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Scenario-based focus groups tested NWS forecast and warning products for riverine flood events

and found that revisions to the products improved reader comprehension and motivation to act.

looding is the most common, costly, and deadly
natural disaster in the United States (Perry 2000),
resulting in loss of life (an average of 100
lives annually) with human behavior a primary
determining factor in flood casualties (Ashley and
Ashley 2008). Even with timely and accurate forecasts
and warnings, there are many barriers impeding
people from taking protective actions in the event
of severe storms and flooding. Availability of and

access to information are initial barriers, and getting
the message to people in times of emergency can be
especially challenging when critical infrastructure
such as electricity is down. However, even when
people have access to warning messages, there are
social and psychological factors, and message-related
factors that prevent people from taking actions.
Phillips and Morrow (2007) describe existing research
on responses to warnings and provide a comprehen-

sive review of research needed to understand the
complexities that influence responses, for better and
for worse. Many of these reasons are personal and
include past experience with events (Zaalberg et al.
2009; Dillon et al. 2011) and the influence of social
networks (Perry et al. 1981; Parker and Handmer
1998). The process of seeking out and reflecting
upon information with family, friends, and neighbors
is a critical step in motivating preparedness, as is
watching others prepare and discussing plans with
trusted sources (Mileti and Derouen Darlington 1997;
Mileti 1999; Wood et al. 2009).

How a warning message is framed influences
public response as do the source of the warning,
consistency in messages, perceived credibility of the

AFFILIATIONS: HoGAN CARR, MAXFIELD, AND SEMMENS—Nurture
Nature Center, Easton, Pennsylvania; MoNTZ AND HOEKSTRA—
Department of Geography, Planning, and Environment, East
Carolina University, Greenville, North Carolina; GoLoMAN—RMC
Research Corporation, Portsmouth, New Hampshire
CORRESPONDING AUTHOR: Rachel Hogan Carr, Nurture
Nature Center, 518 Northampton Street, Easton, PA 18042
E-mail: rhogan@nurturenature.org

The abstract for this article can be found in this issue, following the
table of contents.
DOI:10.1175/BAMS-D-14-00248.1

In final form 4 December 2015
©2016 American Meteorological Society

AMERICAN METEOROLOGICAL SOCIETY SEPTEMBER 2016 BAMS | 1649



source, and accuracy (Mileti and Sorenson 1990). The
messages themselves can be a barrier to action when
risk probability is overemphasized and the action
steps the public should take in response are not high-
lighted (Wood et al. 2012). For example, including
the costs and benefits of precautionary/protective
measures have been found to be more effective than
simply stating flood risk (Grothmann and Reusswig
2006), and providing specific, localized information
on what residents should do and when are recom-
mended (Bradford et al. 2012).

Many of the barriers to action have been
extensively studied (Mileti et al. 2006) and provide
a basis for understanding how National Weather
Service (NWS) forecast tools are received and
understood. However, there are other barriers related
to individuals receiving and understanding NWS
products, including the effect of product presentation
on comprehension and motivation to act, that have

not been as widely considered. NWS products are
particularly important to study because of the role of
the NWS as the source of weather (flood) watch and
warnings and because much of the data are used by
other weather and media outlets. Additionally, NWS
forecasters are usually seen as authorities in the field
by many groups, including emergency managers and
the general public.

One of the complicating factors in motivating
response to warning messages is the inclusion of
uncertainty (or the probability of occurrence) in
forecasts. Uncertainty representations are a neces-
sary component of forecasting, and forecasters
routinely express varying levels of forecast cer-
tainty or confidence. Uncertainty messages sup-
port decision-making by providing information on
the confidence in the forecast about an impending
event. While we know that recipients of forecasts
already anticipate and consider such variables as tem-

perature in uncertainty terms and
prefer a forecast representation that
includes uncertainty (Morss et al.
2008), uncertainty can also have
significant negative impacts on the
motivation to prepare. Specifically,
people may feel less willing to act
when the forecast is seen to suggest a
low probability of occurrence despite
the potential for significant impacts,
or they may interpret the uncer-
tainty as representing “evasiveness
or equivocation” (Fischhoff 1995).
Uncertainty representations can also
present challenges in comprehension
and increase ambiguity in messaging
(Spiegelhalter et al. 2011).

