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ABSTRACT: Extreme rainfall events are hazardous and costly. They have increased in parts of the United States, and cli-
mate models project that trend to continue. Effective communication of potential threats and impacts associated with ex-
treme rainfall events is one of the foci of a weather forecaster’s job and aligns with the National Weather Service (NWS)’s
mission to protect life and property. This research investigated how NWS forecasters processed and communicated infor-
mation about extreme rainfall events that occurred in the south-central United States between 2015 and 2019. The study
also explored forecasters’ perceptions of the relationship between the events and climate change and whether those percep-
tions impacted the forecasts, including how forecast information was communicated. Semistructured interviews were con-
ducted with 21 NWS forecasters about how they internally processed and externally communicated model outliers and
anomalous rainfall events. Thematic analysis of the interview data identified components of sensemaking and decision-making
conceptual frameworks as well as principles of forecasting. These components were then combined to create an extreme event
forecast communication process model to illustrate the findings. Although forecast and communication processes are complex
and vary between offices and forecasters, the communication process model presents a high-level conceptualization of how
forecasters translate highly technical and disparate material into usable information for their audiences within the context of
rare meteorological events.

SIGNIFICANCE STATEMENT: This study presents an extreme event forecast communication process model that
helps to explain how National Weather Service forecasters process and communicate extreme rainfall events. Forecast-
ers were interviewed about their experience with extreme rainfall events. Effective communication of such events is im-
portant because they can lead to significant, and sometimes deadly, impacts. In the future, the extreme event forecast
communication process model might provide a framework for best practices and be incorporated into forecaster
training materials. Additional research is needed to determine whether the model applies to regions outside the south-
central United States.
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1. Introduction importance of effective communication of these events by me-
teorologists. Effective communication of forecast information
to the public and partners is key to the National Weather Ser-
vice (NWS) mission of protecting life and property (NWS
2019). However, how NWS forecasters process and then com-
municate weather events, including extreme rainfall events,
has not been well studied (Morss et al. 2015). Because
extreme rainfall events are, by definition, rare, they are espe-
cially difficult to communicate due to forecasters’ lack of ex-
perience with them. This study aims to add to the knowledge
base of how NWS forecasters in the south-central United
States translate technical meteorological material into usable
information for their audiences. Specifically, this study exam-
ines the following three research questions (RQs) within the
context of extreme rainfall events: 1) How do forecasters in-
ternally process model outliers?; 2) How do forecasters exter-
nally communicate model outliers and outlier events?; and
3) Do forecasters consider climate change when forecasting
extreme rainfall events, and if so, does it impact how they pro-
cess and communicate these events?

Thematic analysis identified elements of sensemaking
(Weick et al. 2005; Doswell 2004), judgment and decision-
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Flooding is one of the most hazardous and costly weather
phenomena in the United States. Since 2015, the south-central
region of the United States has experienced eight $1 billion
disasters associated with extreme rainfall (NOAA NCEI
2021) and more than 250 people have lost their lives to flood-
ing (NWS 2021a). Extreme rainfall events are projected to in-
crease in frequency and intensity with climate change (e.g.,
Mullens et al. 2013; Hayhoe et al. 2018; Trenberth et al. 2003).
Increases have already been identified in many parts of the
country, including in the frequency of rainfall events at or
above the 95th percentile (Mallakpour and Villarini 2017)
and in the magnitude of 90th-percentile hourly events (Brown
et al. 2020).

As extreme rainfall events are projected to increase in
frequency and intensity (Easterling et al. 2017) so will the
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(Armstrong 2001a) involved in the forecast process. Alto-
gether, this forms what we propose to be the extreme event
forecast communication process model and conceptually an-
swers RQ1 and RQ2. We also present practical findings re-
garding RQ1 and RQ2, as well as RQ3. The resulting model
and the practical findings present a high-level conceptualiza-
tion of the forecast and communication processes for extreme
rainfall events in the south-central United States.

2. Literature review

Meteorologists have a plethora of information available to
them when making forecasts. They cannot analyze all of it
within their time constraints so they must choose what they
think is the most reliable (Daipha 2015; Doswell 2004).
Weather models, including ensemble guidance, are one
source that adds value to extreme precipitation forecasts
(Schumacher 2017). However, interpretation can be subjec-
tive (Evans et al. 2014) and forecasters sometimes struggle to
interpret probabilistic guidance from ensembles (Wilson et al.
2019). Once forecasters have interpreted the appropriate in-
formation and used it to create the forecast, they must then
communicate that forecast to the public and their partners.
Over the past decade or so, there has been increasing interest
and progress in understanding how best to communicate me-
teorological information to lay audiences. Effective forecast
communication has also become an increasingly important
part of NWS operations.

a. Forecast communication

Weather Forecast Offices (WFOs) must work within them-
selves (Daipha 2015) and with neighboring offices, national
centers, and partners to ensure clear, consistent messaging
(Childs and Schumacher 2018; Sherman-Morris et al. 2018).
Research on how end users interpret and use forecast infor-
mation continues to grow (e.g., Gigerenzer et al. 2005; Joslyn
and Savelli 2010; Burgeno and Joslyn 2020; Morss and
Hayden 2010; Ripberger et al. 2022; Perreault et al. 2014).
However, less is known about how forecasters use their mete-
orological knowledge to translate complex atmospheric data
into understandable, actionable information to end users
(Morss et al. 2015).

It is important that audiences can understand and use
weather forecasts. Using language that is too technical or sub-
jective can make the product difficult to correctly interpret
(Sivle and Aamodt 2019). Carr et al. (2016) found that their
participants thought many NWS flood products were difficult
to understand or visually unappealing. Bostrom et al. (2016)
found that several NWS products are not used at all by part-
ners. The NWS is increasing its use of social media as a
communication method with public audiences and partners
(Hubbard 2018). Social media posts should include actionable
information that can help the end user protect themselves
rather than just informing them that a threat is coming
(Eachus and Keim 2019). NWS offices struggle, however, to
include actionable information while the threat is ongoing
(Olson et al. 2019).
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WFOs think they work well with partners, especially emer-
gency managers (EMs), to understand their needs (Sherman-
Morris et al. 2018). These interactions educate forecasters on
the real-world value of their forecasts (Hoffman et al. 2017),
thus improving forecast communication systems. When WFOs
collaborate with end users to better understand their needs, it
builds trust within that relationship (Kuonen et al. 2019). To
be successful, these interactions should be consistently main-
tained (Demuth et al. 2012; Liu and Seate 2021) as it is insuffi-
cient to only interact when an event is imminent (Senkbeil
et al. 2020).

