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ABSTRACT: As tropical cyclone threats evolve, broadcast meteorologists and emergency managers rely on timely fore-
cast information to help them communicate risk with the public and protect public safety. This study aims to improve the
usability and applicability of National Weather Service (NWS) forecast information in the context of these NWS core part-
ners’ decisions during tropical cyclone threats. The research collected and analyzed data from in-depth interviews with
broadcast meteorologists and emergency managers in three coastal U.S. states. These data were used to analyze broadcast
meteorologists’ and emergency managers’ tropical cyclone decision and action timelines, their use of tropical cyclone infor-
mation during different phases of threats, and gaps in forecast information for decision-making. Based on these findings,
several opportunities for improving tropical cyclone risk communication were identified. Recommendations to address
gaps in the NWS tropical cyclone product suite include designing improved ways to communicate storm-specific storm
surge risk at greater than 48 h of lead time, expanding the use of concise highlights that help people quickly extract and
understand key information, and improving product understandability and usability by more comprehensively integrating
users’ perspectives into product research and development. Broader strategic recommendations include developing new
approaches for informing broadcast meteorologists about major forecast updates, presenting forecast information in ways
that enable locally relevant interpretation, and supporting human forecasters’ contributions to the effectiveness of NWS
products and services. These findings and recommendations can help NOAA prioritize ways to modernize the current
NWS tropical cyclone product suite as well as motivate research to enable longer-term high-priority improvements.

SIGNIFICANCE STATEMENT: Tropical cyclones pose significant risks to coastal and inland U.S. populations. This
project aims to improve creation, communication, and use of tropical cyclone forecast and warning information by
studying broadcast meteorologists’ and emergency managers’ information needs for decision-making during different
phases of tropical cyclone threats. We identify several priority areas for improvement, including advancing longer-
lead-time storm surge forecast communication, enhancing dissemination of forecast updates, and increasing use of con-
cise text highlights. Additional findings include the importance of locally interpretable forecast information, the value
of human forecasters in weather risk communication, and the need for iterative, user-informed forecast product devel-
opment. These findings can help NOAA and the research community improve forecast communication and invest in
research that facilitates continued improvements.

KEYWORDS: Social Science; Hurricanes/typhoons; Tropical cyclones; Forecasting; Broadcasting;
Communications/decision making; Emergency preparedness

1. Introduction

When a tropical cyclone1 (TC) threatens the United States,
broadcast meteorology and emergency management profes-
sionals act as key partners to NOAA’s National Weather
Service (NWS) in communicating the complex forecast infor-
mation available and translating that information into

protective actions. Although the NWS originates much of the
weather forecast and warning information available in the
United States, most members of the public see and hear TC
and other weather forecast information from non-NWS sour-
ces, including broadcast meteorologists (Lazo et al. 2009;
Milch et al. 2018; Sherman-Morris et al. 2020). Using informa-
tion from the NWS and other sources, emergency managers
play critical roles in informing people about approaching TC
risks and making community preparation and response deci-
sions (Demuth et al. 2012; Bostrom et al. 2016). Together,
these groups provide a foundation for the TC forecast and
warning system, whose broader common goals include saving
lives and reducing property loss and other harm (Mileti and
Sorensen 1990; Gladwin et al. 2007; Lindell et al. 2007;
Demuth et al. 2012; Bostrom et al. 2016).

This study aims to enhance the effectiveness of the forecast
and warning system by helping NOAA improve its TC risk
communication with these key partners. In particular, we
investigate how, over the shorter and longer term, NOAA
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can improve the collection of TC forecast and warning prod-
ucts, information, and services provided by the NWS,2

referred to by NOAA as the TC product suite (NOAA 2019).
To do so, we take a forward-looking perspective on the TC
product suite as a whole, using a decision- and user-centered
approach (Argyle et al. 2017; Demuth et al. 2020). Using data
collected from semi-structured interviews with broadcast
meteorologists and emergency managers in TC-affected areas
of the contiguous United States, this article addresses three
research questions:

1) What are broadcast meteorologists’ and emergency man-
agers’ primary decisions and actions during different
phases of TC threats?

2) What NWS TC products and other TC information do
broadcast meteorologists and emergency managers use in
different phases of threats?

3) What are broadcast meteorologists’ and emergency man-
agers’ key unmet needs related to TC forecast and warn-
ing information?

We then use the in-depth knowledge gained to identify key
information gaps and develop research-guided recommenda-
tions. This includes recommended priorities for modernizing
the TC product suite over the next few years, as well as
strategic recommendations for long-term investments in TC
forecasting and risk communication. Our research team col-
laborated with a core team of NOAA research and NWS per-
sonnel3 to develop the study approach, design the methods,
and translate the findings into usable recommendations. An
additional goal of the interviews was to build foundational
knowledge for designing and implementing surveys with
broader populations of broadcast meteorologists and emer-
gency managers, which will be reported on in future work
(Vickery et al. 2022).

By investigating these questions, this study advances the
body of knowledge in hazard risk communication, decision-
making, and warning systems in several ways. Although the
literature on how members of the public interpret and
respond to TC forecasts and warnings has grown rapidly over
the last decade, fewer studies have focused on NWS partners
in the TC warning system. Much of the previous research on
U.S. emergency management decision-making during TCs
focuses around evacuation order decisions (e.g., Lindell and
Prater 2007; Dye et al. 2014; Gudishala and Wilmot 2017;

Hoekstra and Montz 2017a,b). Evacuation orders are impor-
tant because, for some members of the public, they are a
major motivator for taking protective action when a TC
approaches (e.g., Gladwin et al. 2001; Demuth et al. 2018).
Emergency managers may make evacuation order decisions
or provide advice to elected officials making those decisions.
One particular emphasis of prior research is the timing of gen-
eral population evacuation orders, because it is challenging to
issue evacuation orders for as few areas as possible, but far
enough in advance to enable everyone at risk to get to safety,
given clearance times4 and forecast uncertainties. Comple-
menting prior research focused on evacuation order decisions,
it is also important to develop process-oriented understand-
ings of a broader range of emergency managers’ decisions and
actions. This includes investigating the decisions that lead up
to and follow evacuation orders and the information used to
inform those decisions, across a variety of jurisdictions and
TC situations. Here, we do so by investigating how emergency
managers working in different types of jurisdictions assess
risks and coordinate public safety throughout the life of TC
threats, in the context of evolving forecast information and
decision-making (Wolshon et al. 2005; Morss and Ralph 2007;
Bostrom et al. 2016; Morss et al. 2017; Hoekstra and Montz
2017b).

Many state and local emergency plans contain recom-
mended guidelines and schedules for emergency management
decisions during TC threats (Urbina and Wolshon 2003;
Wolshon et al. 2005; FEMA 2013; Gudishala and Wilmot
2017; National Hurricane Program 2017), and these inform
our work. However, such decisions require managing com-
plex, intersecting uncertainties and thus involve significant
judgment within general established procedures (Wolshon
et al. 2005; Hoekstra and Montz 2017a). Moreover, emer-
gency managers update their decision processes as forecasts
improve, enabling longer-lead-time decisions, and as other
influencing factors change. Consequently, another way in
which our study contributes to the literature is by seeking to
understand emergency managers’ current perspectives on their
actual decision timelines and priority forecast information
needs, complementary to written emergency plans.

In comparison with emergency managers, there have been
fewer studies of broadcast meteorologists during TCs. Daniels
and Loggins (2007) and Prestley et al. (2020) investigated how
television meteorologists communicate with the public during
TC threats, but they did not examine the research questions
of interest here, and they focused primarily on high-impact
periods near landfall. Other research has examined broadcast
meteorologists together with emergency managers and NWS
forecasters in the context of their roles and interactions within
the TC warning system (Demuth et al. 2012; Anthony et al.
2014; Bostrom et al. 2016). This research noted the impor-
tance of effective coordination among these groups and
the NWS, as well as the tensions and tradeoffs of managing
uncertainties. It therefore recommended further efforts to

2 This article focuses on TC information for the Atlantic Basin
provided by several groups within the NWS structure, including
three national centers within the NWS National Centers for Envi-
ronmental Prediction}the NHC, WPC, and SPC}as well as
River Forecast Centers and local NWS WFOs. WFOs are orga-
nized within NWS regional headquarters (e.g., Eastern Region,
Southern Region) and focus on a multicounty warning area of
responsibility (see, e.g., https://www.weather.gov/about/nws). Col-
lectively, we refer to these groups as NWS.

3 This core NOAA team included the NWS tropical services
program leader, an NHC hurricane specialist, and additional NWS
staff, as well as staff in the Weather Program Office’s Social Sci-
ence Program and the Atlantic Oceanographic and Meteorologi-
cal Laboratory within NOAA’s OAR.

4 Clearance time is the expected number of hours required to
move the at-risk population in a geographic area to safety.
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“evaluate, test, and improve the NWS product suite through
collaborations among warning system partners and with social
scientists” (Demuth et al. 2012, p. 1142), which the study dis-
cussed in this article helps to fulfill.

Our study also builds on prior work to understand and
improve how NWS partners interpret and use specific NWS
TC forecast and warning products. Findings from this prior
work include the importance of developing NWS products
that are more easily understood, visually appealing, and
locally relevant, as well as emergency managers’ interest in
receiving TC storm surge and flood forecast information ear-
lier (Safford et al. 2006; Losego et al. 2012; Morrow and Lazo
2014; Morrow et al. 2015; Hogan Carr et al. 2016; Hoekstra
and Montz 2017b; Munroe et al. 2018). Here we examine
whether these product improvements are still priorities given
recent changes to the NWS product suite. We also expand
this work beyond modifying specific TC product types to
investigating priority needs for modernizing the TC product
suite as a whole.

Section 2 describes the study methods, and sections 3 and 4
present findings pertaining to research questions 1 and 2
above. Section 5 addresses research question 3, highlighting
key information gaps identified by our analysis and associated
recommendations, followed by conclusions in section 6.

2. Methods

Our study focused on broadcast meteorologists and emer-
gency managers because of their essential, sustained roles in
fulfilling the NOAA and NWS missions when a TC threatens
the United States. As depicted in Fig. 3 of Uccellini and Ten
Hoeve (2019), broadcast meteorologists are core partners to
the NWS, that is, “government and non-government entities
who are directly involved in the preparation, dissemination,
and discussions involving National Weather Service informa-
tion that supports decision making,” and emergency managers
are deep relationship core partners, that is, a subset of core part-
ners that includes “government officials responsible for public
safety” (p. 1931; see also NWS 2018). Within the broader
weather enterprise, which also includes academia and others in
private industry, government, and nongovernmental organiza-
tions (NWS 2019, p. 6), broadcast meteorologists and emer-
gency managers serve as vital conduits between the NWS and
other core partners, general partners, and members of the pub-
lic, helping “amplify NWS’s message” and its influence on deci-
sion-making (Uccellini and Ten Hoeve 2019, p. 1931). Thus,
from the perspective of our NOAA collaborators, input from
these groups was critical for making decisions about moderniz-
ing the TC product suite, complementing other recent and
ongoing social and behavioral science research.

a. Interview sample and implementation

Data were collected from 17 in-depth interviews with
20 participants5 in coastal and inland communities in two

TC-prone regions of the United States, the Gulf Coast, and
the southeastern U.S. Atlantic Coast, as shown in Table 1.
We selected these two regions and the states within them, in
collaboration with NOAA, for their variability in terms of TC
risks and vulnerabilities, recent TC experiences, social and
cultural factors, and governmental structures for evacuation
order decision-making. Interviews were conducted in a mix of
metropolitan and less-populated areas, along the coast and
inland, consistent with our goal of developing foundational
knowledge that could be used to design surveys relevant to
broader samples of broadcast meteorologists and emergency
managers in the Atlantic TC basin. Our initial study plan
included interviews in a third region, the New York/New
Jersey area, but we were unable to conduct these interviews
because of the COVID-19 pandemic as explained below.

