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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, Ml; 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

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.

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.
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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
WSSl 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 WSSl 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 WSSl 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:
o 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;

« |dentify how users want to receive the information;

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

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



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).

Situational
Awareness

| e

Knowledge/
Experience

Weather f
Plans/Procedures ]
(g Factors Yy,
. A“““‘ A '.."'ul

-~

Decisions Made

[ Actions Taken ]

t

f Responsibilities/
Capabilities

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

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
WSSl 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:

o 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;

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

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

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.

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



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, Ml; 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).

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

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

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?persistentld=doi:10.7910/DVN/HONGXR.

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.

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

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

Round Round Round

One Two Three
Boston, MA 8 6 6
Boulder, CO 8 6 6
Grand Rapids, Ml 13 8 13
Hanford, CA 9 5 8
Jackson, MS 9 4 7
Omaha, NE 6 3 4

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.

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

Round One
0%
13% 15%
0%
0% 20% 23%
0% 8% 24% 24%
0% 20%
o
0% 63% 54% 35%
0% 11%
0% 22%
0%
0%
0%
0%
Boston Boulder Grand Rapids Hanford Jackson Omaha All
M Yes, luseitregularly  mYes, | have used it a few times Yes, | have heard aboutit No
Round Two
100%
13%
90% 43 5 22%
809 33% 0% 33%
70%
25%
60% 50% 17%
50%
40% 75%
30%
20%
10%
0%
Boston Boulder Grand Rapids Hanford Jackson Omaha All
mYes, |use it regularly B Yes, | have used it a few times Yes, | have heard about it No

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).

Round 1
100%
0% 13% 5% 17%
80% 33%
70% S0 56%
60%
50%
40%
30%
20%
10%
0%
Boston Boulder  Grand Rapids  Hanford Jackson Omaha
W Ext/Very Useful Slight/Not useful
Round 2
100%
90% 17% 20% 20%
80% 38%
70%
60% 75%
50%
40%
30%
20%
10% .
0%
Boston Boulder ~ Grand Rapids  Hanford Jackson Omaha

B Ext/Very Useful Slight/Not useful

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.
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= 50%
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2 30%
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20%

10%
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Percentage Not Familiar with WSSI
®R2 Useful
R1 Useful

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

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).
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o0% 25% 25% 25% 25%
80%
5 50%
70% 63% 38% 38%
60%
38%
50% 50% 50%
a0%
30%
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Main Points  Summary of Total Snowfall Probability of Precipitation Wind Gusts wssl Winter Ice Accum
Impacts Forecast Snow Tvoe weather
B Extremely useful Very useful Slightly useful Not at all useful

90% 17% 17% 17%
33% 33% 33%

33% 33%

50%
67%
50%
3 33%
0%
30%
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20%
. I I I
0%

Main Points Summary  Total Snowfall  Probability of Precipitation

Snow Type
m Extremely useful Very useful

Wind Gusts wsst Watch/warning Ice Accumulation

Slightly useful

Figure 10. Usefulness of products shown in the Boston, MA focus
group scenarios for Round One (top) and Round Two (bottom).
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100%
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80% 40% 40%
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- . .
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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).
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Figure 13. Usefulness of products shown in the Grand Rapids, Ml

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).
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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.

Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting
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One; 69% Round Two), ice accumulation (73%
Round One; 67% Round Two), and the legend

(81% Round One; 64% Round Two) were the
three elements ranked the highest.
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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 | saw this, without any other context | 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. | think a lot of peo-
ple understand them” and “I’'m a fan of the color scheme.

| 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
| 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? | don’t need a paragraph, but | 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 | 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, | 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, | want more information, so | 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 | mean the impacts are going
to be the same for them, so | 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-

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.

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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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 | 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 | 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.... | 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 | mean 24 hours and at least 12 hours prior. | 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 | 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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| know that would be a question | 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, | 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. ... | got an extreme impact right next door to us, so |
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, “l would expect
0K, 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 “l 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

WSSI useful for situational
awareness, heads-up

Impact versus quantities

Category Definitions

Utility of components

Temporal details/
information

ROUND ONE

“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, | 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 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.”

ROUND TWO

“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, | 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, | 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, | like to see that separately. And
the wind speeds, like the blowing snow type
situations.”

“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 | 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?”
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CONCEPT

Interactivity

Impact categorization
depends on location

Wind and temperature
information sought

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

ROUND ONE

“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.”

“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.”

“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.”

ROUND TWO

“And | like the ability if I'm understanding

the new product correctly, the ability to grab
different static images and then pull those. |
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 | think it depends on your population,
your, you know, the vulnerability index, if that
makes any sense.”

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

“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.”
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Regional Differences

WSSl 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

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

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.

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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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.

Redesigned

WSS helpful? !

Extremely

/_helpful
16%

7
Moderately
= helpful
Very helpful 16%
59%

2
\ Not at all helprI

4%

2
\\Slightlv helpful
5%

Figure 17. Participants’ rating of the helpfulness of the redesigned

WSSI with participants from all locations reporting.

Option A
Potential Winter Storm Impacts Winter Storm Severity Index (WSSI) Issued: Mon, Feb 15,2021 8am ET
] ____IMinorimpacts | ] Moderate Impacts | [l Major Impacts I Extreme Impacts
Winter Expect a few Expect disruptions Expect considerable Expect substantial disruptions
Weather inconveniences to daily life. disruptions to daily life. to daily life.
Footprint to daily life. * Hazardous driving « Dangerous or impossible * Extremely dangerous or
Expect winter | = Winter driving conditions. Use caution driving conditions. impossible driving conditions.
weather. conditions. Use caution while driving. Avoid travel if possible Travel is not advised.
while driving. « Closures and disruptions ] ’ * Extensive and widespread
to infrastructure may + Widespread closures and closures and disruptions to
occur. disruptions to infrastructure infrastructure may occur.
may occur. « Life-saving actions may be
needed.
Option B
Potential Winter Storm Impacts Winter Storm Severity Index (WSSI) (i)
[ INolImpacts| [ | MinorImpacts | [[] Moderate Impacts | [l Major Impacts | [JJJJJ] Extreme Impacts
Impacts not Use caution when Expect hazardous Widespread, dangerous | Extensive and widespread
expected driving; expect minor | travel conditions, travel conditions, disruption to daily life and
inconvenience to possible closures and closures, possible power | travel, power outages, and
daily life. disruption to daily life. outages and property destruction of property,
damage likely. life-saving actions may be
needed.
OPTION A vs OPTION B
100
90 17 25
80 43
w 70 60 63
2 60
Z 50
£ 40 E 75
= 30 57
20 40 38
10
0 . .
BOSTON BOULDER GRAND HANFORD JACKSON owmana | Figure 18.Legend options and percentage of respondents
RAPIDS who preferred Option A or Option B.
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Figure 19. Respondents’ preference for labeling the no impact
category.
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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.

Figure 20. Survey responses related to helpfulness of the expanded
legend details, forecast inputs, and Forecaster’s Note elements in
the redesigned WSSI.
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Figure 21. Ranking by value of the various elements of the WSSI
interactive web page.

Figure 22. Usefulness of each component of the WSSI as reported
in the Round Three Online Survey
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Winter Weather Hydrometeorology Testbed

The 12th Winter Weather Experiment in the WPC’s Hy-
drometeorology Testbed had six objectives, one of which
was to evaluate the redesigned WSSl 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

Current NDFD WSSI Proposed NDFD WSSI

Potential Winter Storm Impacts | [Potential Winter Storm Impacts
[ No Impacts

Impacts not expected

| Minor Impacts
Use caution when traveling,
expect a few
inconveniences to daily life

| | Moderate Impacts

No Impacts
Impacts not expected.

Limited Impacts
Rarely a direct threat to life and property.
Typically results in little inconveniences.

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.

Potential Winter Storm Impacts

Winter Weather Area
Expect Winter Weather.
+ Winter driving conditions. Drive carefully.

Minor Impacts
Expect a few inconveniences to daily life.
« Winter driving conditions. Use caution while
driving.

Moderate Impacts
Expect disruptions to daily life.
+ Hazardous driving conditions. Use extra
caution while driving.

Minor Impacts
Rarely a direct threat to life and property.
Typically results in an inconvenience to
daily life.

Moderate Impacts
Often threatening to life and property,
some damage unavoidable. Typically
results in disruptions to daily life.

Major Impacts
Extensive property damage likely, life
saving actions needed. Wil likely result in
major disruptions to daily life.

Extreme Impacts
Extensive and widespread severe property
damage, life saving actions will be needed
Results in extreme disruptions to daily life.

Expect hazardous travel
conditions, closures and
disruptions to daily life
- Major Impacts
Widespread dangerous
travel conditions, closures,
disruptions to
infrastructure and daily life

- Extreme Impacts

Extensive and widespread
disruptions to daily life,
travel and infrastructure;

life-saving actions
may be needed.

+ Closures and disruptions to infrastructure may
occur.

Major Impacts
Expect considerable disruptions to daily life.
+ Dangerous or impossible driving conditions.
Avoid travel if possible.
+ Widespread closures and disruptions to
infrastructure may occur.