b. Conceptual frameworks applied to meteorological
contexts

Although research into forecast communication continues
to grow, there remains a lack of understanding of how best to
communicate extreme rainfall events. Social science disci-
plines have developed conceptual frameworks and mental
models that can help explain how people process and commu-
nicate information. This literature can be drawn upon to in-
vestigate meteorological contexts. Meteorologists have used
conceptual models to visualize their knowledge for decades
(Hoffman et al. 2017). Bostrom et al. (2016) and Morss et al.
(2015) both used mental models to understand how forecast-
ers and stakeholders processed hurricane and flash flood risks,
respectively. Lejano et al. (2016) established a model that fo-
cuses on how organizational processes impact the risk com-
munication process (see Fig. 3 in Lejano et al. 2016). In one
step past the Lejano et al. (2016) model, Hoffman et al.
(2017) presented the base model of expertise (see Fig. 10.1 in
Hoffman et al. 2017). This model details the intraorganiza-
tional processes that result in a certain action—in the case of
NWS operations, the creation of forecast products. The analy-
sis of the research data, which will be described in methodol-
ogy, revealed that elements of some of the abovementioned
models and frameworks help explain how forecasters inter-
nally process and externally communicate extreme rainfall
events. The frameworks include sensemaking, principles of
forecasting, and judgment and decision-making.

1) SENSEMAKING

Sensemaking is described as the critical processes people
use to understand unfamiliar situations so they can take the
appropriate actions in those circumstances (Weick et al. 2005;
Stigliani and Ravasi 2012; Tisch and Galbreath 2018).
Butterworth (2010) applied the eight properties of sensemak-
ing (Weick et al. 2005) to broadcast meteorology. This work
built upon that and applied the properties to the context of
NWS forecasters. These properties are organizing flux, notic-
ing and bracketing, labeling, retrospect, presumption, social
and systemic, action, and organizing through communication.
Doswell (2004) also introduced representativeness, a concept
referred to as pattern recognition in the forecasting commu-
nity, as a sensemaking property. These sensemaking processes
are described in Table 1.
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TABLE 1. Descriptions of the properties of sensemaking that were identified in this study. Examples of direct quotations from the
interviewees accompany these descriptions and are further explained in the results section.

Sensemaking property

Description

Example (participant)

Organizing flux

Noticing and bracketing

Labeling

Retrospect

Presumption

Social and systemic

Action

The process of finding organization amid
chaos and the overwhelming influx of
information (Butterworth 2010)

This occurs when one identifies a departure
from normal (Weick et al. 2005)

Describes an event in a way that links the
current event to a familiar concept
(Butterworth 2010)

Forecasters may use past experience to make
sense of the ambiguous environment
(Butterworth 2010)

Described by Weick et al. (2005, p. 12) as “to
connect the abstract with the concrete”. In
meteorology, this is done when one can
forecast how a storm will evolve and its
potential impacts (Butterworth 2010)

Sensemaking impacted by social factors, such
as organizational constraints (Weick et al.
2005)

The purpose of sensemaking is deciding what
action, if any, should be taken (Butterworth

“If there’s a signal that there’s going to be a large
scale, good-sized, I don’t know what size criteria
to give it, like a couple hundred mile radius
heavy rain event and it appears in more than
one model, they’re usually not wrong.” (13)

“It just seems like amounts these days are a little
higher than they were a decade ago.” (I8)

“I think it’s that headline . . . for example,
‘catastrophic flooding expected’ the word
‘expected’ there is a confidence indicator or,
‘the potential for’ you’re trying to
communicate kind of the headline and that
usually gets carried through the media.” (I17)

“The forecasters here get exposed to these
events. I think what they bring to the table is
they don’t ignore the outlier. They do consider
it can happen.” (I1)

“We knew that we, with the antecedent
conditions leading up to this, [the soil was]
pretty much saturated and it wasn’t gonna take
much to produce high-impact flooding.” (I16)

“We do not bring up climate change,
anthropogenic influences, global warming, any
of that. That is for the climate scientists, we
stay in our lane, we let them handle that.” (112)

“Knowing when to basically say we can’t get any
better than this and also knowing when we can

2010)
Organizing through Sensemaking also occurs through

communication

communication with others (Butterworth
2010); this is a form of collective
sensemaking in which discussions take place
in order to come to a mutual understanding

say we can be better than this.” (I2)

“Conference calls where WPC takes the lead on
it and then each individual office provides
input and we basically come to an agreement
on amounts near our borders with neighboring
offices.” (19)

and agreement on a course of action

(Stigliani and Ravasi 2012)
Representativeness
(Doswell 2004)

patterns (Doswell 2004)

This framework is better known in the
forecasting world as “pattern recognition”
where forecasters will make sense of an
environment by identifying meteorological

“You get used to seeing patterns . . . you get a
feel for everything may not be showing up in
the models but ‘I’ve seen this before and
there’s still something we gotta pay attention
to’.” (I15)

2) PRINCIPLES OF FORECASTING

The book Principles of Forecasting (Armstrong 2001b)
compiled a series of papers that discussed 139 principles of
forecasting that can be applied across various fields of study,
such as economics, finance, psychology, and meteorology.
The principles that can be applied to this study have been
sorted into three sections: forecast purpose, forecast presenta-
tion, and forecast uncertainty. They are defined in Table 2.

3) JUDGMENT AND DECISION-MAKING

Studies on judgment and decision-making (JDM) identify
heuristics and biases that influence the choices people make
when facing uncertainty (Millet et al. 2020). Heuristics are
described as “mental shortcuts” people take when making
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decisions (Milch et al. 2018) that could lead to biases that im-
pact decisions (Millet et al. 2020). The Doswell (2004) study
was one of the first to apply heuristics to weather forecasting
and emphasized the need for further work on the subject.
Millet et al. (2020) suggested using JDM principles to adjust
how forecast information is presented, which would, in turn,
improve user decision-making. The paper provides an exten-
sive table of the various heuristics and biases they identified
in their literature review (see Table 1 in Millet et al. 2020).
These heuristics—affect, anchoring and adjustment, availability
bias, confirmation bias, finite pool of worry, gambler’s fallacy,
loss aversion, and temporal/spatial myopia (Table 3)—were
found to be applicable to the forecasting and communication
processes of extreme rainfall events, so this study builds on
their application within meteorology.
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TABLE 2. Descriptions of the principles of forecasting that were identified in this study. Examples of direct quotations from the
interviewees accompany these descriptions and are further referenced in the results section.

