


Contents
Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6  

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7		

Focus Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

	 Round One  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

	 Round Two  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

	 Regional Differences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Round Three Survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Winter Weather Hydrometeorology Testbed. . . . . . . . . . . . . . 22			 

Discussion and Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Partners

FIGURES
Figure 1. 	 Model of the factors influencing decision making (Nichols and Hoekstra, 2011). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Figure 2. 	 Conceptual Framework for Proposed Project. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Figure 3. 	 WSSI examples showing overall severity (left) and severity of an individual component, snow amount (right). . . . . . . . . . . . . . . . . . . . 4

Figure 4. 	 Locations of focus group audiences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Figure 5.  	 Example of WSSI product used in Boston, MA in Rounds One and Two with details of the changes highlighted. . . . . . . . . . . . . . . . . 7

Figure 6. 	 Example of the product tested in the Round Three online survey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7		

Figure 7. 	 Focus group participants’ level of familiarity with the WSSI reported in pre-session surveys for Round One and Round Two. . . . . . . . . 8

Figure 8. 	 Usefulness of the WSSI reported in post-session surveys across all locations in Round One and Round Two . . . . . . . . . . . . . . . . . . . . . . 8

Figure 9. 	 Percentage of respondents who felt the WSSI was useful by level of familiarity and Round. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 10. 	Usefulness of products shown in the Boston, MA focus group scenarios for Round One and Round Two. . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 11. 	Usefulness of products shown in the Boulder, CO focus group scenarios for Round One and Round Two . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 12. 	Usefulness of products shown in the Omaha, NE focus group scenarios for Round One and Round Two . . . . . . . . . . . . . . . . . . . . . . . . 10

Figure 13. 	Usefulness of products shown in the Grand Rapids, MI focus group scenarios for Round One and Round Two. . . . . . . . . . . . . . . . . . . . 10

Figure 14. 	Usefulness of products shown in the Jackson, MS focus group scenarios for Round One and Round Two. . . . . . . . . . . . . . . . . . . . . . . . 10

Figure 15. 	Usefulness of products shown in the Hanford, CA focus group scenarios for Round One and Round Two. . . . . . . . . . . . . . . . . . . . . . . . 10

Figure 16.  	Information icon for component description. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
 
Figure 17. 	 Participants’ rating of the helpfulness of the redesigned WSSI with participants from all locations reporting. . . . . . . . . . . . . . . . . . . . . 20
 
Figure 18. 	 Legend options and percentage of respondents who preferred Option A or Option B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Figure 19.  	Respondents’ preference for labeling the no impact category. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Figure 20.  	Survey responses related to helpfulness of elements in the redesigned WSSI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Figure 21. 	 Ranking by value of the various elements of the WSSI interactive web page. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Figure 22. 	Usefulness of each component of the WSSI as reported in the Round Three Online Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
 
Figure 23. 	 The current and proposed WSSI legends tested as part of the 2022 Winter Weather Hydrometeorological Testbed. . . . . . . . 24 

Figure 24.  Current WSSI legend impact definitions as of January 2023. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

TABLES
Table 1. Number of participants in the surveys for each Round by location. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Table 2. General takeaway concepts from the focus group discussions from Round One and Round Two . . . . . . . . . . . . . . . . . . . . . 17

List of Figures and Tables

This report was prepared by the Nurture Nature Center, Inc. under award number 
NA200AR4590355 from the Joint Technology Transfer Initiative Program of the National 
Oceanic and Atmospheric Administration (NOAA), U.S. Department of Commerce. The 
statements, findings, conclusions, and recommendations are those of the authors and 
do not necessarily reflect the views of NOAA or the U.S. Department of Commerce.

NOAA Weather Prediction Center: 
Dr. Joshua Kastman, James Nelson, Dr. Kirstin Harnos, 
Dr. Dana Tobin (CIRES)
NWS Weather Forecast Offices:
Grand Rapids, MI -  Daniel Cobb, James Maczko, Walt Felver, 
Brandon Hoving
Omaha, NE - Suzanne Fortin, Brian Smith, Brian Barjenbruch, 
Cathy Zapotocny
Boulder, CO - Jennifer Stark, Paul Schlatter, Gregory Hanson
Boston, MA - Andy Nash, Rodney Chai, Andrew Loconto  
Jackson, MS - Chad Entremont, Eric Carpenter, Thomas Wine-
sett 
San Joaquin/Hanford, CA - Kristian Mattarochia, William 
South



Executive Summary
Communicating the threat of severe winter weather goes 
beyond just amounts of snow or ice accumulation or how 
cold the temperature will be - an understanding of the 
impacts of winter weather conditions is also important. The 
Winter Storm Severity Index (WSSI) is a product from the 
National Weather Service’s Weather Prediction Center (WPC) 
that presents anticipated impacts from forecasted winter 
weather for a range of winter conditions in a graphical 
format. To assess the utility of the WSSI and how an 
impact-based winter weather forecast product is interpret-
ed and used to inform decision-making, a mixed-methods 
social science study was conducted by the Nurture Nature 
Center in coordination with the WPC from 2020-2022. The 
study included focus groups and surveys across three rounds 
in six Weather Forecast Office areas: Grand Rapids, MI; San 
Joaquin/Hanford, CA; Jackson, MS; Boston, MA; Omaha, NE; 
Boulder, CO. Two-hour focus groups were held with profes-
sional stakeholders including emergency managers, municipal 
officials, water resource professionals and transportation 
representatives. Also included were virtual focus groups for 
forecasters throughout the CONUS, industry-specific groups, 
and with personnel from WPC and NWS Headquarters. The 
focus group and survey analyses informed several iterations 
on design and impact category descriptions which were 
tested in subsequent rounds. In addition, variations of the 
WSSI product recommendations were tested in the WPC’s 
Hydrometeorology Testbed. 

From these analyses, the project team developed recom-
mendations for WSSI design. In addition, several themes 
emerged about how professional stakeholders understand, 
interpret, and use the WSSI product for communicating 
about impending winter weather. Overall, there is perceived 
utility in the WSSI for situational awareness and value in 
having the product as part of a package of other information 
to inform decision-making. While reception of the WSSI was 
generally strong and positive across most regions and groups 
tested, additional context was often required to clearly 
communicate the severity of impacts. Specifically, there 
was variability in interpretations of impacts, resulting from 
differences in geography, community readiness and experi-
ence, among other factors, which can create complications 
in communicating the forecast. Further, many users wanted 
specific quantities of snow and ice, suggesting that education 

about what impact-based products include and what data is 
shown is necessary.

It is recommended that the WSSI be incorporated and de-
scribed through emergency briefings from WFOs directly to 
users, especially during its initial years of use as the product 
is refined and incorporated into decision-making processes. 
Through briefings, WFOs can address the other stated needs 
of users, such as quantities for snow and ice amounts, and 
also can explain the ways in which the WSSI accounts for 
regional climatological as well as non-climatological factors, 
such as population density and land use. Inclusion of a Fore-
casters’ Note is highly recommended to help clarify which 
of the components is driving the impact levels, and to link to 
other useful information, such as active watches or warnings 
that may be in effect. 

The introduction of an impact-based product presents a new 
model for winter weather forecast communication. In this 
study, the process of iterative testing, revision, retesting - 
and notably, testing in the Hydrometeorology Testbed - 
produced an evolving understanding of how users can and 
should best receive impact-based winter storm information. 
But this project represents just the beginning of the learn-
ing in this regard, and continued user testing as the product 
evolves will be important. Specifically, any forthcoming 
revisions to legend language should be user-tested to avoid 
unintended confusion or loss of clarity, and WFOs should 
continue to identify needs through feedback from stakehold-
ers regarding communication of the WSSI through briefings 
or other communications. Understanding the factors that in-
fluence perspectives on impact levels, and the variable needs 
for winter weather information across regions, improves 
forecasters’ abilities to effectively communicate and provide 
critical information that helps end users prepare for severe 
winter weather. 

Overall, there is perceived utility in the WSSI 
for situational awareness and value in having 

the product as part of a package of other 
information to inform decision-making. 
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Introduction
Winter storms present one of the largest weather hazards 
in the United States, causing tremendous financial damage, 
disruption to services, and often, loss of life and property. 
Along with public audiences, professional users of Nation-
al Weather Service (NWS) products, including emergency 
managers, transportation departments, utilities, hospitals, 
schools, and aviation partners, need timely and accurate 
information about when and where a winter storm may hit. 
But forecasting winter storms is a complex process involv-
ing a range of critical impacts, which can occur at different 
levels and spatial distributions within a single storm event. As 
Montz et al. (2015) point out, “Gaps or incomplete informa-
tion connecting hazards to operations can lead to inadequate 
understanding of evolving risk and diminished support for 
decision-making.” A shift in NWS forecasting to Impact-Based 
Decision Support (IDSS) and impact-based warnings (IBWs) 
undergirds efforts to consider how to better design forecast 
tools for winter storms to meet the varied needs of these 
users, and effectively tell the story of the probable threats 
a winter storm may bring to a location. The Winter Storm 
Severity Index (WSSI) is an emerging product from this effort 
and is designed to meet the need for high-level notice of the 
severity and range of potential impacts from an impending 
winter weather event. 