The broadcast meteorologist interviewees worked at local
television stations in either a chief meteorologist or morning
meteorologist role. Their experience in this type of job ranged
from 10 to more than 30 years. Emergency manager inter-
viewees worked in job roles such as public safety director,
emergency management coordinator, or district coordinator,
with jurisdictions at the city, county, regional (within state),
or state level. Their experience in this type of job ranged from
6 to 50 years.

The interviews were conducted in person and by phone in
February–March 2020. Several additional interviews in the
two sampled regions were planned, as well as interviews in
a third region as noted above. However, the rapidly evolv-
ing COVID-19 pandemic created difficulties for recruiting
additional interviewees and scheduling interviews, forcing
us to stop interview data collection in mid-March 2020. The
interviews lasted 45–120 min (median of 66 min). Each inter-
view was audio recorded and professionally transcribed for
analysis.

b. Interview guide

The interview guide included questions adapted from previ-
ous work to understand professionals’ weather-related deci-
sions and information use (Demuth et al. 2012; Morss et al.
2015, 2022; Bostrom et al. 2016), as well as new questions for
this study developed in discussion with our core team of
NOAA collaborators, based on NOAA research and NWS
interests related to the study. A draft version of the interview
guide was pretested with one broadcast meteorologist and
one emergency management professional prior to conducting
the interviews used in the analysis. Interviewees were asked
to talk about a variety of types of TC threats or events, ranging
from a tropical depression or tropical storm to a category-5

TABLE 1. Number of broadcast meteorologist and emergency
manager interviewees by state.

State
Broadcast

meteorologists (n 5 7)
Emergency

managers (n 5 13)

Georgia n 5 3 n 5 5
South Carolina n 5 2 n 5 2
Texas n 5 2 n 5 6

5 Fourteen interviews had one interviewee, and three interviews
had two interviewees.
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hurricane, along with different types of associated hazards
(e.g., strong winds, storm surge, heavy rainfall, tornadoes).

After questions about their job roles and experience, inter-
viewees were asked a series of questions about their decisions
and actions, forecast information use and sources, and recom-
mendations for improved forecast information during each of
three phases of TC threats: 1) from when they first become
aware of a threat until about 5 days out from when a storm is
expected to affect their area, 2) from about 5 days to 48 h out,
and 3) from about 48 h out until landfall or impacts. These
time frames were selected based on the literature review and
pretests; we invited interviewees to adjust the time frames
based on what made sense in their job context, but none did so.
We then asked interviewees about exceptions to their typical
TC timeline, information they use about specific TC hazards,
individuals or communities in their region that are particularly
vulnerable to TCs, and management of uncertainties and
inconsistencies in forecast information and decision-making.

Next, interviewees were presented with a set of 12 NWS
TC product examples (Fig. 1) and asked which they use,

which they find most useful, and why. We selected this set of
products, with guidance from our NOAA collaborators, to
represent different types of key forecast and warning informa-
tion within the NWS TC product suite. It includes TC-related
products issued by the National Hurricane Center (NHC),
the Weather Prediction Center (WPC), the Storm Predic-
tion Center (SPC), and local weather forecast offices
(WFOs) across the lifetime of a TC threat.6 Last, we asked
interviewees about possible improvements to the product

TC product Product source Product description

Graphical Tropical 
Weather Outlook

NWS National 
Hurricane Center

Map depicting the TC formation potential of current and 
future tropical disturbances during the next 2 or 5 days.

Track Forecast Cone 
(“Cone of Uncertainty”)

NWS National 
Hurricane Center

Map depicting the probable track of the center of a TC 
during the next 5 days, along with its forecasted intensity, 
watches/warnings, and other information.

Tropical Cyclone 
Wind Speed 
Probabilities Graphic

NWS National 
Hurricane Center

Map depicting the probability of sustained surface winds 
of at least 39 mph (tropical storm), 58 mph, or 74 mph 
(hurricane) at different locations during the next 5 days.

Arrival of Tropical-
Storm-Force Winds 
Graphic

NWS National 
Hurricane Center

Map depicting the forecasted Earliest Reasonable or 
Most Likely time of onset of sustained 39 mph winds at 
different locations during the next 5 days.

Key Messages 
Graphic

NWS National 
Hurricane Center

Graphic with text highlights about a TC’s forecast and 
hazards, along with relevant NWS graphical TC products.

Tropical Cyclone 
Public Advisory

NWS National 
Hurricane Center

Text product containing a list of all current watches and 
warnings for a TC, along with the storm’s position, current 
motion, intensity, and other information.

Potential Storm 
Surge Flooding Map

NWS National 
Hurricane Center

Map depicting the risk of coastal flooding from storm 
surge at different land locations, issued within 48 hours of 
anticipated impacts along the U.S. coast.

Storm Surge Watch/ 
Warning Graphic

NWS National 
Hurricane Center

Map depicting areas where there is a possibility (watch) 
or danger (warning) of life-threatening storm surge in the 
next 48 or 36 hours, respectively.

Excessive Rainfall 
Outlook Graphic

NWS Weather 
Prediction Center

National map depicting the risk of potentially flooding 
rainfall at different locations during the time indicated 
(e.g., Day 1, Day 2, Day 3).

Convective Outlook 
Graphic

NWS Storm 
Prediction Center

National map depicting the risk of severe convective 
weather at different locations during the time indicated 
(e.g., Day 1, Day 2, Day 3).

Hurricane Local
Statement

NWS Weather 
Forecast Offices

Text product containing a list of watches/warnings, 
potential hazardous conditions and impacts, and other 
information about a TC for a local area. 

Hurricane Threats 
and Impacts 
Graphics

NWS Weather 
Forecast Offices

Set of regional maps depicting the risk of TC-related 
hazardous wind, storm surge, flooding rain, and 
tornadoes at different locations, issued within 48 hours of 
anticipated impacts in the region.

FIG. 1. NWS TC-related products presented to interviewees, as described in section 2b. Prod-
uct descriptions were obtained online from NOAA (noaa.gov and weather.gov). A version of
the figure with examples of the products is available in the online supplemental material.

6 NHC focuses on hazardous tropical weather, including TCs; its
TC track, intensity, and size forecasts underpin most TC hazard
forecast and warning information generated by NHC itself (e.g.,
the Storm Surge Unit), other NWS national prediction centers,
andWFOs. In the context of TCs, WPC and SPC provide informa-
tion focused on TC-related hydrometeorological (e.g., heavy rain-
fall) and convective (e.g., tornado) hazards, respectively. WFOs
provide more localized weather products and information focused
on their area of responsibility.
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suite and additional TC forecast information they would
like to have.

c. Interview data coding and analysis

The qualitative coding and analysis were performed in
NVivo, with the goal of integrating project-driven objectives
with data-driven insights. First, two members of the research
team read through all 17 interview transcripts and designed an
initial hierarchical coding scheme that combined key concepts
in the interview questions and project goals with those men-
tioned by interviewees. The two researchers then went through
two stages of testing and refining the coding scheme, with each
stage consisting of independently coding two transcripts (one
broadcast meteorologist and one emergency manager), com-
paring the coded transcripts, discussing discrepancies, and
revising the coding scheme. The two transcripts independently
coded in the second stage were used to evaluate intercoder
reliability.

The coding scheme included 67 codes: 59 subcodes within
four high-level codes (decisions and actions,7 forecast and other
meteorological information, TC hazards and characteristics,
and TC time frame) and four additional codes (at-risk popula-
tions, public messaging and decision making, job roles, and mis-
cellaneous). Eleven of these 67 were either inferential codes
designed to mark excerpts for later analysis of latent constructs
(Miles and Huberman 1994) or codes used for marking miscel-
laneous content not listed in the coding scheme; the remaining
56 codes were used to evaluate intercoder reliability at the para-
graph level, with sub codes aggregated to higher-level codes.
Cohen’s kappa was 0.8 or higher for 34 (61%) of these codes
and was between 0.65 and 0.8 for an additional 9 codes (16%).
The only codes with kappa # 0.5 were used five or fewer times
by the two coders. The full coding scheme and intercoder reli-
ability results are provided in the online supplemental material.

After assessing intercoder reliability, the researchers discussed
and addressed discrepancies, with a focus on clarifying the defi-
nitions of codes that had lower intercoder reliability or had been
used few times. Next, the final coding scheme was used by one
researcher to adjudicate the four cross-coded transcripts and
code the remaining 13 transcripts. We then systematically ana-
lyzed the interview data by compiling excerpts associated with
different codes and synthesizing findings. To illustrate key
points, we use anonymized quotes8 accompanied by an identifier
indicating the interviewees’ job type [emergency manager (EM)/
broadcast meteorologist (BR)], location [Texas (TX)/South Car-
olina (SC)/Georgia (GA)], and interview order (e.g., BRTX1, or
EMTX4&5 for an interview with two participants).

Although sometimes interviewees specified from which NWS
entity they were obtaining information, often they discussed
NWS more generally. They also sometimes referred to obtaining

information or products generated by one NWS entity in the
context of another NWS entity, for example, by discussing infor-
mation that is typically originated by a national center in the con-
text of communication with a local office. For these reasons as
well as our focus on the NWS TC product suite as a whole,
much of the paper refers to NWS forecast information and
products more generally rather than information from specific
groups within the NWS. Our approach is consistent with the
NWS’s emphasis in recent years on improving coordination
and consistency of forecast and warning messaging across the
organization (NWS 2019; Uccellini and Ten Hoeve 2019).

3. NWS partner decision and action timelines

This section analyzes broadcast meteorologists’ and emer-
gency managers’ decisions and actions during three phases of
TC threats: 1) monitoring and awareness, 2) readiness and
action, and 3) transition to impacts and response. These
phases, summarized in Fig. 2, were distilled from the interview
data, emergency management planning materials, and previ-
ous literature (e.g., Morss and Ralph 2007; Gudishala and
Wilmot 2017; Hoekstra and Montz 2017b). They mirror the
three time frames used in the interview guide, but we discuss
them in terms of decision and action themes to provide a
more general framework that accounts for a wider range of
TC situations.

With different TC situations in mind, the timing of the
three phases in Fig. 2 is not absolute but relative to antici-
pated TC impacts in a decision-maker’s jurisdiction.9 Depend-
ing on the storm, the first phase can be short or last for many
days. With current forecast skill, the second phase typically
begins about 5 days before TC impacts, and the third phase
about 48 h before impacts. However, these phases can begin
earlier or later depending on the forecast uncertainty and
how close to the United States a TC forms or significantly
intensifies. The time frames corresponding to the three phases
are also determined in part by current predictive capabilities
for TCs and the associated availability of different NWS TC
products at different times; consequently, the time frames for
decision-making have shifted as forecasts have improved.

