazard conditions, some uncer-
tainty remains irreducible. The strategy is not to 
resolve the uncertainty but to recognize its pres-
ence, acknowledge it explicitly, and remain alert 
to its implications (Campbell et al., 2016). 

2.2 People: Avalanche forecast users 

The safety value of avalanche forecasts depends 
not only on providing hazard information, but on 
users’ ability to understand the message and 
translate it into appropriate risk-reduction behav-
ior (Engeset et al., 2018). Forecast users’ level of 
avalanche training and experience shapes how 
they interpret forecast information, which infor-
mation they rely on, and how they apply that in-
formation in avalanche risk-management deci-
sions (e.g. Fisher et al., 2022a; Mannberg et al., 
2026). Travelling mode preferences impact how 
the users interact with the terrain making it a fac-
tor in people’s pre-trip planning and in-the-field 
behaviors (e.g. Mannberg et al. 2018; Slimkovich 
and Haegeli, 2025). Backcountry motivations pro-
vide another important context for understanding 
avalanche information needs beyond users’ ac-
tivity type and avalanche training level (Neweduk 
and Haegeli, 2025). Knowing why people recre-
ate is critical for designing avalanche information 
that better resonates with their goals, needs, and 
capabilities. 

St. Clair et al. (2021) describe avalanche bulletin 
users as a hierarchy of information-use patterns 
that increase in complexity and decision-making 
sophistication. At the simpler end, users rely 
mainly on high-level information such as the dan-
ger rating to make broad go/no-go decisions  
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Figure 2. Schematic structure of an avalanche forecast. Its content is structured in tiers from most syn-
thesized information (Tier1) to processed data feed and detailed evidence in advanced content (Tier3).  

(Morgan et al., 2023). More experienced users in-
corporate increasingly detailed information 
deeper in the forecast to distinguish between suit-
able and not suitable terrain (Fisher et al., 2021). 
This highlights that forecast users’ have different 
capabilities and sophistication to process its in-
formation (St.Clair et al., 2021). 

We draw on three different forecast engagement 
levels from St. Clair et al.(2021) typology to help 
evaluate how well uncertainty information in fore-
casts fits the needs and abilities for these fore-
cast user types. Basic users can digest and rely 
on the most synthesized hazard information; dan-
ger rating, short plain language summary of haz-
ard conditions, and terrain and travel advice. In-
termediate users understand the middle tier infor-
mation that describes avalanche problems with 
essential details on distribution, sensitivity, and 
consequences, and they apply it with their basic 
terrain skills. Advanced users can access all the 
tiers of the forecast information and apply it fluidly 
in their risk management. For some Advanced 
users, the forecast serves as a starting point for 
their own hazard assessment.   

2.3 Product: Existing structure of public ava-
lanche forecast 

An avalanche forecast provides both knowledge 
and action-oriented guidance that people can use 
to manage risk within their own decision-making 
context. Knowledge-based content, such as ava-
lanche problem types, provides users with a 
framework for understanding the hazard present 
in specific terrain (Skille et al., 2026), In addition, 
many avalanche warning services include explicit 
guidance, Terrain and Travel Advice, about what 
terrain to avoid and what to favour under existing 
conditions (Fisher et al., 2022b).  

Avalanche forecasts follow an information pyra-
mid (EAWS, n.d.) where the content is structured 

in tiers (Fig. 2) with increasing detail. The most 
important hazard assessment message is at the 
top of the product, Tier 1, in simple and accessi-
ble text and graphics. The focus is on the danger 
rating. The middle tier, Tier 2, introduces ava-
lanche problems that explain basic hazard char-
acteristics and connect it with terrain. Tier 2 in-
cludes many graphics that assume a level of 
graphic literacy to interpret them correctly (Mat-
zen et al.2025). Deeper in the forecast, Tier 3 has 
detailed facts used for making the assessment. 

Information seeking is one stage within the Pro-
tective Action Decision-Making Model (PADM), a 
broad theory describing how individuals perceive 
risk, evaluate protective actions, and decide how 
to respond (Lindell and Perry, 2012). This stage 
itself follows a progression from awareness to 
comprehension, and ultimately to application in 
decision-making. The tiered structure of the ava-
lanche forecast supports the staged information-
seeking process of PADM. Each tier presents in-
formation at an increasing level of detail and com-
plexity (Fisher et al., 2022a).  

The tiered design allows users to engage with the 
forecast at the level that matches their infor-
mation needs. The tiers set a template for our ex-
plorations of where and how uncertainty can be 
addressed through targeted strategies.  