Principle Description

Example (participant)

Forecast purpose

those needs (Armstrong 2001b)

Forecast uncertainty

To produce a usable forecast, it is important for
the forecaster to understand what decisions
might be made based on the forecast, and
what information is needed to make those
decisions so that the forecast can be tailored to

Forecasts are inherently uncertain (Hoffman
et al. 2017); when presenting the forecast,
meteorologists must be careful not to imply
false precision by including insignificant digits,
be conservative when making changes to the
forecast if uncertainty is high, and

“If it takes them [emergency
management] three hours to move
high water vehicles or to move boats,
that helps us better understand if
we’re seeing the trends changing
within that three-hour time frame, we
can give them a heads up.” (I16)

“Based on how the models are acting,
you can convey your confidence levels.
Consistency equals confidence. If they
are bouncing around, you can message
that you aren’t as confident.” (I19)

acknowledge why the forecast could be wrong

(Armstrong 2001b)
Forecast presentation

scenarios (Armstrong 2001b)

For forecasts to be useful, they must be
presented in a simple, understandable, and
meaningful way, such as presenting possible

“I do think it’s fair to say in a general
public there’s probably more
qualitative language and then as you
get towards emergency management
it’s more quantitative.” (I1)

3. Methods
a. Event selection and participant recruitment

This research focused on extreme rainfall events in Oklahoma,
Texas, Arkansas, and Louisiana that the NWS Hydrometeoro-
logical Design Studies Center (HDSC) found to have an annual
exceedance probability (AEP) of less than 1/500 (HDSC 2021).
Figure 1 provides an example of such an analysis. Nine such
events occurred in the south-central region between 2015 and
2019. Table 4 summarizes the meteorological details of these
events.

The WFOs associated with these events were identified and
then contacted following study approval by the University of
Oklahoma Institutional Review Board (study 11608) and NWS
headquarters. A recruitment email was then sent to the meteo-
rologist in charge at each WFO to solicit participation from
forecasters. In some cases, a participant identified another fore-
caster who could potentially participate (i.e., snowball sam-
pling). Because of the sampling method, it is difficult to know
exactly how many forecasters received the recruitment email.
The researchers were in direct contact with 28 potential partici-
pants, and 21 NWS forecasters throughout the south-central
United States participated in semistructured phone interviews.
All participants had at least 10 years of experience working in
the weather enterprise, and the group averaged 22 years of ex-
perience with the NWS. While these forecasters represented
various roles and offices, results may not be generalizable
across the region or country. Instead, this study opens the door
to a better understanding of the forecast and communication
processes in NWS offices during extreme rainfall events.

b. Interview protocol

The interview protocol included open-ended questions that
sought to address the three RQs. For instance, for RQ1 (How
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do forecasters internally process model outliers?), forecasters
were asked about how past experiences influenced their trust
in model output and how model output influenced their confi-
dence leading up to an event. For RQ2 (How do forecasters
externally communicate model outliers and outlier events?),
forecasters responded to questions about working with part-
ners, communicating forecast uncertainty, and what they
thought was important for audiences to understand about ex-
treme rainfall events. RQ3 (Do forecasters consider climate
change when forecasting and communicating extreme rainfall
events?), was addressed when the forecaster brought up cli-
mate change in response to a question about whether extreme
rainfall events were increasing in frequency and/or intensity.

Several interview questions were tailored to the extreme rain-
fall event (Table 4) experienced by the participant (i.e., worked),
but many participants also spoke about heavy and extreme rain-
fall events more generally. Social media posts about the events
in question that had been published by the relevant WFO were
used as conversational starting points. During the original proto-
col development, the climate change question was intended to
be a central focus. However, the NWS approved the protocol
subject to climate change only being addressed if brought up by
the participant. Because of these constraints, RQ3 was not ad-
dressed as thoroughly as desired and the subsequent findings re-
lated to the topic are necessarily partial. The interview protocol
is available in its entirety from the authors by request.

¢. Data collection and analysis

All but two interviews were conducted over the phone. One
forecaster opted to send the responses via email, and one WFO
participated with three forecasters via video conference. The in-
terviews were recorded and lasted about 1 h each (M = 56 min).
By the final interviews, answers to several questions were no
longer unique, indicating a saturated sample.
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TABLE 3. Descriptions of the properties of judgment and decision-making that were identified in this study. Examples of direct
quotations from the interviewees accompany these descriptions and are further referenced in the results section.

Decision-making framework

Description

Example (participant)

Affect

Anchoring and adjustment

Availability bias

Confirmation bias

Finite pool of worry

Gambler’s fallacy

Loss aversion

Temporal/spatial myopia

The impact of feelings of “goodness” or
“badness” on decision-making
(Slovic et al. 2007; Millet et al. 2020)

This occurs when someone attaches
themselves to an initial value and will
incrementally adjust from that value as new
information comes in, even if that original
value may not have been reliable (Millet
et al. 2020; Tversky and Kahneman 1974;
Losee et al. 2017)

This bias occurs when one cannot think of or
recall a similar event and so decides that
the likelihood of the incoming event is low
(Millet et al. 2020; Milch et al. 2018;
Tversky and Kahneman 1974)

This bias is when one will gravitate toward
information that aligns with their existing
conceptions or that poses the best possible
outcome for them (Millet et al. 2020;
Nickerson 1998)

When people are faced with many threats,
they may not be able to process each one,
and instead focus on just one or a few and
ignore the others (Millet et al. 2020; Linville
and Fischer 1991)

This occurs when people feel that, because they
recently experienced a rare or extreme event,
they cannot experience another in the near
future because of the rarity of the event (Millet
et al. 2020; Tversky and Kahneman 1971)

When being informed about an event, people
are more likely to pay attention to what they
could lose depending on the actions they do
or do not take rather than what they could
gain (Millet et al. 2020; Kahneman and
Tversky 1979)

When an event is far away either spatially or
temporally, it is not uncommon for the
threat associated with that event to be
underestimated (Millet et al. 2020; Meyer
and Kunreuther 2017)

“As soon as you mention heavy rain and
flooding down here, everybody’s ears perk
up and everybody starts paying attention
and we just get swarmed with questions
and swarmed with concerns.” (I10)

“We under-forecasted the precip totals
initially but I think when we were in the
heat of the event, we were increasing the
totals based on what we were seeing.” (I8)

“We weren’t advertising 50+ inches at that
point yet. It was kind of far out to go all
the way in, I think, given we haven’t
experienced it before.” (I18)