These timelines and associated descriptions are for those in
regions that continue to be at risk as a TC approaches. Others
may start in phase 1 of the timeline but then shift to other
activities as the area at risk narrows and no longer includes
their region. Unless otherwise noted, findings presented
throughout the article reflect key themes in the interview
data, across multiple interviewees.

7 We phrased the interview questions in terms of decisions and
actions and kept these together in the coding scheme because in
some cases interview pretesters and interviewees discussed the
actions they take at different times corresponding to their deci-
sions, rather than explicitly referencing the decisions they make
that lead up to those actions.

8 Quotes are verbatim, except for removal of filler words.

9 Some emergency manager interviewees discussed their decision
timelines using reference points in their emergency plans, such as
operating conditions (OPCONs), which correspond to different lev-
els of readiness and alert, or time to evacuation (E-hours) or TC
impacts (H-hours). However, all emergency managers said that a
key driver of their timelines was completing evacuations and prepa-
rations prior to the arrival of TC conditions that will threaten the
safety of their own personnel and others outside or in vehicles.
Thus, to provide a common framework across emergency manag-
ers, we discuss timelines relative to arrival of TC impacts.
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a. Broadcast meteorologist decision and action timeline

Broadcast meteorologists discussed three intersecting types
of activities that they engage in during TC threats: informa-
tion gathering and interpretation, communication and
engagement with public audiences, and communication and
preparation within their station. An overview of these activi-
ties in different phases of TC threats is provided in Fig. 3, and
illustrative quotes are presented in Fig. 4.

Across the timeline, broadcast meteorologists’ informa-
tion-gathering and interpretation activities focused on
receiving and seeking TC-related information from the
NWS and other sources, and comparing and interpreting
the information to synthesize key aspects of TC threats.
They do so by using software from private sector vendors
that enables them to access and process NWS data, as well
as in other ways for information accessed outside their ven-
dor platforms. Broadcast meteorologists use this informa-
tion to provide media coverage of evolving threats, in other
words, to communicate about TC threats with viewers and
other audiences through multiple media platforms, includ-
ing television, station websites and apps, and social media.
Because in most situations they convey information visually
as well as verbally, much of their communication involves
graphics, especially graphics adapted from NWS products
or designed in house using NWS and other data. Internally,
they communicate and collaborate with staff and manage-
ment to decide how to cover the situation and prepare their
station.

Other than emergency preparation to keep station staff
safe, broadcast meteorologists’ TC-related activities focus
around providing up-to-date media coverage of evolving TC
threats. Therefore, their TC timelines are driven primarily by
when, during the lifetime of a storm, different TC information
(e.g., different types of NWS products, forecast model output,
and observations) is typically available (Figs. 1 and 2).

Broadcast meteorologist interviewees explained that their
primary goals are to provide audiences with clear, accurate,
credible information that is consistent across shifts and station
personnel, and to tell people to remain aware and prepared.
Within the weather community, concerns have been raised
about broadcast meteorologists conveying information differ-
ently for marketing and branding reasons (Williams and
Eosco 2021). However, many interviewees said that they aim
to provide forecast information that is consistent with official
NWS sources so as not to create divergent or inconsistent
messaging that may cause confusion. For example, one
described how they look at NWS briefings and other informa-
tion and consult with the local NWS office to “try to relay a
similar message” (BRSC1); another explained that although
they “assess the situation from our own perspective . . . we
always show the Hurricane Center’s forecast; we don’t deviate
from that” (BRTX1).

1) PHASE 1

During the first phase of their timeline, broadcast meteorol-
ogists described their primary decisions and actions as watching

Transition to 
Impacts &
Response

Readiness & Action

• A specific TC has formed but 
is >5d from U.S., is forming,
or is predicted to form soon

• Significant uncertainty about 
track and potential impacts

Phases of Broadcast Meteorologist and Emergency Manager Decision Making During TC Threats

Monitoring &
Awareness

Phase
1

Phase
2

Phase
3

• Monitoring and building
situational awareness

• Considering possible plans 
but typically not yet making
major resource allocations

• Graphical Tropical Weather
Outlook

• TC impacts in U.S. are more likely
• Forecasts narrow to more specific 

regions at risk and then more specific 
possible hazards and impacts as 
phase evolves

• Media coverage of the threat ramps up
• Most protective decisions affecting

large populations are made, in order to
implement actions prior to TC impacts

• Track Forecast Cone
• TC Wind Speed Probabilities Graphic
• Arrival of Tropical-Storm-Force Winds 

Graphic

Time TC impacts

• TC impacts in U.S. are likely
• Forecasts provide more spatially and

temporally specific information about TC
hazards and impacts, transitioning to
observing and experiencing the storm

• Frequent, multi-platform media 
coverage of the threat

• Final pre-event preparations,
transitioning to during-event and post-
event actions and response

• Watches and Warnings
• Potential Storm Surge Flooding Map
• Hurricane Threats and Impacts 

Graphics

TC evolution
and

forecasts

NWS TC
products 

(examples)

Decisions 
and actions

FIG. 2. Overview of the three phases in the NWS partner decision and action timelines, including the characteristics of TCs and their
forecasts, example NWS TC products, and a synthesis of decisions and actions that are typical within each phase, as described in section 3.
Examples of the TC products listed are shown in Fig. 1.
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storms and forecasts to maintain awareness for themselves,
their station, and their audiences, while communicating exter-
nally and internally in ways that “try not to get people too anx-
ious” (BMGA1&2) because of the inherent uncertainty with
storm development and track at this stage. Their information
gathering and interpretation activities focused on tracking
tropical disturbances, including current and potential TCs, and
assessing their possible future evolution. This includes monitor-
ing trends as well as comparing interpretations among meteor-
ologists within the station and across information sources.

When engaging with the public during this phase, broadcast
meteorologists said that they notify their audiences about
potential TC threats and recommend that people stay aware
because the threats can and will change (Fig. 4). In addition,
several interviewees noted that during this phase, they may
see or receive questions from members of the public based on
what they believe to be misinformation posted on social
media, for example, overstatements of the risk that a TC
poses to their region based on a model simulation that is
highly unlikely or “has known biases in this range” (BRTX1).

Broadcast Meteorologists’ Decision & Action Timeline

Phase 1
(Monitoring &
Awareness)

• Monitor TCs, tropical disturbances, and associated forecasts, maintaining awareness
and attending to trends in NWS products, forecast model output, and other data

• Occasional media coverage to inform audiences about potential TC threats, noting
uncertainties, addressing any misinformation, and recommending people stay updated

• May notify station management, begin considering staffing, and review emergency plans

Phase 2
(Readiness &

Action)

• Gather and interpret the growing volume of information about the TC threat available
from NWS products and data and other sources

• Increase coverage of TC threat on television and other media platforms; provide more
localized forecasts; relay recommendations and updates from public officials

• Plan staff schedules and reporter locations; put station emergency plans into effect

Phase 3
(Transition to

Impacts &
Response)

• Continue gathering and interpreting TC information, increasing use of observational data
to track and convey the storm’s characteristics and impacts

• Further increase media coverage; provide more specific forecasts of TC hazards and
their timing in different areas; continue relaying official recommendations and updates

• Implement plans to keep staff safe, if needed

FIG. 3. Overview of broadcast meteorologists’ major decisions and actions during TC threats,
for each of the three phases in the timeline depicted in Fig. 2. Additional information about each
of the activities shown is provided in section 3a, and illustrative quotes for each phase are pro-
vided in Fig. 4, below.

Broadcast Meteorologist Timeline: Illustrative quotes

Phase 1: Monitoring and Awareness
“We'll kind of put a feeler out if it's more than five days out. Say: Hey, it's possible that next 

week there could be a tropical something coming to the Gulf of Mexico. We're not too 
concerned about it right now, but we'll keep you informed. … We will use broad strokes to talk 
about it … and try to give some early guidance or general feel for which direction it may trend. 
Like right now we don't think it's going to be a threat to the Gulf, or we think this will come to 

the Gulf and it's too soon to say exactly where.” (BRTX1)

Phase 2: Readiness & Action
“The closer that it gets to the event, it gets a bit wild at times because you’re constantly 

updating, you’re constantly on the air, you’re trying to make sure you have the web stuff and 
your apps updated and fresh … it can get very, very busy.” (BRSC1)

Phase 3: Transition to Impacts and Response
“When it gets 48 hours to impact, it’s what’s happening in the state, what’s happening in our 

viewing area, how will it impact us?” (BRSC1)
“A lot of it, within 48 hours, is breaking it down by specific areas. The impacts, whether it’s 

storm surge, wind or rain.” (BRGA1&2)

FIG. 4. Illustrative quotes for the three phases in broadcast meteorologists’ decision and action
timeline (discussed in section 3a and summarized in Fig. 3).
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When this occurs, they “spend time batting down rumors”
(BRTX1) to reassure people (Bica et al. 2020).

Internally, during this phase broadcast meteorologists may
initiate discussions beyond their meteorology team, including
station management. They may also “start to meet as a station”
(BRSC2) to discuss the forecast situation, review station emer-
gency plans, and consider staffing schedules.

2) PHASE 2

Broadcast meteorologists described the second phase as a
critical time period during which their TC-related activities
ramp up significantly. In particular, if the TC poses a risk to
their region, they transition from monitoring into increased
action.

As in the first phase, they continue to gather, compare, and
interpret TC forecast information from the NWS and other
sources, but with growing volume, specificity, and localization
of information (Fig. 2). They increase television coverage, for
example, through longer weather segments on the news and
added cut-ins during programming. They also increase com-
munication on other media platforms, such as sending out
app alerts, livestreaming on social media, and posting more
updates to their station website and social media (Fig. 4). In
addition, as the available forecast information evolves during
this phase, broadcast meteorologists shift to communicating
more specific information. This includes using more localized
reference points for explaining potential tracks and talking
through more localized potential hazards and impacts. They
described conveying forecast uncertainty by presenting view-
ers with possible storm scenarios, as well as explaining the
“why” behind the forecasts and scenarios. They also relay
preparation recommendations, evacuation updates, and other
information from emergency managers, law enforcement, and
elected officials through the communication mechanisms above
as well as broadcasting storm-related press conferences.

Internally, during this phase, broadcast meteorologists dis-
cussed having more meetings with management and their
weather teams and “starting to get into the nitty gritty of
[media] coverage plans” (BRSC1). This includes deciding
about staffing schedules and reporter deployment, in coordi-
nation with partner stations if additional staff or resources are
needed. As the storm gets closer, their station puts its hurri-
cane plans into action to ensure that staff have safe shelter,
food, and water during the storm.

3) PHASE 3

This phase, as BRSC1 described, “is our Super Bowl.”
Broadcast meteorologists continue to gather and provide
updated forecast, warning, and other official information as it
is issued. Their communication and engagement with audien-
ces continues to increase through more frequent or even
wall-to-wall (24 h) television coverage, as well as on-screen
crawlers, “app” pushes, and website and social media updates.
Their emphasis shifts to “giving people much more specific
information, with more certainty on where landfall will occur,
about the time that it will occur,” (BRTX1) as well as fore-
casts of when hazards and impacts are expected in different

areas within their viewer region (Fig. 4). As the storm nears
and then begins to affect their area, they also increasingly use
observational data (including radar, live news coverage from
reporters, and images from members of the public) to track
the storm and its impacts and to show viewers what is happen-
ing and how it may affect them.