Much of the research on IDSS centers on IBWs, and although 
WSSI is not a warning in the technical sense, it is similar in 
that it presents anticipated impacts from a forecasted storm. 
Thus, it is important to look at what has been learned from 
previous work on IBWs to put this work on WSSI in context. 
While it has been asserted that including specific impacts of 
an event in a warning may lead to more appropriate respons-
es by those receiving the IBW (Casteel, 2016; 2018; Weyrich 
et al., 2018; World Meteorological Organization, 2015), others 
have found either no effect or mixed results (see Potter et 
al., 2018 and Ripberger et al., 2015 for examples). However, 
these studies address public responses to IBWs. Studies that 
focus on perspectives of emergency managers and other 
professionals have reported on the benefits of IBWs, includ-
ing among others, “added awareness of antecedent condi-
tions and cascading hazards” (Potter et al., 2021), a focus on 
the information (impacts, not amounts) that resonates with 
the decisions emergency managers make (Kox et al., 2018), 
and providing more insight into what forecasters are thinking 
(Galluppi et al., 2013). Of course, there are also challenges 
with IBWs as there are with all forms of risk communication, 

including how to meet the different needs of target audienc-
es, what impact thresholds are appropriate, and how much 
information to include (Morss et al., 2016; 2018; Potter et al., 
2018; 2021; Ripberger, 2015).

Studies on IBWs provide important background for under-
standing the use and effectiveness of WSSI, but none of the 
studies above are focused on winter weather. Further, IBWs 
are primarily text-based messages while WSSI is a graphical 
representation. Graphics, in this case maps, have been found 
to be effective means of presenting hazards because, among 
other aspects, they indicate who needs to take protective 
action without requiring familiarity with the language in text 
products, thus leading to greater personalization of the risk 
(Bean et al., 2015; Dallo et al., 2020). However, in addition 
to the challenges noted above with IBWs, all of which also 
apply to WSSI, a graphical product presents additional 
challenges relating to design considerations in presenting 
impacts as well as presenting effective text in legends. For 
example, two studies found that forecasts that are solely 
graphical can lead to inaccurate interpretations (Broad et 
al., 2007; Savelli and Joslyn, 2013). Graphical products may 
not convey information that is understandable to recipients 
so that they are motivated to act (Hogan Carr et al., 2016a). 
Thus, design factors, including the use of color have been 
shown to help people “…make sense of the information being 
conveyed” (Hogan Carr et al., 2016b). Further, accompanying 
text information, particularly in map legends, is critical to 
provide explanation and detail. 

Given that the one of the goals of WSSI is “to enhance 
communication to external partners, media, and the general 
public of the expected severity of potential societal impacts 
due to expected winter hazards and their distribution” 
(Weather Prediction Center, 2020), it is important to evaluate 
what is needed to make the WSSI most effective in achieving 
its goals. To that end, the research objectives of this project 
are to:

Ensure that product display, including components (i.e., 
legends, colors, titles and other design elements), is clear 
and communicates the appropriate information;

Determine if there should be additional components;

Ensure that the product’s definition of and categorization 
of impacts aligns with stakeholder expectations;

Identify how users want to receive the information; 

Provide recommendations to address needs of profession-
al stakeholder groups.

•

•

•
•

•
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Conceptual framework: The proposed research is concep-
tually centered at the intersection of two models, one that 
recognizes the context in which decisions are made about 
actions to be taken with impending severe weather (Nichols 
and Hoekstra, 2011) and the other that addresses end-to-
end-to-end research (Morss et al., 2005). There is a paucity 
of research that addresses users’ needs for and use of winter 
weather forecasts (Sherman-Morris, 2013); much of what 
exists addresses decisions about school closings (see Call, 
2010; Call and Coleman, 2012; and Montz et al., 2015 for 
examples), use of forecasts to manage transportation routes 
(see Ye et al., 2009 and Strong et al., 2010), and the impacts 
of uncertainty in warnings (see Drobot, 2007, Drobot et al., 
2008, and LeClerc and Joslyn, 2015). Thus, it is imperative to 
build on work addressing other severe events to develop our 
conceptual framework.

Nichols and Hoekstra (2011) illustrate the factors that influ-
ence school district decision-making in the face of forecasts 
for severe weather (Figure 1), and Montz et al. (2015) ad-
opted this model for their work on school closure decisions 

related to winter storms. Weather information is only part 
of the decision-making process, but it is the start of that 
process. Different decisions may well result from similar 
forecasts, given the other factors at play. However, the more 
trust users have in the forecasts, the more it will facilitate 
their decisions. Thus, this project is centered on the nature 
of the process that the forecast sets in motion for users 
with various responsibilities and therefore different utility of 
the products for that process. That is, what steps do deci-
sion-makers need to take in the face of winter weather, and 
how does the WSSI intersect with those steps to facilitate 
better decision-making?

Further, our research (Hogan Carr et al., 2016a, 2016b, 
2018) and that of others (Morss et al., 2005) have shown the 
application of an iterative process wherein the scientists’ 
(forecasters and modelers) products are tested with user 
groups (end-to-end) and the results fed back to the scientists 
for revision and subsequent testing (end-to-end-to-end). 
Integrating these models sets the framework for the work 
proposed here (Figure 2). 

Figure 1. Model of the factors influencing decision making (Nichols and Hoekstra, 2011)

Figure 2. Conceptual Framework for Proposed Project
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About WSSI and its needs for improvement: The WSSI has 
emerged in response to user needs for easily consumable 
forecast information that identifies the multiple impacts 
and relative severity of an impending storm. Initially con-
ceived at the Burlington, VT Weather Forecast Office (WFO) 
as a local response to user needs, the WSSI was taken under 
development by the Weather Prediction Center (WPC), 
and the science behind the tool has continued to evolve. 
At the time of this report, the WSSI has been launched for 
116 WFOs across the country, with encouraging feedback 
from stakeholder users to local offices. The WSSI uses 
Geographic Information Systems (GIS) and gridded forecasts 
from the NWS National Digital Forecast Database (NDFD) 
to identify winter weather elements. It combines those 
data with non-meteorological or static information data-
sets (climatology, land-use, and urban areas, for instance) 
and results in a graphical depiction of impacts from winter 
weather. WSSI breaks down a storm into six components: 
Snow Accumulation, Ice Accumulation, Snow Load, Blow-
ing Snow, Ground Blizzard, and Flash Freeze. Each of these 
components presents a different hazard, and in many cases, 

Figure 3. WSSI examples showing overall severity (left) and severity of an individual component, snow amount (right). 

creates impacts specific to different users and partners. For 
instance, transportation related users need to understand 
where to anticipate ice accumulation and blowing snow to 
safely prepare for travel conditions. Snow load will be criti-
cal for emergency managers, who may need to prepare for 
extended power outages, necessitating planning for emer-
gency shelters. Ground blizzards combine snow with very 
strong winds to create hazardous conditions which present 
significant impacts for the transportation sector. Flash 
freeze creates urgent transportation considerations that 
are distinct from that of blowing snow, and which require a 
different planned response. Similarly, property owners need 
to be concerned about snow load affecting rooftops. WSSI 
articulates these distinct impacts for audiences with a 72-
hour forecast window, and then scales the resulting forecast 
severity into five levels: extreme, major, moderate, minor, 
winter weather area (previously limited and none categories 
were included instead of winter weather area) (Figure 3). 
This scaling is designed to help users to quickly and easily 
look at the product and identify the anticipated or possible 
level of winter storm impacts.
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WSSI has two key audiences. First, it is intended to assist 
NWS operational forecasters in maintaining situational 
awareness of the possible significance of weather-related 
impacts and facilitate collaboration around such impacts 
across WFOs and national forecast centers. Second, the 
WSSI is designed to enhance communication to external 
professional partners of the expected severity (potential 
societal impacts) of winter weather and its spatial distribu-
tion. 

A preliminary initial survey of the WSSI undertaken by 
the NWS resulted in positive feedback from users about 
the usefulness and quality of the data, with 95 percent of 
respondents supporting a national roll-out of the product. 
Feedback suggested that both the presence of a severity 
level and differentiation of the components of the storm 
helped users to make more informed decisions. However, 
the “shell” of the WSSI had not been studied to ensure 
that the presentation is appropriate, and no user-testing 
had been done to ensure that the WSSI is capturing the 
right mix of storm components or that it is adequately 
categorizing threats. Further, no testing had been done to 
determine how various users of the WSSI would interact 
with the product or to determine how information should 
be presented.

In this research study, the general hypotheses are formed 
from the initial survey results, product feedback to the 
WPC and WFOs, and prior work by the research team, and 
include:

Professional stakeholders will have divergent needs for 
information across sectors – for example, emergency 
managers will emphasize certain storm components 
and timing needs, while those in transportation sectors 
will prioritize others;

Professional stakeholders will prefer an interactive 
interface with user-selected parameters; and 

Both focus group and survey feedback from the profes-
sional survey respondents will provide clear direction 
about needed product modifications.

•

•

•
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Methodology 
To collect feedback and provide revision recommendations 
for the WSSI, a mixed-methods research study was conduct-
ed to derive both quantitative and qualitative data from a 
range of professional users. Methods included two rounds 
of virtual focus groups in six diverse regions of the continen-
tal United States, pre and post focus group session surveys, 
a third round of testing via an online survey to all previous 
participants, and inclusion in the WPC’s Hydrometeorolo-
gy Testbed Winter Weather Experiment. Two-hour focus 
groups were held with professional stakeholders including 
emergency managers, municipal officials, water resource 
professionals and transportation representatives in six WFO 
areas: Grand Rapids, MI; San Joaquin/Hanford, CA; Jackson, 
MS; Boston, MA; Omaha, NE; Boulder, CO (Figure 4). Also 
included were a virtual focus group for forecasters through-
out the CONUS (one in round one and one in Round Two), a 
virtual focus group with industry-specific groups (round one 
only), and a virtual focus group with personnel from WPC 
and NWS Headquarters (Round One only).  

