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ABSTRACT: Heavy precipitation events and their associated flooding can have major impacts on 
communities and stakeholders. There is a lack of knowledge, however, about how stakeholders 
make decisions at the subseasonal-to-seasonal (S2S) time scales (i.e., 2 weeks to 3 months). To 
understand how decisions are made and S2S predictions are or can be used, the project team for 
“Prediction of Rainfall Extremes at Subseasonal to Seasonal Periods” (PRES2iP) conducted a 2-day 
workshop in Norman, Oklahoma, during July 2018. The workshop engaged 21 professionals from 
environmental management and public safety communities across the contiguous United States 
in activities to understand their needs for S2S predictions of potential extended heavy precipita-
tion events. Discussions and role-playing activities aimed to identify how workshop participants 
manage uncertainty and define extreme precipitation, the time scales over which they make 
key decisions, and the types of products they use currently. This collaboration with stakeholders 
has been an integral part of PRES2iP research and has aimed to foster actionable science. The 
PRES2iP team is using the information produced from this workshop to inform the development 
of predictive models for extended heavy precipitation events and to collaboratively design new 
forecast products with our stakeholders, empowering them to make more-informed decisions 
about potential extreme precipitation events.
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Heavy precipitation (rain or snow) poses significant risks to society (Pielke and  
Downton 2000; Adeel et al. 2020), including damage to and disruption of transportation 
systems (Suarez et al. 2005), water contamination (Curriero et al. 2001; Exum et al. 

2018), economic losses from flooding (Rosenzweig et al. 2002), and loss of life (Ashley and 
Ashley 2008). In 2019, flooding and extreme precipitation caused an estimated $20.3 billion 
in damages across the United States (NCEI 2020). With advanced notice of an impending event, 
individuals and groups can take protective actions sooner, limiting losses and costs. However, 
few forecast products exist to inform stakeholders 2 weeks to 3 months—the subseasonal-to-
seasonal time scale—prior to an extreme precipitation event. Actions at this time scale may 
include adding insurance protections, releasing water from a reservoir, updating evacuation 
plans, increasing public outreach, or preparing an emergency response plan and other 
resources. White et al. (2017) discuss sectoral applications of subseasonal-to-seasonal (S2S) 
predictions, including humanitarian aid, public health, energy, water management, agriculture, 
and emerging sectors such as retail, marine fisheries, and wildfire risk management.

The Prediction of Rainfall Extremes at Subseasonal to Seasonal Periods (PRES2iP) project, 
funded by the National Science Foundation (NSF), is designed to address this forecast gap. 
The research team is examining the following questions: 1) What are the typical atmospheric 
patterns and common characteristics associated with subseasonal-to-seasonal extreme pre-
cipitation events in the United States; 2) does large-scale climate variability influence extreme 
precipitation events, and if so, how; 3) how predictable are subseasonal-to-seasonal extreme 
precipitation events; and 4) how can we create informative predictions of extreme precipita-
tion events that are easily communicated to policymakers and other stakeholders? Here we 
describe a workshop that begins addressing the latter question.

When stakeholders are included in product development, the resulting products are 
more likely to be used and viewed as legitimate and trustworthy by decision-makers 
(Cash et al. 2003; Meadow et al. 2015). Information tends to be clearer to final users because 
it is communicated in familiar terms without complicated jargon (Jasanoff and Wynne 1998). 
Also, codeveloped products are generally easier to use and integrate into existing decision-
making processes (Lemos et al. 2012).

Researchers also need to understand how stakeholders make their decisions (Dilling and  
Lemos 2011). Stakeholders have regulatory, institutional, political, and resource constraints 
that can hinder them from using scientific information (Morss et al. 2005). They make deci-
sions in complex settings that change rapidly and are rife with the uncertainty that an event 
will occur in their jurisdiction and lead to substantial impacts (Lindell and Perry 2012).

In July 2018, as the PRES2iP project began, the research team engaged participants whose 
jobs required decision-making, planning, response, or recovery work related to local or re-
gional flooding. We held a 2-day stakeholder workshop in Norman, Oklahoma, to determine 
how participants defined “extreme precipitation” and used weather or climate prediction 
products in their professions. The “Background” section details why this workshop was 
needed, and the “Methods” section explains the workshop design, choice of participants, 
and workshop implementation. In the “Results” section, we highlight workshop activities 
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and the information we gathered. Finally, we will summarize how we used the information 
in our broader research agenda and discuss future plans.

Background
Despite its impacts, there is no universally accepted definition of extreme precipitation 
(Pendergrass 2018). Meteorologists, for example, may have numeric definitions, such as if 
a month’s worth of rain falls in a single day at a given location (NOAA 2018). Stakeholders’ 
definitions, on the other hand, tend to vary based on precipitation impacts, policy constraints, 
decision type, or experience (Dourte et al. 2015). To develop a useful extreme precipitation 
product for a range of stakeholders, researchers must understand how the users define the 
term “extreme precipitation,” which can be accomplished through scientist–stakeholder 
relationships.