Within their organization, they increase the number of
meteorologists on shift to manage their increased media cov-
erage of the storm, and they finalize field reporter deploy-
ment. They also continue to implement emergency plans and
prioritize the safety of staff, including deciding when to pull
reporters out of certain areas or move station staff to safety if
needed.

b. Emergency manager decision and action timeline

Emergency managers discussed four intersecting types of
activities they engage in during TC threats: information gath-
ering and interpretation; communication, coordination, and
advisement within their agency, with elected officials, and
with local, regional, state, and federal partners; communica-
tion with the public; and evacuation and resource staging. An
overview of these activities in different phases of TC threats is
provided in Fig. 5, and illustrative quotes are presented in
Fig. 6.

Across the timeline, emergency managers’ information-
gathering and interpretation activities focused on maintaining
awareness and obtaining up-to-date forecasts about the
storm’s track and potential hazards and impacts in their
region. Although several interviewees noted that they may
look at forecasts from other sources for situational awareness,
they reported making most of their decisions using forecast
information from the NWS rather than other sources. They
interpret and use forecast information on its own and some-
times integrate information into decision-support tools such
as the National Hurricane Program’s hurricane evacuation sys-
tem (HURREVAC) and HURREVAC-eXtended (HVX).10

Emergency managers use this information to communicate
about the TC and coordinate evacuations, resource staging,
and other preparedness activities across the organizations that
provide emergency support functions (ESFs),11 such as trans-
portation, public works, search and rescue, mass care, and
health services. They also communicate with and advise
agency leadership, elected officials, and others making deci-
sions that influence public safety, such as educational institu-
tions and businesses. In addition, they may coordinate or

10 HURREVAC, recently updated to HVX, is a decision-
support tool for government emergency managers developed and
supported by the U.S. National Hurricane Program. It enables
combining TC scenarios and NHC forecasts with emergency man-
agement decision timelines, e.g., for evacuation. Although many
interviewees discussed using HURREVAC/HVX, two working in
a smaller emergency management agency noted that they do not,
because they lacked sufficient staff to allocate time for training on
the system or for using it during TC threats.

11 ESFs provide an organizational structure for grouping and
coordinating the different types of resources, support, and services
that are likely to be needed to prepare for, manage, respond to,
and recover from disasters and other emergency incidents.
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participate in communication with the public about the risks
and recommended actions, for example, through press confer-
ences, social media, and emergency notification systems.
Although emergency managers’ specific roles in evacuations
and other decisions vary based on their level of governance,
state, jurisdiction, and job characteristics, this set of activities
was relevant across the emergency managers interviewed.

These activities focus around informing and protecting the
public. Emergency managers’ information use timeline is
therefore driven by both when different types of information
are available and how far in advance different types of public
safety decisions must be made. If decisions must be made
before desired forecast information is received, they discussed
seeking out additional information, if possible, and then mak-
ing the decision using the information available, along with
experiential and other forms of knowledge.

During TC threats, emergency managers described their
goals as ensuring public safety and well-being. They aim to do
so by maintaining sound situational awareness for themselves
and others making decisions, coordinating decisions and actions
across public safety functions, and clearly communicating with
partners and the public about impending storm threats, public
safety measures, and recommended protective actions. This
includes a focus on planning and helping implement evacuation
and sheltering of at-risk members of the public, if needed, and
obtaining and positioning resources for prestorm protective
actions and poststorm response and recovery.

1) PHASE 1

During the first phase, emergency managers described their
primary activities as monitoring potential threats, building

situational awareness, and, if a TC might threaten their
region, beginning to consider scenarios and discuss possible
plans. Some said that they begin daily monitoring of potential
TCs in the Atlantic Ocean at the start of hurricane season;
another described starting to look at forecasts “anytime a
potential system pops up” (EMGA4).

If a TC might approach their region, emergency managers
begin notifying their agency staff, leadership, and partners,
to build situational awareness (Fig. 6). Because effectively
implementing prestorm evacuations and poststorm response
requires taking a number of earlier actions, they may begin
to consider options for decisions such as evacuation areas
and routes, bussing, and medical transport, sheltering, and
staging resources. They may also begin to coordinate staff-
ing for the event, partially activate their emergency opera-
tions center (EOC) to support enhanced monitoring and
logistical discussions, and start communicating with the pub-
lic about the TC.

Emergency managers noted that this far in advance, much
can change with TC-related forecasts. Therefore, they are
paying attention to forecast information and considering
future actions but typically not yet committing to major deci-
sions or resource allocations (Fig. 6).

2) PHASE 2

Similar to broadcast meteorologists, emergency managers
described the next phase as a critical time period, during which
their roles transition from building situational awareness and
considering plans to taking actions. As EMTX4&5 explained,
it is at “120 hours that we have to start making real decisions
that cost real money, that affect real people.” In gathering and

Emergency Managers’ Decision & Action Timeline

• Monitor potential TC threats and associated forecasts
• Build situational awareness among agency staff and partners; may begin public

communication to raise awareness; may partially activate EOC
• Begin considering scenarios and discussing possible plans for evacuation, sheltering,

and resource staging

Phase 2
(Readiness &

Action)

• Gather forecast information from NWS products, NWS forecasters, and other sources
• Partially or fully activate EOC; increase communication and coordination with staff,

elected officials, and partners; increase public communication
• Plan and coordinate evacuations and sheltering for access and functional needs and

general populations; obtain and stage resources; make other preparations

Phase 3
(Transition to

Impacts &
Response)

• Continue monitoring forecasts, especially anticipated local impacts and timing
• EOC activated; continue communication and coordination with staff, partners, and public
• Complete implementation of evacuations, sheltering, resource staging, and other final 

preparations; transition to planning for post-storm damage assessment and response
• Monitor arrival time of TC impacts, to halt preparation activities and keep personnel safe

Phase 1
(Monitoring &
Awareness)

FIG. 5. Overview of emergency managers’ major decisions and actions during TC threats, for
each of the three phases in the timeline depicted in Fig. 2. Additional information about each of
the activities shown is provided in section 3b, and illustrative quotes for each phase are provided
in Fig. 6, below.
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interpreting forecast information, they are especially inter-
ested in assessing the storm’s potential hazards and impacts in
their area of responsibility, including storm surge, strong
winds, and flood-inducing rainfall. They also monitor televi-
sion and social media to maintain awareness of what others
are communicating and doing. If impacts are anticipated in
their region, emergency managers activate or ramp up their
EOC and staffing during this phase, and they increase commu-
nication and coordination within their agency and with elected
officials and partners so that everyone involved in making pub-
lic safety decisions has “the best information available at the
time to make whatever decision needs to be made” (EMSC2).

One major set of decisions that typically needs to be made
during this phase relates to public evacuations. The timing
of evacuation order decisions may appear straightforward,
working backwards from the anticipated arrival of TC
impacts using an area’s clearance time. However, inter-
viewees emphasized that hurricane evacuations are complex
processes that involve multiple intersecting considerations
and decisions.

One complexity is the different timelines involved in suc-
cessfully evacuating the general population versus access and
functional needs populations, in other words, people who may

need assistance evacuating. For the general population, emer-
gency managers plan to initiate evacuations with sufficient
time for people to finish moving to safety prior to arrival of
impacts, which involves considering clearance times. Safely
moving access and functional needs populations, including
those with disabilities, who are at hospitals or long-term care
facilities, or who lack transportation or other means to evacu-
ate, requires additional time and resources. In addition, evac-
uations can be initiated for different populations due to
different risks; for example, people in coastal evacuation
zones are typically evacuated due to risk of inundation from
storm surge, while hospitals and long-term care facilities may
also be evacuated due to the risk of strong winds and associ-
ated power outages. Mobile-home residents are also more
susceptible to TC winds, even inland. To manage evacuation
traffic, recommended and mandatory evacuations for differ-
ent populations can be sequenced.

Moreover, successfully implementing evacuations requires
emergency management organizations and their partners to
plan logistics and expend significant resources earlier in their
timeline. Time, personnel, equipment, and funds are needed
to notify affected populations, manage traffic, identify public
shelter locations and set up shelters, arrange bussing and

Emergency Manager Timeline: Illustrative quotes

Phase 1: Monitoring and Awareness
“If it’s quite a distance away out in the Atlantic, I usually wait until it becomes a tropical 

depression or tropical storm to send out emails to all our partners … and make everyone 
aware. … That’s really to get everybody primed for okay, we may see something. Try to give 

an idea of: especially this timeframe, keep an eye on it.” (EMSC2)
“A lot of awareness, lot of looking forward to the next four to five days.” (EMGA1)

Phase 2: Readiness & Action
“Once we get inside 96 hours … we have probably 300 items that we have to take care of. 
Those items are starting to be clicked off. We've ordered buses. We're doing evacuations. 

We've ordered commodities … Hospitals are being evacuated. All these things are all starting 
to take place based on the impacts. If we're expecting surge … we might not have issued [an 
evacuation order] at 120 hours, but we're at least talking to the public about it, that we might 
have to do these evacuations. So, we're working to soften the public up for this message to 
come in, probably tomorrow at this time, we'll probably be issuing a mandatory for such and 

such. All those things have to take place.” (EMTX4&5)
“In order to call up all of the resources that the local jurisdictions will need to help them and 
evacuate a populace, we have to have the time to identify those resources and where they 

are, mobilize them … The decision to evacuate becomes a very difficult decision because that 
takes time, but it also takes a lot of money. We're talking about multimillion dollar 

[transportation] contracts that have to be activated … and you're asking [industry and the 
port] to shut down … So there's going to be a tremendous economic loss to call an 

evacuation. Also, you're looking at the human factor. If you call for an evacuation, you're going 
to ask nursing homes, assisted living facilities, that may have patients that are medically 

critical, that may have to evacuate. So they have to weigh that risk against the potential that 
the storm is going to make a landfall here and it will be devastating.” (EMTX1)

Phase 3: Transition to Impacts and Response
“It’s over at 48 [hours]. Things have to be completed or rapidly coming to closure as far as 

timing on all the lists and things that we have to do.” (EMTX4&5)
“If we're 12 hours away from [onset of tropical storm force winds] and there's something we 

haven't done, then we've got a problem. … We call this phase OPCON 1. We call it  
final staging … within 24 hours … it's more like details at that point.” (EMGA3)

FIG. 6. Illustrative quotes for the three phases in emergency managers’ decision and action time-
line (discussed in section 3b and summarized in Fig. 5).
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medical transportation, and so on. These actions must be
coordinated across multiple public, nonprofit, and private sec-
tor organizations, often starting 96 or 120 h before arrival of
TC impacts (Fig. 6). Thus, forecast information during this
phase is critical for setting up successful public safety deci-
sions and actions as the storm approaches.

Along with evacuations, emergency managers described
many other preparation activities that take place during this
phase. Examples include issuing emergency declarations; clos-
ing schools and other facilities; allocating and positioning
additional resources that may be needed for preparedness
and poststorm response (such as sandbags, rescue equipment,
fuel for generators, food, and water); and requesting addi-
tional resources from other jurisdictions if they may be
needed. They also significantly ramp up public communica-
tion (Fig. 6).

Emergency managers noted that although forecasts are
uncertain during this phase, they still have major, expensive
decisions to make that are difficult or impossible to imple-
ment effectively beyond a certain point. One way that they
manage this uncertainty is to consider scenarios for their area,
for example, a storm that makes landfall a category higher
than predicted or shifts track and generates greater impacts.
Nevertheless, it is often challenging to make costly, critical
decisions given the uncertainty in TC forecasts and local
impacts when decisions need to be made (Fig. 6).