“It’s hard to recognize sometimes, some of
these exceptional events because we tend
to be in our own comfort zone.” (I14)

“In the national media heavy rainfall and
flooding was being mentioned but it was
competing too much with ‘ooh look at
this amazing storm on satellite and that
it’s about to make landfall’.” (I3)

“You look at interviews and it’s like ‘I
don’t understand how I could have three
100-year floods in two years.”” (112)

“You need to shelter in place, stay there and
not be on the roadways during some of
these events because that’s what we see,
somebody will drive through a low water
crossing and then lose their lives.” (121)

“You’ll find with forecasters, we have some
that are very by the book. It’s ‘Station duty
manual says watches are supposed to be
issued 24-48 hours ahead of time.” They
won’t do it until they hit that window. This
event was such high confidence I was
pushing them to do it. I don’t remember if
we were 72 or 84 but it was out of this
forecaster’s comfort zone.” (I8)

All interviews were transcribed by the lead author and re-
sponses were organized by interview question to allow for com-
parison across interviews. Forecaster identifiers were removed
to maintain participant anonymity and will be referred to by
their interviewee numbers (e.g., I1, 12, I3). Initially, the analysis
was approached using inductive reasoning, not aiming to iden-
tify themes from previous research (Braun and Clarke 2006).
However, the thematic analysis revealed concepts that closely
aligned with existing frameworks. The sensemaking, judgement
and decision-making, and principles of forecasting frameworks
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alone did not entirely explain the forecasting process from fore-
cast purpose to forecast presentation. So, these frameworks and
principles were combined to create the extreme event forecast
communication process model.

4. Results

Elements of existing social science frameworks were identi-
fied in the data (Braun and Clarke 2006), including sensemak-
ing, the principles of forecasting, and JDM. Taken altogether,
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FIG. 1. Annual exceedance probability (AEP) analysis by the NWS’s Hydrometeorological
Design Studies Center for Hurricane Harvey (source: HDSC 2017).

an extreme events forecast communication process model
(Fig. 2; “extreme event model,” henceforth) was developed to
describe how forecasters internally process and externally
communicate extreme rainfall events. The extreme event
model builds upon and extends the work of Lejano et al.
(2016) and Hoffman et al. (2017).

This model illustrates the movement of information from
the source (data) to the organization, in this case, the NWS,
where it is translated (intraorganizational processes) by the
forecasters into information that can be distributed to the re-
ceiver (forecast presentation). The Hoffman et al. (2017) base
model of expertise starts the process with identifying the
“problem of the day” (forecast purpose), then examining data
and going through sensemaking processes to make judgments
and taking a course of action (forecast presentation).
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Sensemaking and JDM processes not only apply to forecast-
ing an event (the sensemaking and decision-making boxes on
the left in Fig. 2) but forecasters also consider the sensemak-
ing and JDM processes of their audiences (the sensemaking
and decision-making boxes on the right in Fig. 2), which influ-
ence how forecast information is presented. Forecast uncer-
tainty will always be present (Hoffman et al. 2017), is
identified in the intraorganizational processes, and impacts
how the forecast is presented. Below, how the forecasters’ re-
sponses align with these models and frameworks is described.

a. Forecast purpose

At the beginning of the forecast process, forecasters think
about what decisions will be made on the basis of that forecast
and what is needed to make those decisions (Armstrong 2001b).
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TABLE 4. Events included in this study. Events in this study occurred between 2015 and 2019 in the south-central United States
and were designated by the NWS HDSC to have an AEP of less than 1/500 (HDSC 2021). Maximum precipitation values were
identified using xmACIS based on the dates listed in the HDSC analyses. For some events, unofficial rain gauges measured values
higher than what is shown in the table but are not accounted for by the official sources included within xmACIS (Eggleston 2021).

Date Location Type Rainfall period Min AEP  Max precipitation (in.)

Apr-Jun 2015 Oklahoma Persistent, anomalously 20, 30, and 60 days ~ <1/1000 40.95

wet period
23-24 May 2015 Central Texas Convective 6h <1/500 12.32
24-25, 30 Oct 2015 Texas Convective 3,6,and 24 h <1/500 22.22; 18.03
8-12 Mar 2016 North Louisiana Atmospheric river 48 h <1/1000 24.58
11-13 Aug 2016 South Louisiana Tropical moisture 48 h <1/1000 27.60
25-31 Aug 2017 Southeast Texas Tropical system (Harvey) 4 days <1/1000 49.31
Apr-May 2019 Northern Oklahoma  Persistent, anomalously 30 days <1/1000 24.84

wet period
15-16 Jul 2019 Southwest Arkansas Tropical system (Barry) 24 h <1/1000 16.17
16-20 Sep 2019 Southeast Texas Tropical system (Imelda) 12, 24, and 48 h <1/1000 32.11

Fourteen forecasters talked about the importance of knowing
their EM partners’ thresholds and information needs when fore-
casting an event. Less detailed information is often sufficient for
media and other public audiences, as they do not have to “make
these large-scale early decisions for a lot of people” (I18). Un-
derstanding the forecast purpose (Table 2) enables forecasters to
begin to process the data in front of them.

b. Intraorganizational processes: Sensemaking

Sensemaking processes (Table 1) help NWS meteorologists in-
terpret the data available to them. Twenty forecasters (95%) said
that when they see multiple models over multiple runs pointing
to a high-impact rain event over a large area, they know that out-
come is likely not wrong. This is known as organizing flux. The
forecaster can then start to determine potential impacts and ana-
lyze specific products to verify those impacts. For example, 14
looked to parameters such as precipitable water, 17 determined
what forcing mechanisms played a role, and I15 analyzed satellite
images. By organizing flux, forecasters can avoid being over-
whelmed with information and can focus their attention.

Forecasters also use noticing and bracketing when they en-
counter an unfamiliar situation. By noting differences, fore-
casters can begin making sense of the situation. For example,

when a model produces a precipitation value that is greater
than any of the others, the forecasters will take note. To some
forecasters (n = 9; 43%), the outlier can be considered the
extreme maximum amount possible. For other forecasters
(n = 5;24%), outliers did not carry a lot of weight. However,
most forecasters (n = 15; 71%) agreed that the model outlier
should be monitored to see how other models and model runs
behave. Forecasters also use noticing and bracketing sense-
making processes in the long term. Most forecasters (n = 18;
86%) stated they noticed increasing frequency and/or inten-
sity in extreme rainfall events. 113 noted that multiple, high-
end, localized rainfall events per year are occurring within the
county warning area. I8 observed that rainfall amounts are
higher than they once were. However, when asked if that
knowledge impacted how they internally process and exter-
nally communicate major rainfall events, all forecasters said
that is not something they consider leading up to or during
the event.