The focus group discussions and surveys used products 
provided by each area’s WFO as part of a scenario about a 
severe winter storm event relevant to each geographical 
area. In round one, the WSSI was the then current WSSI 
developed by WPC. In Round Two, the same scenarios were 
used but with revised, mocked-up WSSI graphics designed 
after incorporating survey and focus group feedback from 
Round One. In Round Three, the online survey did not use 
a scenario-based approach, but rather showed a further 
revised WSSI graphic and included specific questions about 
components and legend details in order to refine product 
design recommendations and wording.

For each focus group, participants were recruited through 
partnering WFOs who provided contacts with whom the 

Figure 4. Locations of focus group audiences. WFO partners in each of 
these six areas assisted with developing scenarios used in focus groups.

Hanford, CA
Boulder, CO

Omaha, NE

Grand Rapids, MI

Jackson, MS

Boston, MA

research team connected. During each focus group session, 
participants completed a pre-session survey about winter 
storm experience, challenges, and demographic informa-
tion. Specifically, the survey asked questions such as “what 
are the most significant community or social impacts of 
winter weather events in your area?,” “how do you use and 
access NWS winter weather information?,” and “if you learn 
a significant winter event is approaching, what do you typi-
cally do with that information?” Participants were then led 
through a winter storm scenario via a presentation including 
the WSSI as it is commonly used within the local WFO – i.e., 
as part of briefing packages or weekly partner emails – to 
test the current format and delivery (examples of these pre-
sentations are provided in Appendix A). The facilitator asked 
questions about the types of decisions the users make and 
how the users have or might engage with WSSI in their de-
cision-making processes. Following the focus group discus-
sion, participants completed a post-session survey asking 
for detailed feedback on the design of the products, as well 
as the ways they would share the information provided in 
the WSSI. Specific questions included “what is the biggest 
barrier you face in responding to and/or preparing for win-
ter storm events?” and “what else would be important for 
us to know about how you gather information about winter 
weather risks and your intended actions?” Both the pre and 
post-session survey instruments, focus group transcripts 
and data are available at https://dataverse.harvard.edu/
dataset.xhtml?persistentId=doi:10.7910/DVN/H0NGXR.

Following the focus groups, survey responses were ag-
gregated and analyzed, and focus group recordings were 
transcribed and content coded using NVivo software. For 
the additional focus groups organized around sector (rather 
than geography) including industry, forecasters, and WPC/
NWS, the scenario included two regions (eastern and west-
ern US) and the full CONUS WSSI. Participants were asked 
to describe how the WSSI products were or could be used in 
decision-making and to describe the sorts of improvements 
to the product that would make them most helpful. These 
sessions were similarly surveyed, recorded and analyzed 
using NVivo software to identify key themes and trends in 
use, decision-making and recommendations across sectors.

Examples of the WSSI products used for Round One and 
Round Two in Boston are shown in Figure 5, along with 
details of the changes that were made between the two
rounds. Scenarios started from two weeks to several days
ahead of the target weather date, to incorporate the differ-
ent regional contexts. 
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2

Figure 5. Example of WSSI product used in Boston, MA in Round One (left) and Round Two (right) 
with details of the changes between the two Rounds highlighted.

Following the analysis of Round Two survey results and 
focus groups, further refinement of the product design 
and recommendations were tested with forecasters in the 
WPC’s Hydrometeorology Testbed. A discussion about the 
utility of the product for forecasters’ use and a brief survey 
were collected. Then a virtual survey was administered 
(Round Three) to ask previous focus group participants 
about specific elements and options related to the legend 
and components (Figure 6). Throughout the process, the 
research team provided interim findings and recommenda-
tions and debriefed with the WPC team which led to the im-
plementation of some recommendations, including changes 
to the legend descriptions, number of legend categories, 
title, and other graphic design changes. The transition to op-
erations is ongoing, and the iterative nature of this research 
highlights the value and effectiveness of collaboration.

Figure 6. Example of the product tested in the Round Three 
online survey.
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Results
Surveys
Focus group participants were asked to complete a pre- 
and post-session survey in each round, and all participants 
were asked to complete an online survey in Round Three. 
Participation rates are noted in Table 1. Detailed demo-
graphics are included in Appendix B. The additional focus 
groups for industry, forecasters, and WPC, are not included 
in the analysis here due to their specialized perspectives, 
but their feedback was considered by the research team in 
determining redesign options.

Across all sites the winter weather impact of most concern 
related to travel disruptions with 62% mentioning travel in 
Round One and 39% in Round Two. Power outages was the 
second most mentioned impact (31% in Round One and 13% 
in Round Two), followed by school (6% in Round One; 9% in 
Round Two) and business disruptions (12% in Round One; 
7% in Round Two). Barriers to responding to winter storms 
included unpredictable weather, the timing of storms, lack 
of confidence in forecasts, accuracy in forecasts/uncertain-
ty, and limited resources.

Focus group participants had a range of familiarity with the 
WSSI (Figure 7) with Round One having 23% not familiar 
and 12% using it regularly and Round Two having 22% not 
familiar and 22% using it regularly.

Figure 7. Focus group participants’ level of familiarity with the 
WSSI reported in pre-session surveys for Round One (top) and 

Round Two (bottom). Each location is reported along with a 
summary of all locations (far right column in each graph).

The perceived usefulness of the WSSI product varied by 
region (Figure 8) with some such as Jackson seeing less 
usefulness, and others like Boulder and Omaha finding high 
utility. Boston, Grand Rapids and Omaha all had higher 
perceived usefulness in Round Two compared to Round One. 
These high levels of usefulness across sites, and the increase 
in usefulness from Round One to Round Two support the 
effectiveness of design modifications in improving the utility 
and understandability of the product. Jackson had lower 
levels of utility for the product in part due to skepticism of 
forecasting winter weather in the area. Comments relat-
ing to needing more time with the product and a desire to 

Table 1. 
Number of participants in the surveys for each Round by location.

Figure 8. Usefulness of the WSSI reported in post-session surveys 
across all locations in Round One (top) and Round Two (bottom).
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‘ground-truth’ suggest an openness to using the product 
even with initial low confidence. See the discussion of focus 
group findings for more details.

To look at the usefulness perceptions by level of familiarity 
with the WSSI, we plotted the percentage of respondents 
in each location who stated the WSSI was useful by the 
percentage in that location who were not familiar with the 
WSSI (Figure 9). There was a lower percentage of Round One 
participants reporting usefulness even when they had famil-
iarity with the product (yellow dots on the left side of the 
graph) compared to Round Two. Comparing Round One and 
Round Two participants with less familiarity of WSSI (red and 
yellow dots on the right side of the graph), Round Two had 
a higher percentage of respondents who found WSSI useful. 
This could be due, in part, to the design changes and legend 
modifications that led to the improvement in the usefulness 
of the WSSI. The lowest dot (red dot at 25% usefulness) is 
from Jackson, MS in Round Two.

In the post-session survey, participants in each location were 
also asked about the usefulness of the other products shown 
in the focus group scenario alongside the WSSI. Each scenar-
io was customized to the location, so the number and type 
of products vary, but the following graphs show the relative 
usefulness of the WSSI compared to the other products 
presented to the focus group participants. For instance, in 
Boston, no one rated the WSSI as extremely useful in Round 
One while all other products had at least some responses 
of extremely useful. By Round Two, 50% in Boston said the 
WSSI was extremely useful (Figure 10). In Hanford, CA, the 
percentage stating WSSI was extremely useful went from 
11% in Round One to 40% in Round Two while the WSSI 
components went from 0% to 80% (Figure 15).

Figure 9. Percentage of respondents who felt the WSSI was 
useful by level of familiarity and Round.

Figure 10. Usefulness of products shown in the Boston, MA focus 
group scenarios for Round One (top) and Round Two (bottom).

Figure 11. Usefulness of products shown in the Boulder, CO focus 
group scenarios for Round One (top) and Round Two (bottom).
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Figure 12. Usefulness of products shown in the Omaha, NE focus 
group scenarios for Round One (top) and Round Two (bottom).

Figure 14. Usefulness of products shown in the Jackson, MS focus 
group scenarios for Round One (top) and Round Two (bottom).

Figure 15. Usefulness of products shown in the Hanford, CA  focus 
group scenarios for Round One (top) and Round Two (bottom).

Figure 13. Usefulness of products shown in the Grand Rapids, MI 
focus group scenarios for Round One (top) and Round Two (bottom).
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To help inform redesign considerations, the participants 
were also asked about the usefulness of WSSI product 
elements. These elements included each of the six compo-
nents, the legend, title, map overlays, ability to download, 
static images, and Forecaster’s Note. In both rounds, snow 
amount (87% Round One; 69% Round Two), ice accumu-
lation (73% Round One; 67% Round Two), and the legend 
(81% Round One; 64% Round Two) were the three elements 
ranked the highest, followed by overall impact map (71% 
Round One; 50% Round Two), map overlays (65% Round 
One; 61% Round Two) and interactivity (58% Round One; 
51% Round Two). Participants were also asked about ele-
ments that were not useful. In Round One, ground blizzard 
(31%), flash freeze (29%), and snow load (29%) were the top 
elements perceived to be less useful. In Round Two, ground 
blizzard was removed, and a wind chill product was mocked 
up instead. As a result, the elements reported as least 
useful were snow load (28%), flash freeze (22%), and the 
legend (19%). For rankings of all elements tested, please 
see Appendix B.