People differ in how they react to
uncertainty; for some, not having
a concrete example of what a risk
means can make them uncertain of
what the actual impacts might entail
and thereby impede their decision
on whether to take action. Having
a “retranslation” or a more con-
crete, real-world basis can increase
understanding and motivation
(Marx et al. 2007; Severtson and
Myers 2013), such as including a local
reference point with forecasted crest
levels so that people are clear about
what a flood-level forecast would

mean on the ground. In addition to
these considerations, the choice of

FiG. I. Study locations along the Delaware River within the Delaware
River basin (green shaded watershed).
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Susquehanna River basin
in 2011, emergency warn-
ings alone can be insuffi-
cient to motivate people to take action. During that
event, numerous residents required emergency evacu-
ations because they decided not to leave when given
flood warnings (D. Nicosia, NWS, 2012, personal
communication). In such situations, understanding
how warnings are presented and received is critical.
Research suggests that a balanced approach that draws
on both the emotional and analytical processing
systems is superior for communicating statistically
complex risk messages (Shome and Marx 2009). This
research adds insights about the barriers that prevent
flood-prone residents from most effectively using and
responding to NWS forecasts.

Understanding the barriers to motivating pre-
paredness and communicating risk to the public more
effectively is at the heart of the National Weather
Service’s 2011 strategic plan (NOAA 2011) for devel-
oping a “weather-ready nation™

We must go beyond the production of accurate
forecasts and timely warnings and build in improved
understanding and anticipation of the likely human
and economic impacts of such events. We must
enable our users to better exploit NWS information
to plan and take preventive actions.

To help the NWS improve its communication of
flood risk to residents through its forecast and warn-
ings tools, a multipartner project was conducted in
Easton, Pennsylvania, and Lambertville, New Jersey,
two flood-prone communities in the Delaware River
basin (Fig. 1). Focus groups were held in both com-
munities to test a set of NWS products to understand

AMERICAN METEOROLOGICAL SOCIETY

how participants access and comprehend the tools,
what actions they would be prompted to undertake,
and what changes would make the products more
“user friendly.” The study sought to answer two
questions: 1) How do people living in the Delaware
River basin understand and use NWS products and
services in assessing their flood risk?; and 2) What
changes could be made to NWS products and ser-
vices to increase use and understanding, and thus
to better motivate flood preparedness and warning
response?

METHODS AND STUDY AREA. The research
questions were addressed through focus groups
in Easton and Lambertville, representing urban
(Easton) and rural (Lambertville) settings. Both
communities are highly flood prone (Table 1) with
each located on the Delaware River. Easton is at the
confluence of the Delaware and Lehigh Rivers and
Lambertville is on the opposite river side approxi-
mately 30 miles downstream from Easton (Fig. 1).
Easton has a population of just over 27,000, while
Lambertville’s population in 2013 was estimated at
about 3,800, having declined from 4,400 in 1999 (U.S.
Census Bureau 2015). The two communities differ in
economic status with Easton having a median house-
hold income of approximately $37,000 in 2012, while
Lambertville had a median income of just under
$75,000. Despite these differences, participants in
both communities were long-time residents and were
similar in terms of motivation and interpretation of
the products, allowing the two communities to be
treated as one for analysis.

SEPTEMBER 2016 BAMNS | 1651



TaBLE 2. Products used in the scenarios.

future impacts. The scenar-
io was created in consulta-

Scenario day

Product

tion with the Philadelphia,

Pennsylvania-Mount

Holly, New Jersey, Weather
Forecast Office and the

Middle Atlantic River
Forecast Center, and incor-
porated products developed
by those offices specifi-
cally for this scenario.

During the 2-hour focus
group sessions, participants
worked through the sce-

T-7 NHC track forecast cone (Fig. 3)
T-5 NHC track forecast cone
Significant River Flood Outlook (Fig. 4)
T-3 NHC track forecast cone
Significant River Flood Outlook
QPF (Fig. 5)
AHPS hydrograph (Fig. 6)
T-2 NHC track forecast cone
Flood watch
AHPS hydrograph
T-1 NHC track forecast cone

River flood warning
AHPS hydrograph
AHPS inundation map (Fig. 7)

Flash flood warning

nario as a group, led by a
facilitator who presided
over all focus groups in
order to ensure consistency.

At the beginning of each
session, the research team

AHPS hydrograph
Flood warning (Fig. 8)

administered a survey to
each participant to capture

Postscenario

MMEFS GEFS-based stage simulation traces

MMEFS GEFS-based stage simulations expected value plot (Fig. 9)
MMEFS GEFS-based stage simulations probability of exceedance plot

each person’s demographic
characteristics and flood
experiences. Participants
also completed a survey at

Eight focus groups were held, two in each com-
munity for Round 1 and two in each community for
Round 2. The differences in the rounds are described
below. To ensure that the timing of the focus groups
did not unintentionally leave out any interested
participants, for both rounds one focus group was
scheduled for the afternoon and one for the evening.
Advertisement for focus groups was conducted pri-
marily through personal contact with community
groups and leaders, and by way of a promotional
flyer posted in libraries, schools, churches, and other
public areas. In addition to this community promo-
tion, flyers were personally delivered to homes in
flood-prone neighborhoods, to recruit participants
who are likely to have first-hand experience or
are interested in flood forecast and warning tools.
Selection was made on a first-come, first-served basis.
Participants were provided a nominal financial incen-
tive for participating in the focus groups.