3) PHASE 3

Within 48 h prior to TC impacts, emergency managers
shared that they have shifted to final readiness and staging
(Fig. 6). Depending on the region and scale of evacuation,
evacuations have already been determined and are being
implemented, or final evacuation decisions are made during
the beginning of this phase. In high-risk areas, emergency
managers are continuing to facilitate evacuation or safe local
sheltering for those remaining. Inland and outside the highest-
risk areas, they are managing traffic from evacuees and helping
those who need gas, supplies, or shelter. They also make other
final preparations, such as planning for continuity of govern-
ment, shutting down transportation and other public services,
and issuing curfews to clear roads.

Although major prestorm decisions have usually already
been made, during this phase emergency managers continue to
access forecast information. They use this information to make
final decisions such as where to open shelters of last resort, posi-
tion supplies and poststorm response crews, and house their
critical workforce during the storm. They also monitor forecasts
for any major changes that may affect plans in progress. As the
storm approaches, they continue to monitor updated forecasts
as well as storm observations, to ensure that preparations have
been completed and that staff and first responders are in safe
locations by the time hazardous conditions begin.

During this phase, emergency managers will have a fully acti-
vated EOC, and they will continue to communicate frequently
with partners and members of the public. As the storm nears,
they shift from prestorm preparations to planning for during-
storm operations and poststorm response. This includes

monitoring when hazardous conditions are expected to end,
using forecasts and observations, to anticipate when they can
initiate poststorm damage assessment and response.

4. Forecast information use

Building on the decision and action timelines above, next
we examine what NWS TC products and other forecast infor-
mation these NWS partners use in different phases of TC
threats. As in section 3, we present findings for broadcast
meteorologists and then for emergency managers, summa-
rized in Figs. 7 and 8, respectively.12

a. Broadcast meteorologist information use

During the first phase, the primary visual TC product gen-
erated by the NWS is the NHC Graphical Tropical Weather
Outlook (Figs. 1 and 2). All of the broadcast meteorologists
interviewed shared that they use this product for monitor-
ing, tracking, and communicating the locations of current
and potential future TCs during this phase. Because the
NWS typically does not provide official forecasts of TC
track and intensity during this phase, broadcast meteorolo-
gists obtain such information primarily from numerical
weather prediction model output. Models mentioned include
the GFS (United States), Canadian, and European global
models as well as “spaghetti plots” depicting multiple possible
TC tracks.

During the second phase, as forecast skill increases, NHC
and other NWS entities begin providing a number of addi-
tional forecast products that broadcast meteorologists use.
This includes the NHC Track Forecast Cone, which all of the
broadcast meteorologists referenced. As BRSC2 explained,
once the cone product becomes available, it provides “a one-
stop shop that gives our viewers and our consumers a chance
to get [key] information on one graphic,” including a TC’s
position, current wind field, and forecasted track and inten-
sity. Interviewees noted, however, that it is also important to
understand and communicate the potential for impacts out-
side the cone.

To understand and convey more specific forecasts of TC
hazards and impacts during the second and third phases,
broadcast meteorologists discussed using NHC wind graphics,
as well as WPC and SPC products if the TC may generate
heavy rainfall, inland flooding, and/or tornadoes in their
region. As a TC approaches, they discussed using additional
WFO products, NHC storm surge and watch/warning

12 This section and Figs. 7 and 8 are designed to examine broad
patterns of information use across the interview data. As discussed
in the text, some types of information were mentioned more com-
monly than others; however, given the limited number of inter-
viewees and the varying ways in which they discussed using
information, we have decided not to present quantitative results.
We anticipate that more generalizable, quantitative data on the
use of different types of information will be available from the fol-
low-on surveys. Note also that information not listed in a given
time frame may still be used by some broadcast meteorologists or
emergency managers, but it was not a prominent theme in the
interviews.
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products, and evacuation and preparedness information from
public officials, as those become available. As their timeline
progresses, they also described using more observational
data, and a few discussed transitioning from using global to
regional weather prediction model output.

Throughout their timeline, broadcast meteorologists noted
the importance of data analysis and display systems provided
by private sector vendors for their use of TC information
(section 3a). Although they occasionally mentioned dissem-
inating NWS products in the NWS format, for example, on
social media, more frequently they use the data underlying
NWS products to create revised or new graphics, including
new combinations of information. Along with NWS products
and data layers, many broadcast meteorologist interviewees
discussed accessing information from NWS forecasters, to
obtain additional interpretations and insights. Mechanisms for
obtaining this information varied across individuals but
included Forecast Discussion products; online interactions via
NWSChat; WFO briefing packages, webinars, and conference
calls; and one-on-one interactions through telephone calls.

Interviewees also noted the value of being able to obtain
forecast highlights through NWS products such as NHC Key
Messages graphics, NHCAdvisories, and, as a storm approaches,
WFOHurricane Local Statements.

b. Emergency manager information use

In the first phase of TC threats, emergency managers dis-
cussed accessing forecast information from the NHC Graphi-
cal Tropical Weather Outlook and weather prediction model
output, especially in the form of spaghetti plots. As discussed
in section 3b, they use this information to monitor potential
threats, build situational awareness, and, depending on the
likelihood of a TC entering their region, begin considering
possible plans for different scenarios.

Beginning in the second phase, as multiple NWS entities
start to issue more types of TC products, emergency managers
discussed using many of the same types of information as
broadcast meteorologists to assess, communicate, and prepare
for different aspects of TC risks. Similar to broadcast meteor-
ologists, emergency managers described the NHC Track

Broadcast Meteorologist Timeline: Major Types of TC Information Used

Phase 1:
Monitoring & Awareness

Phase 2:
Readiness & Action

Phase 3:
Transition to Impacts & Response

NWS TC Products

� NHC Graphical Tropical Weather 
Outlook

� Forecast Discussions

� NHC Track Forecast Cone 
� TC hazard forecasts: NHC TC Wind 

Speed Probabilities; NHC Arrival of 
Tropical-Storm-Force Winds; WPC and 
SPC products

� NHC Key Messages
� NHC Public or Forecast Advisories 
� Forecast Discussions

Same NWS TC products as Phase 2 and
� Watches and Warnings: Hurricane / 

Tropical Storm; Storm Surge
� TC hazard forecasts: NHC Potential 

Storm Surge Flooding; WFO Hurricane 
Threats and Impacts graphics

� WFO Hurricane Local Statement

Other Information from NWS

� Interpretations and updates from NWS 
forecasters, e.g., through webinars / 
conference calls, NWSChat

� Interpretations and updates from NWS 
forecasters, e.g., through webinars / 
conference calls, NWSChat

� Interpretations and updates from NWS 
forecasters, e.g., through webinars / 
conference calls, NWSChat

Modeling and Analysis Tools

� Weather prediction models: global;
spaghetti plots

� Vendor data analysis and display 
system

� Weather prediction models: global; 
spaghetti plots

� Vendor data analysis and display 
system

� Weather prediction models: global; 
regional; in-house; spaghetti plots

� Vendor data analysis and display 
system

Other

� Observational data: satellite
� Weather information from private 

companies, web sites, social media

� Observational data: satellite; Hurricane 
Hunter aircraft; buoys

� Weather information from private 
companies, web sites, social media

� Information from public officials, e.g.,  
preparedness, evacuation, closures

� Observational data: satellite; radar; 
Hurricane Hunter aircraft; buoys; river 
and tide gauges; reporter and public 
reports, pictures, and videos

� Weather information from private 
companies, web sites, social media

� Information from public officials, e.g.,  
preparedness, evacuation, closures

FIG. 7. Overview of the major types of TC information used by broadcast meteorologists during each of the three phases in the TC threat
timeline depicted in Fig. 2. Further discussion can be found in section 4a.
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Forecast Cone as providing a useful high-level overview of a
TC’s potential track, timing, and intensity, although again
some discussed challenges with people misunderstanding it
(including the potential for TC impacts outside the cone). In
addition, during the second phase, many emergency managers
described using spaghetti plots from non-NWS sources
to assess possible TC tracks and situation-specific track
uncertainties.

For information about potential TC hazards and impacts
during the second and third phases, many interviewees dis-
cussed using NHC Wind Speed Probabilities and Arrival of
Tropical-Storm-Force Winds graphics. Depending on the situ-
ation, they also noted using products from WPC, SPC, RFCs,
and their local WFOs. In addition, emergency managers in
coastal areas discussed the importance of storm surge risk
information, as well as the intersection between the timing of
TC-induced flooding and tides. Several described storm surge
forecasts as especially important during the second phase,
when critical and expensive decisions leading up to evacuations
often need to be made, even though this is before the NWS
currently issues storm-specific storm surge inundation products.

One major group of NWS products provided during the
third phase is tropical storm, hurricane, and storm surge
watches and warnings; these are not issued until 48 and 36 h

prior to anticipated impacts, respectively. Given the evacua-
tion decision timelines discussed in section 3b, several emer-
gency managers explained that they do not use these products
to inform decisions about evacuation orders. Rather, they typ-
ically use watches and warnings as justification for evacuation
orders that have already been decided on, or to provide an
additional inducement for people to evacuate or make other
preparations. This does not mean, however, that watches,
warnings, and forecasts provided within 48 h of impacts are
not useful; evacuations are being implemented, and emer-
gency managers and others are still making additional protec-
tive decisions. As the storm nears and arrives, emergency
managers continue to use forecasts and observational infor-
mation to make final preparations and then shift to planning
poststorm response.

Throughout their timeline, emergency managers discussed
using TC forecast information on its own as well as in
HURREVAC/HVX or GIS to enable overlaying the fore-
casted TC hazards with other geospatial data, such as the loca-
tions of evacuation zones or critical infrastructure in their
jurisdiction. Similar to broadcast meteorologists, they discussed
the value of quickly understandable forecast highlights pro-
vided in products such as the NHC Key Messages graphic.
However, some explained that due to NHC’s national and

Emergency Manager Timeline: Major Types of TC Information Used

Phase 1:
Monitoring & Awareness

Phase 2:
Readiness & Action

Phase 3:
Transition to Impacts & Response

NWS TC Products

� NHC Graphical Tropical Weather 
Outlook

� Forecast Discussions

� NHC Track Forecast Cone 
� TC hazard forecasts: NHC TC Wind 

Speed Probabilities; NHC Arrival of 
Tropical-Storm-Force Winds; WPC and 
SPC products

� NHC Key Messages
� NHC Public or Forecast Advisories 
� Forecast Discussions

Same NWS TC products as Phase 2 and
� Watches and Warnings: Hurricane / 

Tropical Storm; Storm Surge
� TC hazard forecasts: NHC Potential 

Storm Surge Flooding; RFC products
� WFO Hurricane Local Statement

Other Information from NWS

� Interpretations and decision support 
from NWS forecasters, e.g., through 
webinars / conference calls, one-on-one 
conversations, other interactions

� Interpretations and decision support 
from NWS forecasters, e.g., through 
webinars / conference calls, one-on-one 
conversations, other interactions

� Interpretations and decision support 
from NWS forecasters, e.g., through 
webinars / conference calls, one-on-one 
conversations, other interactions

Modeling and Analysis Tools

� Weather prediction models and 
spaghetti plots

� HURREVAC/HVX

� Weather prediction models and 
spaghetti plots

� HURREVAC/HVX

� HURREVAC/HVX

Other

� Observational data: satellite
� Weather information from television, 

web sites, social media

� Observational data: satellite; buoys
� Weather information from television, 

web sites, social media

� Observational data: buoys; river and 
tide gauges; radar

� Weather information from television, 
web sites, social media

FIG. 8. Overview of the major types of TC information used by emergency managers during each of the three phases in the TC threat
timeline depicted in Fig. 2. Further discussion can be found in section 4b.
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international focus, the Key Messages product typically pro-
vides coarser-scale information that emergency managers must
narrow down to their jurisdiction. In addition, a few noted that
the national or multistate geographic scale of most NWS graph-
ical TC products can make it difficult to extract locally relevant
information that they can use in making the decisions discussed
in section 3b. Thus, many emergency managers shared that
they look to their local WFOs for information about the
“particulars about our area and how it’s going to impact us”
(EMTX1). They obtain this information through WFO-
generated graphics and briefing packages as well as through
webinars, conference calls, and conversations with NWS fore-
casters. A few interviewees also discussed accessing forecast-
ers’ interpretations through Forecast Discussion products or
the FEMAHurricane Liaison Team located at NHC. Summa-
rizing the value to emergency managers of information and
decision-support services from NWS forecasters, EMTX2&3
said, “I don’t see how you could do this job and not be on
pretty close terms with your [local] weather service.”