In addition, participants provided written comments 
related to recommendations for legend changes includ-
ing, importantly, having more about travel and less about 
property damage. Survey responses further indicated that 
a combination of a static product and interactive interface 
was preferred by a majority of all participants across all 
sites for both Round One and Round Two. A product that 
combined text and graphics was preferred (as opposed to 
just graphics or just text) by almost all participants across 
all sites and rounds. 

A majority of respondents reported that following the focus 
groups they would recommend the WSSI to other partners, 
would use the WSSI in decision-making, would seek NWS 
information about severe winter weather, and would share 
what they learned with others. One exception was par-
ticipants in Jackson in Round Two who reported that they 
were unlikely to recommend WSSI to other partners (75%) 
or use the WSSI in decision-making (50%). This may reflect 
the fact that winter weather is not as prominent a concern 
in this location or skepticism about whether the index can 
effectively capture impacts for the region.
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Focus Groups
As described earlier, focus group participants were led 
through scenarios where WSSI was included in briefings or 
other communications WFOs would typically disseminate 
with an impending event. Because WSSI is a national prod-
uct, discussion below centers on overall findings about the 
product’s design, components, and information provided 
for each round, specifically addressing the project objec-
tives presented earlier. Following that, regional differences 
are presented. 

Round One
Product display. Overall, participants thought the WSSI 
provided good situational awareness. Several mentioned 
that it provides a heads-up for planning a response. For 
instance, one participant said “… knowing that this is the 
weather impacts specifically, and that we can then make 
it a layer in our own Emergency Operations Center (EOC 
and add site specific or area specific information on top of 
that is really helpful for that full picture.” WSSI, along with 
other products, help professionals understand the situation 
and disseminate that information, as needed. Participants 
noted that the WSSI is helpful in planning and determining 
what resources and staffing might be needed where, as 
well as decisions related to closures. 

Despite the utility of the product expressed by many 
participants, there was some confusion in interpreting the 
maps. One element of this is the need for more clarity in 
product titles. The title, WSSI Overall Component, was not 
readily understood, with one participant asking “What’s a 
WSSI?” and others questioning the use of the word Com-
ponent. There was a suggestion that the word Component 
be replaced by Impact, arguing that “Since everything is 
impact-based everywhere else, I’m not sure what compo-
nent means.” It was also noted that it is not clear that the 
overall map is a combination of the six components, “…
so, if I saw this, without any other context I would go OK, 
is that the heaviest snow, is that heaviest ice, is this blow-
ing snow, what is this telling me?” In addition to the title 
of the overall map, titles of some components, such as Ice 
Accumulation and Snow Amount, caused a number of par-
ticipants to assume that quantities would be linked to the 
legend categories “…because you see the word amount and 
you’re immediately searching for totals.” This and similar 
comments made across focus groups illustrate an appar-

ent misunderstanding among some professionals of the 
impact-based purpose of the product.

Discussion of the legend categories ranged from the colors 
used to how the levels of impact are differentiated. The 
colors were seen to be effective as referenced in comments 
like “I like the colors, they make sense. I think a lot of peo-
ple understand them” and “I’m a fan of the color scheme. 
I know there’s some color schemes that are used that can 
imply the wrong you know intensities and stuff, but it is a 
pretty good color scheme.” At the same time, participants 
did not necessarily understand the differences among the 
categories in the legend. Without explanations or defini-
tions of the categories beyond the level provided (limited, 
minor, moderate, etc.), there was often difficulty sorting 
out the extent of potential impacts: “I think they just 
generally want to know more about what these different 
colors mean because the descriptions that you have there 
in the scale are kind of generalized.” It was also noted that 
“…we’re trying to condense all these sort of effects and 
categorize them into one or, one small things, but there’s a 
lot happening there.” Comments like these call for greater 
detail on the legend on each map. 

Existing and Additional Components. Consideration in the 
focus groups was given to the six components that make up 
the WSSI as well as additional components that would be 
helpful to the professionals. When asked if the components 
are useful to decision-making, and which are particularly 
important, one participant in the industry focus group said, 
“We use just about everything that’s offered, you know, 
just to make the best business decisions for our drivers 
that are out on the road.” For others, while the six compo-
nents as well as the overall are used, the relative utility of 
the components varies. As an example, flash freeze is very 
important to professionals concerned with transportation 
while blowing snow and blizzards are of particular concern 
to those in agriculture. One professional remarked with 
respect to blowing snow, “one of our biggest components 
… would be the use of this in terms of visibility.” Yet, some 
participants wondered what the difference was between 
blowing snow and ground blizzard and exactly what is con-
sidered in snow load, suggesting the need for more infor-
mation about each component to improve clarity, not just 
with detailed definitions but also the factors that are taken 
into consideration in determining the impacts of each. A 
professional from Jackson summed it up nicely: “One thing 
I had wondered about with looking at this website is, you 
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know, some of these terms we’re not going to be very 
familiar with down here like snow load. It makes sense as 
to what it was after you explained it, but it’s not something 
that’s like intuitive. And so there’s the very quick and dirty 
definitions that are there at the top, but even then, it’s still 
pretty baseless. It, there’s not a whole lot there and so like 
I need to know what a flash freeze is. What does that look 
like? What does that feel like? You know how is that going 
to impact me? I don’t need a paragraph, but I need to know 
like you know water on surfaces could, could freeze within 
an hour, that bridges will become suddenly icy, you know 
something like that. Just I feel a little lost because I’m not 
used to these snow terms.”

In all of the focus groups, there were comments about 
other impacts of winter weather that are important to their 
decision-making. Two that were mentioned consistently 
were temperatures and wind. With respect to the former, 
one professional pointed out that a couple of degrees of 
temperature change up or down can have a huge impact 
on decisions that need to be made regarding such import-
ant activities as road treatment and snow removal. It was 
recognized that wind also plays into this, a requested com-
ponent that cut across focus groups as illustrated by “… it 
would be a useful tool and save us a couple of steps if wind 
speeds, temperatures, and wind chills were also included.” 
Besides the impacts of wind chill, the impact of wind on vis-
ibility was also mentioned as being of great importance to 
their decisions and actions. Further, wind direction makes a 
difference in some regions. 

Although not a component, another need that was ex-
pressed was that of timing. It matters when the impacts are 
going to occur because, as the professionals noted, impacts 
will vary at different times, so the nature and timing of 
their decisions will need to reflect that. An obvious exam-
ple is rush hour versus later in the day or overnight, point-
ing out the importance of being able to track the impacts in 
smaller time increments than the three, two, and one day 
maps available when Round One was undertaken. 

Another request relating to the existing components was 
for historic information. As one asked, “what about archival 
data somewhere giving the link to the last three, one to 
three storms with similar forecasts in the actual impacts 
from previous storms?” Several stated that such informa-
tion allows them to put the impacts that are forecast into 
perspective because it would provide something to which 
they can relate the current event. 

Definition and Categorization of Impacts. A topic of 
particular importance in the focus groups was the catego-
ries used in the legend to differentiate impacts within each 
component as well as the definitions of each category. In all 
but one focus group, only the categories were shown with 
no explanation. As a result, participants had a difficult time 
understanding the difference among the categories, an 
example being “… that just might be my lack of use of this 
product, but like I, I don’t know, I don’t know what minor, 
moderate, major, extreme what the breakdown of that is.” 
Another participant asked “What’s the difference between 
limited and minor? It seems like it’s the same to me.” And 
others questioned why the limited category is even need-
ed. As one professional said, “For me, it’s just too general. 
It’s just, it’s not specific enough.”

There were discussions about the relative nature of the 
terms used, recognizing that what is minor to one person 
may be major to another. Again, without definitions of how 
the categories are determined, one participant asked “what 
is it that makes it minor impacts or moderate impacts? For 
me to try to understand it and then effectively communi-
cate it, I want more information, so I can know what I’m 
looking at and that’ll help me better explain it to partners.” 
In general, there was an expressed need for specific infor-
mation on what leads to an impact being categorized as, for 
example, major or extreme.

Once the factors that are included in the calculations were 
explained, discussion centered on the drivers of the catego-
rizations, particularly, the non-meteorological drivers and 
their relevance to the responsibilities of the professionals in 
the focus groups. Two issues stood out: the incorporation 
of population in the categorization and the use of major 
or extreme at high elevations. There was a difference of 
opinions about the use of population as an input to the 
impact levels, reflecting the varying responsibilities of 
the professionals in the focus groups. On one side were 
those who thought “If people don’t live there or there isn’t 
important infrastructure there … how can you have an 
extreme impact?” On the other hand, “You know for the 
people in those smaller areas I mean the impacts are going 
to be the same for them, so I don’t think we need to clas-
sify things differently just because it won’t affect as many 
people.” The issue of population density at high elevations 
led to some discussion. One professional noted that at high 
elevations that are mostly unpopulated, it might be useful 
for some components to “cap it at a certain impact level 
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or a certain threshold, like it wouldn’t be above a minor or 
moderate threshold … because it’s just snow.” On the other 
hand, infrastructure is still affected, so there are concerns 
that this needs to be reflected in the impact level so that 
professionals can determine resource needs. The discus-
sions around these factors illustrate the different needs 
and concerns both of the varying roles of the professionals 
who participated in the focus groups and of the varying 
geographies represented.