The focus groups used a scenario approach,
which is a common social science methodology
widely used for education and decision-making
(Kahn 1962), and which allows participants to
reflect upon a hypothetical situation and potential
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the end of the session, to

evaluate the focus group

experience and to suggest
additional revisions to NWS products.

The scenario presented a hypothetical hurricane
approaching the area that was based on the flood of
record that occurred in the Delaware River basin in
1955. Showing the National Hurricane Center’s track
forecast cone on day T — 7, the facilitator started
each session with the following: “The National
Hurricane Center has announced that a new hur-
ricane, Hurricane Rachel, has formed in the Atlantic
Ocean. It is expected to move Northward over the
next seven days. Current forecasts suggest it may pass
in close proximity to the Delaware River.” Following
this, the facilitator focused discussion on such
topics as what the cone is telling them, how they are
assessing their own situations, what plans they may
be making at this point, and what other information
they are looking for and from what sources. The
scenario continued, leading up to the hurricane’s
landfall, using images of NWS weather forecasts and
warning products (Table 2). Following the scenario,
experimental products known as the Meteorological
Model-Based Ensemble Forecasting System (MMEFS)
Global Ensemble Forecast System (GEFS)-based
stage simulations were shown and discussed in order



to understand how these tools might be helpful to
individuals to assess the possibility of flooding where
they live.

In addition to discussion about specific days,
participants were asked how they interpreted the
products, how the tools could be useful, and what
would improve the effectiveness of the products.
Participants were also asked what other products and
services they use, and what information they wish
could be made available to them. All focus group dis-
cussions were recorded and transcribed for qualitative
analysis with NVivo. Following Round 1, the research
team, including a professional graphic designer, went
through the transcripts and discussed each product
(except for the track forecast cone and flood inunda-
tion maps) as it was perceived and understood by
participants. Changes resulting from this process
incorporated design principles for increasing compre-
hension and communicating risk, and the suggestions
and challenges raised by the participants in the focus
groups. All changes were undertaken in consultation
with the NWS in order to ensure that they would be
reasonably feasible for NWS to implement. The new
versions of the products were presented to a different
set of participants in Round 2 with the same scenario
used in Round 1.

RESULTS. The results detailed here center on the
products presented in the scenario as they were under-
stood and used by the participants. While discussion
in the focus groups also encompassed participants’
perceptions of their risk as the storm progressed,
the results reported here address the information
gathered and the recommendations made relating to
the products. These are presented below, in the order
in which the products were introduced (see Table 2),
following the presentation of characteristics of the
focus group participants.

Focus group participants. There was a total of 56 par-
ticipants in the Round 1 focus groups (26 in Easton
and 30 in Lambertville) and 42 in Round 2 (22 in
Easton and 20 in Lambertville). All focus groups
were rather evenly divided by gender, with females
representing 54% of participants. The groups are also
similar with respect to years in the Delaware basin
(81% of participants in Easton living there more than
6 years and 90% of Lambertville participants) and
years in the community (6 or more years for 84%
of Easton participants and 85% for Lambertville).
Many of the participants were floodplain residents
who had experienced flooding; this population’s
perspective was solicited intentionally because
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they could provide comments grounded in actual
and anticipated behavior. However, some differ-
ences also exist, which are important to the results
of the focus groups. The Easton participants were
younger, somewhat less educated, and fewer live in
the floodplain compared to the Lambertville partici-
pants (Fig. 2). Despite these differences, discussions
in the focus groups were quite similar, leading the
research team to treat the respondents as a whole.
In fact, it was found that participants in both com-
munities turn to similar information sources (the
Internet), prefer information delivered by both text
and graphics, and express similar confusions and
criticisms of the NWS products that were under
discussion. As a result, the emphasis here is on the
differences between Rounds 1 and 2 in the discussion
of NWS product revisions.

Fic. 2. Characteristics of focus group participants.
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Fic. 3. Track forecast cone graphic.

In general, the participants identified sev-
eral barriers to successful use of NWS forecast and
warning tools, including 1) technical impediments
(e.g., lack of electricity or Internet service), 2) com-
munication impediments (e.g., graphics/text being
too technical and jargon laden, illegible, and con-
tusing with a lack of adequate explanations), and 3)
awareness impediments (e.g., not knowing products
existed, where to find them, or not frequent enough
updates).