Beneficial scientist–stakeholder relationships take time and intentional work to develop 
before they benefit both groups through information creation and use (McNie 2007). Previous 
research highlights how these relationships can be fostered. For example, communication, 
which is the process whereby information is exchanged and socially contextualized between 
stakeholder and scientist (Weaver et al. 2013), is critical. Frequent communication helps to 
build credibility of the researcher, making it more likely that the stakeholders will use final 
products and trust their information (Cash et al. 2003; Kahan et al. 2012). Through discus-
sion, stakeholders can express their needs so that researchers can make their products most 
useful and further explain their process and outputs to stakeholders.

S2S prediction (i.e., 2 weeks to 3 months) has been a growing area of research in the past  
decade (e.g., Robertson et al. 2015; Vitart et al. 2017; National Academies of Sciences,  
Engineering, and Medicine, 2017). The World Meteorological Organization notes this time 
scale is important for developing early-warning systems of high-impact weather events, 
such as extreme precipitation, and that better predictions could bring substantial societal 
benefits (WMO 2013; White et al. 2017). Forecasts within the S2S time scale have been 
tested or implemented in the United States (e.g., Baker et al. 2019; DeFlorio et al. 2019), 
Europe (e.g., Soares and Dessai 2016), Australia (e.g., White et al. 2015), Africa (e.g., 
de Andrade et al. 2021), and other countries. Opportunities also exist for enhancing predictions 
of meso- to synoptic-scale precipitation events at the S2S time scale (Gershunov and Cayan 2003; 
Mallakpour and Villarini 2016) by taking advantage of expanded understanding of modes of 
climate variability across the Atlantic and Pacific Oceans (e.g., El Niño–Southern Oscillation, 
Madden–Julian oscillation). As prediction experiments attempt to address this recognized 
research gap (e.g., Pegion et al. 2019), the time is ripe to engage stakeholders who may use 
any future predictions in conversations about their decision-making needs as related to future 
S2S forecasts. Hence, the PRES2iP team began to examine how to create informative predic-
tions of extreme precipitation events that could be easily communicated to stakeholders by 
gathering insight into a sampling of decision processes.

Methods
To gather information from a range of experts, the PRES2iP team hosted a 2-day, face-to-face 
workshop in Norman, Oklahoma, in July 2018. This activity helped the PRES2iP team pri-
oritize which subseasonal-to-seasonal extreme precipitation events to study and establish 
multidirectional communication pathways among PRES2iP researchers, guest forecasters, and 
invited decision-makers. Our team planned the logistics and content of workshop sessions 
from November 2017 to July 2018.

We selected three primary user communities: water resource managers (six participants), 
tribal environmental professionals (two participants), and emergency managers (nine par-
ticipants), though we also added a few representatives (four participants) from other sectors 
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(e.g., education, energy). We recruited experts using purposive sampling (Tongco 2007) and 
snowball sampling (Goodman 1961), contacting those who had worked with a PRES2iP team 
member and gathering recommendations from them. Some invitees were recommended by 
other colleagues or through direct contact via email listservs or website personnel directories. 
Because tribal environmental professionals do intensive fieldwork during the summer, we were 
unable to recruit many who could leave their jurisdictions. We also invited three guest speak-
ers or observers from the National Weather Service (NWS), including the Climate Prediction 
Center (CPC), to ensure our research progress was consistent with operational products and 
services. On 12–13 July 2018, our 19 PRES2iP team members welcomed 21 participants to the 
first PRES2iP workshop—the Research Priorities Workshop. Participants represented differ-
ent jurisdictions (tribal, state, metropolitan, rural) and physical geographies (mountainous, 
coastal, plains, riverine) across the lower 48 states (Fig. 1). In their individual professions, 
they experienced different types of extreme precipitation events: heavy wintertime snowfall, 
springtime floods along rivers, landfalling hurricanes, severe convection from isolated or 
quasi-linear systems, or monsoons.

The workshop had four sessions, briefly described in Table 1, each designed to gather 
specific information. For sessions 1–3, participants were grouped based on their sector:  
1) water managers, 2) emergency managers, and 3) tribal environmental professionals and 
other experts. For session 4, participants were sorted randomly into four smaller groups. 
Notetakers recorded the information exchanged within each group, and a facilitator at every 
table summarized the main points after each session’s discussion. Facilitators and notetakers 
were members of the PRES2iP team, including faculty, staff, postdocs, graduate students, 
and undergraduates.