Preferences for Receiving the WSSI. Across focus groups, 
professionals liked the interactivity available on the web-
site, particularly the ability to zoom in to an area and to 
download the maps as well as the data. Having the static 
maps for briefings and other presentations is important, 
but so too is the interactivity to be able to understand 
more clearly what is forecast when. The importance of the 
three-day notice was mentioned, giving the professionals 
lead time to help with staffing and other resource consider-
ations. However, there was also a need expressed for small-

Round Two
Based on the survey results and the focus group discus-
sions, revisions were made to the WSSI for use in the 
second round of focus groups. The changes can be seen 
in Figure 5, including a title change, deletion of the limit-
ed category, muting of the color for the minor category, 
a Forecaster’s Note, and clickable tabs to provide legend 
details and forecast inputs. Definitions of the categories 
were also changed. Finally, an information icon was added 
allowing users to hover and see descriptions of the compo-
nents (see Figure 16 for snow amount used in the Hanford 
focus group).
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1) The total amount of snow.  
2) The rate at which the snow is falling.  
 
Prior to making calculations based upon the 
amount or rate of snow, climatology based 
factors are determined. Climatology is an 
important aspect to the level of impacts a 
winter storm brings. Those areas of the 
country less accustomed to snowfall will be 
less prepared to deal with snow, resulting in 
higher level of impacts compared to the 
same amount of snow in a snowier part of 
the country.  

er time increments, because as noted by one participant, 
it makes a difference if icing is going to occur overnight or 
during rush hour. Thus, while three days out provides an 
important heads up, rolling time periods (6 or 12 hours) as 
the event progresses provide the professionals with the 
ability to track the forecasted impacts spatially.

Figure 16. Information icon with pop-up window that gives the component description.
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Product display. Overall, the revised WSSI was seen as 
quite useful, at least as a starting point, for the profes-
sionals in the focus groups. “It’s a really just quick way to 
aggregate a lot of information and a lot of atmospheric 
properties into one map and kind of convey risk.” And it 
was noted that the information provided helps the profes-
sionals make decisions about the scale and locations of the 
resources that may be needed.

While the title changes led to less discussion, suggesting 
that the new titles are less problematic, it still was not 
understood in some focus groups that the overall map is 
a composite of the six components, and that one compo-
nent might well be an important part of the overall Winter 
Storm Severity Index and others less so. The Forecaster’s 
Note was seen as very useful to address this because of 
the additional information provided, whether it present-
ed the major contributor to the overall severity or, on the 
individual component maps, the anticipated level and type 
of impacts forecasted. At the same time, many noted that 
they did not even notice the Forecaster’s Note until direct-
ed to it. As one professional said, echoed by many, “It’s 
kind of hidden. Yes, the information is there, but that’s a 
pretty important piece of information that I think should be 
highlighted.” Further, as part of the Forecaster’s Note, click-
able links to watches and warnings were added, an option 
that was seen to present challenges when shared in a static 
document if the source product is not provided.

Participants were quite positive about the clickable tabs 
that provide more information. As one stated, “It doesn’t 
complicate the map for those who just want to see visually 
the impact, but if you do have folks who may be preparing 
a more detailed report or those who are really interested in 
wanting to know more, that option is there. So it’s nice to 
have available for those who need to access it, but it doesn’t 
take away from the overall objective of the document or the 
map.” It was acknowledged that most of the information 
provided would be very helpful to professionals, but there 
was some concern about its utility to executive decision 
makers in an organization, or the general public, suggest-
ing that they are not likely to click on the tabs. As before, 
however, there remained an expressed need for quantities: 
“…why not tell me the amount of snow that we’re going to 
get, rather than say minor or, or, or moderate? Tell me we’re 
gonna get two to four inches or we’re gonna get one to 
three inches, not just a color coded graph.” This and similar 
statements continue to reflect the need for greater clarity 
and/or education about this impact-based product. 

Existing and Additional Components. As in Round One, the 
utility of the components as well as that of the overall map 
was mentioned. As one professional said, “I think having 
the individual components is helpful just because when I’m 
explaining to my management team that’s trying to make a 
decision on whether to delay school or shut down for a day 
or two, the more info they have the better …. So the more 
data I can present, the better.” Further, providing the click-
able tabs that provide pop-ups describing what comprises 
each component was found to be very helpful as there 
were few questions in the focus groups about those details, 
supporting the importance of that information.

Because in Round One wind and temperatures were men-
tioned a number of times as needed components, a wind 
chill impact map was introduced in Round Two. Some 
participants saw this as an important addition, as evidenced 
by statements like “Yeah, we definitely need any wind chill 
data, timing, severity…. I think it also helps us interpret sort 
of, you know icing and snow, and you know if the wind chill, 
if it might affect you know the heavy wet snow or accumula-
tion that’s already there. So yeah, it’s an integral part of how 
we try and interpret or forecast storms and our response.” 
The importance of wind chill information to decision-mak-
ing was emphasized by one school official who noted that it 
is critical to their discussions about delaying or closing, and 
another professional who said he would use the information 
to keep their people who are in the field safe. Yet, not all 
agreed on the helpfulness of the wind chill impact map with 
one professional questioning what sort of damage wind chill 
has on property and others saying that they need to see 
numbers rather than categories of impact. Some thought 
it would be helpful, “…but in combination with at least an 
approximation of what the temperatures would be.”

Timing of impacts remained a concern, whether time of day 
or on a weekend or weekday, because of how that affects 
various responders’ operations. There was an appreciation 
for the 24-hour rolling display in 6 hour increments. “Cer-
tain decision-making points happen at certain times, so 
for us I mean 24 hours and at least 12 hours prior. I mean 
by the time we’re six hours before, we’re already moving 
into what we need to do with stuff as far as staffing and 
planning…. So I think it would be a useful tool.” Profession-
als in other positions requested more temporal detail: “I 
think there’s still issues that we’ve talked about in terms 
of explaining some of the timing or onset, or closeout that 
would either have to be conveyed in some way because 
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I know that would be a question I would still want to ask 
or know would come up and want to sort of proactively 
answer when sharing this kind of information out to folks.” 
In these situations, it matters to decision-making what 
impacts are forecast to happen within the 6 hour intervals 
and not just between them. 

Definition and Categorization of Impacts. The clickable tab 
for legend descriptions was seen by most as very helpful, 
resulting in less discussion about the difference between 
categories than occurred in Round One, with comments 
that it is a “good, general tool” providing a way to start 
understanding the situation. Having said that, there was 
concern again that what is minor, moderate, and major, for 
instance, is relative such that a “…moderate impact may be 
more severe depending on where it is” and “…it can’t be 
complete unless it’s layered upon local impact.” 

The minor category generated a great deal of discussion, 
with suggestions that it could generate a false sense of 
security. Specifically, it was noted that, while the impacts 
might not be a direct threat to life and property, it is not 
clear what the impacts are besides inconvenience. Fur-
ther, those that might occur could be more than minor, 
because, for instance, “…we know that poorly timed minor 
conditions can cause a real pile up.” And location makes a 
difference: “…if Southern Mississippi receives a fourth inch 
of snow, I guarantee it’s gonna be a direct threat to life and 
property.” One participant worried that if she communi-
cated minor to her “higher ups”, they would only consider 
basic preparedness and not worry about the potential for 
moderate or major impacts. 

The extreme category also generated discussion. One par-
ticipant said “I think this would be a terrifying map to look 
at. … I got an extreme impact right next door to us, so I 
would definitely start, well, probably already making calls,” 
while a professional in the Grand Rapids focus group said 
“The extreme should only be multi-day, multi, you know, 
up to a week impact. It should never be used except for 
the most extreme events.” The extreme category definitely 
draws attention, but the comments also indicate that the 
professionals want more specific definitions of what the 
impacts for each category are, similar to what came out of 
the Round One focus groups. As one put it, “I would expect 
OK, it’s going to be really really bad in certain areas or 
circumstances, but why? It doesn’t say why, what’s causing 

it.” A number of participants asked for examples of the 
kinds of impacts one might expect in each category with 
some requesting specific transportation impacts or impacts 
to power, while others suggested providing examples of 
potential property damage.  

The clickable tab for forecast inputs was appreciated by the 
focus group participants, but there was some discussion as 
to how helpful it is beyond the needs of the professionals 
and if it might be confusing in some cases. With respect to 
land use coverage, one noted that it is “neat info,” but he is 
not clear “…applicability wise how it would work.” Another 
said “I understand that urban areas kick things up a little 
bit, but people aren’t going to understand why one mile 
difference makes it go from red to yellow, to orange.” This 
statement reflects a continued challenge in user under-
standing of what spurs a transition between categories, as 
also expressed in Round One’s discussion of the need to 
understand thresholds for categories.