Round I. NaT1ONAL HURRICANE CENTER TRACK
FORECAST CONE. At T — 7, there was interest in what
the track forecast cone (Fig. 3), the first graphic in
the scenario presentation, was showing, but no one
related it to their own situation or personal risk.
While it piqued interest in some, it was seen to be
too far away to cause concern. A typical response
centered on the uncertainty: “Seven days out is way
far out to be predicting where it’s going to go. It could
be anywhere.” As the storm (scenario) progressed,
participant interest in the cone continued with greater
attention paid to the product as the potential track
area encompassed Easton and Lambertville. However,
by the day before the storm, there was little use of
or interest in the cone, because other products took
precedence. In fact, interest in using the cone peaked
around days T— 5to T — 3. By day T - 1, participants
were taking preparedness actions instead of seek-
ing out more information and looking at the cone.
Suggestions about the cone centered on more frequent
updates and more of a connection to local (Delaware
River basin) conditions as the storm advanced. As

1654 | BAIMS SEPTEMBER 2016

noted earlier, the research team did not
make changes to this graphic for Round 2.

SiGNIFICANT River FLoob OuTtLook. Despite
the fact that some participants wanted a
product that would give advance notice
of the possibility of a flood, most partici-
pants had some difficulty with the original
Significant River Flood Outlook product
(Fig. 4, top panel). They were generally
negative and confused about what it con-
veyed, particularly with whether the red
outline was showing the forecast area or
the area with significant flooding. Further,
the definition of significant was ques-
tioned: “What do they mean by significant?
My significant may be different from
your significant.” Problems with the map
centered mainly on the lack of geographic
specificity with respect to place names or
water boundaries and difficulty in interpreting the
differences in color schemes and patterns. The general
complaint centered on the graphics, with suggestions
to change colors so that different areas could be easier
to distinguish. No participants indicated having used
this product in the past, and they said they would not
use it because it is difficult to interpret, in either T'- 5
or T - 3, owing to its lack of geographic specificity
and poor differentiation among colors.

QPF. Reaction to the original quantitative precipita-
tion forecast (QPF) (Fig. 5, top panel) was mixed. It
was preferred to the Significant Flood Outlook in
large part because of a better understanding of what
it shows, though that understanding turned out to be
more perceived than actual as some participants had
difficulty interpreting the scale. As one participant
stated, “I think that would be easier than the flood
warning [Significant Flood Outlook] we saw before.
I think that is much easier to understand and shows
you where it’s going to hit and this much, this much”
The ease of understanding is further seen in comments
such as, “It gives a better idea where the concentration
is...this gets my attention, especially the colors” While
some had seen this product, others had not and were
not sure they would use it. Some participants had dif-
ficulty understanding the scale and wished for more
specific geographic identifiers and labeling: “If T could
see Allentown or Philadelphia, something, and a line of
the state that’s bolder would help me to read that much
quicker because I understand the colors” While some
liked the outlines of the counties, for others informa-
tion on what was happening in the upper part of the



river basin was more important
because flooding often occurs
days after the upper regions get
a lot of rain. Another comment
that suggests it provides useful
but not enough information
was, “I think its clarity could
be misleading. I think it could
lead to false comfort, perhaps...
thinking that those lines, those
colors are set...would want oth-
er kinds of information” When
asked what other information,
the response was, “Well the
hydrologic site where they talk
about the anticipated cresting
of the river” This was a fortu-
nate comment because the next
product shown in the scenario
was the Advanced Hydrologic
Prediction Service (AHPS) hy-
drograph (Fig. 6, top panel).

AHPS HYDROGRAPH. Participant
comments about the hydro-
graph were generally positive,
finding it clear to read and
location specific. About half
of the participants reported
using it, with such comments
as “Yeah, we swear by that,”
“That’s about the only thing
we have to go by,” “You're right,
that’s really all there is,” and
“This is what matters the most,
is what’s real.” Most of those
who were not aware of it found
it to be very useful. “I would
have probably looked at this
20 times in the last four days.
Ilive on the [creek]...they have
four days warning, we have
seven hours.” Only a few criti-
cized the original hydrograph
(Fig. 6, top panel) as too tech-
nical. Nonetheless, knowledge
gaps about what the hydro-
graph shows and how to use

Fic. 4. (top) Before and
(bottom) after graphics of
the Significant River Flood
Outlook.
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it were evident. Many did
not understand that part of
the hydrograph is a forecast
with inherent uncertainty.
Discussion about the hy-
drograph among several
participants is illustrative.
Given the scenario at T - 3,
one participant said that, “A
lot of it is speculation what’s
going to happen but the hy-
drograph knows,” which was
followed by statements by
others, including “They’re
pretty accurate” and “Accu-
rate within the inch.” At the
same time, all agreed that
the hydrograph motivates
action. When they see it
reaching flood level, prepa-
rations begin. Frequently,
when presented with other
forecast products, partici-
pants indicated their next
step would be to check the
hydrograph.