Another sensemaking property used by forecasters is retro-
spect. Experience with extreme rainfall events makes forecast-
ers less likely to ignore model outliers. Seeing extreme rainfall
events occur opens forecasters’ minds to precipitation amounts
that once seemed impossible. 112 discussed that forecasters try

Intra-Organizational Forecast .
Forecast Purpose Data g . Forecast Presentation
Processes Uncertainty
l—l—l | I |
Sensemaking Judgment and Sensemaking Judgment and
o Decision-making . Decision-making
- Organizing Flux - Labeling
- Noticing and bracketing (JDM) - Retrospect (JDM)
- Retrospect - Affect - Presumption - Affect
- Presumption - Anchoring and Adjustment| |- Action - Availability Bias

- Social and systemic - Availability Bias - Organizing through - Confirmation Bias
- Action - Confirmation Bias communication - Finite Pool of Worry
- Temporal/Spatial Myopia - Gambler’s Fallacy

- Organizing through

- Loss Aversion
- Representativeness

FIG. 2. The extreme event forecast communication process model applies sensemaking, judgment and decision-making, and principles of fore-
casting to the extreme rainfall forecast and communication process. The sensemaking and JDM boxes on the left represent the processes that fore-
casters experience. The sensemaking and JDM boxes on the right represent the processes that forecasters consider their audiences experiencing.
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to learn from each event and adjust accordingly so that they
are better able to understand the next event.

Presumption is a basic sensemaking property in the forecast
process, as forecasters are tasked with predicting how the situ-
ation will unfold and identifying potential associated impacts.
For example, 12 recalled deciding to increase the precipitation
forecast to an extreme value because of the rainfall amounts
they were seeing and how they thought the storm was going
to evolve. Seventeen forecasters (81%) discussed connections
between certain meteorological features and extreme rainfall.
Forecasters were also aware of factors that will worsen im-
pacts, such as antecedent soil conditions.

Forecasters also use presumption when considering extreme
rainfall events in the context of a changing climatology. Fore-
casters connect the predicted increase in frequency and inten-
sity of these events as well as their impacts to what they know
to be true. Six forecasters talked about conducting research to
prove to themselves that these events are increasing. There
were five who linked increased impacts to increasing human
development in vulnerable areas. Whether forecasters are
linking climatological or human (or both) causes to the in-
creased impacts of these events, they are still connecting that
trend to what they see as concrete evidence, which aligns with
the presumption sensemaking property.

Sensemaking can also be impacted by organizational con-
straints (social and systemic) and other social factors (Weick
et al. 2005). Of the nine forecasters in the study who were
asked if they thought about the potential impacts of climate
change during an event, eight expressed that they did not or
tried to keep the climate aspect separate because it was out-
side the time and space scale for which they were responsible.

NWS forecasters work with others both in their office and
in other offices to determine what is going on during an event,
also known as organizing through communication. 120 de-
scribed working with a coworker as they both realized that
the event was something they had never seen before. This re-
alization led them to the decision that the first flood warning
in 20 years for a major river in their area was necessary.
WFOs participate in multi-office calls during which they come
to an agreement on rainfall amounts, especially near county
warning area borders. Through communication with others,
both within their office and with other offices, forecasters can
make better sense of an event.

The sensemaking property of representativeness (Doswell
2004) is what NWS forecasters refer to as pattern recognition
(I9). When forecasters see a meteorological setup that is fa-
miliar to them, pattern recognition helps them figure out how
the event might unfold. This could help them catch an event
that the models may not be picking up. Twelve forecasters
talked about recognizing specific characteristics of a storm,
such as slow movement or a lot of moisture, that could cause
significant impacts. By recognizing patterns that tend to cause
these issues, forecasters are better able to make sense of an
impending event.

The goal of sensemaking is to determine which, if any, ac-
tions are necessary (Weick et al. 2005). For example, forecast-
ers are tasked with analyzing model output and knowing
when to leave it as is or to adjust (I3). Forecasters may use
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any of the above properties to distinguish between model out-
put that needs improvement and that which does not.

c¢. Intraorganizational processes: Judgment and
decision-making

When working an event, forecasters are often influenced by
unconscious heuristics and biases that impact their decision-
making (Millet et al. 2020). These include affect, anchoring
and adjustment, availability bias, confirmation bias, and tem-
poral or spatial myopia (Table 3).

As forecasters face high-impact events, even as scientific ex-
perts, emotions come into play. Affect (Millet et al. 2020) can
impact decision-making when forecasters see events unfold
where they live (Smith 2020). For example, the August 2016
Louisiana event flooded thousands of homes. In 2019, Hurri-
cane Barry looked like it was going to have similar impacts.
The WFO issued products based on rain that had not yet
fallen, an atypical practice (I13). It is entirely possible that the
office responsible would not have issued those forecasts if the
2016 event had not had such a significant societal impact on
the region, including for families of forecasters.

The forecasting process also includes anchoring and adjust-
ment. Based on the initial model output, forecasters may in-
crementally change that output in the forecast based on their
meteorological knowledge and continue to do so as the event
gets closer and information evolves. For example, 18 de-
scribed how I8’s office initially underforecast the event but
then adjusted as the event developed.

Availability bias also impacts forecasters’ decisions. For ex-
ample, based on experience in the area, 16 felt confident going
into a rain event because they knew locally intense rain was
possible at that time of year. While NWS forecasters periodi-
cally come across significant events, they may struggle to
grasp the magnitude of an extreme or unprecedented event.
Similarly, forecasters also have confirmation biases. 114 de-
scribed that some forecasters may feel that such an extreme
event is impossible. They emphasized the importance of being
open to such an event and believing the evidence being pre-
sented. If forecasters are hesitant to issue a forecast that
pushes them out of their comfort zone, that could result in
under-forecasting the amounts and associated impacts.

Temporal or spatial myopia can also impact forecaster deci-
sions. For example, I8 described a high-confidence, high-impact
event when they had to urge another forecaster to issue a
watch earlier than normal to maximize lead time. While the
other forecaster was following NWS guidelines (NWS 2021b),
issuing the product early likely helped decision-makers act
sooner than they otherwise would have.

d. Forecast uncertainty

In the intraorganizational processes of sensemaking and
decision-making, forecasters encounter something that is inher-
ent in weather forecasting and complicates forecast presentation:
forecast uncertainty (Table 2). Forecasters must decide how to ac-
count for and if they should communicate this uncertainty. One
factor in forecast uncertainty is model consistency. When models
consistently signal an extreme event, uncertainty decreases, and
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forecasters are “able to use stronger wording” (I21). Two-thirds
of the forecasters (n = 14; 67%) mentioned that increased confi-
dence, which stems from decreased uncertainty, allows them to
talk about high amounts and significant impacts earlier on.

