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ABSTRACT: This study examined patterns of avalanche forecast information use among recreational-
level avalanche course completers using data from the Use of Avalanche Center Forecasts (UACF) 
survey. Responses from 879 recreational-level avalanche course completers were analyzed with a uni-
dimensional partial credit model (PCM) to develop a Use of Avalanche Forecast Information in Decision 
Making (UAFIDM) progress variable through an empirically driven, bottom-up approach. This variable 
represents four qualitatively distinct zones of use of avalanche forecast information among recreational 
users. Findings reveal four qualitatively distinct zones of forecast use, with most recreational users con-
sistently engaging with summary-zone products while substantially fewer incorporate distributed, effort-
intensive, and interpretive information sources.  This pattern suggests that many recreational users may 
be making decisions based primarily on simplified summaries, without integrating the underlying data 
necessary for terrain selection and risk management. The results have direct implications for avalanche 
education and forecasting practice. Educational programs may need to more explicitly scaffold the tran-
sition from recognizing forecast elements to synthesizing information from multiple sources for decision-
making. For forecasting operations, understanding which forecast elements are most frequently used 
by different user groups can help forecasters better align communication with user behavior. Identifying 
where engagement drops off may highlight opportunities to adjust how information is presented, empha-
sized, or integrated within the forecast to better support a range of users. 
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1. INTRODUCTION 

Avalanche forecasts are among the primary risk 
communication tools used by winter backcountry 
travelers to assess avalanche conditions and in-
form terrain and travel decisions (Fisher et al., 
2021; Fisher et al., 2022; Haegeli et al., 2012). 
In North America, avalanche centers provide 
forecasts that synthesize weather, snowpack, 
and avalanche observations into a range of fore-
cast products, including danger ratings, ava-
lanche problems, likelihood and size assess-
ments, weather forecasts, observations, and 
multimedia resources (Lazar et al., 2016; Stat-
ham et al., 2018). These products vary in com-
plexity and purpose, providing users with infor-
mation ranging from broad hazard summaries to 
detailed contextual information intended to sup-
port decision-making (Raftery, 2014; Statham et 
al., 2018). 

Research has examined forecast comprehen-
sion, risk perception, information seeking and 

 

 

processing, user typologies, and the use of spe-
cific bulletin products (Fisher et al., 2021; Fisher 
et al., 2022; Haegeli et al., 2012; St. Clair et al., 
2021). However, relatively little is known about 
how users engage with the full range of forecast 
components or whether distinct patterns of fore-
cast information use emerge across users. 

Previous studies have largely examined the use 
of avalanche forecasts as a broad behavior or 
focused on specific forecast products. For ex-
ample, St. Clair et al. (2021) identified distinct 
user types for avalanche bulletins, while Fisher 
et al. (2022) demonstrated differences in how 
user groups engage with travel and terrain ad-
vice statements. However, these studies did not 
examine how engagement is structured across 
the full range of forecast components. 

Consequently, little is known about whether the 
use of avalanche forecast information can be 
characterized by distinct levels of consistent en-
gagement with forecast products. To our 
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knowledge, no previous study has modeled the 
use of avalanche forecast information as a 
measurable continuum based on patterns of en-
gagement across forecast components. The 
purpose of this study was to examine patterns of 
avalanche forecast information use among rec-
reational-level avalanche course completers and 
to develop the Use of Avalanche Forecast Infor-
mation Development Model (UAFIDM). 

ISSW presenters - both oral and poster present-
ers - are required to submit a paper (maximum 8 
pages) that describes their presentation topic in 
more detail for publication in the ISSW 2026 pro-
ceedings. At this ISSW, the conference proceed-
ings will only be published electronically. 

2. METHODS 

 
To determine how frequently winter backcountry 
travelers used different avalanche forecast com-
ponents to inform backcountry decisions, data 
was collected from 870 recreational-level ava-
lanche course completers using the Use of Ava-
lanche Center Forecasts (UACF) survey. The 
most typical respondent in the sample was a 
male, Caucasian individual in their 20s–30s with 
a bachelor’s degree, who primarily engaged in 
nonmotorized backcountry travel, spent approxi-
mately 11–20 days per year in the backcountry, 
preferred traveling across multiple types of ter-
rain, reported sometimes taking risks while gen-
erally limiting exposure to avalanche hazards, 
and indicated that they combine multiple 
sources of avalanche forecast information when 
making decisions. 