FLOOD INUNDATION MAP.
The response to the flood
inundation map (Fig. 7) was
mixed. The ability to check
on neighbors and see the
extent of flooding in the area
was valued, but the use of
color confused participants.
Specifically, there was dif-
ficulty understanding the
relation of the blue color
variations to water depth.
Greater interactivity poten-
tial and more landmarks
were suggested. Because
most did not see this as a pri-
ority tool during a weather
event and regarded it as pri-
marily useful either as an
advanced planning tool or,
alternatively, as a last-min-
ute check about impending

Fic. 5. (top) Before and
(bottom) after graphics
of QPF.



conditions on day T, the
product was not revised.

FLoOD AND FLASH FLOOD
WATCH AND WARNINGS.
More than half of the
participants responded
negatively to the flood
and flash flood watch
and warnings (Fig. 8, top
panel) mainly because of
difficulty in reading the
text. The use of uppercase
fonts was interpreted as
“yelling” and not user
friendly, as indicated by
“I just think the format-
ting on these is abysmal.
I mean you just have to
read every word of this,
I mean, it’s all caps, you
can hardly read it,” and
“It'd be nice if there was
just some summary of the
real information right at
the top or something.”
Several participants men-
tioned that formatting
is even worse on their
phones, which they are
most likely to be using as
they are preparing for the
flood or are evacuating.
A desire for greater geo-
graphic specificity came
up again: “It would be
better to have the names
of the towns along the
river, not the whole coun-
ty,” because much of the
county is not flood prone.

MEeTEOROLOGICAL MODEL-
BAsep ENseMBLE FORE-
cAsT SysTEM ProDuUCTS.
In contrast to the other
products in the scenario,
the MMEEFS (Fig. 9, top

Fic. 6. (top) Before
and (bottom) after
graphics of the NWS
hydrograph.
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FiG. 7. Flood inundation mapping graphic.

panel) products were designed with a professional
user in mind, and specifically have been used by
emergency management offices. This study exam-
ined whether these products have any utility for
residential users. Although a few participants found
the MMEFS to be useful in showing the range of
uncertainty, most found the products difficult or
impossible to read, not useful, and confusing. Most
struggled to understand what was being conveyed.
A typical comment when asked if the products
might be useful was, “Ifit’s something I might have
a chance to study it might be...I don’t want to say
it’s ridiculous but right now I can’t read it. What
is it showing us?” A great deal of time was spent
in the focus groups explaining what the graphs
show, putting into question their utility for all but
a few residential users. However, as the products
were explained, some participants suggested the
information could be helpful if able to be expressed
more simply, with one participant responding, “The
normal person doesn’t know all this technicality.”

THEMES EMERGING FROM ROUND |. The track forecast
cone, the AHPS hydrograph, and flood and flash flood

warnings were familiar to participants and were gener-
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ally trusted. Although the
hydrograph appeared to be
familiar to only about half
of Round 1 participants,
discussion about it was vig-
orous as the hypothetical
hurricane approached. At T
— 3, interest and trust in the
hydrograph were strong;
most Round 1 participants
were definite in their per-
ception of its value—the
hydrograph was all that
many Round 1 participants
consulted. River levels ap-
peared to matter more than
any other piece of informa-
tion for participants as they
tried to determine their risk
and the preparations they
would undertake.
Whether addressing
familiar or not-so-familiar
products, responses focused
on common elements across
products, including the use
of color and patterning,
clarity of the language used,
and the level of geographic specificity. These elements
were taken into consideration in the revisions of prod-
ucts. Revisions were made to all products, with the
exception of the track forecast cone and inundation
maps, as noted above. The revised products were then
presented in Round 2 of focus groups using the same
scenario but with different participants.

Product revisions and Round 2. SIGNIFICANT RIVER
FLOOD OUTLOOK. To improve the Significant River
Flood Outlook, a new color scheme was employed to
more clearly delineate areas likely to have damaging
river flooding (Fig. 4, bottom panel). Cities were
added and labeled to help viewers locate their areas.
Importantly, a note was included under the map about
potential damaging river flooding impacts (the word
damaging was selected rather than significant because
participants questioned the meaning of significant).
The time period of the outlook was emphasized in the
title (i.e., “5 Day River Flood Outlook”).

Most participants were not aware of the product and
were lukewarm in response toward it: “I would look
at it once and say oh flood likely but would get more
details that are available from other graphics.” Color
and language revisions made a difference, making



it clearer that one’s home
was in the area of forecast
and what impacts might
occur. Several participants
focused on the language
about damaging flooding,
with one noting that it mo-
tivates action: “Well, when
it says damage and flood-
ing possible, I'm calling my
friends along the river and
asking if they’re paying
attention.” Thus, while the
revised Significant Flood
Outlook (SFO) remains of
lesser interest or perceived
utility, participants under-
stood the revised map bet-
ter and in some instances,
they were motivated to
take action and to include
it in the suite of tools they
might reference.