Session 1 focused on defining “extreme precipitation” from each participant’s perspective, 
as different definitions could lead to different interpretations of the same event (e.g., Ćwik 
et al. 2021). To initiate conversations among participants, we created and played a video of 
researchers and forecasters from the National Weather Center in Norman, Oklahoma, answer-
ing the question, What does the term “extreme precipitation” mean to you? Next, we asked the 
participants a series of questions: How much precipitation in a month would be considered 
extreme, does the duration of an event or the intensity of an event matter more to you, and  
is extreme precipitation over a large or small area more impactful? These questions fostered 
discussions among participants and the PRES2iP team about how the participants defined 
“extreme precipitation” and 
its associated temporal and 
spatial scales.

Understanding stake-
holder’s decision-making 
process is key to develop-
ing a useful product (e.g., 
Klemm and McPherson 
2018), so session 2 focused 
on what types of decisions 
workshop participants made 
before, during, or after an 
extreme precipitation event. 
Facilitators prompted the 
participants to think about 
a specific extreme precipi-
tation event (of any dura-
tion or intensity) they had Fig. 1. Geographic distribution of workshop participants.
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experienced that required them to make complex decisions. Participants brainstormed a list 
of their decisions, such as supplying sandbags or choosing to postpone or relocate scheduled 
events. Next, facilitators asked them to select one decision and describe their decision-making 
process, beginning from when they first learned that extreme precipitation was forecast for 
their area. Each participant created a “decision tree” and included who they interacted with 
(i.e., their event-related social network), what information sources they consulted, what ac-
tions they took, and when these interactions or decisions occurred in the event timeline. We 
concluded by discussing similarities and differences in everyone’s decision-making processes.

In session 3, conversation focused on forecast impacts and uncertainty. Our goal was to 
determine how participants used forecasts to prepare for extreme precipitation events, how 
they considered uncertainty when making decisions, and how potential impacts differed 
over varying time periods. First, facilitators from the PRES2iP team asked questions about 
what forecast products participants currently used to make decisions and how their product 
usage varied for long-term and short-term forecasts. Participants also answered prompts 
about how uncertainty affected their decision-making and how skillful a forecast needed to 
be for them to use it.

For stakeholders, uncertainty needs to be conveyed in a way that allows end users to 
effectively solve problems (National Research Council 2006). One solution is to increase the 
usage and prevalence of probabilistic forecasts, allowing end users to make better and more 
informed decisions (Ramos et al. 2013). Probabilistic forecasts can improve decision quality 
by showing a range of potential scenarios (Joslyn and LeClerc 2012) from which a most prob-
able, best-case, and worst-case scenario can be highlighted (Marimo et al. 2015). These three 
scenarios help stakeholders to identify potential impacts and prepare for them. Stakeholders 
also want information on uncertainty and want their forecasts compared to prior years; in other 
words, they want context for how a future event resembles an event they already endured (e.g., 
Klemm and McPherson 2017). Yet stakeholders can struggle to apply uncertainty information 

Table 1. Description of workshop activities and goals.

Workshop session Activity Session goal

Session 1 Participants watched a short video of scientists from the  
National Weather Center who were asked about their  
own definitions of extreme precipitation. The video  
initiated small-group discussions among workshop 
participants about what they considered to be extreme 
precipitation events.

To clarify what spatial and temporal 
scales of extreme precipitation 
concerned the participants.

What does extreme  
precipitation mean  
to you?

Day 1: 75 min

Session 2 We prompted participants to think about all decisions  
for which they were responsible as related to extreme  
precipitation. Each then selected one decision process  
and created a decision tree to document its evolution  
and the information they used to make that decision.

To learn what decisions participants 
made in their professions regarding 
extreme precipitation.

How do the participants 
make decisions?

Day 1: 75 min

Session 3 Participants were assigned to small groups, led by a  
PRES2iP facilitator, and asked questions about how  
they dealt with uncertainty and the impacts of extreme 
precipitation events.

To learn how the participants 
used forecasts to prepare for 
extreme precipitation events, how 
they considered forecast useful-
ness and uncertainty during the 
decision-making period, and how 
the impacts of short-term vs long-
term events differed.

Impacts and uncertainty

Day 1: 75 min

Session 4 Groups assessed multiday forecast products, discussed 
their interpretation, and collaborated to make a  
recommendation to the mayor of a fictitious city.  
Workshop participants assumed the role of Emergency  
Managers, and PRES2iP team members assumed roles  
of NWS Forecasters and Mayors.

To learn how participants  
interpreted different types of  
forecast products commonly used 
for S2S precipitation events.

Role-playing activity

Day 2: 120 min
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that is included in forecasts when they first encounter it (Berthet et al. 2016). Therefore, we 
wanted to know if workshop participants had similar concerns.

Last, the PRES2iP team asked the participants how their jurisdictions were susceptible to 
extreme precipitation events and if impacts varied for long-duration versus short-duration 
events. For example, we wanted to know if 10 in.(1 in. ≈ 2.54 cm) of rainfall over 2 days would 
be more impactful than 20 in. of rainfall over 30 days.