2.1 Material 

The UACF survey was designed to assess re-
spondents’ use of different avalanche forecast 
components to inform backcountry decisions. 
Respondents were asked how often they looked 
at different sections of the avalanche forecast 
and how much that section influenced their deci-
sion-making. The survey was pilot-tested and 
reviewed by experts in the field and electroni-
cally distributed through avalanche centers, 
backcountry organizations, social media plat-
forms, and industry networks targeting back-
country users throughout the United States. Sur-
vey items addressed danger ratings, avalanche 
problem types, weather forecasts, forecast dis-
cussions, observations, photographs, videos, 
and social media content. Respondents rated 
the frequency of their use of the various ava-
lanche components using a six-point Likert scale 
(0 = Never; 1 = Seldom; 2 = Sometimes; 3 = Of-
ten; 4 = Always; 5 = N/A).  

2.2 Data analysis 

Data screening removed respondents with im-
plausible response patterns and items with con-
ceptual redundancy. Following this screening 
process, 16 of the 35 original items were re-
tained. Additionally, response categories were 
collapsed into a three-category scale (0 = never, 
1 = sometimes, 2 = always), based on a series 
of analyses to assess category functioning that 
revealed overlap among several of the original 
response options. 

A unidimensional partial credit model (Masters, 
1982) was fit to the data to examine patterns of 
avalanche forecast information use among rec-
reational-level avalanche course completers. 
The model estimated measures of respondents' 
engagement with avalanche forecast information 
and measures of the relative difficulty of report-
ing more frequent use of each forecast compo-
nent. The resulting item structure was used to 
develop an empirically derived UAFIDM pro-
gress variable that describes qualitatively differ-
ent zones of avalanche forecast information use 
based on patterns of respondent engagement 
within each zone  

To develop the UAFIDM progress variable, we 
created an item-person map in which the items 
were arranged in an ascending order based on 
the location of each item’s second threshold es-
timate (see Figure 1, below). Second threshold 
estimates were used to define the progress vari-
able because they represent the point at which 
respondents are more likely to report consistent 
(i.e., “always”) use of a forecast component ra-
ther than occasional or inconsistent use (i.e., 
“never” and “sometimes”). Masters and Forster 
(1996a; 1996b) describe this as a bottom-up ap-
proach that, in the field of educational research, 
entails analyzing student work products to de-
velop a progress map that describes the nature 
of development, progress, or growth, within an 
area of learning. More recently, this approach 
has been applied in the context of developing 
progress variables in the context of teacher con-
tinuing professional development (Jolin & Blum, 
2026a) and identifying hierarchical structures of 
in-service teacher anti-racism value stance con-
structs (Jolin & Blum, 2026b). 

To demarcate zones of qualitatively different 
patterns of avalanche forecast information us-
age, cut points were determined by examining 
the distribution of second threshold estimates 
and identifying locations where relatively large 
gaps occurred between adjacent items. These 
gaps were interpreted as transitions between 
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qualitatively different zones of avalanche fore-
cast information use, reflecting increases in the 
zone of engagement required to consistently re-
port using components of avalanche forecast in-
formation at higher frequencies. 

3. RESULTS 

Results from the PCM analysis suggest the 
UACF survey demonstrated reasonable psycho-
metric properties. Reliability was high (EAP/PV 

= 0.89), all items produced acceptable weighted 
mean square fit statistics, and examination of 
the distribution of second item thresholds sug-
gested four zones of qualitatively different infor-
mation use patterns. 

Table 1 presents the entire set of UACF items, 
in ascending order based on the estimate of the 
second item threshold 

 

 

Table 1: Ordered second threshold estimates for UACF items. 