Figure 23. The current and proposed WSSI legend descriptions

Extreme Impacts
Expect substantial disruptions to daily life.
+ Extremely dangerous or impossible driving
conditions. Travel is not advised.
+ Extensive and widespread closures and
disruptions to infrastructure may occur.
+ Life-saving actions may be needed.

tested as part of the 2022 Winter Weather Hydrometeorological
Testbed.

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

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



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 WSSl 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 WSSl is a helpful tool for decision-making.
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APPENDICES

APPENDIX A. EXAMPLES OF FOCUS GROUP PRESENTATIONS FOR ROUND ONE (GRAND RAPIDS)
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 A:

EXAMPLES OF FOCUS GROUP PRESENTATIONS
FOR ROUND ONE (GRAND RAPIDS)

AND ROUND TWO (BOSTON)

Project Team and Partners

Nurture Nature Center

Rachel Hogan Carr, Executive Director (Pl); Dr. Kathryn Semmens, Science Director (CO-1); Keri Maxfield, Art Director
(co-)

East Carolina University
Dr. Burrell Montz, Professor of Geography, Planning and Environment (CO-PI)
NOAA

LEAD NOAA COLLABORATOR, Dr. Joshua Kastman, CIRES/WPC (Cooperative Institute for Research in Environmental
Sciences/Weather Prediction Center) (CO-l)

NOAA COLLABORATORS: Dr. Kirstin Harnos, CIRES/WPC (CO-1) and James Nelson, WPC

Focus Group Agenda

Introduction to the Project and Introduction of all Participants
Pre-session survey
Scenario 1
Scenario 2
Postsession survey
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Scenario 1

" 4

Winter Storm Severity Index

Improving Storm Readiness through Severity

and Social Impact Forecasting

ROUND ONE - GRAND RAPIDS

This pressntation from the Nurture Nature Center, Inc. was prepared under gront awand number NA2OOARSSI0355 from the foint Technology Tronsfer inftiotive Program of
the National Oceanic and Atmaspheric Aadministration [NOAA), U.S. Department of Commerce. The statements, findings, conclusions and recommendations are thase of the
outhor(s] and do not necessarily reflect those af NOAA or of the ULS. Department of Commerce.

o A Icy Conditions Possible
January 9, 2021

Ice could begin the morning of the 9th
_\"-Twm., and last late into the night

What to Expect:

e
‘ Ice amounts > 0.25” possible

Roads may become slippery

Precipitation

— Scattered power outages

. = i

National Weather Service

Grand Rapids, Michigan Weather.gov/GrandRapids Published January 6, 2021
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Significant Ice to Impact Michigan
; January 9, 2021

Key Points
o Power outage potential is increasing and could last beyond a day or two
e Ice amounts of 0.25”-0.50” likely
e Temperatures will be close to freezing; icy roads, bridges, and overpasses possible
e Commute delays and event delays/cancellations likely

® 24 hour break before snow + cold + wind moves in late January 10

IMPACTS DESCRIPTION

None Mo Significant Weather Expected

| |
I ol

1 st iy Sy | g Limited Little to No Impact on Daily Life
& - 5 Low risk for some travel inconvaniences

Minor Caution — Especially When Travelling
Plan for typical winter travel inconveniences

Wide Disruption of All Normal Activities

Major delays and cancellations

Travel not recommendad

Liility outagaes and property damage may be unavoidable

‘ ) ’ 5 Extromaly Life Threatsning
e 15 0 - - Hiatorle storm with exiended cancellation of dally activilies
P ial Wi s_u I : - e oyl S # Travel may not be possibie
otentia inter Storm Impacts L , ) by 3 " i A i

['_| e Incacts [T —— Maio I {ifmies o
Thursday, lanuary 7, 2021

Weather.gov/GrandRagids 5/15/2019 3:52
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Highlighted region could see the greatest
icing and power outages

Travel could become hazardous

Watch out for falling branches and limbs

Milwaukee
.

- ; that are coated in ice

Weather.gov

Key Points
e Significant freezing rain across Central/Southern Lower Michigan January 9
¢ Numerous to widespread power outages, some long lasting, are a concern
e Roads could turn icy January 9 with temperatures hovering around 32
e Dry with mid 30s January 10, but snow and wind likely develop late at night
e Cold + wind + snow leading to poor travel late January 10 into early January 12

e Event delays and cancellations may span several days

Weather.gov/GrandRagids 5/18/2019 3:52
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Potential Winter Storm Impacts s Y e Expansive oLtages and proparty damage
el ] Y | ® Vil O
— . - I . :

Limeites imgracts | taocsemaes impaces [ Exveme impacts

|:| Mo It |:| Trwy

None Mo Significant Weather Expacted

Limited Little to No Impact on Daily Life
Low risk for some travel inconveniances

Minor Cautien — Especially When Travelling
Plan for typical winter travel inconveniences

Wide Disruption of All Normal Activities
Major delays and cancellations

Traval not recommendisd
Utility outages and property damage may be unavoidable

Extromaly Life Threatening
Historle storm with exdended cancellation of dally activities

Travel may nol ba possibde

32

Houghton

ronwood

Rhinelander
0.01 to 0.10 inch
0.10 to 0.25 inch
B 025 to 0.50 inch
W 050 to 0.75 inch
BN 0.75 to 1.0 inch
B 10 io 2.0inch
{ Bl Greater than 2.0 inch

Marquette

Escanaba

Weather.gov/GrandRapigs 5/18/2019 3:52

Worst expected from 7am to 11pm

S;’IIUH Ste. Marie
1

i:'t‘ogar:'; City

Numerous power outages

Icy roads possible with
temperatures around 32F

Morning + evening commutes
delayed

Weather.gov/GrandRapigs 5/18/2019 3:52
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Highest likelihood for power outages
between |-96 and 1-94

4 G_fa‘f“”g o If temperatures warm to 33F, there will be

(=

Cadillac B e U e little to no impacts to roads

Lusl-h- b l =
Qo iz Raildloe i, Sof =5 : The track of the heaviest ice could move
- ﬁﬁ 8 “m e further north with time

Power outages could be multi-day in the
hardest hit areas

ronwsad

l
Rhinelender

Wousgu

Ice most persistent from 1-96 to 1-94
Light snow north of this region is expected to produce only minor accumulations
Temperatures may stay above freezing south of I-94

Weather.gov
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Potential Winter Storm Impacts: Snow and Wind
January 10-12, 2021

IMPACTS DESCRIPTION

None No Significant Weather Expected

Limited Little to No Impact on Daily Life
Low risk for some travel inconvaniencas

Minor Caution - Especially When Travelling
Plan for typical winter travel inconveniences

{ b s f ; _ Wide Disruption of All Normal Activities
¢ :Iil.l.»}mﬂ& Major delays and canceliations

i | s f : Travel nol recommended
i AtET DS ol e Unility outages and property damage may be unavoidable
anmhq i s '- %" tmen e
n{».:wuw 'n- - d Historic storm with exiended canceliation of dalty activities
pOll!'ﬁtlEl Winter Storm Impacts i SR hflchl e & - by =T TR ey 118 B
B Expansive outages and property damage

Heor lmpacis | A T
| | Limited 1mpacis X

January 9-12, 2021
Key Points
e Significant freezing rain ending tonight - Total ice 0.25”-0.75"
e Numerous power outages are occurring and will continue
e Roads are locally icy/slushy but major travel impacts are not occurring
¢ Break in the weather tomorrow, but snow arrives late
e Wet snow to dry snow transition develops later January 11 as colder air arrives

e Wind-driven powdery snow late January 11 into January 12 = Hazardous travel!

Weamer.govlﬁrandm 2/18/2019 3:52 Pub wary 9, 2021
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January 9, 202

Moughton Freezing rain ending late tonight

Grand Morais
Ironwood Maorgquette Soult Ste Marle

KAt Maniatiqus

e | Patsake) Highest impacts occurring between 1-96 and

e Traverse City — I-94 where power outages are numerous

Groen Bay
Manistes
Waoutoma

Sheboygan

At least a partial melting of ice off trees is
expected before snow and cold arrive
January 10-12

Rockford

IMPACTS DESCRIPTION

Mone No Significant Weather Expected

Limited Little to No impact on Daily Life
Low risk for some travel inconvaniencas

Minor Caution — Especially When Travelling
Plan for typical winter travel inconveniences

Wide Disruption of All Normal Activities

Major delays and cancellations

Travel not recommended

Litility outages and property damage may be unavoidable

Extremaely Life Threatening
T o IHistoric storm with exianded cancellation of dally activitles
MichiG i i S B Travel may nol ba possible
i e Expansive outages and property damage
s [ e mpacs
pear s - Exireme Impacis

Liran

Weather.gov/GrandRagidé »/18/2019 3:52
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88%

Charleveix 78% 0 Worst expected from 10am January
Alpena 11 to 10am January 12
91%
Grayling
94%

92% Cadillac

Ludington  9p3
Big Rapid

e LTS

o Alma
Muskegog gor 5?% Low Vi5|billtv

Grand Rapids ~ 66% Flint
Lansing - .