In session 4, participants were engaged in a role-playing game to examine how well they 
understand, interpret, and act on existing forecast products, such as the Weather Predic-
tion Center’s (WPC) Excessive Rainfall Outlook or the Climate Prediction Center’s 1–2-week 
precipitation forecasts. Role-playing scenarios allow stakeholders to practice using products 
and become comfortable doing so (Rosendahl et al. 2019) and enable participants to observe 
how the products are used and interpreted. In our activity, we provided a simulated setting 
for workshop participants to interpret forecast products and make choices while playing the 
role of an emergency manager in a given scenario. The activity allowed PRES2iP researchers 
to see what features of forecast products are straightforward or difficult to interpret.

At each table, individuals played one of three roles: the Expert Meteorologist (role-played 
by a PRES2iP facilitator), the Mayor (also a PRES2iP facilitator), and Emergency Managers (all 
workshop participants). Mayors requested recommendations from the Emergency Managers, 
established constraints for them to follow, and collected input from the team. Expert 
Meteorologists facilitated discussions with Emergency Managers concerning their thoughts 
about forecast products, answered questions that arose during the scenario, and, if necessary, 
explained the forecast products to the participants. Five to six Emergency Managers examined 
possible flooding impacts on transportation, utilities, first responders, and school services. 
They had to interpret the forecast products, integrate that information into their decision 
process, and make recommendations to the Mayor about how to handle an upcoming event 
(e.g., sports tournament, music festival) under the threat of extreme precipitation.

Two scenarios were used: 1) the August 2016 southern Louisiana flood event (impacting 
central Louisiana, including Baton Rouge) and 2) the spring 2011 Mississippi River flooding 
(affecting Memphis, Tennessee, and New Orleans, Louisiana). These events were chosen 
to contrast some sources of extreme precipitation. The southern Louisiana flooding was 
caused by a weak tropical system while the Mississippi River flooding was due to heavy 
precipitation on top of melting snowpack. Dates were removed from the forecast products 
to reduce the chances that familiarity with the actual events would impact discussions. 
We did not analyze the skill of any of the events’ forecasts, as the exercise was focused on 
learning from the participants about how they interpreted and acted on various forecast 
products.

In the activity, participants were presented with the CPC’s seasonal outlooks at 3- and 
1-month time scales; 1–2-week precipitation products from both the CPC and WPC; and, 
sequentially, 5-, 3-, 2-, and 1-day WPC precipitation outlooks. As simulated time approached 
the predicted event, we provided shorter-term forecast products and discussed those before 
moving forward. Finally, depending on what questions the Emergency Managers asked or 
additional products they requested, participants also viewed WPC excessive rainfall outlooks, 
850- and 500-hPa synoptic maps, or radar or satellite imagery. The Emergency Managers 
discussed what they thought each product described, and if they interpreted a product 
incorrectly, the Expert Meteorologist explained what the product meant. In each time period, 
the Emergency Managers discussed how each product’s information might influence their 
recommendation to the Mayor.

At the end of this exercise, we asked participants about each of the forecast products to 
learn what information they were gathering from each product and how they interpreted the 
associated uncertainty. We asked them what decisions they made based on each product, 
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how comfortable they felt interpreting the product, and if there were challenges associated 
with using a given forecast product. Throughout the exercise, a notetaker documented major 
discussion points for each product, including misinterpretations that participants had made.

Because the workshop initiated a larger research project on S2S prediction of extreme 
precipitation events, we were limited in the types of forecast products we could show the 
participants and in the number and backgrounds of participants invited. We did not yet have 
experience developing experimental products and needed to keep the discussion groups 
small in order to have time for in-depth questions. We sought a variety of perspectives but 
limited the representation to only a few sectors so as to hear common messages. As a result, 
our results are not representative of all sectors, populations, or stakeholders in the contiguous 
United States; rather, they offer examples of issues that experts have with forecast products 
associated with extreme precipitation events.

Results
Over four sessions, the PRES2iP team gathered a large amount of information, especially 
through face-to-face table activities for complex topics and side conversations during the 
breaks that promoted trust and deepened understanding between PRES2iP researchers and 
workshop participants.

Session 1: What does “extreme precipitation” mean to you? As expected, “extreme pre-
cipitation” had different meanings to the participants. Most noted that the amount of 
precipitation was less important than whether it caused damage; thus, heavy precipita-
tion that caused no damage, injuries, or fatalities was not considered an extreme event. 
Although many agreed that a precipitation rate of 1–2 in. h−1 likely would cause impacts,1 
no single threshold identified the amount of rain over a given time period that was con-
sidered “extreme precipitation.”