Forecasters find it difficult to express uncertainty, but they
do not want to imply precision they do not have. Some NWS
graphics express rainfall forecasts to the hundredth of an inch,
which implies precision. When asked about such a graphic,
I18 said that while expressing forecasts in that way is not
ideal, it is a limitation of the computer system that creates the
products.

Forecasters in this study disagreed on how uncertainty
should be communicated. Seven forecasters stated they prefer
to use ranges of possible rainfall amounts to quantify uncer-
tainty. Nine (43%) discussed adding verbiage like “locally
higher amounts” to their ranges and even specifying what
those amounts could be. Nine (43%) suggested describing con-
fidence levels by using words such as “likely” or “expected.”
110 discussed how confidence levels can be subjective and that
each forecaster would describe how certain they were in an
event differently. Three forecasters (14%) said they would
prefer to refrain from expressing uncertainty altogether, as the
lack of confidence causes public audiences to lose trust in the
forecast. Some forecasters thought it was more effective to
message the spectrum of possible impacts. Two forecasters
(9.5%) discussed using probabilities of exceedance of a certain
return interval, while others (n = 4; 19%) pointed out that re-
turn intervals are not always accurate.

Some forecasters noted that how uncertainty is expressed
depends on the audience receiving the information. Five fore-
casters (24%) said they prefer to not express uncertainty in
external products. However, forecasters can provide more
complicated information to their sophisticated partners. In-
creasingly, it is common for forecasters to brief sophisticated
partners on the most likely forecast but also give a reasonable
worst-case scenario.

There was no consensus on the best way to express uncer-
tainty for external audiences, but three forecasters thought
educational campaigns to educate audiences on uncertainty
information would be helpful. Most forecasters were willing
to work with researchers to establish best practices.

e. Forecast creation: Sensemaking

Once forecasters have processed the information them-
selves and accounted for uncertainty, they then think about
how to message the event. Forecasters consider the sensemak-
ing processes their audiences will go through when they re-
ceive this information. These processes include labeling,
retrospect, presumption, action, and organizing through com-
munication (Table 1 and the sensemaking box on the right
side of Fig. 2).

Forecasters will use labeling to help their audiences under-
stand an event. For example, assigning an event to a certain
category (e.g., hurricane category number) affects how the
event is perceived by audiences. 116 hypothesized that Tropi-
cal Storm Imelda was named because people pay more atten-
tion to storms with names. Forecasters will also use specific
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words to catch the attention of their audiences. I1 discussed
making the decision to use the word “catastrophic” and how
it caught the attention of and mobilized the media. 117 dis-
cussed that uncertainty quantifiers could be added to the la-
bels. However, forecasters also noted that to maintain trust
with the audience, it is important to avoid false alarms with
such strong language.

Forecasters think about how their audiences will apply ret-
rospect to make sense of a situation. 19 said that sophisticated
partners of the office are more alert to extreme rainfall threats
if they have experienced an event before. In addition to being
more alert to a flooding threat, past events enable partners to
identify flood-prone areas and give them special attention.
Forecasters then know to include those problem spots in their
briefings (110).

Presumption is another sensemaking property that forecast-
ers anticipate their audiences using as they process an im-
pending event. Like forecasters, partners will connect the
current environmental situation to potential impacts. 15 re-
called that partners of the office knew more rain would cause
significant impacts based on the heavy rains they had recently
seen. When partners are aware of such a possibility, it raises a
sense of urgency and attention to what the NWS forecasters
are telling them.

Forecasters will organize through communication to ensure
audiences understand the situation that is unfolding. If a part-
ner does not understand a situation, forecasters can communi-
cate further with that partner, as I18 recalled. Forecasters also
share information with their sophisticated partners that may
not yet be released to the public (I8). This way, partners can
be prepared for the decisions they may have to make before
forecasters have the confidence to brief it to a broader
audience.

Message consistency is achieved by coordinating with part-
ners across the weather enterprise, which is not always easy.
16 recounted the frustration of trying to get the media to shift
focus from a tornado threat to a flood threat, then resolving
the issue through coordination in NWSChat."! Nine forecast-
ers (43%) said that to communicate openly with partners and
ensure message consistency, trust must be established during
quiet times, before an event occurs. 114 described conducting
weekly briefings with partners so the partners are familiar
with the forecasters and not dealing with strangers when the
stakes are high. Forecasters also rely on communication from
their audiences to understand a situation. Social media has in-
creasingly become an avenue for storm report submission.
Keeping track of what the media is covering also helps with
situational awareness when partners such as emergency man-
agers are too busy to send in storm reports (110).

Once the audience has made sense of the impending event,
they should be moved to action. 18 talked about including ac-
tionable information when communicating to audiences as
they prepare for the event, such as having enough supplies to

I NWSChat is an instant-messaging platform that forecast of-
fices can use to disseminate information to media and emergency
management partners (NWS 2022).
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last through a multiday event. Forecasters provide such infor-
mation in the hope that their audiences take the threat seri-
ously and do not put themselves in harm’s way during the
event.

f- Forecast creation: Judgment and decision-making

Similar to sensemaking, forecasters also consider the decision-
making elements that their audiences will use (see JDM box
on the right side of Fig. 2). Like forecasters, the audience’s
decision-making can be influenced by affect. 15 stated that
people in I5’s area are very sensitive about rainfall after the
May 2015 flooding event. 110 shared a similar experience,
saying that people who live in a flood-prone region will be-
come concerned and start asking questions once a potential
heavy rain event is mentioned. These emotions toward ex-
treme rainfall events could mean that audiences are more
likely to decide to take appropriate action.

Audience decision-making is also impacted by availability
bias. This means that forecasters must be able to communi-
cate events in a way that allows the audience to picture the
event. Forecasters felt that audiences have trouble under-
standing numbers, and 117 described an interaction with a
partner who did not understand the potential impacts of a
40-in. (1 in. = 2.54 cm) rainfall forecast. I3 also expressed
frustration in the public’s interest in the numbers rather than
the impacts of the event. By focusing on impacts, forecasters
may provide a clearer image for their audiences. However, 13
also noted that sometimes it can be difficult to do that in a
way to which the public can relate. 12 discussed referencing
past events to help end users understand the situation, but
that strategy is not useful for everyone. 116 noted that popula-
tion growth in I16’s area means that although extreme rainfall
events occur relatively frequently, new residents may not be
familiar with extreme rainfall amounts. [12 expressed the
need to message that an event may flood differently than past
events so those that have not flooded previously do not have
a false sense of security. Sometimes no comparison is possible,
and I13 stated that one of the biggest challenges is messaging
unprecedented events, because 113 is aware that people can
only comprehend what they have seen before.