QPF. As can be seen in
Fig. 5 (bottom panel),
the QPF was revised to
include cities and towns
and more easily inter-
pretable colors for state
and county boundar-
ies in order to improve
understanding of how
much precipitation was
forecast. The scale was
changed and the graphic
labeled as “Forecast: 72
Hour Precipitation To-
tal,” with a clear descrip-
tion of the time period
the graphic encompasses
(i.e., “ending on Fri Oct
1, 2013 at 8 am”). A fore-
caster’s note box was add-
ed to allow the forecaster
to report the timing of
the rainfall, among other

Fic. 8. (top) Original
and (bottom) revised
flood watch issued by the
NWS Forecast Office in
Mount Holly.
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pertinent information. Finally, a link to the hydro-
graph was added.

Participant reaction to the revised QPF reflected
the importance of precipitation information to par-
ticipants’ decision-making. As in the first round,
it was preferred to the Significant Flood Outlook;
participants in Round 2 generally agreed that the tool
was useful. Conversation about the revised product
focused heavily on when the rain would fall, with
participants noting that they would be checking for
updates—“I'm watching that frequently, ’'m checking
the precipitation, 'm keeping an eye on it"—and also
noting the importance of the forecaster’s note about
when the rainfall would occur—*“I rarely see that.
And that would be extremely valuable.” While there
remained some confusion as to what it was showing,
as a few did not immediately understand the legend
clearly, participants did like the use of color; as one
said, “Yeah, it bounces.”

AHPS HYDROGRAPH. Despite the overall positive
comments about the hydrograph, it became clear in
Round 1 that many were not interpreting it properly,
so revisions were made to increase clarity (Fig. 6,
bottom panel). Several terms were replaced: “stage”
was replaced with “river level” and the graph was
titled “Observed and Forecast River Levels” to make
it easier to interpret. The observed-versus-forecast
portions of the graph were shaded differently and
labeled clearly. The levels of flooding (action, minor,
moderate, and major) were bolded and explained in
a key underneath the chart. Importantly, a “Prepare
Now” orange banner across the top was added, which
appears when an active flood watch is in effect, and
links to that product; similarly, an “Act Now” red
banner appears when an active flood warning is in
effect, and links accordingly. The revised product also
includes hyperlinks to more information.

The link to more details was requested by many
of the focus group participants, with the rate of rain-
fall as a specific request. The hydrograph remained
the product with the “gold star.” No discussion in
Round 2 centered on the changes in format, sug-
gesting that they are subtle and not disruptively
different to familiar users. While some participants
did not understand how the data are derived for the
hydrograph, they favored it for its ability to provide
detailed geographic information, including regional
information, such as nearby river gauges, which par-
ticipants used to triangulate their own anticipated
risk. For instance, recommendations that the data
be presented by zip code rather than river gauge
may be technically challenging, but they emphasize
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the importance of local specificity in understanding
potential impacts.

FLOOD AND FLASH FLOOD WATCH AND WARNINGS. For
the watch and warnings, suggestions were made in
Round 1 to have a summary of critical informa-
tion at the beginning and a focus on affected towns
instead of just county names. These products were
revised, making use of colors (red and orange), bold
text, indents, and varying text cases (Fig. 8, bottom
panel). A summary at the top showing affected areas
and actions was highlighted, and a link to AHPS
was added to direct users to review local hydrograph
forecasts.

Responses of Round 2 participants to the revised
watch were divided with half feeling that it was too
dense and half saying they would be paying attention
to it at that stage of the storm. On the other hand,
respondents were largely positive about the flood
and flash flood warnings, describing them as useful,
crucial, and signifying immediate danger. Negative
comments included the fact that weather reporters
provide the same information and that “so many”
warnings are received.

MMEFS. As noted in the previous section, participants
did not respond positively to the MMEFS original
graph (Fig. 9, top panel). The product was modified to
include colors for the 25th-75th quartiles to indicate
the degree of certainty in the forecasted flood level
and explanatory text on the right and bottom of the
graph (Fig. 9, bottom panel). Links to additional
information explaining the graph were included.
Horizontal and vertical lines help the viewer deter-
mine river levels and times (which are relabeled to
be more easily understood). The title highlights and
clarifies the time period of the dataset (i.e., “7 Day
River Level Probabilities™).

Participants found the revised MMEFS (Fig. 9,
bottom panel) easier to understand, sparking discus-
sion of uncertainty in weather forecasts. There was
much more discussion of these products in Round 2
and, in general, it was a richer discussion, focusing
on the content of the information being conveyed and
the design of the graphics. While in Round 1 much
time was initially spent explaining the graphics to
participants, during Round 2 participants quickly
understood what the products were attempting to
convey and were able to move the conversation toward
improving messaging. Indeed, at times, the graphic
design input was quite specific from participants,
who explained ways in which the presentation was
hindering their understanding. For instance, one



participant “particular-
ly liked the shaded part
of the last graph, and
then the lines were like
woah...I feel maybe
the shading would be
nice in this approach
instead of the bars be-
cause the bars look like
they’re not attached,
so it doesn’t look like
they represent the same
body of data.” In other
instances, product
feedback focused on the
various audiences and/
or uses for the products:
“I find this one inter-
esting...I think for the
general public this has
not much value...For
first responders and
academics of course,
love it. Don’t want to
take that away from
them.”