5. Key information gaps and recommendations

Although interviewees noted the usefulness of a variety
of NWS information and products for informing decision-
making, they also discussed unmet information needs and
recommended improvements. In this section, we synthesize
key information gaps and propose associated recommenda-
tions. Illustrative quotes are presented in Figs. 9 and 10. As
described above, our project included collaboration with a
core team of NOAA Research and NWS personnel, who
helped us interpret our research findings in the context of
NOAA policies, practices, and planning, and they provided
feedback as we began formulating and then refined recom-
mendations. This enabled us to coproduce research-guided

recommendations that are usable by NOAA in a variety of
ways. For example, although some aspects of the recom-
mendations can be implemented by NHC or WFO forecast-
ers as part of their current products and services, many
were designed to help NOAA prioritize modernizations to
the TC product suite and support longer-term NOAA
OAR and NWS planning.

One theme that emerged across our data was the timing of
NWS product releases. For broadcast meteorologists, the
primary issue noted was the timing of major NWS TC product
releases relative to the timing of television newscasts. Although
broadcasters can ad lib on television when necessary, a few
minutes to digest forecast updates and prepare new visuals can
help them more effectively convey the latest information from
NWS to the public (Fig. 9). This issue has been identified in
prior work (e.g., Demuth et al. 2012), but it is difficult to solve,
because NWS forecasters must themselves wait for the latest
observations and model output and engage in their own activi-
ties in order to generate TC product packages. Nevertheless,
considering new ways to address this issue can help broadcast
meteorologists fulfill their role as partners with the NWS in
communicating with members of the public. Thus, we rec-
ommend that NOAA collaborate with broadcast meteorolo-
gists to develop strategies for informing them about key TC
forecast and warning updates prior to standard television
broadcast times}especially when there are delays in releas-
ing the full product package. Based on our interviews, key
updates are those that may affect major television
visuals or communication approaches; examples include
upgrading or downgrading a storm between a tropical
storm and hurricane, significant changes in track or inten-
sity forecasts, and issuance of new watches or warnings.
Possible strategies to consider further include early release
of selected products or data within the existing TC

Information gaps and recommendations: Illustrative quotes #1

Timing of NWS product issuance and availability
“During a tropical situation, you're sitting there on pins and needles because an [NWS] 

update's supposed to come out at 02:00, 05:00, 08:00, 11:00 and sometimes they get it out 
15 minutes ahead, sometimes it's 2 minutes behind. And the problem is we're on the air at 
11:00 PM, and, of course, they're going to want weather first.... And then we'd have to build 

the graphics … It will update on its own to a degree, but you still have to tweak it, which even 
if it only takes 45 seconds, that's 45 seconds. And it's critical in TV broadcasting.” (BRGA3)
“We would need to begin a vulnerable population evacuation no later than about 72 hours 

from landfall, which is a long time. But in order for us to start that evacuation three days out, 
we have to activate contracts and sign contracts with bus companies, ambulance companies, 
different things like that either four or five days from landfall. So … we have some pretty big 
questions with a lot of money attached to it that we have to start asking ourselves about five 

days out. Because if we wait until three days out or, you know, two and a half days out to start 
that vulnerable population evacuation, it's going to bleed over into the general population 

evacuation. And it's going to create kind of a chaotic situation.” (EMGA3)

Product understandability and usability 
“These two next pages [NWS products], I’ll be honest with you … I find myself having a 

difficult time understanding it myself, much less trying to explain it to our viewers.” (BRSC2)
“We take what the National Weather Service puts out and, I'll say, craft it. We put it in a 
format we can use and get it to our folks in a fairly understandable manner.” (EMGA5)

FIG. 9. Illustrative quotes for key information gaps and recommendations, part 1.

WEATHER , C L IMATE , AND SOC I ETY VOLUME 14796

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/15/23 06:38 PM UTC



package, when needed; an additional (potentially embar-
goed) product informing broadcasters of updates in pro-
gress; or a national-level NWS broadcaster liaison
position to coordinate providing this information and other
decision support for broadcasters.

For emergency managers, the primary timing issue was
when, leading up to TC impacts, certain types of NWS fore-
cast information were unavailable when decisions needed to
be made. Coastal emergency managers, in particular, dis-
cussed the importance of TC-specific storm surge forecast
information at greater than 48 h of lead time, even though
they are aware of the challenges in providing that informa-
tion. Thus, we recommend that NOAA improve communica-
tion of TC-specific storm surge risk at greater than 48 h of lead
time. As part of addressing this issue, NHC provides storm
surge hazard maps for use in longer-lead-time planning and
operations (Zachry et al. 2015), and NOAA is working on
reducing uncertainty in storm surge forecasts and extending
TC-specific surge forecasting capabilities to 72 h (NOAA
2019). However, the inherent uncertainties in location-specific
storm surge predictions (Fossell et al. 2017) and the feedback
provided by our interviewees suggest that additional strate-
gies are needed. Consequently, in addition to ongoing efforts,
we recommend that NOAA and the research community
develop alternative product formats for conveying storm surge
risks at greater than 48 h of lead time, with an emphasis on pro-
viding the best possible information for supporting the public
safety decisions made in this time frame.

A second theme was the understandability and usability of
NWS TC products. Members of both groups talked about the
difficulties that they and others have in effectively interpreting
and using certain NWS products (Fig. 9). Broadcast

meteorologists, in particular, reported that whenever possible,
they use the data layers underlying NWS products to create
modified graphics that are more intuitive and visually appeal-
ing, with more accessible language. Moreover, the popularity
and widespread usage of the NHC Track Forecast Cone,
despite issues with its interpretation, demonstrates the chal-
lenges of changing a product’s format once it is familiar. Thus,
we recommend that NOAA and the research community con-
tinue to invest in designing more readily usable product for-
mats and data layers, by integrating users’ perspectives into
research and development beginning early in a product’s for-
mulation. In doing so, it is important to recognize that NWS
products have several major pathways for use: in their original
format, as a starting point for revision prior to further dissem-
ination, and as data layers that can be used to create new visu-
als or be integrated with other data to generate new
information.

Many of the decisions that emergency managers and others
make during TC threats depend on the anticipated TC haz-
ards and impacts in their area. Thus, a third theme from our
analysis was interest in locally relevant forecast information
whenever possible (Fig. 10). In some situations, the primary
need expressed by emergency managers was being able to
zoom in or otherwise obtain local (e.g., county-level) informa-
tion from larger-scale graphical products; therefore, we rec-
ommend that NOAA explore options for interactive product
formats and delivery, working closely with forecasters and key
partners throughout the development cycle to ensure appropri-
ate content and design. In other situations, emergency manag-
ers are seeking more localized information than current TC
forecast products provide. To help to address this, research is
ongoing to improve TC forecast skill, including geographically

Information gaps and recommendations: Illustrative quotes #2

Locally relevant forecast information
“We'll usually start off with the broad view showing the current storm's location, the expected 
path it is projected to take … And then, we would zoom down to our local region and populate 
on a few of our well-known cities the probability of receiving the hurricane force winds or the 

tropical storm force winds, or the general range of rainfall.” (BRTX1) 
“Not zoomed this far out. We’ll want one much more local from the Weather Service…. 

zoomed in where we can see our county or at least our region.” (EMTX2&3)

Concise, easily understandable highlights to help extract key information
“If there’s any way to have more of those quick bullet points, I think those really help out a 
      lot.” (BRSC1)
“We'll work to see what are those key things that the products are indicating that are critical, 

whether it be wind, rainfall, flooding, tornado chance, whatever those things are. And then we 
make sure that we're really highlighting that stuff out to our partners, as well as within our own 

graphics that we're creating to message to the public.” (EMGA4)

Value of human forecasters
“Our forecast office here in [location] is amazing. They have constant conference calls. They 

have webinars. … they are constantly feeding us one-sheeters leading up to a potential 
threat” (BRSC2)

“If there's things that I'm not clearly understanding, then that's when I reach out to [names    
of people at local WFO], and they always put it in terms that I can understand and               

what it means for us here locally.” (EMTX1)

FIG. 10. Illustrative quotes for key information gaps and recommendations, part 2.
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specific predictions of TC hazards and impacts. However,
given the unavoidable uncertainties in TC forecasts, comple-
mentary efforts are needed. Thus, we recommend research
and development to codesign and coevaluate new ways of com-
municating forecasts of TC hazards that are usable in local
decisions, at lead times when geographically specific forecast
information is highly uncertain. Such products might convey
regional risks, or, given interviewees’ discussions of using sce-
narios for communication and decision-making, they might
take a scenario-based approach.

Another key theme was the importance of concise, easily
understandable highlights that help people quickly extract key
information from the NWS TC product suite (Fig. 10). In par-
ticular, interviewees noted the value of high-level takeaways
such as those in the NHC Key Messages graphic. Several sug-
gested using easily accessible, synthesized key points on other
TC products. Similar key points can also be found in other
NWS products, such as NHC Advisories and WFO Hurricane
Local Statements; however, interviewees said that these textual
products provide a lot of information to sift through, can be dif-
ficult to find, and may not be available at the lead times when
key decisions need to be made. Moreover, interviewees said
that the key points currently provided by NWS are sometimes
wordy, and some emergency managers noted that NHC’s Key
Messages are often not specific or localized enough to be useful
for their decisions. Therefore, we recommend that NWS expand
the use of “plain language” highlights to additional graphical
products. Individual WFOs are best suited to provide specific,
local information, and although some WFOs do provide locally
relevant graphical summaries with text highlights, they are not
always easily accessible or widely disseminated. Thus, we also
recommend extending the “key messages” concept to all TC-
affected WFOs so that, collectively, NWS is providing all poten-
tially affected regions with readily accessible, locally relevant
messaging beginning several days or more in advance of impacts.
Being able to quickly find and understand up-to-date informa-
tion from the NWS through these types of products is especially
important when risks are changing quickly, such as when a fore-
cast track shifts or a TC rapidly intensifies.