Like forecasters, audiences also exhibit confirmation bias.
18 thought that members of the public focus on a deterministic
number and if that forecast number does not “verify,” they
may lose trust in NWS forecasts. The same goes for a missed
location. If the event occurred but someone did not person-
ally experience it, they may perceive it as a busted forecast.
Similarly, confirmation bias is why forecasters are hesitant to
give the public the worst-case scenario, as they worry that
people might fixate on that worst-case scenario.

Forecasters also consider that audiences have a finite pool
of worry. For example, during Hurricane Harvey, the media
focused on the appearance of the storm on satellite rather
than the actual threats it was posing. 12 discussed partners fo-
cusing on the wind and landfall of the storm and that forecast-
ers had to emphasize the heavy rainfall and flooding impacts.
It is up to the forecasters to make sure that their audiences
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are focused on the most dangerous threat or multiple threats
if relevant.

While extreme rainfall events are rare, that does not neces-
sarily mean that they cannot occur in short succession. NWS
forecasters must be able to convince their audiences of this to
combat gambler’s fallacy. 112 discussed avoiding the use of re-
turn intervals to communicate event probabilities, as the pub-
lic may believe that a 100-yr event can only happen once
every 100 years.

People are also loss averse. NWS forecasters can use this to
their advantage when relaying safety information to their
audiences. They want their audiences to understand just how
dangerous flooding can be, but often the public does not grasp
that danger. For example, 121 discussed the issue of people
trying to cross flooded roadways overnight and that the mes-
sage should be to stay at home and not risk losing their lives.

g. Forecast presentation and communication

The culmination of the forecast purpose, intraorganiza-
tional processes, forecast uncertainty, and the sensemaking
and decision-making frameworks lead to the presentation of
the forecast (Table 2). Not every meteorological variable is
presented in the same way. I1 discussed being able to use
numbers when presenting hazards such as heat index or snow-
fall to audiences but that they use qualitative descriptors for
rainfall impacts. 14 recalled using numerical rainfall forecasts
for an extended event but instead of messaging the storm to-
tal, rainfall amounts were divided into 12-24-h forecasts to
help audiences understand the event as it happened. Forecast-
ers thought their audiences may not understand what quanti-
tative forecasts were saying without context. Sometimes, both
numbers and safety information will be presented (I8). How-
ever, the forecasters seemed to agree that, when forecasting
extreme rainfall events, overall impacts were more meaning-
ful than numbers.

Most forecasters (n = 14; 67%) said that how the forecast is
presented also depends on the audience that is being ad-
dressed. 17 expressed that they had little faith in what public
audiences could understand. 119 described providing a straight-
forward, most likely forecast, while still being aware of confir-
mation bias. Overall, the forecasters seemed to agree that
forecast information that is communicated to broad audiences
should be kept qualitative, whereas sophisticated partners are
able to interpret quantitative information appropriately.

Forecasters rely heavily on in-person, conference call, and/
or email briefings to communicate with sophisticated partners
such as emergency managers. I15 described consistent com-
munication between 115’s office and emergency managers up
to 3-5 days leading up to an event. During briefings, the fore-
casters focus on messages such as possible threats, level of
confidence, timing, and impacts. Forecasters can also provide
these sophisticated partners with various possible scenarios.
This way, forecasters can communicate model outliers as rea-
sonable worst-case scenarios. Forecasters hesitate to share
this information with the public because of the public’s confir-
mation bias. As far as sharing the worst-case scenario with the
media, forecasters’ opinions were divided. I15 felt that the
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media understands they are only possible situations. Others
(I8, T19) were worried about the media sensationalizing the
worst-case scenario.

The relationships between forecasters and their audiences
strengthen the presentation of the forecasts. When providing
briefings in person, or via video or phone, body language and
tone of voice help convey the severity of a situation. 120 re-
called partners telling him they could gauge his concern by his
tone and word choice. I18 recalled a time an EM asked if they
should prepare for evacuations and that they did not need an
answer when they saw the look on the forecaster’s face. 120
talked about how EMs in 120’s area are comfortable sending
a text any time to ask for the forecaster’s opinion. A few fore-
casters expressed concern that such connections with partners
could be lost or weakened when they were limited to virtual
interactions during the COVID-19 pandemic.

Forecast information is communicated to partners in a vari-
ety of ways. In addition to briefings and one-on-one interac-
tions, offices distribute email briefings to partners. 15 estimated
that about 1000 people received the briefing and could forward
the briefings to others. Some offices may even post the briefing
on social media. Forecasters will also use NWSChat to distrib-
ute information, especially to the media that may not be in-
volved in briefings.

The NWS has become more public facing in recent years.
Prior to the development of social media, the public could
only reach WFOs via email or phone, which made it difficult
to provide quick responses. Seventeen forecasters (81%) dis-
cussed how social media has increased interactions with pub-
lic audiences. 113 stated that they prefer social media over
NOAA Weather Radio because it is faster and reaches more
people. Social media enables forecasters to discuss the devel-
opment of the situation, possible rainfall amounts, how things
could change, potential impacts, and even uncertainty. How-
ever, forecasters are aware that social media is not without
flaws. I19 expressed that it is difficult to form relationships on
social media. A few forecasters also expressed concern that
the graphics they post could be manipulated by people trying
to imitate an official source. Although social media are not
perfect, forecasters thought that they have become an incredi-
bly useful tool.

While many tools exist for presenting forecast information,
forecasters expressed that a perfect forecast is useless if it is
not communicated in an understandable way. 114 said, “If we
can’t communicate in language that the public understands,
then it doesn’t matter how confident we are.” Forecasters
want each person to know potential impacts and to be able to
understand their personal risk and what they need to do to
avoid danger.

5. Discussion and conclusions

This study offers an extreme event forecast communication
process model (Fig. 2) to visualize the extreme rainfall fore-
casting and communication process and provide theoretical an-
swers to RQs 1 and 2. The model is simpler than the actual
forecast process but provides a high-level schematic. This model
combines two preexisting models, the textual processing model of
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risk communication (Lejano et al. 2016) and the base model of
expertise (Hoffman et al. 2017), as well as forecasting princi-
ples (Armstrong 2001b) and the conceptual frameworks of
sensemaking (Weick et al. 2005; Butterworth 2010; Doswell
2004) and JDM (Millet et al. 2020).