3. KEY CONSIDERATIONS 

To evaluate the effectiveness of the uncertainty 
communication in forecasts, there are two critical 
questions about the interaction between forecast 
users and the forecast product when the ava-
lanche hazard situation has elevated uncertainty: 

• Does the forecast product clearly communi-
cate the uncertainty around the hazard con-
ditions?  
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• Does this forecast product enable users’ in-
formation-seeking and decision-making re-
garding the uncertain hazard? 

In short, we ask if the forecast is both clear and 
usable with respect to uncertainty. While these 
questions are broad and help organize our under-
standing, they are not specific enough to provide 
tangible guidance for daily operations. Hence, we 
translate them into four critical questions. 

1. Is the particular uncertainty decision-rel-
evant, and if so, for whom? Communi-
cating irrelevant uncertainty risks unneces-
sarily complicating the core hazard mes-
sage. 

2. What can we reasonably expect users to 
understand, recognize in the field, and 
apply, given their level of knowledge and 
skill? We need to decide how much back-
ground information or tangible guidance us-
ers need for a well-informed behavioral re-
sponse. 

3. Where in the forecast structure is the un-
certainty communicated? Each tier serves 
a different information function and user 
group. We need to identify where the fore-
cast is serving different users well and lo-
cate gaps where decision-relevant uncer-
tainty is missing or is not accessible to the 
intended users. 

4. How should this type of uncertainty be 
communicated? We can determine com-
munication content and format that align 
best with the intended impact in the public 
avalanche forecasts.  

We apply these four questions to four situations 
in public avalanche forecasting to show how the 
answers shift depending on the nature of the un-
certainty involved. The first three examples ex-
plore typical uncertainty situations whereas the 
last one examines an existing operational uncer-
tainty communication approach. 

3.1 Example 1: Unknown amount of new 
storm snow  

The incoming storm is forecast to bring a large 
amount of new snow but the range of accumula-
tion teeters between Moderate and Considerable 
danger levels.  

In this situation, uncertainty primarily originates in 
weather model output and is reducible through 
field observation. Because the link between new-
snow amount and elevated hazard is taught in in-
troductory avalanche courses, and many users 
can estimate snow depth in the field, this uncer-
tainty is easy to comprehend at the knowledge 
level and can likely be handled by many users. It 
also translates cleanly into action-oriented guid-
ance via measurable thresholds: "If you see more 

than 30 cm of new snow, treat the danger as Con-
siderable", paired with direct guidance: "Stay off 
terrain steeper than 30 degrees." 

Capacity to respond varies by experience. Basic 
users mainly need to know when to turn around, 
Intermediate users whether to travel in lower-an-
gle terrain. Advanced users benefit from under-
standing the full range of possible conditions. 

This uncertainty suits Tier 1 content of clear con-
ditional (if-then) statements in the headline that 
link a recognizable field cue to a predefined re-
sponse (Gollwitzer and Sheeran, 2006), rein-
forced by impact-based visuals showing the up-
per end of the snow range (Siegel and Kulp, 
2021). In Tier 2, the storm-slab size graphic could 
highlight this range with an additional salient un-
certainty cue (Waugh et al., 2025); in Tier 3, Ad-
vanced users can use detail on specific sources 
of uncertainty, such as storm track or timing. 

Takeaway: This uncertainty is reducible, relevant 
to all users, and readily converted into a clear 
conditional threshold, well suited to simple if-then 
guidance in Tier 1, with additional supporting de-
tail layered into Tiers 2 and 3. 

3.2 Example 2: Deep persistent slab  

The incoming storm is forecast to add snow on a 
deep persistent layer that has recently reac-
tivated causing large avalanches and displayed 
surprising characteristics of concern (human trig-
gering, remote triggering, wide propagation). 

This is among the most difficult uncertainty situa-
tions to assess and manage in avalanche risk 
management. Its source lies in complex and often 
unexpected snowpack properties with limited re-
liable evidence on distribution or sensitivity, mak-
ing it largely irreducible through further field ob-
servations. In addition, potential for very severe 
consequences weighs in the decisions heavily. 

Because of its irreducibility and severe conse-
quences, being aware of this type of uncertainty 
is critical for all forecast users. Tier 1 should 
make its serious, persistent nature clear, e.g., a 
headline "Stay vigilant about deadly and unpre-
dictable snowpack". Unusual conditions call for 
more than routine hazard presentation, and vis-
ual cues enhance attention and response (Dallo 
et al., 2022). Ideas for transient visual cues in-
clude temporary banner, or warning icon that 
pulses in opacity or size.  