62% 372 467 30-40 mph wind gusts

2296 [Kalamazoo Jag[}”f',d- ‘ from WNW

75% _
Bad Axe ; Hazardous travel
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Morgustts
.

Grong Margis
Iranwoad Morguotte Sault Ste Marie

" Masstque
Iron Wit
Ircn okt
Rhireionder
elonce Rhinalander
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. hir—t— g S ENe Creek Dahice
Chicags Ackian

<4 )
I e e LI i

Wet Snow Wet Snow Changing to Powdery Snow | Lake Effect Snow/Blowing Snow

Weather.gov
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Significant Snow and Wind to Impact Michigan

January 10-12, 2021

Key Points

¢ Very hazardous travel likely with near blizzard conditions at times

e Several hours of wet snow starts late tonight creating greasy / slippery roads

e Temperatures fall into the teens and 20s with powdery snow late January 11

e January 12 morning commute looks very poor especially for N-S roads

e Gusty winds from WNW over 40 mph at times creating blowing/drifting snow

lrorw it S

T

= Pl T

IMPACTS

ry 10, 2021

DESCRIPTION

None

Mo Significant Weather Expacted

Limited

Little to No Impact en Daily Life
Low risk for some travel inconveniances

Minor

Caution — Especially When Travelling
Plan for typical winter travel inconveniences

Potentlal Winter Storm Impacts

14 toimpacts |

L

-
cis J
acts [ Exvene mpects | Mationsl W

| ] Lot impects [N bodersic mp

Wirathar Pr
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Wide Disruption of All Normal Activities

Major delays and canceliations

Traval not recommendesd

Lility outages and proparty damage may be unavoidable

Extromaly Life Threatening

Historic storm with exiended cancallation of daily activitiea
Travel may not ba possibis
Expansive outages and proparty damage

37



Houghion

Worst expected 8am January 11
ironwood ‘I e Sault Ste. Marie through 12pm January 12

Escanaba
Rhinelander

Secondary roads could
have significant drifts

Whiteout conditions

Gusty winds could lead to
additional power outages

Weather.gov/GrandRapigs 5/18/2019 3:52

Highest probabilities for 8” or more of snow
near/north of I-96 toward U.S. 10

Chaﬂ%

i Alpena

Temperatures falling into 20s and teens late
January 11 will make road clearing efforts
more difficult

Grayling

Cadillac -
Ludington (e A

Big Rapids = 1 "hﬂie
Muskegon Alm-'
Grand Rapl nﬂé

nP
J‘“ #’n Detroit
ale

Weather.gov/GrandRapigs 5/18/2019 3:52

Chance of ‘98_" Smow (%)
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Ironwood Mmquel;si Saullste

! Iron Mt §
= Peioske&){ -

- Wausau' Menonmee ] br 7 L L Wausay Menoninee :
y - 3 o | ‘ " &£ . . e g . ! F - .
| 1. EED L 2 e Ristee, g Manjstee o

= S T . R s t_:M
=l 11 Grand RCIPId' ¢ — *” aﬂ %gd

ﬂn ! o
Kalamazoo L E Y ] ERINES ﬂ'\ Kﬂﬁ“% rmh-‘—-'quUE' k

- <4 |Ipid Chl o idl
' @l&%ﬂgo s P e edp el i

Wet snow Wet snow changes to powdery snow Powdery snow
Temperatures 31-35F ! Temperatures 25-30F Temperatures 18-22F
Winds from WNW gusting > 40 mph Winds from WNW 20-30 mph

Weather.gov

Scenario 2

Winter Weather Scenario
T-2 Jan 5, 2021

General Overview

Lake effect snow looks likely toward the end of the week. The
best chance of seeing accumulating snow will be toward the
lakeshore, mainly from Kalamazoo west to Holland. Accumulating
snow is likely west of US-127 and scattered snow showers
elsewhere.
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S n ow FO reca St Valid Ending Friday Jan B, 2021 at 7 PM EST
January 7-8, 2021
Thursday - Friday

Details

2k o Moderate to Heavy Lake Effect o | ' X

Rogersicityd
% Snow Bands %

4 bl i
:\ _ 41; ,‘2 TraverselCity I
West Winds 10-20 with Gusts to 2 PRI & |

O 25 MPH Thursday becoming Loee Sionan . I

¥ 1to 2 inches By aan
Northwest by Friday M 2 to 3 inches
M 3 1o 4 inches
M 4 to 6 inches
More Measurable Snow gtn 8 inches
: to 12 inches
Expected Friday 155 18 inches
UM 18 to 24 inches

i L, 61
WA

weather.gov

NOAA National Weather Service

Winter Storm Severity Index

31 AW ELaL Y

Potential Winter Storm Impacts

.
Mo impacts | wincr impacts [ viser impacts reated by
The Mationa ar Sarv
Limted impacts [ Moderste impacts [ Exvems mpscts || oo ondt Waathar Samvice January 5, 2021

VWeather Prediction Center
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Winter Weather Scenario
T-1 Jan 6, 2021

General Overview

Winter is definitely making a return to West Michigan. Winter
Storm Warnings and Winter Weather Advisories have been
issued for Jan 7" and Jan 8" along the lake shore and as far
inland as Battle Creek. A cold front will sweep across Lower
Michigan today and usher in colder air. Across Mid Michigan,
mostly cloudy skies are expected with a 30 percent chance of
snow showers tonight and a 50 percent chance of snow showers
tomorrow, Jan 7. Winds from the west will gust to around 30

mph across much of Lower Michigan which may result in lower
visibilities where the snow is falling.

|
=G

. g o =;.! -
b . A ! e
S ._,..'-.'..—-. . v -
: (= e . i
2dle = ® I =l g =g f .. |

Rapid [oca anges expected Less than an inch
1to 2 inches

Blow/D Over Road B 3 to 4 inches
Occasions a0 -4t06I|nches
6 to 8 inches
810 12 inches

W 2 to 3 inches — L :

S 12 to 18 inches .
0 eNse ® BN 18 to 24 inches .
- e ; B 24 to 30 inches -+
5 B 30 to 36 inches -

B > 36 inches
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Valid Ending Friday Jan 8, 2021 at T AM EST

Peak Wind Gusts

January 7-8, 2021
Thursday - Friday

Details

Winds from the West 15-25 mph
with Gusts over 30 mph

Will Blow/Drift Over Roads
Especially North/South Roads
Whiteouts at Times

Strongest Winds Occur
Thursday and Thursday Night

NOAA National Weather Service

Lowest Wind Chill

January 7-8, 2021

Wind Chill Range: +15 to O degrees

Wind Chill | Time to Frostbite

-45F to -40F
0to-15 30-60 minutes -40F to -35F
: -35F to -30F
-30F to -25F
-25F to -20F
B _20F to -15F
-30 to -50 Less than 15 minutes -15F to -10F
-10F to -5F
-5F to OF
B OF to 5F
B 5F to 10F
B 10F to 15F

T : W 15F to 20F

Lowest Wind Chills Occur S0 o ANE
i . 25F to 30F

Thursday Morning i Bt

W Greater than 35F

-15 to -30 15 to 30 minutes

Less than -50 Less than 5 minutes

NOAA National Weather Service weather.gov
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Winter Storm Severity Index

Winter Weather Scenario
T-0 Jan 7, 2021

General Overview

A cold front has just passed through the area with a reinforcing
shot of cold air poised to move through tonight. Winds from the
northwest behind the front will likely create lake effect snow
showers. The snow showers will be heaviest along the lake
shore. Farther inland, snow showers will be scattered in nature
and any accumulations will be an inch or less. Across
Mid-Michigan, a 30 to 50 percent chance of snow is expected
today and high temperatures will remain nearly steady in the
upper 20s. Northwest winds 15 to 25 mph will gust to 30 mph at
times. Freezing rain is not expected. Any snow that falls, will likely
reduce visibility to less than a mile due to the gusty winds.
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Sn OW FO re Ca St Valid Endln Friday Jan 8, 2021 a 7 M EST
=

January 7-8, 2021

*
5 ¥

=)

NOAA National Weather Service
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Today - Friday

Details

Snow Intensity Increases Later

This Afternoon/Tonight

NW Winds Tonight Bring Heaviest
Snow From Holland to Kalamazoo

(Especially After /pm) 110 2 inches

Highest Total Accumulations =12 18 nehes
West of US 131 . 24 o 30 inches

Less than an inch

B 7o 3 inches
3o 4 ches
. | o d nches

6 1o B nches

B i o 24 inchas

50 o 36 inches
B Greater fhan 36 inches

weather.gov

Winter Storm Seventy Index

Potential Winter Storm Impacts

| Mo Imgacts

Limitied Impac

I winormpacts [ wapr mpacs

The :.«. Ve Senv
s [ wooerate impacts [ Exvreme impacts |1 zbonal Weather Service January 7, 2021

Weather Pradiction Center
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Radar at 7AM January 7, 2021

Summary of Event

* This was an actual event that occurred December 8, 2016. Lake
effect snow showers developed as expected. While the heaviest
snow fell along the lake shore, a few snow bands migrated
inland toward the Lansing area. Temperatures in the upper 20s
combined with the snow created black ice on |-96 near the
Ingham/Livingston county line, east of Lansing. This resulted in
a 53 car pileup in which 3 people died. EB |-96 was closed 6
hours and WB |-96 was closed 13 hours.