Preferences for Receiving the WSSI. Similar to the findings 
from Round One, there were positive reactions to both the 
static products and the interactive option. As one profes-
sional said, “the ability to grab different static images and 
then pull those… so we can sort of customize additional 
items beyond what’s in the typical report… is a nice func-
tion.” But the needs of the different participants vary. One 
emergency manager noted that she would want to be able 
to layer the maps in their own GIS system because what is 
shown as “…moderate impacts might be different locally 
if it’s building on something that has occurred previously.” 
And while the ability to see 6-hour intervals was seen as 
particularly helpful to their needs, a broadcast meteorolo-
gist pointed out that if the “…rolling six hour was available 
in a GIF or an MP4, downloadable even,  [that] would be 
awesome.”  

Summary. Findings from both rounds of the focus groups 
provide insights into the utility of WSSI as well as needed 
revisions to meet the needs of the various professionals. 
Table 2 provides an overview of concepts derived from the 
focus groups that illustrate both similarities and differences 
between rounds.
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Table 2. General takeaway concepts from the focus group discussions 
with example quotes from Round One and Round Two.

CONCEPT                                                     ROUND ONE                                                   ROUND TWO

WSSI useful for situational 
awareness, heads-up

“It gives you that snapshot of what is anticipated 
and that’s where, in just this one slide, it gives 
you all of that. You know, do we, are we con-
cerned with icing that maybe, may bring down 
tree limbs, power lines whatever the case may 
be, or is it going to be primarily a snow or a wind 
event? So again, at just a glance, it really gives 
you that situational awareness you need.”

“I think when you have a map depicting snow 
amount but you don’t have estimated inches, 
that’s going to confuse people as well.” 	
“From my perspective, having snow amount is 
very important because it does dictate a lot of 
our impacts to communities.”

  
“Something in the product [is needed] that pro-
vides an explanation about what the definitions 
are so you can make a judgment about whether 
it applies to your particular issues or not.” 
“You know that, I think just they [partners] just 
generally want to know more about what these 
different colors mean because the descriptions 
that you have there in the scale are kind of 
generalized.” 

“I mean, it would make us start to pay atten-
tion. I mean it kind of be on that like standby 
kind of thing, like OK there are some impacts 
at this point…I think it’s helpful to know that 
something to pay attention to…I think it is ben-
eficial and it helps me to determine who needs 
this information pushed and when.”

“I do think that by trying to add or display 
things like ice accumulation or snow amount in 
here without those actual numbers, I think it 
waters down the effectiveness of the product.”

“I still think that for me, being a quantitative 
person, you know the more detail we can get 
the better, versus the sort of qualitative thresh-
old breaks.”

“It’s just a starting point. It doesn’t sell the 
characteristics of a storm, even if it said ex-
treme impacts, what about it is extreme? So it’s 
limited in what it’s trying to tell you, I guess.”

“Is there any way to tie in the transportation 
disruption to this? Or is it just assumed that 
people will know that if there’s a threat to life 
and property that transportation is going to be 
difficult?”

“Especially when there’s like the ice accu-
mulation, I like to see that separately. And 
the wind speeds, like the blowing snow type 
situations.”

 

Impact versus quantities

Category Definitions

Utility of components

Temporal details/
information

“I think we try to use WSSI to kind of be the 
summary and to try to narrow down where 
the biggest impact might be within a particular 
area and then go into each component because 
it has different meanings.”

“For us there’s so much planning that goes 
ahead of time, so certainly day three to day 
one works very well within, you know, for state 
transportation and we have planning meetings, 
usually 24 hours prior.” 
“Because decision makers need to see if it’s 
going to be over the weekend or if it’s going 
to be at night. Those kind of things are im-
portant to us.” 
“It’s all about time of year and perception and 
what’s going on, but there there’s been a lot of 
times that when less snow or almost like some 
freezing drizzle, not an ice storm but some 
freezing drizzle, will cause much bigger events 
crash wise than the bigger events themselves.” 
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“I would like to know if there’s going to be an 
ice accumulation prior to the snow, because 
that can really change things.” 
 
“I think you know a specified more time frame 
of when you could see it [flash freeze] is proba-
bly more something that I would like to see kind 
of elaborated more, you know on that.” 
“So again 6 hours helps, but having sort of a 
larger narrative of like what happens even with-
in that six hours, right? Are we waiting for, are 
the major impacts at the end of that six hours, 
throughout the six hours, right smack in the 
middle? Do they happen twice? Do they go up 
and down and up?”



CONCEPT                                                     ROUND ONE                                                   ROUND TWO

Interactivity “And I like the ability if I’m understanding 
the new product correctly, the ability to grab 
different static images and then pull those. I 
do like that option so we can sort of customize 
additional items beyond what’s in the typical 
report, so that is a nice function.”

“I know that you know the topography obvious-
ly has an impact here and I’m sure that’s why 
those things are there, but it doesn’t present, 
none of that is, you know, this is there’s nothing 
about elevation, there’s nothing about terrain.” 
“For us we’re more rural and so blowing, drift-
ing, snow, and visibilities are less of a concern 
for us because we don’t have those visibility 
factors like on the freeways. so for us, it’s that 
heavier snow that can cause more impacts.” 
“I think it also depends on how the population 
and individuals themselves regard their vulner-
ability to these impacts. In my neighborhood, 
extreme impacts would be a week long power 
outage, nothing else, but in other areas, you 
know, a moderate impact might be a purple. 
And so I think it depends on your population, 
your, you know, the vulnerability index, if that 
makes any sense.”

“Wind chill: I think it would be helpful, but in 
combination with at least an approximation of 
what the temperatures would be.”
 

Impact categorization 
depends on location

Wind and temperature 
information sought

“So, it would be very useful if it was standardized 
for, you know, less common, in other words, less 
frequent impacts we don’t have as good a deter-
mination as far as what that local impact is going 
to be. With snow, because it’s so frequent, we 
have a pretty good determination of what that 
impact will be ahead of time. This product would 
only confirm it, but with ice or wind impacts it 
would be more useful, frankly.”

“When we look at those subject matter experts 
and snow removal and treating the pavement, 
the matter of a couple of degrees one way or 
another can have a significant impact on their 
plans to prepare and then to respond. And 
obviously wind plays into that as well. So, if we’re 
talking about wind chill, things along those lines, 
that, those are very important variables for that 
equation.”

More information needed 
by some, too much for 
others (forecast inputs)

“Forgive me for not knowing all of the details of 
what goes into each component of the index, 
but just anecdotally it tends to be pretty over-
done with snowstorms in a lot of, in a number 
of cases, especially in the urban areas.”

“Without [the] additional information, it’s 
not explaining enough.”

“I think that’s very helpful as a pop up so 
you can see exactly, you know, what is being 
factored into the impact analysis.”

“Knowing that this is the weather impacts spe-
cifically, and that we can then make it a layer 
in our own EOC and add site specific or area 
specific information on top of that is really 
helpful for that full picture.”

18	         	                                                  Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting  	



Regional Differences

WSSI is a national product, providing the same components 
and category definitions everywhere. To address differences 
across the country, as mentioned above, impact levels are 
adjusted based on climatology, population density, and land 
use. Yet, in both rounds of focus groups, regional differences 
became clear that might affect the potential utility of WSSI 
because of the possibility of misclassification of impacts. 
For instance, as was pointed out in Jackson, MS: “you’re in 
Mississippi, your impacts are going to be impactful, your 
winter weather stuff is going to be impactful.” And the types 
of winter weather experienced in the South are different 
than elsewhere in the country: “some of these terms we’re 
not going to be very familiar with down here like snow load. 
It makes sense as to what it was after you explained it, but 
it’s not something that’s like intuitive.”

Some of the discussion in the focus groups in the Grand 
Rapids region centered on lake effect and the difficulty in 
addressing it in the WSSI. As an example, in 2016, a 53-car 
pile up on an interstate caused three deaths, and one pro-
fessional pointed out that “…it happened in a minor impact 
forecast.” There is concern about how unpredictable lake ef-
fect events can be with respect to what area they will affect, 
particularly given problems when motorists “…drive from 
sunshine to a band of lake effect that is two miles wide.” 
Thus, participants noted that wind speed and direction as 
well as the scale of lake effect events pose issues for deter-
mining impact severity.

Another regional difference came up in the Boulder and 
Hanford focus groups, relating to the role of elevation. 
There was some confusion as to the categories used in 
mountainous areas. On one hand, a participant asked with 
respect to the snow amount map, “it is appearing that the 
moderate impacts are kind of on the western faces of those 
mountains, tapering off as it gets higher into elevation, …but 
is that meaning that the impacts and that level is adjusted 
based on elevation?” The lower population at that location 
led to the lowering of the impact category, a factor that 
was not readily understood. Yet, in another scenario, the 
WSSI showed major and extreme impacts at high elevations, 
which was contested by the participants because there are 
few people and communities to be affected. Similarly, profes-
sionals wanted to have a better idea of the elevation at which 
the snow and ice are occurring: “This [the ice accumulation 

WSSI map] plus the elevation data would be helpful because 
it would give us a better understanding of, you know, the 
roads and communities where people are used to ice being 
impacted, or is it getting down further to the areas where it is 
less common for people to deal with it.”

These three examples illustrate the needs as they vary geo-
graphically across the country. While the WSSI provides an 
important product to bring attention to potential impacts 
of an impending storm, it is one part of an overall package.
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To address differences across the country, ... 
impact levels are adjusted based on 

climatology, population density, and land use. 
Yet, in both rounds of focus groups, regional 

differences became clear that might affect the 
potential utility of WSSI because of the possi-

bility of misclassification of impacts. 