Echoing input from
Round 1 participants
about the need for
clear text explanations
of graphic products
(which was incorpo-
rated into products
through forecasters’
notes and other ap-
proaches), Round 2
feedback acknowledged
that for some, even
the modified versions
of MMEFEFS graphics
were more challeng-
ing than helpful: “If
this could be reduced
to one sentence text,
I think it could save
a lot of people a lot of
grief.” Revisions made

Fic. 9. (top) Before
and (bottom) after
graphics of box plot
uncertainty in river
levels.
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meaningful improvements to public understanding,
but even with revisions, most of the participants
had difficulty interpreting and understanding the
MMEEFS products. While only the box-and-whisker
plot is shown here, two other formats (spaghetti and
dot-and-line plots) were discussed during the focus
groups. The spaghetti plot created confusion with
too much information and jargon and too many
lines. The dot-and-line graph was similarly not well
received, and many stated they would not use it for in-
formation. Thus, the products’ utility for motivating
public action and understanding appears to require
additional enhancements.

Summary of findings. There were modifications com-
mon to all products that improved understanding of
the forecast, leading to a reported increased motiva-
tion to prepare and take action. These improvements
could be beneficial to other forecast products and
tools for a range of natural hazards. Table 3 sum-
marizes these findings that incorporate the feedback
from the focus groups and the graphic design prin-
ciples used in the product revisions.

DISCUSSION AND CONCLUSIONS. This
project led to findings in several areas that have
direct relevance to achieving a “weather-ready
nation,” particularly, as presented here, the utility
and understandability of NWS products. During
both the first and second rounds of focus groups,
participant responses to the various NWS riverine

flood forecast and warning tools focused on common
elements, including the use of color and patterning,
use of language, and the level of geographic specificity
included in the products. In both rounds, participants
strongly favored the hydrograph as a go-to resource
for deciding what actions steps to take.

As shown in Table 3, the use of color emerged as
very important in helping participants make sense
of the information being conveyed. For instance, the
use of light and dark blue on the flood inundation
map was confusing to participants, who associated
deeper water with darker colors. The inundation
map reserves the darkest blue for the river channel,
so as river levels increase—and the extent of flooding
worsens—the color on the map gets lighter, which was
counterintuitive to some people. The use of pattern-
ing and color on the significant river flood outlook
was confusing to Round 1 participants, who could not
easily distinguish between the two patterns indicating
either “possible” or “likely” significant flooding, nor
could they distinguish boundaries between areas at
risk. Further, participants cited the lack of a distin-
guishing color, font, or typeface characteristic of the
flood watches and warnings as a barrier to quickly
identifying their personal risk, and in some instances
they gave clear requests for information to be called
out in color or bold text for this purpose. The ability
of participants to clearly distinguish information by
use of color, font, and patterning often drove much
of the focus group discussions.

For residents, motivation for action came from

knowing what was forecast

for their specific town, and

TasLE 3. Summary of modifications to improve forecast products and

tools.

Characteristic

Improvement

Location

Geographic specificity is valued. Residents want to know
whether the forecast relates to them directly.

Language

Overly technical language and acronyms need to be
avoided. Titles have to be easily understood.

Design

Different type style makes it possible to distinguish
important information and to highlight key information.
Consistency in logos and titles helps with interpreta-
tion and understanding, as does the prominence of date,
time, and location information.

Color

Color schemes should be intuitive. Residents need
colors that are distinguishable from each

other and that do not mask text, boundaries, or con-
tours. A limit on the number of different

colors to no more than seven enhances understanding.

Product presentation

Combination of graphics and text is preferred. Graphic
should provide a quick visual of risk, while text provides
concise explanation.
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knowing what neighbors,
friends, and family were
doing to prepare. As one
respondent stated, “What
matters to me is whether
it gets to 25.2 or 26.8, it’s
how high it is at my house.”
Further to this point, many
participants spoke of using
sticks in their yard and on
their property to see for
themselves how fast the
water levels were rising.
This hyperlocal approach
was well trusted and widely
used, with some arguing
that, “if your power goes
out and your internet is out,
you don’t have access to the
internet so using your stick



is pretty smart.” In addition to underscoring the
importance of geographically specific information,
this behavior also stimulated discussion about the
participants’ need to know not only the quantity but
the rate of rainfall, which is not offered elsewhere in
the tested NWS products.