Photos — Courtesy: Lansing State Journal
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Winter Storm Severity Index

Improving Storm Readiness through Severity
and Social Impact Forecasting

ROUND TWO - BOSTON

This pressntotion from the Nurture Noture Center, Inc. was prepared under gront awaord number NA200ARSS90355 from the Joint Technology Transfer Initiotive Program af
the Notional Oceante and Atrmospheric Administration [NOAAJ, L.5. Department of Co The findings, lusions and rec dations ore those of the
outhorfs| and do not necessarily reflect those of NOAA or af the LS. Department of Commerce.

Focus Group Agenda

Introduction to the Project and Introduction of all Participants
Pre-session survey

Scenario 1 (5 Day)
Scenario 2 (3 Day)
Postsession survey
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Tuesday Afternoon Short “One-Pager”
Email, T-5

Weather Forscast Offics

Boston, MA

anhia,

Ly

NATIONAL WEATHER SERVICE

= Forecasts are expected to change

Potential Weekend Winter Storm — o Late Satuirday and Sunduy
= potentially starting as period of heavy, wet
snow, changing to ice then to heavy rain into
the dey:sn Bt » Could be an area with significant ice
o accumulations, resulting in power
Y B il ‘g outages
& T HAZARDS & tag
\ > o e/ | MPACTS | . Could be areas with heavy/wet snow,
boe  / & e : :
i -l" leading to travel issues and potential
= “ S " power outages
. X s = \
@\ (fong =
(97 |
'| ‘r NWSALERTS | « None at this time
' / j APe =« Storm track is the key to location and
‘v /ﬁ,m amounts of rain vs freezing rain vs
o I~ / g2 cms snow locations

considerably over the next few days

= T o / s
Weather Forecasi Office . .
Boston, MA Folicir s oy Twiller

‘ tﬂ s on Facabook
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&) 4%: NATIONAL WEATHER SERVICE W )

Wednesday Afternoon Briefing
T4

Boston, MA =3
&) &%: NATIONAL WEATHER SERVICE WN )

Multi-Faceted Winter Storm
Saturday Night — Sunday Night

National Weather Service
Decision Support Briefing
Wednesday Afternoon

‘ Winter Weather Related Hazards

What Has Changed?

o First briefing

+ No alerts yet

+ Mix of heavy & wet snow, ice, heavy
rain followed by very cold air.

Weather Forecasi Office
Boston, MA =
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Main Points

WRN O

Hazard Impacts Location Timing
10 PM Saturday — Mid
H Precipitation beginsas Al of Southern New NS Suniley oy
eavy Wet h some.
eavy, wet snow. 2+ England, except the : s
Snow kMo el i oLl coakt. Some locations remain
all snow through
Sunday.
A period of freezing rain Greatest ice
Freezing Rain/ -and sleet with more than  accumulations across Sunday moming —
Sleet f 0.5 inch ice the central to northeast afternoon.
accumulations possible. interior.
Temperatures drop
rapidly below freezing.
Rain changes back to
Elanh Eraass Siset o ffr?ezing S All of Southern New Late Sunday aﬂ_amoon -
A el et England Sunday Night
Bitter cold by Sunday
night.
Boston, MA <
&) 4%: NATIONAL WEATHER SERVICE WA )
Summary of Greatest Impacts
Boston, MA <
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Precipitation types, note these are likely to shift...

Weather Forecas] Uince
Boston, MA

v

v

&) &%: NATIONAL WEATHER SERVICE

Heavy snow changes
to a mix of freezing

Hyannis

L ]
Nantucket

Threat Event Summary

Confidence: High confidence for a moderate-high impact event. Low
confidence on exact details/timing.

What:

Heavy wet snow with high snowfall rates.

Freezing Rain/Sleet with some ice accumulation likely.

”‘I " Flash Freeze late Sunday and Sunday night. Bitter cold follows.

50

v  Where: All of Southern New England
¥  When: Saturday Night — Sunday Night. Bitter cold follows early next
week.
Weather Forscasi Office
Boston, MA =
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&) &: NATIONAL WEATHER SERVICE Wi }

Thursday Afternoon Briefing
T-3

Weather Forecasi Offic

Boston, MA w Eollow us on Twitter B oo us on Facenca

&) &: NATIONAL WEATHER SERVICE Wi }

Multi-Faceted Winter Storm
Saturday Night — Sunday Night

National Weather Service
Decision Support Briefing
Thursday Afternoon

Winter Weather Related Hazards

What Has Changed?

Kaena Manchester
Benningkon,
L EETIE]

« Slightly lower snow totals due to more Sk
sleet/freezing rain.
« Winter Storm Watch for all of southern

New England, except Cape Cod and S
Islands Wil rantic

Spring fleld
B W Sasen aren

Weather Forecasi Offic

Boston, MA w Follow us on Twitter B oo us on Facenca
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Friday Afternoon Briefing
T-2

Weather Forecasi Office
BOStonl MA ' Eollow us on Twiller .;ﬂ:'g-ﬂ s on Facebogk

&) &: NATIONAL WEATHER SERVICE ~ WWERN @

Multi-Faceted Winter Storm
Saturday Night — Sunday Night

National Weather Service
Decision Support Briefing # 5
Friday, 3 PM

Winter Weather Related Hazards

Konna  Mar

What Has Changed?

+ Minor adjustments to snow and ice

accumulations e g
+ Winter Storm Warnings issued for MA to | s st
the north of the Mass Pike.

Weather Forecasi Office
Boston, MA = Eollow us on Twiter BB oo us on Facencok
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Main Points

Hazard Impacts Location Timing
All of Southern New 10 PM Sat - 7 AM Sun
:m Wet * 1“;:?“““ travel. England, except the NW MA remains all snow
oW 72+ Inchmous ralee. extreme south coast, through Sunday.
Hazardous travel. I
Freezing Rain/ Scattered power outages. mflsham R: i:l:g iirr':t;:ﬂE g  Sunday moming — early
Sleet 0.25 I:o D 5inch ldng MA. afternocon.
Hazardous travel.
BRAPIG SHIREat G All of Southern New Early Sunday afternoon —

causes quick icing of wet

surfaces. Bitter cold by England Sunday Night

Flash Freeze .

Sunday night.
) somopmamom, SIS suney oy
exacerbated by snowlice. Massachusetts. s ’
-l Fi

&) :&%: NATIONAL WEATHER SERVICE W }

Summary of Greatest Impacts

Boston. MA -
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Weather Forecasi Office

Boston, MA

g Tepmmms

i¥: NATIONAL WEATHER SERVICE ~ WIRN @

Forecast Storm Total Snowfall

Expected Snowfall - Official NWS Forecast
Valid: Saturday Night and Sunday

18.0
w5 ) Still
uncertainty
o L due to mixing
: or changing to
sleetffreezing
= rain
i 5' f Provineetown
£ : “Windsor Locks
f forrington” 6-8"
30 6-8"

Waterkiu;y

2.0 Lo=8'"
b4
Nantudkel
1.0 “1-2e
0.1
- — AL

&) #%: NATIONAL WEATHER SERVICE WIN }

Probability of at Least 6-inch of Snow

Percent Chance of 6" Snow ar More
Valid: 01/19 01:00 PM - 01/20, 07:00 PM

100

90

Drth Adam

B0
/]
70 ] pittsfield

—|

Probability (%)

20 e CFariesto l{
\\-\. o New, Loodol 15%%

EW NSOl

Blotkdsiand

) o
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Weather Forecasi Office

Boston, MA

, Eollow us on Twilier ‘ t-—- ow us on Facebook
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Forecast Storm Total Ice |

Expected Icing - Official NWS Forecast
Valid: Saturday Night and Sunday

(E—

Higher icing

amounts will
be localized
Gfeaégag?gto
E (_. PI’DV'i.nE.EtDWl‘I
- : 0255 I GERR oy 3 , e = ﬁiﬁ.ch’;t am
’ AT ] v :01:0;10" 4 3;:0:3_.;1?0.10"
[ IS s
hél/ 3 h_]_gn"‘lhel
h =0:01"
—0.01
L Ei
&SI NATIONAL WEATHER SERVICE 55

e L |

Overall
moderate level
impacts
expected

Localized major
impacts

Primary reasons
vary by location

Wintoe Siarm Seventy e TWSSH 410

No Impacts | Minor impacts [ Moderate Impacts [l Major impacts [l Extreme Impacts

Lisgend Detats Fatiiast Ingiats Creabed iry: Tre Matloral Westher Senace Wiesiter Predichian Center f

w Ei
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Overall
moderate level
impacts
expected