Given the severity of consequences, guidance 
should be direct rather than nuanced since the 
knowledge available does not resolve into any 
action beyond avoidance. When consequences 
are severe and uncertainty is irreducible, a pre-
cautionary approach favoring large safety mar-
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gins is warranted (Kriebel et al., 2001). It is diffi-
cult to find trustworthy evidence in the field to re-
liably rule out the hazard, which makes it chal-
lenging for even Advanced users to dynamically 
manage the hazard in the field. Detailed local ter-
rain and avalanche hazard information is neces-
sary to make more advanced terrain choices. 
Guidance should reflect this; Advanced users 
benefit from explicit wide-margin guidance, while 
Basic and Intermediate users are better served 
by a recommendation of complete avoidance. 

Because this uncertainty is relevant to everyone, 
salient information should appear across all 
three tiers: Tier 1 with simple avoidance guid-
ance, Tier 2 with likelihood/size ranges and tan-
gible imagery to highlight severe consequences, 
and Tier 3 with the nuanced snowpack detail 
most accessible to Advanced users. When risk is 
too complex for standard forecast elements, 
longer-form narrative, such as a blog post or 
video about the forecaster's cautious mindset, 
can supply users with additional context (Sillman 
et al., 2021). Social media posts could help get 
the message across to the lower tier users. 

Takeaway: This uncertainty is irreducible and 
consequential enough to be relevant to every 
user, including experts warranting salient, direct, 
avoidance-oriented messaging across all three ti-
ers, supplemented by narrative formats or educa-
tional media when standard elements cannot 
capture the whole complexity. 

3.3 Example 3: Spatial uncertainty of weak 
layer distribution  

The layer of concern is buried surface hoar, 
which above treeline elevations is confined pri-
marily to aspects that remained sheltered from 
wind. Some locations don’t have many snowpack 
observations to help dial down the distribution.  

Unlike the previous two situations, while uncer-
tainty is relevant for all users, the accompanying 
guidance is not equally actionable for everyone. 
The recommendation to avoid affected aspects 
and elevations and to verify the weak layer status 
in the field presumes terrain and snowpack iden-
tification knowledge Basic users may not have. 
For these users, the forecast needs to communi-
cate the uncertainty as awareness information ra-
ther than expect them to act on it.  

Knowledge of the hazard alone does not translate 
into the field skill to act on it, and capacity tracks 
with training and experience. Basic users are less 
likely to have this skill. Intermediate and Ad-
vanced users have typically been introduced to 
aspect/elevation interpretation, though fluency 
varies: Advanced users apply it readily on the go, 
while Intermediate users may still be developing 

the skill. Verifying the layer's presence in the field 
requires an added skill limited to Advanced users.  

Given its spatial nature, this uncertainty likely 
benefits from graphical rather than purely textual 
formats. In Tier 2, an aspect/elevation diagram 
could visually distinguish suspected but uncon-
firmed zones using texture or reduced opacity, a 
technique shown to shift users toward more cau-
tious decision strategies under map-based uncer-
tainty (Korporaal et al., 2020) with an accompa-
nying caption noting limited field data. However, 
effectiveness depends on interpretability: text-
based risk descriptions have, in some contexts, 
prompted stronger protective responses than vis-
ualizations, particularly among viewers with lower 
graph literacy (Matzen et al., 2024). Visualiza-
tions may need pairing with plain language guid-
ance for Basic users, while Intermediate and Ad-
vanced users may benefit more directly from the 
spatial visualization itself. In Tier 3, Advanced us-
ers could access underlying observation data 
(e.g., a map of snowpack observations) to judge 
uncertainty themselves, with brief notes on why 
some zones remain low on data. 

Takeaway: This uncertainty is relevant to all us-
ers, but actionable only by users with sufficient 
terrain-reading and field observation skills. The 
forecast must communicate the same uncertainty 
differently depending on whether the user can act 
on it or simply needs to be aware of it. Spa-
tial/graphical encoding in Tier 2 could be paired 
with plain language guidance for users who may 
not be able to interpret the visualization alone. 

3.4 Example 4: Existing uncertainty commu-
nication product 

Avalanche Canada (2023) and the New Zealand 
Avalanche Advisory (NZAA, 2026) both publish 
forecaster confidence statements, which can 
shape how users interpret accompanying infor-
mation by signaling how much weight to place on 
the expected outcome (Padilla et al., 2021). Each 
statement indicates a confidence level (low, mod-
erate, or high) reflecting the strength of available 
evidence, with bullets describing that evidence 
(NZAA, 2026). Though not labeled as "uncer-
tainty" statements, low/moderate confidence 
speaks directly to condition uncertainty, and the 
bullets describe its sources. 