The lack of local specificity in some of the flood
products presented major limitations. For instance,
the flood inundation maps were criticized for the lack
of detail: “That’s where flood maps kind of fail in a
sense, in a region if you're in the flood plain it doesn’t
give you the level of detail you might want. I mean if
I knew that every house around there would flood I
guess I would empty my house anyway.”

Even as graphic clarity emerged as critical, clear
text was still important. Participants in both rounds
preferred a mixture of graphics and text, with graph-
ics providing quick information and text allowing for
explanation and detail. The general sentiment was
captured by one respondent’s statement, “Graphics
with limited text is the way to go. We look at weather
all the time on TV and those maps are amazing...
they’ve got so many good graphics and they’re moving
and they’re very specific. So to go back to something
that looks like somebody typed up in 1955...1ooks
crazy to me.” Revisions to graphic design incorpo-
rated “forecaster’s note” boxes and additional text
statements in order to address these requests.

The role of uncertainty on decision-making
emerged throughout the focus group discussions.
In certain instances, participants acknowledged
that when the forecast was uncertain, they actively
sought additional information before deciding to
prepare. Participants often find this information in
other NWS products, such as the hydrograph, which
they deemed definitive and so used it for additional
confirmation of the forecast. The MMEFS graphics,
which center on representations of uncertainty, were
too complex to be motivational because they lack any
concrete or physical reference point, or historical
analysis point, against which participants could make
comparisons. Residents often confuse probabilistic
forecast products with forecast confidence, and care
must be taken to clearly define uncertainty, proba-
bilistic forecasting, and confidence. Future research
might test modifications that incorporate these
elements. To mitigate the effect of uncertainty on
perceptions of credibility, it has been suggested that
risk messages should be deemphasized and actions
to prepare emphasized (Wood et al. 2012), which will
also serve to reduce confusion.

Nonetheless, the subtle product modifications
tested here with the MMEFS were able to reduce
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confusion about these products and were helpful
in encouraging products’ use. Providing enhanced
visual clarity and easier-to-interpret representations
allowed participants to more carefully deliberate on
the representations of uncertainty and to help avoid
some of the issues presented by Spiegelhalter et al.
(2011).

The changes to the NWS’s products shown in this
paper are relatively easy to implement and are a cost-
effective way of improving product use and forecast
dissemination. Focus group participants wanted to
hear from the National Oceanic and Atmospheric
Administration (NOAA)/N'WS as the authoritative
source: “We’re also inundated with weathermen
and weatherwomen, weather forecasters, who really
don’t know what they’re talking about. And so I
would much rather get information from NOAA, the
National Weather Service and not listen to affiliate
news stations.” However, participants required infor-
mation with enhanced clarity and ease of use in order
to motivate their decisions to take action.

Additionally, the focus group process emerged as
valuable not only for informing the NWS about the
utility of its products but for participants themselves.
Focus group participants reported on surveys that
they were more likely to share information, seek
out NWS information, and create emergency plans
after having gone through the sessions, and in un-
solicited written and verbal notes, expressed thanks
for the opportunity to learn through the process.
This increased motivation provides evidence that a
scenario-based context for discussing flood forecast
tools resulted in greater understanding and commit-
ment to action and information sharing, and should
be considered for outreach purposes.

It is important to note that some of the products
reviewed in this study are created and disseminated
from national offices (such as the track forecast cone),
while others are generated on a regional basis (such as
the SFO and the MMEFS). As a result, implementing
changes to these products must be handled on a prod-
uct-by-product basis, and at least one NWS office, the
Eastern Region headquarters of NWS, has started a
plan to operationalize some recommendations for the
MMEEFS products. This study was limited to flood-
prone communities in the Delaware River based in
New Jersey and Pennsylvania, and it is possible that
other communities may have different specific needs
for information from some of these products. The
focus group participants were self-selected and most
had first-hand experience with flooding; thus, the
results and recommendations presented here may
not be generalizable to other populations. Members
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of the public who do not have significant experience
with flooding or with NWS forecast and warning
products may still be at risk and may be potential
users of the information. These populations and
those in other geographic regions may have differing
opinions about, interpretations of, and preferences
for the products than were found in this study. Thus,
future research should replicate this study in different
geographic locations, which can be easily accom-
plished with the methodology employed here, and can
identify barriers to people’s understanding and use of
NWS products that can be combined with the results
of this project. Additionally, this study presented each
product directly to focus group participants, which
removed one significant barrier to their use, which
is the ability to locate the product when it is needed.
Future research should look specifically at the ways
that people access these products, and identify which
delivery vehicles are most helpful for public audi-
ences. Further, future research should address how
the findings related to visual design and clarity apply
across other NWS forecast products and hazard types.
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