&) & NATIONAL WEATHER SERVICE ~ WWERN g

Localized major
impacts

Primary reasons
vary by location

Potential Winter Storm Impacts ‘Wineer Sagem Sy inges (WSSH () Etl:g.:mx
[ Inaimpacts [T | Minor impacts | [ Moderate impacts | I Major impacts | [l Extreme impacts
It ls el Rarety a direct threal Often trealesing | Extefisive grapernly Esberaive anid widespread
epetad ey il apd property. L s e paroperty. | e likely, e - Ty darmiage
Typically resultzinan | Surme damage | saving actiors needed.  Hedy life saving actions
inearvenionce o unavaidable Tyzlealy | Wil kel rasult in will b reeded. Results in
daiby fifo. results in dsnaption o | magor disraptions to extrema disruptians o
aaily e | dally = daily ifa
Weather Forsca
Boston

VTR T LAY Dk SR }

Overall
moderate level
impacts
expected

Localized major
impacts

Primary reasons
vary by location

: D 18,3034
The W33 w23 non-metearological data along with metearchagical data ta help forecast impacts. \nout Detals 3
The: non-meleorolegical data, or Rachons uied ans:
Uriban aseas. Land Use { Coverage Forest Clmuficanon
= e i thee e Accurmmlation inces + Diermases moparts foy srems of reduced wid = Uremerks oeeand cevcnibed m
20 S AT iy Iig T, igh deeslly commarciaesdentizl | corifares cocdeses
= Civesa 2% increese %o impact e T e L L R T ~ Canfer woes aan bandie more snow
e — e croplanel gressland o the s ivers

|+ Used inthe Dlowing Snow Index = Uil i T Soate LSl nidee
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nR0RA LPMET I

Amount of snow
expected to only
result in minor to
moderate impacts

Potential Winter Storm Impacts Winker Starm Sererty indes (WSS) (T) I‘Iwe:i.:-m
an
[ IMolmpects | |Minorimpacts [ moderate tmpacts I Mmajor impacts [ Extreme impacts

Legend Detsis. Forecast Inputs Criatod] LTI ML Wi S it Frchction Cavien

WWEATHE ST IALY P Ty

Amount of snow
expected to only
: o result in minor to
e PR o e moderate impacts

11 Thes bt amcwrt of snow.
2 Tha rate 3t which the soow s faling,

Wit making caloulalions Caed upon e
iz of sow, dimatology pased
toervined. Clematiogy lsan

a0 bl of a4
wirger st brings. Thore amas al the
£nusiry s 200y stomed o snowfal wil be
ik Bepared M dial WEn S, et i
v v g s e T
amenre afarioy s newisr pa of
fe eouriry

LT L p—
g of gt i) socieral impartiand i
_ : sl b,
Potential Winter Storm Impacts W S S W 1) |
[ | notmpects || Minor impacts [ Moderate impacts [l Majorimpacts [l Extreme Impacts 1PMET

_akdra v
Logena Deeass Farecast inputs ey Tt Wil el S Sonstns P m ot 5@5' :
=
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WA T L

Storm Impacts - Snow Loading M ET to %X I

Heavy/wet snow
expected to
cause downed
trees and
powerlines in
areas depicted

in orange and
red

S/ ESTNATIONAL WEATHER SERVICE  WIRN g

No concerns
across southern
areas, Cape and
Islands

Potential Winter Storm Impacts N¥ier Saorm Sover ity e (WSS () :Ime'!ilm
n
I Nolmpacts || Minorimpacts [l Modecate impacts [l Major impacts [l Exereme Impacts 1PMET
..... -
Legend Detaiks Farecast Inputs € rmate] by The Natiorel Uitk Semers Simases Precicton Canter ::@': g‘
St r

i,
oW

)
0

&)@ NATIONAL WEATHER SERVICE ~ WIRN @
Threat Event Summary

v  Confidence: High confidence for a moderate to high impact event. Low
confidence on exact details/timing.

v  What
Heavy wet snow with high
snowfall rates.
Freezing Rain/Sleet with some
ice accumulation likely.
Flash Freeze late Sunday and
Sunday night. Bitter cold follows.

v  Where: All of Southern New England

5=%) Strong winds exacerbates
} 1 power outage risk.

v  When: Saturday Night — Sunday Night. Bitter cold follows early next
week.

Weather Forecasi Office

Boston, MA £ Eollow us on Twiter B Fciow us o Facencoic
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Saturday Afternoon Briefing
T-1 pm

w Ei

S/ NATIONAL WEATHER SERVICE  WIRNL @

Multi-Faceted Winter Storm
Tonight — Monday Morning

National Weather Service
Decision Support Briefing # 3
Saturday Afternoon

What Has Changed? Winter Weather Related Hazards

+ Decrease in snowfall amounts towards
N&W Massachusetts.

« N&W shift in forecast heaviest icing.

B e D Vaaming
B Wt Weslw Aoy

+ Winter Storm Warning for Hartford
County CT.
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Hazard Impacts

Weight of snow centributing to
scattered tree damage, power
outages, road closures;
hazardous travel conditions on
all surfaces

Heavy Wet

(also sleet)

Weight of ice atop snow and/or
sleet contributing as well to
impacts highlighted above;

hazardous travel conditions on

all surfaces.

Freezing
Rain

Scattered tree damage, power
outages ... especially if trees are
welghted by snow and/or ice
which would exacerbate impacts
outlined above

Strong
Winds

Rapid freezing of wet surfaces,
standing water, resulting in slick
surfaces, hazardous travel;
exposed vehicles having
frozen closed doors

Flash
Freeze

’\@f/ ﬁ?’LﬂFATIONAL WEATHER SERVICE

Location

All of S New England exceplt
extreme S-coast New England

6-12" N&W MA
36" NCT/NRI/ESSE MA
1-3" 8-Coastal CT / Rl / MA

From Northwest CT
northeastward across MA into
Northeast MA.

Southern RI & Southeast MA
Higher terrain (i.e., Berkshires,
Worcester, Tolland, Litehfield
Hills)

Walch N&W MA late Sunday into
Monday morn; winds + fallen
snow

Greatest area of concern is
Southeast New England

Providence — Boston corridor
and southeast ... especially
for the Monday AM commute

WEN O

Timing

10 pm tonight - 7 am Sunday
Fluffy to heawvy wet snow
transitioning N&W throughout
Snowfall rates 1-2°+ / hour

Developing around midnight
tonight
concluding into Sunday evening

Developing tonight continuing
through Monday moming

Blustery NW winds contributing
to bitter cold wind chills Sunday

night

Early Sunday afternoon
into Sunday Night

Bitter cold, single digit
temperatures settling into the
region

==

Ei

@B‘@"NMTIONAL WEATHER SERVICE

Summary of Greatest Impacts
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 ForcastStorm Tt Snawal~Tonght trough Sundey Sl

Expected Snowfall - Official NWS Forecast
Valid: Tonight through Sunday
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o : down limbs contributing to power outages. Exacerbated impacts with any gusty winds.

Probability of at Least 6-inch of Snow |

Percent Chance of 6" Snow or More
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Weather Forecasi (fica
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Winter Storm Severity Index: Improving Storm Readiness through Severity and Social Impact Forecasting 61



S/ASTNATIONAL WEATHER SERVICE  WIRN @

Forecast Storm Total Ice — Late Tonight through Sunday Evening

Expected Icing - Official NWS Forecast
Valid: Late Tonight through Sunday Evening
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Forecast Maximum Wind Gusts — Sunday through Monday Morning

Max Wind Gusts (MPH)
Valid: Sunday through Monday Morning
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Threat Event Summary
v Confidence: High confidence for a moderate-high impact event. Moderate confidence on exact details / timing.

v What:

Heavy wet snow and/or sleet
+ Weighing down tree limbs + gusty winds,
contributing to scattered tree damage,

power outages, and road closures ...

+ Contributing to scattered down limbs,
power outages, especially if weighted
by snow, sleet and/or ice.

especially N&W MA. + Developing tonight, continuing through
* Amounts up around a foot in N&W MA. Monday moming.
Snowfall rates of 1-2"+ / hour forecast. * Generated dangerous wind chills
* Tonight into early Sunday. Sunday night through Monday morning
= Any icing contributing to the weight on + Flash freeze icing up any residual
trees, exacerbating impacts outlined above. water, encasing surfaces in ice.
= As much as half an inch of ice accretion + Blustery NW winds and temperatures
forecast roughly W to E over central falling into the single digits contributing
portions of S New England. to wind chills 15 to 25 degrees below
+ Late tonight through Sunday. zero.

+ Late Sunday into Monday morning.

v Where: All of Southern New England.

* When: Winterimpacts developing tonight, concluding into Sunday evening. Bitter cold ushers in Sunday evening into Monday

moming.
L 4 Ei

i,

]

&SI NATIONAL WEATHER SERVICE WaN }

5

Sunday Morning Briefing
T-12 hours
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Ice Accretion/Flash Freeze -- Main Concerns

Into This Evening.

National Weather Service
Decision Support Briefing
Sunday Morning

What Has Changed?

0 Winter Storm Warning expanded into
Tolland and Windham counties CT.
Mainly for the northern portions of
those counties for ice on top of snow.