However, most participants did use threshold values when they described situations in 
their jurisdiction. These threshold values were rates of precipitation (e.g., 6 in. of rain over 
3 h) and not statistical thresholds based on climatology (e.g., 95th percentile). They knew 
how much rain resulted in flooding of a given low-water crossing, for landslides and build-
ing damage to occur, or for inundation of stormwater systems. These place-based thresholds 
depended on antecedent precipitation (i.e., with extremely dry or saturated soils leading 
to more severe impacts), seasonal timing (e.g., spring rains on frozen soils), soil type (e.g., 
clay soils), terrain (e.g., steep valleys), land cover (e.g., fire burn scars), and land use (e.g., 
urbanization). Several participants also mentioned wind speeds associated with the precipi-
tation (e.g., wet downbursts, freezing rain or snow with high winds) or the precipitation type 
(especially freezing rain or hail) affected their definition.

All participants identified high-intensity, short-duration events as those most difficult to 
respond to effectively. Many had different concerns for long-duration events, as their impacts 
could be harder to identify in a damage survey (e.g., seepage into basements) or increased 
future risks (e.g., potential debris flows). Longer-duration events or more time between events 
spread the impacts over time, enabling more proactive solutions. Participants also noted that 
events with little precipitation could still affect vulnerable people. For example, vehicle 
owners with bald tires find wet roads particularly dangerous, and specialty crop producers 
with no insurance can lose their business in a minor hailstorm.

For the PRES2iP team, the key message was that no single 
threshold for a precipitation amount over any duration was 
going to satisfy the participants. We needed to focus on where 
heavy precipitation events might occur and how likely they are, 
then trust local experts to do their jobs.

1	During the workshop, participants frequently 
used “inches” to refer to rainfall amounts. The 
terminology used throughout this manuscript 
reflects participant descriptions.
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Session 2: How do you make decisions regarding extreme precipitation? For stakeholders, 
decision-making is a balance among multiple, sometimes conflicting, factors. Session 2 focused 
on the types of decisions that participants make when extreme precipitation threatens, the 
processes of decision-making as captured in decision trees (Fig. 2), and comparisons of 
similarities and differences among decision processes. Participants’ decisions ranged from 
enhancing local monitoring and preparing resources to communicating with the public and 
implementing safety plans. Table 2 lists the participants’ decisions, which are mostly local 
and place-dependent.

Some participants apply seasonal fore-
casts to anticipate impacts in the coming 
months while others wait until specific 
events are predicted before implementing 
plans. At 2–3 months out, forecasts are 
primarily useful to influence resource and 
spending decisions. Weeks prior to a fore-
casted event, participants may survey their 
infrastructure, begin conversations with 
local and state governments or regulators, 
and check staff availability. For most partici-
pants, extensive planning that required time 
and energy usually did not occur until sev-
eral days before the event, when uncertainty 
was diminished. Only then did participants 
begin engaging in common actions, includ-
ing conversations with trusted forecasters, 
moving emergency vehicles outside of flood-
plains, readying resources, preparing to close schools, or evacuating vulnerable populations. 
Other considerations participants noted were desiring longer lead times during holidays, when 
they worked in environments with more than one level of government making decisions, or 
if their emergency plans required more time to execute. One participant, however, worried 
about staff “burning out” if concern was heightened weeks in advance. Several experts men-
tioned considerations of forecast accuracy or false alarms. When referencing CPC forecasts in 
general, another participant explained that they “do not need longer forecasts, [rather, they] 
need more accurate forecasts.”

Session 3: Impacts and uncertainty. During session 3, we asked participants how they 
dealt with forecast uncertainty during their decision-making process. They all highlighted 
the importance of their relationships with NWS forecasters. Relationship building enhanced 
communication and trust between the groups, generated a mutual understanding of each 
other’s terminology and responsibilities, and increased the participants’ understanding of 
and comfort in discussing forecast uncertainty. Without these relationships, forecast products 
seemed to be used less often or effectively. For example, several participants mentioned having 
relationships with local forecast offices but not the national centers (e.g., Weather Prediction 
Center), causing them to lean on products generated by local offices when making decisions.

This session’s discussion showed how participants might leverage these relationships with 
NWS forecasters to better understand and apply forecast uncertainty and gather information 
that was not communicated in products posted to public-facing websites. This communica-
tion also created an opportunity to seek clarification, ask challenging questions (e.g., if you 
were me, would you order 10,000 sand bags?), or identify subtle cues about the event. For 
example, the words used by forecasters can convey uncertainty, as can the timing of forecast 

Fig. 2. Robert Bohannon from the Department of Public 
Works in Moline, Illinois, talks about his decision tree during 
workshop session 2.
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products. One participant noted that if the NWS scheduled a webinar more than a few days 
in advance, they knew the Forecasters had higher confidence in the event occurring. Consis-
tency over time also provided uncertainty information; a consistent forecast was interpreted 
as more certain and easier to use for making decisions. Participants noted that they needed 
forecasters to be frank, include probabilistic information, and discuss confidence or uncer-
tainty regarding the forecast.