The confidence statements have different place-
ments in the forecasts of the two warning ser-
vices. Avalanche Canada positions its confidence 
statement in Tier 3, but for example during deep 
slab conditions, supplements it with Tier 1 mes-
saging. For example, a headline reading "There 
is a lot of uncertainty with the reactivity of deeply 
buried weak layers" is paired with the Tier 3 state-
ment: "Moderate confidence. Uncertainty is due 
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to the complexity of the snowpack's structure" 
(Avalanche Canada, 2023). This also reflects for-
mat choices: plain language framing at the head-
line level is paired with structured detail for users 
who seek it out. Having a consistent uncertainty 
messaging across the tiers can increase the ef-
fectiveness if it is designed to fit at the specific 
location. 

NZAA places its confidence statement in Tier 1 
by default, reaching all users and framing the rest 
of the forecast as warranting a more cautious in-
terpretation (Padilla et al., 2021). This matches 
more directly with the goal of raising broad 
awareness rather than reserving it for users who 
read as far as Tier 3. 

Takeaway: Two operational products already ex-
plicitly communicate uncertainty through confi-
dence statements but differ in tier placement. 
This is an established illustration of Question 3, 
where Tier 1 placement more directly serves 
broad-awareness intent than a Tier 3-only de-
fault. Avalanche Canada's layered pairing of 
headline and structured detail illustrates Question 
4, showing that format can vary by tier within a 
single product. 

4. MAIN INSIGHTS 

Together, these four situations show that no sin-
gle answer to the four critical questions applies 
uniformly across uncertainty types. 

Relevance was consistent across all three hypo-
thetical situations: storm-snow, deep-slab, and 
spatial weak-layer uncertainty were each deci-
sion-relevant to every user, regardless of experi-
ence. What varied was actionability. Storm snow 
guidance could be applied by any user through a 
simple threshold. Deep slab guidance narrowed 
to avoidance for most users, since reliable field 
evidence to rule out the hazard is difficult to ob-
tain. Spatial weak layer guidance scaled with 
training, from awareness-level messaging for 
Basic users to direct verification for Advanced us-
ers alone. 

Reducibility shapes tone and directness. Storm-
snow uncertainty can be resolved through field 
observation and translated into a measurable 
conditional threshold, while deep-slab uncer-
tainty is largely irreducible, warranting direct, pre-
cautionary guidance rather than detailed expla-
nation. 

Placement follows relevance and severity, not a 
fixed rule. Uncertainty that is broadly relevant and 
highly consequential is pushed into Tier 1 regard-
less of its usual depth in the forecast structure, as 
seen in the deep-slab example and in NZAA's de-
fault placement of its confidence statement. Un-
certainty that is more selectively actionable, such 

as spatial distribution, is better suited to deeper 
tiers paired with plain-language support for users 
who cannot fully interpret or apply it. 

Format follows the nature of the uncertainty, not 
convention. Conditional if–then statements suit 
measurable thresholds; narrative formats suit 
complex or irreducible situations that exceed the 
explanatory capacity of standard forecast ele-
ments; spatial-graphical formats suit uncertainty 
with a geographic dimension, though their effec-
tiveness depends on the user's ability to read 
them. 

Finally, knowledge does not always resolve into 
action. In the deep-slab and confidence state-
ment examples, forecasters could communicate 
what they know without offering differentiated ac-
tion beyond broad avoidance or awareness, per-
haps sharing  “forecaster mindset”. This suggests 
that some uncertainty is best communicated as 
input to users' judgment rather than as a specific 
instruction. 

5. RECOMMENDATIONS 

Our explorations point to five concrete recom-
mendations for how avalanche warning services 
can adapt uncertainty communication to the situ-
ation at hand. 

1. Match tactics to reducibility. Reducible un-
certainty, such as storm-snow accumulation, is 
already well served: forecasters use low-friction, 
accessible strategies, such as conditional thresh-
olds and familiar icons, across tiers. Irreducible, 
high-consequence uncertainty, such as deep 
slab instability, is not. These events are rare and 
hard to comprehend, and the gap is a lack of 
standard front-loaded messaging for this case. 
We recommend that forecasters treat irreducibil-
ity itself as a trigger for pushing awareness, pre-
caution, and avoidance guidance into Tier 1, so 
the uncertainty frames the rest of the forecast ra-
ther than waiting to be discovered in deeper tiers. 