0  Growing concern for ice accretion
exceeding 0.25" and power outages
northwest of the Boston to Providence
corridor. Greatest risk across the CT
River Valley into the Worcester Hills
and interior northeast MA.

B rer Arer Udning
B \ie el Al

Winter Weather Related Hazards

b
plew Hedfo -,--'4}

7 egges

& a8 NATIONAL WEATHER SERVICE WN }

o Fi

64

Hazard Impacts Location Timing
Snow will be transitioning to
Accumulating snow will sleet then rain along and
s ~ Snow covered roads, poor prefty have changed to southeast of the Boston to
And Stest . visibility, and hazardous ice/rain across all of Providence corridor, while
travel. southern New England by 7 areas north and west
am. change to sleet and freezing
rain by 7 am.
This morning into the
The concern is northwest of  afternoon to the northwest
the Boston to Providence  of the Boston to Providence
:’:I:m"l " d corridor, from the  corridor. Rain changes to
With sleet. CT River Valley into Central freezing rain along and
and interior southeast of the Boston to
Northeast MA. Providence corridor
between noon and 5 pm.
Greatest concern is along  Temperatures will fall below
the freezing between noon and
Flast Providence — Boston 5 pm along and southeast
F corridor of the Boston to Providence
and southeast ... corridor. Quick drop in
especially this afternoon temps will result in a flash
and early evening. freeze.
= Fi
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Summary of Greatest Impacts
Wﬁm Most of Southern New England

Weather Forec
Boston MA =

&S NATIONAL WEATHER SERVICE WN }

Forecast Storm Total Ice — Though Early This Evening
Expected Icing - Official NWS Forecast

Valid: Through Late This Afternoon
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Storm Impacts - lce Accumulation  Valid Jan 21,2

Greatest concern for
tree damage and
power outages
extend from NE
Massachusettsinto
the CT River Valley

Increase in impacts
expected due to
slightly higher ice
totals and stronger
wind gusts overnight

afterthe freezing
rain ends
T —— sund:
Potential Winter Storm Impacts imr St Sewonty s RSl (1 e
Instmpacts [ Minorimpacts [ Modorats impacts [ Majerimpacys [l exerema impacts | 7RMET
Al Bt Forgoaitlugari Cozaii by The biaedoral Wizathyer Senk: Seases Perdlotion Center ':a} v

& Ei

SRS NATIONAL WEATHER SERVICE WSN @ _»°
Storm Impacts - Flash Freeze  valid Jan 21 7PMET to Jan 22 I

Flash freeze of wet roads, sidewalks is expected in some areas. See watches and warnings

—T e ] | i Al A
| b w7 b Expecting a
f i [y [ quick drop of
temperatures
during the
afternoon

Temperatures in
the 30s will
quickly fall into
the teens

Flash freeze of

wet roads,
sidewalks is
Ry : o expected
Potential Winter Storm Impacts Wit St Seecsity indey |WSST () '::‘;im“
| No impacts I Mtinor impacts [ Moderate impacts [l Major impacts [l Extreme Impacts 'i::‘rﬂ .
Legend Detais Forecast inputs Criatid by The Kational Weathen Seandos Weatssr Praietien Senrar E‘g 3
By tue W — F

& Ei
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Threat Event Summary

+» Coofidence: High confidence in freezing rain/sleet, flash freeze, and bitterly cold wind chills. Lower
confidence on exact freezing rain/ice accretion amounts and extent of power outage threat. Also, specific
timing of flash freeze uncertain.

Heavy snow
o * + Bulk of accumulating snow ends by 7 am.

+ Sleet and especially freezing rain the greatest concern this morning and afternoon
northwest of Boston to Providence corridor.

Ereezing rain with some slaet
m + Potential for downed trees/scattered power m:tages

northwest of Bos-Pvd corridor.

+ Greatest concern CT River Valley into the Worcester Hills and interior northeast MA.
* Freezing rain and sleet ends between 4 and 8 pm
this evening.

+ Flash freeze occurs along and southeast of the Boston to Providence corridor
between noon and 5 pm.

» Where: All of Southern New England.
v  When:

Heaviest icing threat this morning, but precipitation does not come to a complete end until 4 and 8 pm this eve.
Flash Freeze between noon and 5 pm along and southeast of the Boston to Providence corridor.

Ei

-~

r’@ @ NATIONAL WEATHER SERVICE

N,

b

Scenario 2

Weather Forecasi (fice

Boston, MA =
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Monday Afternoon Briefing
T-3

= _{)

S/ESTNATIONAL WEATHER SERVICE  WERN g

Potential Major Storm Thursday
Light Wintry Mix Late Tuesday to Wednesday
Morning

National Weather Service
Decision Support Briefing
Monday Afternoon

Winter Weather Related Hazards .

What Has Changed?

B G traminy
W Freazing Frain Advisory

+ First briefing B el by
v Winter Weather Advisory away from the

immediate coast
¥ Combination of snow, sleet and freezing

rain
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Summary of Greatest Impacts

Limited

s

Entire Region But Higher Chances Southeast Areas

Weaiher Forecasi Office

Boston, M L
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Most likely Ice Glaze
Valid: 02/07/

D1:00 AM - 02/08, 07:00 AM
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Freezing Rain late
Tuesday into Wednesday
morning

Highest totals in the
Berkshires

Isolated power outages
Icy roads / poor driving
conditions
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Greatest ooncem for tree damage and power outages extend from ME Massachusetts into the CT River Valley. See watches and wamings.
At W R 5w ] 1 FF

L )

Storm Impacts - lce Accumulation Valid Tue Feb 7

7PMET toWed Feb §

Orange and red
highlighted areas
are where the
greatest impacts
are expected due
ice accumulation

Winter Storm Seeesty ncen wsn (7
| Ne impacts Minor impacts [ Modorate impacts [l Major impaces [l Extremo Impacts

Legend Detals Famscast npats Kaeatne by The Matinnsl Westner Senice Westes Predioren Jenter. - 2

Weather Forecasi Office

Boston, MA w Eollow us on Twitter BB oo us on Facencoi

Storm Impacts - Wind Chill Valid Tue
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Temperatures
quickly falling
below freezing
across northeast
MA

Potential for
untreated roads
to become icy

Impacting
morning rush

Potential Winter Storm Impacts WWhinter Sturm Severity ndes (WESD (1)
[ Mo impacts Minor impacts -Moderal.elmpacrs -Majnnmpacu -Euuunelmpacu

Legend Deetails. Fomecast nputs Coainton by Ties Harthortarl Withvia: Seevics s Frodiclion Cantss

Weathet Forecast Office

Boston, MA w llow us on Twitter T —
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Tuesday Morning Briefing
T-2 am

Weather Forecasi Office

Boston, MA = llow us on Twilter B B i i

&/ESTNATIONAL WEATHER SERVICE  WESN g

Potential Major Storm Thursday
Light Wintry Mix Late Tuesday to Wednesday
Morning

National Weather Service
Decision Support Briefing
Tuesday Morning

Winter Weather Related Hazards .

What Has Changed?
B Caw Waring

v No changes in headlines Bl e o
¥ Increasing confidence in Flash Freeze

tonight
¥ Increasing confidence in Thursday

storm

= Ei
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Tuesday Afternoon Briefing
T-2 pm

Weather Forecasi Office

Boston, MA E llow us on Twifter B R us on Facenon

& NATIONAL WEATHER SERVICE WISN @ F

Potential Major Storm Thursday
Light Wintry Mix Late Tuesday to Wednesday
Morning

National Weather Service
Decision Support Briefing
Tuesday Afternoon

Winter Weather Related Hazards

Keens. Manchester

What Has Changed? A Nashua

+ High confidence in light freezing rain
and flash freeze tonight

¥ Winter Storm Watch issued for
Thursday storm for 6+ inches of snow
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Wednesday Afternoon Briefing
T-1

Boston, MA - SR
&)@ NATIONAL WEATHER SERVICE ~ WIRN @
Major Storm Thursday
National Weather Service
Decision Support Briefing
Wednesday Afternoon

Winter Weather Related Hazards

What Has Cha nged ? Eenringtan

v Blizzard Warning for coastal MA, Cape
and Islands P —

¥ Winter Storm Warnings for the I e Wt ey
remainder of Southern New England

Weather Forecasi Offic

Boston, MA w Eollow us on Twiller aliow us on Faceo
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NATIONAL WEATHER SERVICE

WAL ALYY s I }

Thursday Morning Briefing
T-12 hours

Boston, MA w alow us on Facabo
S/ NATIONAL WEATHER SERVICE  WIRN @
Major Storm With Blizzard Conditions Today
National Weather Service

Decision Support Briefing
Thursday Morning

What Has Changed?

¥ Increased snowfall total forecast
Islands

¥ Increase to wind gusts across Cape and

Winter Weather Related Hazards

L LRt B o]
P S Wi g
B Wb Wesma Adian
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et

| Overall Winter Storm Impacts valid Fe

. 7 AMET

Major impacts for all the larger population centers. Extreme impacts expected slong the cosst sad Cape Cod. See watches snd wamnings.