Effective communication of uncertainty mobilized participants to use forecasts in dif-
ferent ways. For example, they could use a worst-case scenario to prepare for an upcoming 
event when catastrophic impacts were possible, even if forecast confidence was low. Some 
participants noted that their public communication focused on the most likely scenario, 
which might change over time. Yet, as another participant noted, uncertainty could be used 
to prolong public engagement and education about a possible event because, typically, when 
people became certain about an event’s outcome, they stopped listening. Different scenarios 
enabled participants to apply their local knowledge, education, and experience to best serve 
their jurisdiction.

Finally, the participants discussed forecast accuracy in detail, with PRES2iP team members 
posing the question, “Would it be helpful if we were only correct X percent of the time when 
forecasting a heavy rainfall event of any duration, more than two weeks ahead of time?” 

Table 2. Decisions regarding extreme precipitation events identified by workshop participants during decision 
tree activity.

Planning decisions (months to weeks before event)

Choose locations for 
weather stations

Train or retrain  
employees

Decide who is given 
weather information  
within the tribe

Preposition  
resources

Order  
sandbags

Monitor water sampling 
and frequency

Monitor upstream 
water quality

Calibrate flood models  
and monitor water levels

Monitor water  
sampling and  
frequency

Check pump 
equipment

Calculate percentile  
storm event volumes  
for the amount of  
water permittees are  
allowed to discharge

Stockpile/prepare 
additional chemical 
water treatments

Coordinate with river 
operations center

Coordinate with  
power generation 
desk about  
potential excess 
hydrogeneration

Update drinking 
water treatment 
options

Response decisions (days to weeks before event)

Brief governor Social media  
messaging before, 
during, and after 
events

Prepare road crews for 
salt or sand/downed 
trees (winter  
precipitation)

Warning partners 
(public works, regional 
counties, school  
districts, etc.)

Evacuation of 
hot spot areas

Emergency Operations 
Center activated

Decide how much 
information should  
be shared with the 
public ahead of time

Initiate email  
communications  
to inform upper  
management and 
hydrologists about 
potential flooding

Work with public works  
and transportation  
ahead of time to clear 
culverts

Open or close 
county buildings

Brief power plants in area Move staff to dams  
for 24-h coverage

Establish hotel, food, 
and fuel supply for  
utility repair crews  
and contractors

Identify alternative 
routes, ensure those 
routes are cleared and 
accessible

Transport  
juveniles/ 
inmates

Coordination calls with 
FEMA/Office of Emergency 
Management/sheltering 
agencies if long-term 
impacts are expected

Bring hydrologists in 
for 24-h shifts

Work with contractors 
who may be working on 
dams to prepare them 
for heavy rain

Road closures Take wells out 
of service before 
an event
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In one group, six of seven participants said 75% was their threshold for useability, while one 
participant said 50% was their threshold. Another group had lower thresholds for events 
3–4 days in advance, ranging from 30% to 50% to start any actions. The third group did not 
identify threshold values but discussed situations that would result in different answers to the 
question. These contextualized situations depended on location (i.e., “we always get heavy 
rain”), event type (e.g., hurricane versus extratropical cyclone), terminology (e.g., “extreme” 
versus “record rainfall”), and risk tolerance (e.g., cultural or political differences). Overall, 
participants desired higher accuracy for not only subseasonal-to-seasonal forecasts, but also 
forecasts that would fall within the typical weather time scale. They felt that this increased 
accuracy would allow them to make decisions with higher confidence of the forecasted out-
come occurring in their area.

Session 4: Understanding, interpreting, and acting on forecast products. The role-
playing activity required participants to solve a complex problem together, using their 
varied understanding of the forecast products dispersed by the Expert Meteorologist. 
For the groups using the central Louisiana flooding case, participants played the role of 
Emergency Managers in Baton Rouge, Louisiana; for the Mississippi River flood case, they 
played Emergency Managers in Memphis, Tennessee (Fig. 3). To begin, they received the 
3-month, then the 1-month, seasonal temperature and precipitation outlooks from the 
CPC (Fig. 4). After noting what public event they were planning, the Emergency Managers 
started discussing the outlooks.

There was general confusion about the 
CPC products, with several wondering what 
“EC” (equal chance) meant, what lead time 
meant, and what the confidence levels were 
in the different categories. Several par-
ticipants discussed the difference between 
probability and confidence levels, with many 
wishing the legend used clearer language, 
that terminology was defined (e.g., what does 
“enhanced” mean?), or fonts were larger. As 
one stated, “I thought [they] would talk in 
layman’s terms, not just put things out for 
us to interpret”; another said, “I want to 
know how to interpret this.” In one case, a 
participant was concerned that the product 
had numbers labeled on it, as they felt it con-
veyed more certainty than actually existed. 
Most indicated that they would take no action 
with these seasonal outlooks.