A final theme that emerged was the value to NWS partners
of human forecasters’ interpretations and decision support
(Fig. 10). Broadcast meteorologists discussed obtaining from
NWS forecasters the most up-to-date forecast information
and interpretations. Emergency managers emphasized the
value not only of hearing NWS forecasters’ updates and inter-
pretations, but also of having conversations with forecasters
for decision support. This indicates that while timely, clear,
and applicable TC forecast products and data are undoubtedly
critical for NWS partners, the human dimension accompanying
products and data is also critical (Fig. 10). Consequently, we
recommend that efforts to modernize the TC product suite con-
tinue to support and emphasize the contributions of NWS fore-
casters’ expertise and interactions with partners along with
providing improved data. This means recognizing and valuing
forecasters’ ability to distill complex, uncertain data into situa-
tionally relevant, readily interpretable information, which they
can communicate (i) via plain language highlights and the key
messages concept, as suggested in the above recommendations,

and (ii) directly with partners per their decision-support needs.
This also means more fully realizing the potential of human
relationships and trust to act as “force multipliers” in effective
NWS decision support and product creation (Uccellini and Ten
Hoeve 2019). Actualizing these recommendations will involve
ensuring that forecasters have the time, training, support, and
other resources needed to engage in such activities, as well as
regularly incorporating the perspectives of forecasters into
product and service development and testing. It may also
involve thinking more intentionally about NWS partnerships,
in ways that evolve one-way or back-and-forth communication
of information into strategic collaborations aimed at achieving
common goals.

6. Conclusions

This study aimed to understand key NWS partners’ infor-
mation needs for decision-making during TC threats and to
prioritize areas for improving NWS TC risk communication.
To do so, we used in-depth interviews with broadcast meteor-
ologists and emergency managers, interpreted in the context
of other literature, to investigate the types of decisions these
NWS partners make, the actions they take, and the informa-
tion they use during different phases of TC threats. We then
analyzed key information gaps and potential opportunities for
improvement. This approach was designed to help NOAA
improve the current TC product suite, promote longer-term
improvements by informing investments in TC research and
research-to-operations, and guide future related research.

TC forecasts and their communication have changed signifi-
cantly in recent years, and they will continue to evolve. Thus,
it is important for NOAA to find ways to be agile and adap-
tive, while also continuing to provide products and services
that support the agency’s mission. In addition to addressing
gaps in the TC product suite, doing so may involve rethinking
larger aspects of NWS strategy. For example, given today’s
rapid, multi-actor communication of weather information
across multiple channels, would it be beneficial for NWS to
modify its current approach to releasing regularly scheduled
TC product packages? Given the growing volume and com-
plexity of TC forecast and warning information, how can
NOAA integrate the provision of products, data, and human
forecaster interpretations and decision support to best serve
its audiences’ different needs? Navigating these types of ques-
tions is interlinked with NWS’s ongoing evolution toward a
next-generation forecast and warning framework and impact-
based decision-support services (Rothfusz et al. 2018; Uccellini
and Ten Hoeve 2019). More broadly, we recommend that
NOAA approach improvements to TC products as part of a
broader risk communication strategy that involves effectively
partnering with broadcast meteorologists, emergency manag-
ers, and others to communicate the latest TC forecast and
warning information widely and translate this information into
public safety decisions.

The results presented synthesize themes that emerged
across interviewees. However, for some topics (such as prefer-
ences for specific products and interest in forecasts of storm
surge versus other TC hazards), NWS partners’ perspectives
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varied based on geography, resources, experience, and other
factors associated with their decision-making contexts. Thus,
additional exploration is needed of emergency managers’ and
broadcast meteorologists’ decision timelines, TC information
use, and unmet TC information needs across a wider range of
jurisdictions and media markets. To extend our understanding
in these ways and enhance the generalizability of these find-
ings and recommendations, we followed these interviews with
online surveys of broadcast meteorologists and emergency
managers throughout TC-affected regions of the contiguous
United States (Vickery et al. 2022). Through this multimethod
investigation, we aim to improve how NOAA, broadcast
meteorologists, emergency managers, and others work together
to benefit the U.S. public when TCs threaten.

Acknowledgments. The authors thank the broadcast mete-
orologist and emergency manager interviewees for contribut-
ing their time and knowledge, along with our NOAA col-
leagues and project advisors. We are especially grateful to
Robbie Berg, Gina Eosco, Jessica Schauer, Jennifer Sprague-
Hilderbrand, Castle Williams, Micki Olson, Nate Johnson,
Rebecca Moulton, and Andrea Schumacher. This study was
funded by NOAA Award NA19OAR0220121. This material
is based upon work supported by the National Center for
Atmospheric Research, which is a major facility sponsored
by the National Science Foundation under Cooperative
Agreement 1852977. Views and opinions in this article are
those of the authors.

Data availability statement. Because of human subjects
research guidelines and adherence to our confidentiality agree-
ments with study participants, neither the interview data nor
additional information about the interview participants can be
made available.

REFERENCES

Anthony, K. E., K. R. Cowdon-Hodgson, H. D. O’Hair, R. L.
Heath, and G. Eosco, 2014: Complexities in communication
and collaboration in the hurricane warning system. Commun.
Stud., 65, 468–483, https://doi.org/10.1080/10510974.2014.957785.

Argyle, E. M., J. J. Gourley, Z. L. Flamig, T. Hansen, and K.
Manross, 2017: Toward a user-centered design of a weather
forecasting decision-support tool. Bull. Amer. Meteor. Soc.,
98, 373–382, https://doi.org/10.1175/BAMS-D-16-0031.1.

Bica, M., J. Weinberg, and L. Palen, 2020: Achieving accuracy
through ambiguity: The interactivity of risk communication
in severe weather events. Comput. Supported Coop. Work,
29, 587–623, https://doi.org/10.1007/s10606-020-09380-2.

Bostrom, A., R. E. Morss, J. K. Lazo, J. L. Demuth, H. Lazrus,
and R. Hudson, 2016: A mental models study of hurricane
forecast and warning production, communication, and deci-
sion-making. Wea. Climate Soc., 8, 111–129, https://doi.org/10.
1175/WCAS-D-15-0033.1.

Daniels, G. L., and G. M. Loggins, 2007: Conceptualizing continu-
ous coverage: A strategic model for wall-to-wall local televi-
sion weather broadcasts. J. Appl. Commun. Res., 35, 48–66,
https://doi.org/10.1080/00909880601065680.

Davidson, R., and Coauthors, 2020: An integrated scenario
ensemble-based framework for hurricane evacuation model-
ing: Part 1}Decision support system. Risk Anal., 20, 97–116,
https://doi.org/10.1111/risa.12990.

Demuth, J. L., R. E. Morss, B. Hearn Morrow, and J. K. Lazo,
2012: Creation and communication of hurricane risk informa-
tion. Bull. Amer. Meteor. Soc., 93, 1133–1145, https://doi.org/
10.1175/BAMS-D-11-00150.1.

}}, and Coauthors, 2018: “Sometimes da #beachlife ain’t always
da wave”: Understanding people’s evolving hurricane risk
communication, risk assessments, and responses using Twitter
narratives. Wea. Climate Soc., 10, 537–560, https://doi.org/10.
1175/WCAS-D-17-0126.1.

}}, and Coauthors, 2020: Recommendations for developing use-
ful and usable convection-allowing model ensemble guidance
for NWS forecasters. Wea. Forecasting, 35, 1381–1406, https://
doi.org/10.1175/WAF-D-19-0108.1.

Dye, K. C., J. P. Eggers, and Z. Shapira, 2014: Trade-offs in a
tempest: Stakeholder influence on hurricane evacuation deci-
sions. Organ. Sci., 25, 1009–1025, https://doi.org/10.1287/orsc.
2013.0890.

FEMA, 2013: Community hurricane preparedness. Emergency
Management Institute, accessed 3 August 2021, https://
training.fema.gov/is/courseoverview.aspx?code=is-324.a.

Fossell, K. R., D. Ahijevych, R. E. Morss, C. Snyder, and C.
Davis, 2017: The practical predictability of storm tide from
tropical cyclones in the Gulf of Mexico. Mon. Wea. Rev., 145,
5103–5121, https://doi.org/10.1175/MWR-D-17-0051.1.

Gladwin, C., H. Gladwin, and W. G. Peacock, 2001: Modeling
hurricane evacuation decisions with ethnographic methods.
Int. J. Mass Emerg. Disasters, 19, 117–143.

Gladwin, H., J. K. Lazo, B. Hearn Morrow, W. G. Peacock, and
H. E. Willoughby, 2007: Social science research needs for the
hurricane forecast and warning system. Nat. Hazards Rev., 8,
87–95, https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(87).

Gudishala, R., and C. G. Wilmot, 2017: Modeling emergency
managers’ hurricane evacuation decisions. Transp. Res. Rec.,
2604, 82–87, https://doi.org/10.3141/2604-10.

Hoekstra, S., and B. E. Montz, 2017a: Decisions under duress:
Factors influencing emergency management decision making
during Superstorm Sandy. Nat. Hazards, 88, 453–471, https://
doi.org/10.1007/s11069-017-2874-7.

}}, and }}, 2017b: The inside story: Timeline of events and
communication leading up to superstorm Sandy from the
emergency manager perspective. Environ. Hazards, 16, 330–
344, https://doi.org/10.1080/17477891.2017.1301358.

Hogan Carr, R., B. E. Montz, K. Semmens, K. Maxfield, S. Hoek-
stra, and E. Goldman, 2016: Motivating action under uncer-
tain conditions: Enhancing emergency briefings during coastal
storms. Wea. Climate Soc., 8, 421–434, https://doi.org/10.1175/
WCAS-D-16-0028.1.

Lazo, J. K., R. E. Morss, and J. L. Demuth, 2009: 300 billion
served: Sources, perceptions, uses, and values of weather
forecasts. Bull. Amer. Meteor. Soc., 90, 785–798, https://doi.
org/10.1175/2008BAMS2604.1.

Lindell, M. K., and C. S. Prater, 2007: A hurricane evacuation
management decision support system (EMDSS). Nat. Haz-
ards, 40, 627–634, https://doi.org/10.1007/s11069-006-9013-1.

}}, C. Prater, and W. Peacock, 2007: Organizational communi-
cation and decision making in hurricane emergencies. Nat.
Hazards Rev., 8, 50–60, https://doi.org/10.1061/(ASCE)1527-
6988(2007)8:3(50).