Forecasters use the sensemaking properties of retrospect, pre-
sumption, representativeness, and organizing through communi-
cation and the decision-making properties of availability bias
and affect, calling on their expertise and experience as they work
to comprehend the evolving weather situation. How forecasters
process information is also impacted by organizational guide-
lines to which the social and systemic sensemaking property and
the anchoring and adjustment decision-making property can be
applied.

When forecasters are processing model output, the sensemak-
ing properties of action and organizing flux play a role. Fore-
casters must decide if the model output is valid or if it needs
adjustment. Forecasters must process a lot of data (Daipha 2015;
Doswell 2004), and consistent model output highlights on which
information they should focus. Model consistency increases
forecasters’ confidence in the event. Forecasters stated that
when they see a model outlier, they monitor it to see how it and
other models evolve. That outlier may also be communicated as
a possible worst-case scenario, especially to sophisticated users.

When communicating these events, forecasters must pro-
duce consistent messages. As found in previous research
(Daipha 2015; Childs and Schumacher 2018; Sherman-Morris
et al. 2018), forecasters ensure consistency by discussing the
message within their offices, with other NWS offices, and with
their decision-making and media partners (organizing through
communication).

How the forecast is presented also depends on the meteoro-
logical variable, and forecasters in this study thought that ex-
treme rainfall events are best communicated through impacts
rather than numbers. Impacts can help audiences better pic-
ture what an event could look like, reducing availability bias.
How the event is communicated also depends on lead time.
Farther out in time from the event, uncertainty may be
greater and fewer details known. Forecasters begin messaging
a heavy rainfall event, then narrow down locations, amounts,
and impacts as the event gets closer, consistent with Bostrom
et al. (2016).

Forecasters in this study said they tailor their messaging to
different audiences, which aligns with prior literature (e.g.,
Rouleau 2016; Sanders et al. 2020). For public audiences,
forecasters keep information relatively simple. More complex
information is provided to sophisticated partners. Forecasters
try to be aware of thresholds that partners have for certain de-
cisions (forecast purpose) and prioritize that information in
briefings.

Forecasters also consider the sensemaking and decision-
making processes that their users experience when creating
these forecast products. These processes include the sense-
making properties of retrospect, labeling, and presumption
and the decision-making properties of availability bias, confir-
mation bias, gambler’s fallacy, affect, finite pool of worry, and
loss aversion. Forecasters want to improve communication so
their audiences can better protect themselves when they face
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an extreme rainfall event. They all agreed that the best way to
do so is by providing impact-based information, which is cur-
rently a significant focus of the NWS (NWS 2019).

Forecasters struggle to both process and communicate in-
herent forecast uncertainty (Schumacher 2017). Uncertainty
can be subjective, and forecasters do not agree on how it
should be expressed. Some forecasters avoid communicating
uncertainty to public audiences, thinking they are not capable
of understanding probabilistic information (Daipha 2015;
Stewart et al. 2015; Demeritt et al. 2010) or that uncertainty
would cause them to lose trust in the forecast (Rouleau 2016).
However, a few forecasters and Fundel et al. (2019) and
Roulston and Kaplan (2009) note that when probabilities
are properly presented, the public can understand them
(Ripberger et al. 2022).

The extreme event forecast communication process model
provides insight into forecast and communication processes
before and during extreme rainfall events. It also provides
theoretical answers to RQs 1 and 2. The data from this study
indicate there is substantial variability in terms of how experts
interpret information and subsequently communicate. The
model could be the starting point to providing a framework
for training forecasters on how such concepts impact the fore-
casting and communication process. However, more research
will be needed to ensure that this model is applicable in other
regions of the United States and to other weather hazards be-
fore any training becomes operationalized. We also present
practical findings to the three RQs. First, forecasters inter-
nally process model outliers by mentally acknowledging them
and monitoring subsequent models to see how that outlier
evolves. They may even treat that outlier as a possible worst-
case scenario. Second, forecasters sometimes communicate
outliers as possible worst-case scenarios to sophisticated part-
ners but not to all public audiences. Forecasters also empha-
size the impacts of extreme rainfall events so that their users
can make decisions to protect themselves and others. For the
third research question, the forecasters who brought up cli-
mate change acknowledged that it is playing a role in extreme
rainfall events in a general sense, but linking climate change
to individual events, especially while an event is ongoing, is
beyond the scope of their position.

This study included a few limitations. First, the discovery
that forecasters do not consider climate change during an
event should be considered a partial finding. This is a reflec-
tion of the approved interview protocol. Future research may
be able to study this topic more thoroughly. Next, forecaster
recollection of events may have been incomplete. Some fore-
casters were interviewed about events that had occurred
4 years prior. While forecasters did say these events were sig-
nificant enough that they remembered them vividly, memo-
ries are not perfect. Another limitation is that the study was
conducted in a geographic area that sees significant rainfall
events relatively frequently, especially in recent years. There-
fore, forecaster responses in this study may differ from those
of forecasters who work in regions where such events do not
happen as frequently or with such great magnitudes. Further-
more, it is possible that bias was introduced during the coding
process, which was performed by the lead author. Using two

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 01/30/24 03:45 PM UTC

WEATHER, CLIMATE, AND SOCIETY

VOLUME 15

or more coders is methodologically ideal but did not occur
due to funding constraints. The lead author made every effort
to be as unbiased as possible, but adding another coder may
have resulted in slight analytical differences.

In addition to addressing forecaster perceptions on climate
change and its impact on the forecasting and communication
processes, future work could build on the answers to the re-
search questions and test the applicability of the extreme
event forecast communication process model to other weather
hazards and/or geographic regions. If further testing finds the
model viable and applicable to other regions and hazards, it
could be used in forecaster training.

Future projects could also investigate what forecasters look
for in the environmental data when they see a model outlier.
Do they look to ensemble forecasting tools such as the ex-
treme forecast index (NWS 2023)? Do forecasters use or see
themselves using such tools when communicating extreme
events? What technological developments do forecasters
want to be better able to communicate such events to their
audiences? Projects could also investigate how situational fac-
tors like event scale (isolated flash flooding versus an atmo-
spheric river type of event) or forecaster experience impact
communication practices. This research opens the door to an-
swering these questions and others.
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