At 1-month lead time, we asked the Emergency Managers what additional information 
would be helpful to them. A variety of products were named: a map of the normal temperature 
and precipitation for that time of year, a hurricane outlook, a river stage outlook, and soil 
moisture conditions. One group wanted a list of potential precipitation amounts above nor-
mal (e.g., 3, 5, 8 in. above normal) and the associated probability that these amounts would 
occur. All groups noted that CPC seasonal outlook products should include a text explanation 
in layman’s language.

As we moved ahead in time to 14, 7, 5, and 3 days before the event, the Emergency Manag-
ers presented quantitative precipitation forecasts (QPF). Participants were concerned about 
the color key changing among products, what colors were chosen to depict rainfall, what 

Fig. 3. Nelly Smith from the Environmental Protection 
Agency Region 6 participates in the role-playing activity.
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the time frame was, and whether any rainfall rates were implied in the products. Several 
wanted to know the likelihood that the precipitation amount would occur, the accuracy of 
the model(s) used, or how much confidence the forecasters had. Other product enhance-
ments included: a worst-case scenario, potential rainfall rates, potential storm type, and 
duration of the rainfall. Many participants noted that during this time, the centroid of the 
event or the forecasted rainfall consistently trended in one direction, giving them a higher 
confidence in the forecast over time. A few participants noted that, by 2 weeks in advance, 
they would not trust the CPC forecast over QPF forecasts of the Weather Prediction Center. 
By 5–7 days before the event, the Emergency Managers started recommending actions 
to the Mayor, including activating the Emergency Operations Center, alerting schools, 

Fig. 4. Examples of Climate Prediction Center (a) 1-month seasonal temperature forecast, (b) 1-month seasonal precipita-
tion forecast, (c) 3-month seasonal temperature forecast, and (d) 3-month seasonal precipitation forecast provided to 
emergency managers during workshop role-playing activity.
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increasing staffing at critical facilities, preparing evacuation orders, and communicating 
with the community.

By 1–2 days before the event, the Emergency Managers had high confidence in their plan-
ning decisions and moved to full-scale implementation of their plans. Receiving more de-
tailed products helped answer their questions about intensity, location, and likelihood of the 
event, increasing their confidence. These products included WPC’s 1- and 2-day precipitation 
forecasts and excessive rainfall outlook, as well as radar and satellite imagery. At this point, 
some people asked what the exceedance maps meant and how to interpret them. One asked 
why the color scale of the QPFs were so similar to that of the CPC outlooks, as they displayed 
different information. Others were frustrated by the number of products and what each could 
add to their decision-making process.

The closer we moved toward the event, the more comfortable the participants became 
with the products. It was clear that they were used to applying short-term weather forecasts, 
satellite and radar imagery, and rainfall measurements. With a few exceptions, they were 
not comfortable with products beyond 5 days. Participants with water quality, longer-term 
water planning, or electrical utilities careers found the outlooks more useful to their actual 
jobs than their simulated jobs in this role-playing activity.

The participants were least familiar with the CPC’s products and either had many ques-
tions about how to interpret them or made assumptions based on the wording. For example, 
one group initially interpreted “EC” (i.e., equal chances) as a prediction of a 50–50 chance of 
normal precipitation. Several participants were concerned about how to interpret percentages 
above normal without knowing the normal value. On the 3-month CPC predictions, probability 
and forecaster confidence were sometimes conflated.

Overall, participants wanted to see more explanatory text that included confidence levels 
associated with each product. They also wanted probabilities as best, worse, and most likely 
scenarios, though some indicated they wanted probability values directly on the maps. Others 
noted that they would ignore actual values if they saw words like “high” or “low” on a map. All 
but one participant wanted probability information for all forecasts, not only extreme events.

The exercise ended by bringing all groups together to discuss the main outcomes. Their 
main point was that they were willing to work with technical plots, but those were only use-
ful with a narrative explaining the forecasters’ thinking. Their personal experience using 
the product and their relationship with the forecasters who created the product were the two 
most important aspects to having confidence in a product.

Summary
This workshop advised the PRES2iP team how participants experience and make decisions 
regarding extreme precipitation events. Through discussions and activities at the workshop, 
we confirmed that no single threshold of precipitation was used to consider an event “extreme.” 
Instead, participants focus on the impacts of an event and make an array of decisions on dif-
fering timelines before an extreme precipitation event. Preexisting relationships with NWS 
forecasters play a crucial role in decision-making because they can give participants more 
information and insight into what a forecaster is communicating, which can alleviate some of 
the challenges in dealing with forecast uncertainty. Finally, participants were largely unfa-
miliar with long-range (5+ days) forecast products, but they were willing to try these products 
as long as they included layperson, narrative explanations and consistency among graphics.