Round Three Survey
All previous focus group participants were invited to take an 
online survey about the redesigned WSSI in Round Three. A 
54% response rate (44 responses) provided feedback on two 
legend options and several elements of the WSSI product. 
Overall participants found the redesign extremely or very 
helpful with 75% reporting high usefulness (Figure 17).

The redesign focused on changes to the legend. When given 
two options for an updated legend with travel and power 
outage details, a bulleted, more detailed legend (Option A) 
was preferred by most (61% of all participants) compared 
to a simple, less detailed legend (Option B), though pref-
erences differed by region. The percentage choosing each 
option is shown in Figure 18. Option A was mainly preferred 
because it made specific impacts clear.

Option A

Redesigned 
WSSI helpful?

Figure 17. Participants’ rating of the helpfulness of the redesigned 
WSSI with participants from all locations reporting.

Option B

Figure 18. Legend options and percentage of respondents 
who preferred Option A or Option B.

OPTION A VS OPTION B
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Redesigned 
WSSI helpful?

Label for No Impact Category

Figure 19. Respondents’ preference for labeling the no impact 
category.

Additional Details Helpful?

Figure 20. Survey responses related to helpfulness of the expanded 
legend details, forecast inputs, and Forecaster’s Note elements in 
the redesigned WSSI.

Figure 21. Ranking by value of the various elements of the WSSI 
interactive web page.

What options on webpage are most useful?

Component Usefulness
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Figure 22. Usefulness of each component of the WSSI as reported 
in the Round Three Online Survey
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Further, respondents were asked what they recommended 
calling the no/limited impact category which was labeled 
“Winter Weather Footprint.” This area could experience 
up to 1/10 inch of snow, active snow or may have a limited 
threat for ground blizzard or potential for flash freeze, but 
impacts are minimal to none. The responses were fairly 
diffuse with no clear preference for the label (Figure 19). 

The redesigned WSSI also had the option to have an ex-
pandable legend and forecast inputs. The expanded legend 
provided more details on what each category included, and 
the forecast inputs provided details on what parameters 
were included in the WSSI. Having the ability to expand 
legend details was seen as very helpful by a majority of 
respondents, while the forecast inputs (expanded details 
on what goes into the WSSI calculation) was less helpful 
(Figure 20). This may be due to different levels of user 
ability and interest. The Forecaster’s Note, a white bar at 
the top of the graphic that provides a short text summary 
of the forecast highlights, was ranked as very or extremely 
helpful by most respondents.

The survey also asked about the current WSSI webpage 
and what features were most useful. The ability to see 
individual days (Days 1, 2, 3, and Days 1-3) was valued as 
was the ability to zoom and to break out the components 
(Figure 21). Of the six components, snow amount and ice 
accumulation (Figure 22) were rated highest, while snow 
load, flash freeze and ground blizzard had lower rankings 
of usefulness.

Not at all helpful     	 Slightly helpful     	 Moderately helpful

Very helpful	 Extremely helpful

Not at all useful     	 Slightly useful     	 Moderately useful 

Very useful 	 Extremely useful 



The 12th Winter Weather Experiment in the WPC’s Hy-
drometeorology Testbed had six objectives, one of which 
was to evaluate the redesigned WSSI in parallel with the 
operational WSSI. Analyses of the surveys and focus group 
discussions, presented in the previous sections, led to 
recommendations for a redesigned WSSI product. The 
WPC WSSI team has already implemented several of these 
recommendations and there have been several iterations 
of legend descriptions, some of which were tested in the 
Winter Weather Hydrometeorology Testbed. Participants in 
the testbed, including NWS forecasters from both WFO and 
National Centers, FEMA personnel, university researchers, 
and model developers, were asked to discuss the use of 
the WSSI product and then respond to a short survey about 
what they liked or disliked about it and what impact leg-
end they preferred. Of 33 respondents, 85% preferred the 

Winter Weather Hydrometeorology Testbed
proposed iteration tested. Specifically, the combination of 
limited and no impacts was a prominent part of the discus-
sion, with the majority (73%) of the participants preferring 
the combination of those categories, though some noted 
the language still needed work. 

The legend has been further refined and modified since the 
testbed and now includes bullets under each category and a 
focus on travel conditions. Additionally, the Limited impacts 
category was removed and the no impacts/limited impacts 
was replaced with Winter Weather Area. These changes 
were implemented after the Round Three online survey that 
was conducted in order to gather more information about 
the proposed changes, including what to call the combined 
no/limited impact category.

Figure 23. The current and proposed WSSI legend descriptions 
tested as part of the 2022 Winter Weather Hydrometeorological 
Testbed. Figure 24. Current WSSI legend impact definitions 

as of January 2023.
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Winter Weather Hydrometeorology Testbed Discussion and Conclusion
Findings from the focus groups and surveys reflect the 
complexity of interpreting impacts across regions through 
a national product with a uniform template. Overall, users 
saw WSSI as likely to be helpful for a “heads-up” or high-lev-
el guidance when considering impacts and resource needs. 
Users see WSSI as a simple way to communicate risk to dif-
ferent stakeholders, and will incorporate it as a part of the 
overall weather data package used for decision-making. 
However, different geographies, winter weather experienc-
es, and cultural expectations for winter weather forecasts 
mean that the WSSI is likely to be more helpful in some 
regions than others, and that some regions with less winter 
weather experience may require a longer user ramp-up 
period to establish the usefulness of the product in opera-
tions. Users inherently understand that their regions have 
specific considerations (among them experience, elevation, 
and population) that affect how serious the impacts may be 
from any given winter storm, and are accustomed to using 
forecast data to determine that severity. Multiple users sug-
gested that their own sense of moderate or major is likely to 
differ from another region’s, and sought assurance that the 
product had incorporated those factors in the categoriza-
tion. Additionally, the impact-based nature of the product is 
still relatively new to many of the professional users though 
they indicated they will incorporate the product into their 
decision-making. As discussed above, although the WSSI 
does consider climate in its calculation of categories, users 
nonetheless requested quantities for components including 
snow amount and ice accumulation, in some cases intend-
ing to correlate those amounts into their internal processes 
for determining threshold decisions - in essence, to deter-
mine their own categorization of the severity of impacts. 
An impact-based product, by design, works differently, and 
users appear to require more experience and clarification 
about the goals of the product in order to use it appropri-
ately. Training over time, as well as careful explanation of 
categories, will help users as they incorporate severity levels 
into their operational systems.

Other factors, like timing and community readiness, can 
also affect how severity levels are interpreted. For instance, 
users reported that the same winter storm event might have 
different degrees of impact if it is the first snow or ice event 
of the season than if it came later in the season. And the 

community’s overall experience and preparedness are also 
factors: areas that are used to snow and have equipment 
to handle transportation and power impacts have higher 
thresholds for impact than those typically not as frequently 
affected by winter weather. 

Beyond the severity levels, understanding the details of the 
impacts is also important to users. First, specific impacts are 
of higher importance than others - travel impacts; the po-
tential for interruptions to operations for schools, business-
es and institutions; and health impacts from extreme cold 
and wind - emerge as most critical, while impacts to proper-
ty overall rank of lesser importance and frequency. As such, 
some components, including snow amount, ice amount 
and wind chill were useful to many groups, while others, 
like snow load or flash freeze, are useful in some areas but 
not all. Further, visibility was important but many users did 
not distinguish between the components Blowing Snow 
and Ground Blizzard, and for this purpose, we recommend 
combining these into one component called Blowing Snow, 
which could encompass both types of events and capture 
the impact - reduced visibility - that is of importance to the 
user. At the same time, addition of a Wind Chill Impact Se-
verity map was seen as essential by most participants across 
regions. For all groups, however, clear and specific legend 
language about those impacts is central. Vague phrases like 
“disruption to daily life” are less helpful than direct language 
about travel impacts and risks to human safety and health.  

As noted, reception of the WSSI was generally strong and 
positive across most regions and groups tested. But it 
was also clear that additional context was often required 
to clearly communicate the severity of impacts. It is rec-
ommended that the WSSI be incorporated and described 
through emergency briefings from WFOs directly to users, 
especially during its initial years of use as the product is 
refined and incorporated into decision-making processes. 
Through briefings, WFOs can address the other stated needs 
of users, such as quantities for snow and ice amounts, and 
also can explain the ways in which the WSSI accounts for 
regional climatological as well as non-climatological factors, 
such as population density and land use. Inclusion of a Fore-
casters’ Note is highly recommended to help clarify which of 
the components is driving the impact levels, and to link to 
other useful information, such as active watches or warn-
ings that may be in effect. Indeed, continuing to advance 
the interactive components of the product is important for 
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the integration of the information into decision-making; but 
in some areas, a static product will still be required. 

The introduction of an impact-based product presents a 
new model for winter weather forecast communication. The 
process of iterative testing, revision, retesting - and notably, 
testing in the Hydrometeorology Testbed - produced an 
evolving understanding of how users can and should best 
receive impact-based winter storm information. But this 
project represents just the beginning of the learning in this 
regard, and continued user testing as the product evolves 
will be important. Specifically, any forthcoming revisions to 
legend language should be user-tested to avoid unintended 
confusion or loss of clarity, and WFOs should continue to 
identify needs through feedback from stakeholders regard-
ing communication of the WSSI through briefings or other 
communications. Impact-based winter weather information 
from the WSSI holds great promise for use, and is still evolv-
ing. In the interim, education, training, and careful attention 
to descriptions of categories and legends will be central to 
ensuring that WSSI is a helpful tool for decision-making. 