Ay

Major impacts for
all the larger
population
centers

Extreme impacts
expected along
the coast and
Cape Cod

Potential Winter Storm Impacts

expecied o life and property. 1o lile ard progerty.
Typically resuls inan Same damage
irconveriencs 1o unavcidabie. Typically Wil likely resalt in
daty |ifie. resutts In disruptian te major disnaptions ta
dalky life. daity lifie,

damage fikely, life
savirg aclions nessded

Wister Saorm Seweety index (WSS) (1)
[ noimpacts | Minsr imvpacts | T Moderate impacts| I Major impacts | [l Extreme impacts
[r— Rarelya dirsct thieat | Often reatenivg Extanshe popety Extamsive and wilespread

severs progerty damage

lksdy, e sawing aclions
willl be pooded. Results |
extwme disrugtions ta
ctaily ke,

n

Farecast inputs

Potential Winter Storm Impacts

Wirrler St0mm Severity budew (WSS0 (1)
[ Imoimpacts [ | Minor impacts Moderate impacts [l Major impacts [l Exreme Impacts

Isgsecd:
Fub 9, 20X%
TAMET

Legend Densis Farex st Inputs

Copated by: T Hatianal Westher Senio WasSie: Frediction Centis

Major impacts for
all the larger
population
centers

Extreme impacts
expected along
the coast and
Cape Cod

Waeather Forscas Offics

Boston, MA o llow us on Twitier
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Major impacts for
all the larger
population
centers

Whajor impacts for all the brger population centers, Extreme impacts expected along the ooest snd Cage Cod. See walches ard wamings.

Extreme impacts
expected along
the coast and
Cape Cod

Wy iorm Sevary beden (WSS (1) u;fl' i
20
Thie WS wses mor- logical data abang with logical data to help forecast impacts Input CemEs TAMET
he jcal dats, o Fact v By
Lirtgen sremy Land Use | Covernge Fosrest Clenashestsan £
+ Wi b Accwmulitivn [afien - Dhstrsenens inpracts for grases el sechiced wind - Dumagtis fomenthimns st bt s
an Snioer Mmoo Indies e/ forasts, high densky commendaesidentizl | conifir va decklucs
i D i st 20 CMMRRAC 10 AAE WIHOUE (SEUCTENS - Coniler toees cam rymlle e yem
+ Dt e LIS Corsis St i laresh an claci asters T
= s in the Bowing Sniw news » Usec i the Sms Lowd incex
Weather Forsca T y
Boston o L __

SFESNATIONAL WEATHER SERVICE  WiRN g

.

Heavy/Wet snow
more likely across
Eastern MA, Cape
Cod, Rl and
EasternCT

Higher potential
of downed trees
and power
outages in these
areas

Potential Winter Storm Impacts ‘Winter Starm Speeyinceeiwses (1 Ir::‘;.dm:
No impacts Minerimpacts [ Modarate impacts [l Majorimpacts [ Extema impaces | TAMET
e, e
Legend Detash Forecast inputs Crvartied by: Thas National Wther Saryics Wasstiae Tasdicion Dastar :a Q‘

£ Ei
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Winter Storm Impacts - Blowing Snow  Vvalid Feb®

Considerable
blowing and drifting
snow, especially
along the coast and
in more open areas
(CT River Valley)

Potential Winter Storm Impacts Wkt Saen Sty bates (WSS (]
TMoimpacts | Minorimpacts [0 Moderate Impacts [ Mejor mpacts [ Extreme Impacts
Ligind Detait Fardcait [npiits

Crashad b The Metional Westhes Servics Wester Precichon Cavtar

Weather Forecasi Ofice

Boston, MA =

A8 NATIONAL WEATHER SERVICE WISN @ _®
Threat Event Summary

v  Confidence: High confidence for a major storm Thursday

v What:
Widespread heavy Strong to damaging wind
accumulations, low visibilities

gusts. Blizzard conditions
along the coast.

v  Where: All of Southern New England

v  When: Thursday morning through Thursday evening

i Ei
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- AND ATMOSPHERIC ADM TEATION

srall Winter Storm Impacts

Overall Winter Storm Impacts

Ty

Patential Winter Storm impacts W S Soveieg ndmn w330 (1) |
 mowmpaen | Mimosimpscty [ Meterste impacts [ Majorvenpacts [ Extreme impacts
LogendOetaily | Porscad gty ol Ly P

Cwoimpars  Minorimpsds T sacenrs impaces [ Moo imparrs I tmiemna impacts

gt Ty Ty Raian e s st i i S

Weather Forscasi Office

Boston, MA = Eallow us on Twitter B B:otiow us on Facencox

&) @8: NATIONAL WEATHER SERVICE WSN }
g — HATIONAL ODCEANIC AND ATMOSPHERIC ADMINISTEATION VLA TSI ALYT Pl I
Potential Winter Storm Impacts Winter Storm Severity Index (Wss) (D
[ INolmpacts| [ | Minor Impacts | ] Moderate Impacts | [l Major Impacts | [l Extreme Impacts
Impacts not Rarely a direct threat Often threatening Extensive property Extensive and widespread
expected to life and property. to life and property. damage likely, life severe property damage
Typically results in an Some damage saving actions needed. | likely, life saving actions
inconvenience to unavoidable, Typically Will likely result in will be needed. Results in
daily life. results in disruption to major disruptions to extreme disruptions to
daily life. daily life. daily life.

Weather Forscasi Office

Boston, MA = Eallow us on Twitter B B:otiow us on Facencox
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Winter Storm Impacts
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lce Accumulation

NATIONAL WEATHER SERVICE
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Website and Static Images
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dhwageiz o dafy e aky s
Woather Forscasi Offica
Boston, MA = Eollow us on Twitter B oo s on Facenooi
&) @&: NATIONAL WEATHER SERVICE WSEN
Snow Amountindex Blowing Snow Index Soow lLoad Index lce Accumulation Index
PURPOSE: This component is PURPOSE: The component PURPOSE: This component PURPOSE: This component was
designed to highlight areas in which highlights areas where is to highlight areas where developed to account for the
impacts, especially transportation, blowing/drifting snow or the weight of the snow could combined effects of ice
could become overwhelmed due to ground blizzards are result in damage to trees and accumulation and wind which can
either: expected to occur and result powerlines. In general, the produce widespread tree damage,
in transportation related lower the snow-liquid ratio transportation shutdowns and util
1) The total amount of snow. problems. In general, the (SLR) is and the greater the problsms‘ .
2) The rate at which the snow is blowing snow significance total snow accumulation, the
falling. increases as the SLR and higher the index.
Prior to making calculations based winds both increase. Prior
RN N o rte of snow, blowing snow research Wind Chill Index Elash Freeze Index
climatology is an important aspect indicates that in general it PURPOSE: The component is PURPOSE: The component
to the level of impacts a winter takes just under 20 mph of the apparent temperature, depicts severity primarily to
storm brings. Those areas of the wind to start to move snow which takes into account air transportation of situations
country less accustomed to around. temperature, relative humidity where temperatures rapidly
snowfall will be less prepared to and wind speed, binned into the fall below freezing during or
deal with snow, resulting in higher 5 impact levels. For a reference just after precipitation.

levels of impacts compared to the
same amount of snow in a snowier
part of the country.

point 2 degrees F is the
warmest end of the moderate
impacts and extreme starts at
-38F.

Woeather Forecast Office

Boston, MA

w

Eollow us on Twitler

~T P
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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

Wool SOCTAL SCIENCE STUDY ROUND 1

Focus Group Pre-Session Survey Post-Session Survey

Boston _ 8 8 8
Boulder _ 8 8 8
Grand Rapids 13 13 12
Hanford 11| 9 9
Jackson 9 9 9
Omaha _ 7 3 6

Familiar with WSSI?

100%

0% 2
80% 8%
70%

60%

50%

40%

30%

20%

10%

0%

All Boston Boulder Grand Rapids Hanford Jackson Omaha
m Yes, | use it regularly H Yes, | have used it a few times
m Yes, | have heard about it I've heard the name but | don't know the details about them.
= No
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Experience with Severe Winter Weather?

100%
90% 5% 22%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Boston Boulder Grand Rapids Hanford Jackson Omaha All

HYes No

Shared Official Warning Messages

2%
I I 22% 17%

Boston Boulder Grand Rapids Hanford Jackson Omaha All

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

mYes No m Not applicable

Prepared for or Directed Others to Prepare for Winter Storm?