Item No. Item Code Item Stem Second Threshold (Logits) 

Zone 1 Items 

1 AF_DR_O Danger Rating—Overall -1.027 
5 AF_WF Weather Forecast -0.659 
6 AF_AE Aspect/Elevation -0.628 
3 AF_APT Avalanche Problem Type -0.584 
29 AF_DR_C_E Danger Rating—Changes w/ Elevation -0.515 

Zone 2 Items 

2 AF_BL Bottom Line -0.376 
4 AF_FD Forecast Discussion -0.104 
7 AF_L Likelihood -0.012 

Zone 3 Items 

10 AF_RF Read Forecast Top to Bottom 0.164 
8 AF_S Size 0.558 
9 AF_PEF Photos Embedded in Forecast 0.993 

Zone 4 Items 

30 AF_O Observations 1.119 
31 AF_VEF Videos Embedded in Forecast 1.536 
12 AF_VST Videos of Snowpack and Test 1.697 
11 AF_SMP Social Media Posts—Photo 1.857 
32 AF_SMP_V Social Media Posts—Video 1.922 

Figure 1 presents the item–person map. The 
map displays the distribution of respondent ava-
lanche forecast components use estimates (i.e., 
the Xs on the left part of the map) and item 
thresholds (i.e., the .1s and .2s on the right part 
of the map) on a common measurement scale. 
Items located lower on the scale were more eas-
ily endorsed by the sample (i.e., respondents 
were more likely to report using these avalanche 
information components more frequently in their 
decision-making). For items higher on the scale, 
respondents were less likely to report using 
these avalanche information components more 
frequently in their decision-making. Respond-
ents with estimates located higher on the scale 
were more likely to report using a broader range 
of avalanche forecast components in their deci-
sion making, whereas respondents lower on the 
scale were less likely to report doing so. 

To develop the profiles of respondents within 
each of the four zones, cut points were deter-
mined by examining the distribution of second 
threshold estimates and identifying locations 
where relatively large gaps occurred between ad-
jacent items. These gaps were interpreted as 
possible transition points between qualitatively 
different zones of avalanche forecast information 
use. 
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Figure 1: Item-person map 
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4. DISCUSSION 

The primary objective of this study was to exam-
ine patterns of avalanche forecast information 
use among recreational avalanche course com-
pleters and determine whether distinct levels of 
use could be identified based on patterns of 
consistent engagement with forecast compo-
nents. Results indicate that avalanche forecast 
information use is not uniform across forecast 
products. Rather, some forecast components 
were consistently used by a large proportion of 
respondents, while others were consistently 
used only by respondents exhibiting broader 
patterns of forecast engagement. 

The UAFIDM progress variable identified four 
empirically derived levels of avalanche forecast 
information use (Table 2). These levels reflect 
distinct patterns of engagement with forecast 
products that differ in visibility, accessibility, in-
formational purpose, and the effort required to 
locate and interpret them. 

4.1 Zone 1: Core summary forecast prod-
ucts 

Zone 1  included the overall danger rating, 
weather forecast, aspect/elevation information, 
avalanche problem type, and elevation-specific 
danger ratings. These products represent the 
most visible and frequently used elements of av-
alanche forecasts and appear to form the foun-
dation of forecast use among recreational ava-
lanche course completers. 

4.2  Zone 2: Explanatory forecast products 

Zone 2 included the Bottom Line, forecast dis-

cussion, and avalanche likelihood information. 
These products provide context for forecast con-
clusions and help users understand the signifi-
cance and implications of current avalanche 
conditions. 

4.3 Zone 3: Integrative forecast products 

Zone 3  included reading the forecast from top 
to bottom, avalanche size information, and em-
bedded photographs. Together, these items 
suggest a pattern of broad engagement with 
forecast information that supports development 
of a more complete understanding of avalanche 
conditions. 

4.4 Zone 4: Supplementary forecast infor-
mation sources 

Zone 4 included observations, forecast videos, 
snowpack and stability test videos, and fore-
caster-generated social media content. These 
products go beyond the primary forecast struc-
ture, providing additional evidence and context 
on current conditions. 

Viewed collectively, the four levels indicate that 
avalanche forecast information use can be char-
acterized by distinct patterns of engagement 
with forecast products. The levels range from 
consistent use of highly visible summary prod-
ucts to consistent use of supplementary and ex-
ternally distributed information sources. 

The ordering of forecast components suggests 
that users who consistently engage with supple-
mentary information sources also tend to con-
sistently engage with core forecast products, 
whereas the reverse is not necessarily true. 
Thus, users appear to differ not only in the 
amount of forecast information they use but also 
in the types of forecast products they consist-
ently use. 