24	         	                                                  Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting  	



References
Bean, H., J. Sutton, B.F. Liu, S. Madden, M.M. Wood, D.S. Mileti. 2015. The study of mobile public warning messages: a re-
search review and agenda, Review of  Communication 15: 60–80, https://doi.org/10.1080/15358593.2015.1014402

Broad, K., A. Leiserowitz, J. Weinkle, and M. Steketee. 2007. Misinterpretations of the “cone of uncertainty” in Florida 
during the 2004 hurricane season, Bulletin of the American Meteorological Society 88: 651–668, https://doi.org/10.1175/
BAMS-88-5-651.

Call, D.A. 2010. A survey of county emergency managers’ response to ice storms. Journal of Homeland Security and Emer-
gency Management 7: Article 32.

Call, D.A. and J.S. Coleman. 2012. The decision process behind inclement-weather school closings: a case-study in Mary-
land, USA. Meteorological Applications. DOI: 10.1002/met.1359.

Casteel, M. 2016. Communicating increased risk: An empirical investigation of the National Weather Service’s impact-based 
warnings. Weather, Climate, and Society 8: 219–232, https://doi.org/10.1175/WCAS-D-15-0044.1.

Casteel, M. 2018.An empirical assessment of impact based tornado warnings on shelter in place decisions. International 
Journal of Disaster Risk Reduction 30: 25–33, https://doi.org/10.1016/j.ijdrr.2018.01.036.

Dallo, I., Stauffacher, M., and Marti, M. 2020. What defines the success of maps and additional information on a multi-haz-
ard platform? International Journal of Disaster Risk Reduction 49, 101761, https://doi.org/10.1016/j.ijdrr.2020.101761

Drobot, S. D. 2007. Evaluation of winter storm warnings: A case study of the Colorado Front Range December 20-21,2006, 
winter storm. Quick Response Research Report 192. University of Colorado Natural Hazards Center.

Drobot, S., C. Schmidt, and J. Demuth. 2008. The January 5-6, 2008, California winter storm: assessing information sources, 
actions, and damages. Quick Response Research Report 207. University of Colorado Natural Hazards Center.

Galluppi, K., J. Losego, and B. Montz. 2013. Evaluation of the effectiveness of the Central Region Impact Based Warning 
Demonstration. Report to the NWS Central Region Headquarters. https://repository.library.noaa.gov/view/noaa/28893

Hogan Carr, R., B.E. Montz, K. Semmens, K. Maxfield, S. Hoekstra, and E. Goldman. 2016a. Motivating action under uncer-
tain conditions: enhancing emergency briefings during coastal storms. Weather, Climate and Society 8: 421-434, https://doi.
org/10.1175/WCAS-D-16-0028.1.

Hogan Carr, R., B.E. Montz, K. Maxfield, S. Hoekstra, K. Semmens, and E. Goldman. 2016b. Effectively communicating risk 
and uncertainty to the public: assessing the National Weather Service’s flood forecast and warning tools. Bulletin of the 
American Meteorological Society 97(9): 1649-1665, https://doi.org/10.1175/BAMS-D-14-00248.1

Hogan Carr, R., Montz, B., Semmens, K., Maxfield, K., Connolly, S., Ahnert, P., Shedd, R., and Elliott, J. 2018. Major Risks, 
Uncertain Outcomes: Making Ensemble Forecasts Work for Multiple Audiences. Weather and Forecasting 33(5): 1359-1373. 
https://doi.org/10.1175/WAF-D-18-0018.1. 

Kox, T., C. Lüder, and L. Gerhold. 2018. Anticipation and response: Emergency services in severe weather situations in Ger-
many. International Journal of Disaster Risk Science, 9: 116–128, https://doi.org/10.1007/s13753-018-0163-z.

LeClerc, J. and S. Joslyn. 2015. The cry wolf effect and weather‐related decision making. Risk Analysis 35(3): 385-395.

Montz, B.E., K.J. Galluppi, J.L. Losego, and C.F. Smith. 2015. Winter weather decision-making: North Carolina school clos-
ings, 2010-11. Meteorological Applications 22: 323-333, https://doi.org/10.1002/met.1457.

Morss, R.E., Wilhemi, O.V., Downton, M.W., and Gruntfest, E. 2005. Flood risk, uncertainty, and scientific information for de-
cision making: lessons from an interdisciplinary project. Bulletin of the American Meteorological Society 86(11): 1593-1601.

Morss, R. E., J. L. Demuth, J. K. Lazo, K. Dickinson, H. Lazrus, and B. H. Morrow. 2016. Understanding public hurricane 
evacuation decisions and responses to forecast and warning messages. Weather and Forecasting 31: 395–417, https://doi.
org/10.1175/WAF-D-15-0066.1.

Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting	     	   	                        25



Morss, R. E., C. L. Cuite, J. L. Demuth, W. K. Hallman, and R. L. Shwom. 2018. Is storm surge scary? The influence of hazard, 
impact, and fear-based messages and individual differences on responses to hurricane risks in the U.S. International Journal 
of Disaster Risk Reduction 30: 44–58, https://doi.org/10.1016/j.ijdrr.2018.01.023.

Nichols, A.C. and S.  Hoekstra.  2011.  Buses, bars, and breakdowns: non-weather factors affecting decision-making at K-12 
schools and universities during Tornado warnings. Presentation at the American Meteorological Society Annual Meeting, 
Seattle, WA. http://ams.confex.com/ams/39BROADCAST/flvgateway.cgi/id/18157?recordingid=181.

Potter, S., P. Kreft, P. Milojev, C. Noble, B. Montz, A. Dhellemmes, R.J. Woods, and S. Gauden-Ing. 2018. The influence of im-
pact-based severe weather warnings on risk perceptions and intended protective actions. International Journal of Disaster 
Risk Reduction 30 (Part A): 34-43, https://doi.org/10.1016/j.ijdrr.2018.03.031

Potter, S., S. Harrison, and P. Kreft. 2021. The benefits and challenges of implementing impact-based severe weather warn-
ing systems: Perspectives of weather, flood, and emergency management personnel. Weather, Climate, and Society 13: 
303-314, https://doi.org/10.1175/WCAS-D-20-0110.1

Ripberger, J. T., C. L. Silva, H. C. Jenkins-Smith, and M. James. 2015. The influence of consequence-based messages on pub-
lic responses to tornado warnings. Bulletin of the American Meteorological Society 96: 577–590, https://doi.org/10.1175/
BAMS-D-13-00213.1.

Savelli, S. and S. Joslyn. 2013. The advantages of predictive interval forecasts for non-expert users and the impact of visu-
alizations: advantages of predictive interval forecasts. Applied Cognitive Psychology 27: 527–541, https://doi.org/10.1002/
acp.2932

Sherman-Morris, K. 2013. The public response to hazardous weather events: 25 years of research. Geography Compass 
7(10): 669-744.

Strong, C.K., Z. Ye, and X. Shi. 2010. Safety effects of winter weather: the state of knowledge and remaining challenges. 
Transport Reviews 30(6): 677-699.

Weather Prediction Center. 2020. Winter Storm Severity Index (WSSI) Product Description Document. https://nws.weather.
gov/products/PDD/PDD_OplWSSI_2020-2021.pdf. Accessed June 2023.

Weyrich, P., A. Scolobig, D.N. Bresch, and A. Patt. 2018. Effects of impact-based warnings and behavioral recommendations 
for extreme weather events. Weather, Climate, and Society 10: 781–796, https://doi.org/10.1175/WCAS-D-18-0038.1.

World Meteorological Organization, 2015. WMO guidelines on multi-hazard impact-based forecast and warning services. 
WMO Doc. 1150, 34 pp., https://library.wmo.int/doc_num.php?explnum_id=7901.

Ye, Z., X. Shi, C. Strong, and T. Greenfield. 2009. Evaluation of the effects of weather information on winter maintenance 
costs. Transportation Research Record 2017: 104–110.

26	         	                                                  Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting  	



Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting	     	   	                         27

APPENDICES
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AND ROUND TWO (BOSTON)

APPENDIX B. DETAILED SURVEY RESULTS FROM ROUND ONE AND ROUND TWO 
INCLUDING DEMOGRAPHICS AND RANKINGS OF ALL ELEMENTS IN THE WSSI
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APPENDIX B - 
DETAILED SURVEY RESULTS FROM ROUND ONE AND ROUND TWO 
INCLUDING DEMOGRAPHICS AND RANKINGS OF ALL ELEMENTS IN THE WSSI

Familiar with WSSI?
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Experience with Severe Winter Weather?

Shared Official Warning Messages

Prepared for or Directed Others to Prepare for Winter Storm?
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Gender

Age

Education



Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting	     	   	                        83

Length of Time in Position

Professional Positions (Overall)
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Where Do You Get Info About Severe Winter Weather?

Winter Weather of Most Concern
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Most Significant Community Impact of Winter Weather (All Sites)

Usefulness of WSSI Round 1

Usefulness of WSSI Elements Across All Sites
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Usefulness of WSSI Elements by Site

Not Useful Elements Across All Sites

Not Useful WSSI Elements



Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting	     	   	                         87



88	         	                                                  Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting  	



Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting	     	   	                         89



Where Do You Get Info About Severe Winter Weather?
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Most Significant Community Impact of Winter Weather (All Sites)
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Usefulness of WSSI Round 2
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