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Boston Boulder Grand Rapids Hanford Jackson Omaha

B Yes mNo
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90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

25%

25%

Boston

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

100%

Age

8%

25% #27%8 22%
40% 25%

I : I

Boulder  Grand Rapids  Hanford Jackson Omaha All
m20-29 m30-39 m4049 5059 6069 m70+
Gender
Boulder Grand Hanford Jackson Omaha All
Rapids
B Female = Male
Education
Boston Boulder Grand Hanford Jackson Omaha All
Rapids

® High School/GED M Associate's  ® Bachelor's ~ ®Post graduate work
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Professional Positions (Overall)

30%
0,
259% 25%
20%
15%
10%
5% 4% 4% 4%
o -------
+ - (%] = el ) 0 c S b @
: £ § & s 3§ & & £ & § £ 8 g
S § 5 & % 3 & 3 E ? § & £ 5
e 2 5 5 2 & 3 & 53 T 3 5 3 3 2
[e] w a a 4 e = o ‘E Q
2 0 a - = ) o S «
¥ 5 & 5 g 9 O 5
- e F £ T O§ 8
8 € S B 2
g y =
= 6 -
&»
Length of Time in Position
100%
90%
80%
70%
60%
50% e 1%
A40% 13* I
30% 25%
-~ - I
0% o 0% 0%
Boston Boulder Grand Hanford Jackson Omaha
Rapids
M 1yearorless m2-4years MW5-7years ®8yearsormore
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Where Do You Get Info About Severe Winter Weather?

35%
3% [ —
. - 1 1 Facebook
o 5 i & Internet
& 1 ENWS WFO
20% -
@ Radio
159 B Smartphone
mTv
10% - T ETwitter
I J B Weather App
o _ | B Cther
0% I . . I L |

Boston Boulder Grand Hanford Jackson Omaha
Rapids

Winter Weather of Most Concern

B All ™ Flash Freeze m® Blizzard ™ Heavy snow & lce Rain on snow Other

£
Ty
=
&
™ &
$ m
£ £ RER R
5 &~ £ AR L
NN i o~ § §
& = = S8 E
=l | “ #
b = it | E )
e l"._‘" o =i §
£ 2
A ey §§ £ S e
I 5 A SNHEE |E
I | | | : .
A

BOSTON BOULDER GRAND HANFORD J
RAPIDS

CKSON OMAHA
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Most Significant Community Impact of Winter Weather (All Sites)
100%
90
B80%
7%
6%
56
30
208
10%

%

Usefulness of WSSI Round 1

100% 8%
90% 13% 17%
80% 33%
50% o
70% 42% 56%
60% L N
63%
50%
40% 56%
30% B 22%
20%
. %
0% 0%
Boston Boulder  Grand Rapids  Hanford Jackson Omaha
W Extremely useful = Very useful Slightly useful  ® Not at all useful

Usefulness of WSSI Elements Across All Sites

o°

s &
e S ““ - i o
o «® Fd' 0"51 e\d“\‘* w &\Bﬂ © o 5"““\
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Usefulness of WSSI EIement; by Site

Interactivity ' Map Overlays

63%
38%
50%
78%
56%
67%

75%
50%
67%
67%
67%
67%

Not Useful Elements Across All Sites

Static Image
Archive
0%

0%
25%
22%
11%
33%

Blowing Snow Flash Freeze

13%
50%
50%
44%
11%
83%

50%
13%
33%
22%
56%
67%

29%
II.B%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0% Ability to
download GIS Ground
Blizzard
data
m Boston 25% 0%
B Boulder 25% 50%
HGRR 42% 2%
m Hanford 44% 11%
® Jackson 33% 11%
Omaha 17% 67%
35%
31%
30%
25%
20%
15%
10%
5%
0%
o 1]
5 5
8 2
©
=
c
=
[=]
T
[G]
100%
90%
80%
70%
60%

50%
40%
30%
20%
10%

0

BN

M Boston

W Boulder

mGRR

o Hanford

m Jackson
Omaha
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Abxllty to

download GIS | Blowing Snow

data
38%
13%
8%
44%
11%
17%

50%
13%
8%
33%
33%
17%

25%
38%
33%
56%
11%
0%

Flash Freeze

38%
25%
25%
56%
2%
17%

Snow Load
Blowing Snow

Flash Freeze Ground Blizzard

Accumulatxon

13%
25%
0%
33%
11%
0%

\bility to download...

Ice Accumulation

Title

Overall Impact

Snow Load |Snow Amount

Accu mulatlon

Map Overlays

63%
63%
92%
33%
89%
100%

Interactivity

50%
0%
50%
44%
44%
33%

Impacts Legend

Not Useful WSSI Elements

None

0%
13%
58%
33%
11%
67%

Overall Impact ' Snow Amount

13%
13%
0%
2%
22%
0%

13%
0%
0%

11%

11%
0%

Snow Load

25%
75%
25%
11%
2%
17%

Terms - need
description

0%
0%
0%
0%
11%
0%

Title

13%
13%
0%
2%
33%
0%

75%
75%
92%
89%
89%
100%

Static Image Archive

Impacts Legend  Map Overlays

Snow Amount

0%

0%

0%
2%
2%

Overall
Impact

75%
63%
67%
56%
89%
83%

Terms - need...

13%
0%

25%
11%
1%

Impacts
Legend
75%
83%
83%
78%
78%
83%

Static Image

Archive

0%
13%
0%
2%
0%
17%

Title

13%
38%
58%
56%
56%
33%

Interactivity

13%
0%
25%
1%
11%
0%
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WOSL SOCIAL SCIENCE STUDY ROUND 2

Focus Group |Pre-Session Survey |Post-Session Survey
Boston 6 6 6
Boulder 6 6 5
Grand Rapids 8 8 8
Hanford 6 5 5
Jackson 4 4 4
Omaha 3 3 3
Forecasters 5 5 5

Familiar with WSSI?

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Boston Boulder Grand Rapids Hanford Jackson Omaha Forecasters

W Yes, |use it regularly B Yes, | have used it a few times 1 Yes, | have heard about it W No
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100%
0%
20%
0%
B0%
0%
40%
30%
20%
10%

0%

100%
908
808G
7006
605

4086
3%
209%
109%

0%

100%
LlF ]
10

BB
S8
40%
S

=

20

&

1cy

ES

0%

Experienced a severe winter event?

33%

Boston Boulder Grand Rapids  Hanford lackson Omaha

HYes ¥ No

Share Official Warnings?

= " p——

Boston Boulder Grand Rapids Hanford lackson Omaha

EYes ENo EN/A

Have you prepared for or directed others to prepare for a

winter storm?

m :

fostan

Roulder Grand Rapids Hanford lackson Ornaha

mYes m No
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Age Gender

T00%% [ . 100%
17% 905 L 20%
s [ 3o > x5
800 #3 40% d aoe | )
50% 50%
70% 13% | 0%
6% 6086
508 20% S0
40% Acke
0% 0%
20% 200
104 100
B 0%
Boston Boulder Grand Rapids Hanford Jackson Omaha Boston Boulder Grand Rapids Hanford Jackson Omaha
B30-39 WA049 w5059 0 6069 EMale ®Female
Education
100%
Position
Sl 0%
a8 i 98 17% 17%
80
2% AL o 17%
b/% d 13%
6086
6%
S8
5% 4054
36
0% 208
0% 10%
5
0% Boston Boulder Grand Rapids Hanford lackson (hmiha
o W Emergency Manager B Airport Director Transportation
m Folice m et earologist W Operations ® Other
0%
Boston Boulder Grand Rapids Hanford lackson Omaha
®HS wAssociates ® Bachelors Posigraduate
Years in Current Position -
Position Types
100%
ane 17% 17%
805
705 60% 60%
e7%
60% 75%
88%
508
A0%
: 3%
30%% — - 6%
B 3% 3%
20% e e e
o & . e -
10% - o g’@c@ Pt‘?"d M{(@“‘\ ut 02013@“
ad of
0% @g&@d W i
Boston Boulder Grand Hanford Jackson Omaha  Forecasters
Rapids

mlorless wm2dyrs m5-7yrs 8 or more
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Where Do You Get Info About Severe Winter Weather?

HBoston M Boulder ™ Grand Rapids Hanford mJackson Omaha
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ADIO INTERNET FACEBOOK N

100%

75

v —————— 33%
60%
| (0%
67%

I 23

s m— 7%
—— 13%
— ) 5%

I (/%)
[=—————————
— I 38%
I 5 (%)
33%
< I (7%
T — (; ],
25%
33%
80%
.
25%
67%
S I ——— | (0%

WFO TWITTER

£ MOST CONCERNING WEATHER 25
o = = o
b 333 b P AP
@ 0000 . e S
£ B @ o0
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b
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BOSTOMN BOULDER GRANDRAPIDS HANFQRD IACKSON MAHA FORECASTERS
B e B Heavy snow m Blizzard Flash freeze  Avalanche
B Rain on Snow High Winds B Tornado B Snow sgualls B light freezing rain
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Most Significant Community Impact of Winter Weather (All Sites)

45%
40%
35%
30%
25%
0%

15%

Usefulness of WSSI Round 2

100%
90% 1% 20% 20%
25%
80%
25%
33% - 67%
60% 40%
50% 50%
38%
40%
30%
20%
10%
0%
Boston Boulder Grand Rapids Hanford Jackson Omaha
o Extremely useful 1 Very useful Slightly useful = Not at all useful
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Round 2

Useful WSSI Elements Across All Sites

80%
70% 22220 67% o
61%
60%
50% 50% 50% 50%
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39% 39%
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20%
10%
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