M OR S S E T A L . 799JUL-SEP 2022

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/15/23 06:38 PM UTC

https://doi.org/10.1080/10510974.2014.957785
https://doi.org/10.1175/BAMS-D-16-0031.1
https://doi.org/10.1007/s10606-020-09380-2
https://doi.org/10.1175/WCAS-D-15-0033.1
https://doi.org/10.1175/WCAS-D-15-0033.1
https://doi.org/10.1080/00909880601065680
https://doi.org/10.1111/risa.12990
https://doi.org/10.1175/BAMS-D-11-00150.1
https://doi.org/10.1175/BAMS-D-11-00150.1
https://doi.org/10.1175/WCAS-D-17-0126.1
https://doi.org/10.1175/WCAS-D-17-0126.1
https://doi.org/10.1175/WAF-D-19-0108.1
https://doi.org/10.1175/WAF-D-19-0108.1
https://doi.org/10.1287/orsc.2013.0890
https://doi.org/10.1287/orsc.2013.0890
https://training.fema.gov/is/courseoverview.aspx?code&hx003D;is-324.a
https://training.fema.gov/is/courseoverview.aspx?code&hx003D;is-324.a
https://doi.org/10.1175/MWR-D-17-0051.1
https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(87)
https://doi.org/10.3141/2604-10
https://doi.org/10.1007/s11069-017-2874-7
https://doi.org/10.1007/s11069-017-2874-7
https://doi.org/10.1080/17477891.2017.1301358
https://doi.org/10.1175/WCAS-D-16-0028.1
https://doi.org/10.1175/WCAS-D-16-0028.1
https://doi.org/10.1175/2008BAMS2604.1
https://doi.org/10.1175/2008BAMS2604.1
https://doi.org/10.1007/s11069-006-9013-1
https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(50)
https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(50)


Losego, J. L., K. J. Galluppi, B. E. Montz, C. F. Smith, and
S. Schotz, 2012: Weather for emergency management: Impli-
cations for NWS tropical weather products and services.
Seventh Symp. on Policy and Socio-economic Research, New
Orleans, LA, Amer. Meteor. Soc., 8A.3, https://ams.confex.
com/ams/92Annual/webprogram/Manuscript/Paper197676/
Losego_etal_2012%20Ext%20Manuscript_Final.pdf.

Milch, K., K. Broad, B. Orlove, and R. Meyer, 2018: Decision
science perspectives on hurricane vulnerability: Evidence
from the 2010–2012 Atlantic hurricane seasons. Atmosphere,
9, 32, https://doi.org/10.3390/atmos9010032.

Miles, M. B., and A. M. Huberman, 1994: Qualitative Data Anal-
ysis: An Expanded Sourcebook. 2nd ed. Sage Publications,
208 pp.

Mileti, D. S., and J. H. Sorensen, 1990: Communication of emer-
gency public warnings: A social science perspective and state
of-the-art assessment. Oak Ridge National Laboratory Rep.
ORNL-6609, 160 pp., https://doi.org/10.2172/6137387.

Morrow, B. H., and J. K. Lazo, 2014: Coastal emergency manag-
ers’ preferences for storm surge forecast communication. J.
Emerg. Manage., 12, 153–160, https://doi.org/10.5055/jem.
2014.0169.

}}, }}, J. Rhome, and J. Feyen, 2015: Improving storm surge
risk communication: Stakeholder perspectives. Bull. Amer.
Meteor. Soc., 96, 35–48, https://doi.org/10.1175/BAMS-D-13-
00197.1.

Morss, R. E., and F. M. Ralph, 2007: Use of information by
National Weather Service forecasters and emergency manag-
ers during CALJET and PACJET-2001. Wea. Forecasting,
22, 539–555, https://doi.org/10.1175/WAF1001.1.

}}, J. L. Demuth, A. Bostrom, J. K. Lazo, and H. Lazrus, 2015:
Flash flood risks and warning decisions in Boulder, Colorado:
A mental models study of forecasters, public officials, and
media broadcasters. Risk Anal., 35, 2009–2028, https://doi.org/
10.1111/risa.12403.

}}, and Coauthors, 2017: Hazardous weather prediction and
communication in the modern information environment.
Bull. Amer. Meteor. Soc., 98, 2653–2674, https://doi.org/10.
1175/BAMS-D-16-0058.1.

}}, H. Lazrus, J. Demuth, and J. Henderson, 2022: Improving
probabilistic weather forecasts for decision making: A multi-
method study of the use of forecast information in snow and
ice management decisions at a major U.S. airport. NCAR
Tech. Note, NCAR/TN-573+STR, 43 pp., https://doi.org/10.
5065/wyv1-wq11.

Munroe, R., B. E. Montz, and S. Curtis, 2018: Getting more out
of storm surge forecasts: User needs in North Carolina. Wea.
Climate Soc., 10, 813–820, https://doi.org/10.1175/WCAS-D-
17-0074.1.

National Hurricane Program, 2017: Pre-impact guidance and best
practices from emergency managers. Dept. of Homeland
Security Doc., 53 pp., https://www.dhs.gov/sites/default/
files/publications/NHP-Guidance-Best-Practices_170714-
508.pdf.

NOAA, 2019: Hurricane forecast improvement program five-year
plan: 2019–2024. NOAA Doc., 86 pp., https://hfip.org/sites/
default/files/documents/hfip-strategic-plan-20190625.pdf.

NWS, 2018: Service description document}Impact-based decision
support services for NWS core partners. NOAA Doc., 24 pp.,
www.nws.noaa.gov/im/IDSS_SDD_V1_0.pdf.

}}, 2019: Building a weather-ready nation: 2019–2022 strategic
plan. NOAA/NWS Doc., 28 pp., https://www.weather.gov/media/
wrn/NWS_Weather-Ready-Nation_Strategic_Plan_2019-
2022.pdf.

Prestley, R., M. K. Olson, S. C. Vos, and J. Sutton, 2020:
Machines, monsters, and coffin corners: Broadcast meteorolo-
gists’ use of figurative and intense language during Hurricane
Harvey. Bull. Amer. Meteor. Soc., 101, E1329–E1339, https://
doi.org/10.1175/BAMS-D-19-0205.1.

Rothfusz, L. P., R. Schneider, D. Novak, K. Klockow-McClain,
A. E. Gerard, C. Karstens, G. J. Stumpf, and T. Smith, 2018:
FACETs: A proposed next-generation paradigm for high-
impact weather forecasting. Bull. Amer. Meteor. Soc., 99,
2025–2043, https://doi.org/10.1175/BAMS-D-16-0100.1.

Safford, T., J. Thompson, and P. Scholz, 2006: Storm surge tools
and information: A user needs assessment. NOAA Coastal
Services Center Tech. Rep. PB2012–109429, 23 pp.

Sherman-Morris, K., P. S. Poe, C. Nunley, and J. A. Morris, 2020:
Perceived risk, protective actions and the parasocial relation-
ship with the local weathercaster. Southeast. Geogr., 60, 23–47,
https://doi.org/10.1353/sgo.2020.0003.

Uccellini, L. W., and J. E. Ten Hoeve, 2019: Evolving the
National Weather Service to build a weather-ready nation:
Connecting observations, forecasts, and warnings to decision-
makers through impact-based decision support services. Bull.
Amer. Meteor. Soc., 99, 1923–1942, https://doi.org/10.1175/
BAMS-D-18-0159.1.

Urbina, E., and B. Wolshon, 2003: National review of hurricane
evacuation plans and policies: A comparison and contrast of
state practices. Transp. Res., 37A, 257–275, https://doi.org/10.
1016/S0965-8564(02)00015-0.

Vickery, J., A. Bostrom, R. E. Morss, N. Hadjimichael, J. L.
Demuth, and H. Lazrus, 2022: Understanding broadcast
meteorologist and emergency manager tropical cyclone deci-
sions and forecast information needs. 17th Symp. on Societal
Applications: Policy, Research and Practice, Houston, TX,
Amer. Meteor. Soc., 7A.6, https://ams.confex.com/ams/
102ANNUAL/meetingapp.cgi/Paper/399213.

Williams, C. A., and G. M. Eosco, 2021: Is a consistent message
achievable? Defining “message consistency” for weather
enterprise researchers and practitioners. Bull. Amer. Meteor.
Soc., 102, E279–E295, https://doi.org/10.1175/BAMS-D-18-
0250.1.

Wolshon, B., E. Urbina, C. Wilmot, and M. Levitan, 2005: Review
of policies and practices for hurricane evacuation I: Transpor-
tation planning, preparedness, and response. Nat. Hazards
Rev., 6, 129–142, https://doi.org/10.1061/(ASCE)1527-6988
(2005)6:3(129).

Zachry, B. C., W. J. Booth, J. R. Rhome, and T. M. Sharon, 2015:
A national view of storm surge risk and inundation. Wea. Cli-
mate Soc., 7, 109–117, https://doi.org/10.1175/WCAS-D-14-
00049.1.

WEATHER , C L IMATE , AND SOC I ETY VOLUME 14800

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/15/23 06:38 PM UTC

https://ams.confex.com/ams/92Annual/webprogram/Manuscript/Paper197676/Losego_etal_2012%20Ext%20Manuscript_Final.pdf
https://ams.confex.com/ams/92Annual/webprogram/Manuscript/Paper197676/Losego_etal_2012%20Ext%20Manuscript_Final.pdf
https://ams.confex.com/ams/92Annual/webprogram/Manuscript/Paper197676/Losego_etal_2012%20Ext%20Manuscript_Final.pdf
https://doi.org/10.3390/atmos9010032
https://doi.org/10.2172/6137387
https://doi.org/10.5055/jem.2014.0169
https://doi.org/10.5055/jem.2014.0169
https://doi.org/10.1175/BAMS-D-13-00197.1
https://doi.org/10.1175/BAMS-D-13-00197.1
https://doi.org/10.1175/WAF1001.1
https://doi.org/10.1111/risa.12403
https://doi.org/10.1111/risa.12403
https://doi.org/10.1175/BAMS-D-16-0058.1
https://doi.org/10.1175/BAMS-D-16-0058.1
https://doi.org/10.5065/wyv1-wq11
https://doi.org/10.5065/wyv1-wq11
https://doi.org/10.1175/WCAS-D-17-0074.1
https://doi.org/10.1175/WCAS-D-17-0074.1
https://www.dhs.gov/sites/default/files/publications/NHP-Guidance-Best-Practices_170714-508.pdf
https://www.dhs.gov/sites/default/files/publications/NHP-Guidance-Best-Practices_170714-508.pdf
https://www.dhs.gov/sites/default/files/publications/NHP-Guidance-Best-Practices_170714-508.pdf
https://hfip.org/sites/default/files/documents/hfip-strategic-plan-20190625.pdf
https://hfip.org/sites/default/files/documents/hfip-strategic-plan-20190625.pdf
www.nws.noaa.gov/im/IDSS_SDD_V1_0.pdf
https://www.weather.gov/media/wrn/NWS_Weather-Ready-Nation_Strategic_Plan_2019-2022.pdf
https://www.weather.gov/media/wrn/NWS_Weather-Ready-Nation_Strategic_Plan_2019-2022.pdf
https://www.weather.gov/media/wrn/NWS_Weather-Ready-Nation_Strategic_Plan_2019-2022.pdf
https://doi.org/10.1175/BAMS-D-19-0205.1
https://doi.org/10.1175/BAMS-D-19-0205.1
https://doi.org/10.1175/BAMS-D-16-0100.1
https://doi.org/10.1353/sgo.2020.0003
https://doi.org/10.1175/BAMS-D-18-0159.1
https://doi.org/10.1175/BAMS-D-18-0159.1
https://doi.org/10.1016/S0965-8564(02)00015-0
https://doi.org/10.1016/S0965-8564(02)00015-0
https://ams.confex.com/ams/102ANNUAL/meetingapp.cgi/Paper/399213
https://ams.confex.com/ams/102ANNUAL/meetingapp.cgi/Paper/399213
https://doi.org/10.1175/BAMS-D-18-0250.1
https://doi.org/10.1175/BAMS-D-18-0250.1
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:3(129)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:3(129)
https://doi.org/10.1175/WCAS-D-14-00049.1
https://doi.org/10.1175/WCAS-D-14-00049.1