2. Place high-impact uncertainty where users 
will see it. Confidence statements show both the 
promise and the risk of placement choices. Ava-
lanche Canada has used them consistently since 
2008, but positions them at the end of the fore-
cast, where only about a third of users scroll 
(Nowak et al., 2026). New Zealand's newly 
adopted statement sits at the front, reaching all 
user types by default. We recommend that deci-
sion-relevant confidence or uncertainty state-
ments default to early placement, reserving 
deeper-tier placement for uncertainty that is gen-
uinely lower-stakes or user-specific. 

3. Tailor depth to user capacity, not just topic. 
Not all uncertainty needs to reach every user at 
the same depth. The spatial weak layer example 
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showed that placing detailed information in 
deeper tiers keeps the core hazard message un-
cluttered for less experienced users, without with-
holding it from those who can act on it. The gap 
is that this kind of placement decision is currently 
made ad hoc. We recommend that the avalanche 
warning service decide on operational criteria on 
when, how, and to whom particular uncertainty 
content should be published. That would ensure 
that choices are consistent across forecasters 
and forecast days. 

4. Build in flexibility for day-to-day variability. 
Uncertainty's importance shifts daily, from negli-
gible to requiring focused caution, but a static 
forecast format struggles to reflect that shift. We 
recommend intermittent or transient visual ele-
ments, cues that appear only when uncertainty is 
elevated, to raise salience without permanently 
adding content to the product on routine days. 

5. Use complementary channels for complex 
context. Users respond well to the overall fore-
cast signal (Mannberg et al., 2026), but the con-
cise, technical daily format has limited room for 
complex or contextual explanation. We recom-
mend forecasters use longer-form or mixed-me-
dia channels (e.g. blog posts and videos) deliber-
ately and specifically for elevated-uncertainty sit-
uations, rather than as an ad hoc addition. These 
channels can also distill the situation into a direct, 
simple message for Basic or infrequent users; so-
cial media offers a way to reach people who may 
not visit the forecast website at all.  

Together, these recommendations embody the 
principles established in the synthesis. Uncer-
tainty communication should be adapted, in con-
tent, placement, depth, salience, and channel, to 
the nature of the uncertainty and the user's ca-
pacity to act on it, rather than treated as a fixed 
forecast element. 

These recommendations are offered with few 
scoping considerations. Our explorations rely on 
deliberately coarse categories, such as user 
types and communication needs, to make a high 
level of abstraction around uncertainty practically 
workable, even though these concepts exist on a 
continuum. Grounded primarily in North Ameri-
can public avalanche forecasting, the approach is 
intended as a tool for reflection and evaluation ra-
ther than a validated set of interventions, and its 
conclusions may not transfer directly to other re-
gions without further empirical testing. 

6. CONCLUSION 

Uncertainty is a fundamental component in all av-
alanche risk management yet avalanche warning 
services currently do not communicate it to their 
forecast users consistently. To address the com-
munication challenge, we examined the nature of 

uncertainty, who it matters to, and how the fore-
cast can support users' information seeking and 
decision-making under conditions of elevated un-
certainty using four common public forecasting 
examples. 

Across the analyzed situations, relevance, reduc-
ibility, and user capacity varied independently of 
one another, meaning no single uncertainty type 
followed the same communication path. Broadly 
relevant, highly consequential, or irreducible un-
certainty, such as deep-slab instability, warranted 
direct messaging pushed into Tier 1, while nar-
rowly relevant uncertainty, such as spatial weak-
layer distribution, was better suited to deeper ti-
ers paired with plain-language support. Existing 
operational products already reflect this variabil-
ity in practice, as seen in the differing tier place-
ment of confidence statements between Ava-
lanche Canada and the New Zealand Avalanche 
Advisory. 

Our reflections highlight that uncertainty commu-
nication should not be treated as a fixed compo-
nent of the forecast. Its salience, placement, con-
tent, and format should be considered according 
to the type of uncertainty, its consequences, its 
relevance to decisions, and users’ capacity to re-
spond. This argues for operational guidance that 
helps forecasters determine when uncertainty 
should remain in deeper forecast tiers; when it 
should be brought forward as a cautionary frame; 
and when complementary communication chan-
nels are needed. 

As a final step in our research project, we are us-
ing think-aloud sessions to examine how back-
country users interpret, navigate, and apply re-
vised forecast products grounded in these con-
siderations. This phase focuses on validating use 
processes and communication effects, particu-
larly users' awareness, comprehension, and ap-
plication of uncertainty information as they read 
the forecast for their typical risk-management 
needs. 
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