Importantly, the present study does not establish 
that individuals move between levels over time. 
Rather, the levels represent empirically derived 
patterns of engagement with avalanche forecast 
information. While the ordering of forecast com-
ponents suggests a continuum from engage-
ment with core summary products to supple-
mentary information sources, future research is 
needed to determine whether these patterns re-
flect changes associated with increasing experi-
ence, education, or exposure to avalanche fore-
casting system 
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Table 2: Characteristics of the Four Zones of Avalanche Forecast Information Use 
 

Zone Description Representative Fore-

cast Components 

Primary Information 

Function 

Guiding Question 

Zone 1: Core Sum-

mary Forecast Prod-

ucts 

Consistent use of 

highly visible forecast 

products that communi-

cate overall hazard 

conditions and terrain 

distribution. 

Overall Danger Rating, 

Weather Forecast, As-

pect/Elevation, Ava-

lanche Problem Type, 

Danger Rating by Eleva-

tion 

Hazard identification 

and situational aware-

ness 

What are the main 

avalanche hazards 

today? 

Zone 2: Explanatory 

Forecast Products 

Consistent use of fore-

cast products that pro-

vide context and ra-

tionale for forecast con-

clusions. 

Bottom Line, Forecast 

Discussion, Likelihood 

Understanding fore-

cast reasoning and 

avalanche conditions 

Why do these con-

ditions exist? 

Zone 3: Integrative 

Forecast Products 

Consistent use of fore-

cast products that sup-

port synthesis across 

multiple forecast com-

ponents. 

Read Forecast Top to 

Bottom, Avalanche Size, 

Embedded Photos 

Integrating information 

across forecast prod-

ucts 

How do the differ-

ent pieces of fore-

cast information fit 

together? 

Zone 4: Supplemen-

tary Forecast Infor-

mation Sources 

Consistent use of sup-

plementary information 

sources that extend be-

yond the primary fore-

cast structure. 

Observations, Forecast 

Videos, Snowpack/Test 

Videos, Social Media 

Photos and Videos 

Refining understand-

ing through additional 

evidence and context 

What additional ev-

idence can help me 

better understand 

current conditions? 

 

5. CONCLUSION 

5.1 Implications for avalanche education 

The findings suggest that avalanche education 
programs may benefit from placing greater em-
phasis on how learners engage with different 
forecast products rather than treating forecast 
consultation as a single behavior. The UAFIDM 
progress variable provides a framework for un-
derstanding these patterns of engagement and 
may help instructors identify which forecast 
products students use consistently and which re-
ceive less attention during trip planning and de-
cision-making. 

Rather than viewing forecast use as a binary be-
havior, educators may find it useful to encourage 
engagement with a broader range of forecast 
products and to explicitly address how summary 
products, contextual information, and supple-
mentary resources contribute to a comprehen-
sive assessment of avalanche conditions. The 
UAFIDM progress variable may also provide a 

useful framework for future work examining rela-
tionships between forecast use, avalanche edu-
cation outcomes, and decision-making practices. 

5.2  Implications for forecast communication 

The findings also have implications for ava-
lanche forecasting operations and forecast de-
sign. Core summary products were consistently 
used by a large proportion of respondents, 
whereas observations, videos, and social media 
products were consistently used by a considera-
bly smaller subset of users. 

These patterns suggest that visibility, accessibil-
ity, and presentation influence user engagement 
with forecast information. Forecast centers in-
vest substantial effort in producing observations, 
videos, and social media content, yet many rec-
reational users may not consistently engage with 
these resources. Understanding where engage-
ment declines across forecast products may 
help forecasters assess whether important sup-
porting information is sufficiently visible and inte-
grated into the forecast experience. 
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5.3 Limitations  

Several limitations should be considered when 
interpreting these findings. First, the study relied 
on self-reported measures of forecast use rather 
than direct observation of user behavior. Sec-
ond, the sample consisted of avalanche course 
completers and therefore may not represent all 
avalanche forecast users. Third, the cross-sec-
tional design does not permit conclusions re-
garding how individuals move between levels of 
forecast information use over time. 

5.4  Future Research 

Future research should examine whether the 
UAFIDM progress variable can be replicated in 
other user populations and forecasting regions. 
Longitudinal studies may help determine 
whether the identified levels reflect stable pat-
ters of forecast use or changes associated with 
additional training and experience. Future work 
could also investigate how different levels of 
forecast information use relate to terrain 
choices, risk management practices, decision 
quality and other avalanche safety outcomes 
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