Information gathered from this workshop allowed the PRES2iP team to center our research 
goals on stakeholder needs. This includes connecting statistical definitions of extended (i.e., 
14 days to 3 months) extreme precipitation with impacts on the ground through resources such 
as the NCEI Storm Events Database (www.ncdc.noaa.gov/stormevents/). The PRES2iP team also 
has applied knowledge generated by the workshop participants to investigate atmospheric 
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conditions before, during, and after extreme events with the lead times identified by the 
stakeholders in mind (e.g., Jennrich et al. 2020). Work is ongoing to understand uncertainty 
and false alarms in forecasting such events, as well as rainfall rates and types within events 
(Bunker 2020; Schroers 2020).

In the future, the PRES2iP team plans to hold two additional workshops, the Product Defini-
tion Workshop (originally scheduled for summer 2020 but delayed due to COVID-19) and the 
Testbed Activity Workshop (at the end of the 5-yr project). The Product Definition Workshop 
aims to clarify how research results can be translated into operational forecast products. For 
the Testbed Activity, participants will engage with the PRES2iP team in the NOAA Hazardous 
Weather Testbed, where they can test our predictive tools, discuss their strengths and weak-
nesses, and provide the feedback needed to transition products from research to operational 
use in the future.

Looking back, the PRES2iP team recognizes the vast value we have gained by engaging 
colleagues from tribes, cities, towns, counties, and states across the contiguous United States 
at the start of our research. When we have different paths the research can take, we return to 
these conversations to ground us. When we discuss the design of products, we think about 
what our colleagues said about their decisions in the field. In particular, the graduate and 
undergraduate students know some of the real people who both struggle with and rely on 
the products that our community develops. Although we have not completed our research, 
the value of these conversations is clear to us. We encourage others to add some aspect of 
stakeholder engagement into their research and development efforts too.

Acknowledgments. This work is supported by the National Science Foundation under Grant 
ICER-1663840. The Broader Impacts Team, including this paper’s authors and Melissa Wagner, led the 
workshop activities and deeply engaged the remaining PRES2iP team (Devin McAfee, Debbie Barnhill, 
Jeff Basara, Harold Brooks, Ryan Bunker, Katherine Davis, Ty Dickinson, Jason Furtado, Maci Gibson, 
Cameron Homeyer, Greg Jennrich, Emma Kuster, Michael Richman, Ashton Robinson-Cook, Derek 
Rosendahl, Melanie Schroers, and Sara Wugoski). Most importantly, we thank our stakeholders who 
greatly increased our knowledge: Eric Baumgardner, Stephen Baxter, Sally Bishop, Robert Bohannon, 
Mike Chard, David Ducker, Leilani Eazell, Jeffry Evans, Terrell Fletcher, Mary Jo Gehnert, Robert 
Goldhammer, Sarah Karel, Chad Letellier, Jeff Lindner, Bob Rose, Nelly Smith, Sidney Sperry, Kevin 
Stewart, Rich Stuck, Vanesa Urango, and Selso Villegas. Thank you for your service to your tribe, 
community, or state! Last, thank you to the three anonymous reviewers for their thoughtful comments 
and suggestions.

Brought to you by NOAA Library | Unauthenticated | Downloaded 04/01/25 01:24 PM UTC



A M E R I C A N  M E T E O R O L O G I C A L  S O C I E T Y O C TO B E R  2 0 2 1 E1985

References

Adeel, Z., and Coauthors, 2020: Developing a comprehensive methodology for 
evaluating economic impacts of floods in Canada, Mexico and the United 
States. Int. J. Disaster Risk Reduct., 50, 101861, https://doi.org/10.1016/j. 
ijdrr.2020.101861.

Ashley, S. T., and W. S. Ashley, 2008: Flood fatalities in the United States. J. Appl. 
Meteor. Climatol., 47, 805–818, https://doi.org/10.1175/2007JAMC1611.1.

Baker, S. A., A. W. Wood, and B. Rajagopalan, 2019: Developing subseasonal to sea-
sonal climate forecast products for hydrology and water management. J. Amer. 
Water Resour. Assoc., 55, 1024–1037, https://doi.org/10.1111/1752-1688.12746.

Berthet, L., O. Piotte, É. Gaume, R. Marty, and C. Ardilouze, 2016: Operational 
forecast uncertainty assessment for better information to stakeholders and 
crisis managers. Third European Conf. on Flood Risk Management, Lyon, 
France, Flood Risk Management Research Consortium, 18005, https://doi.
org/10.1051/e3sconf/20160718005.

Bunker, R., 2020: Radar analysis of the physics of extreme rainfall events. M.S. 
thesis, School of Meteorology, University of Oklahoma, 68 pp., https://
shareok.org/handle/11244/326638.

Cash, D. W., W. C. Clark, F. Alcock, N. M. Dickson, N. Eckley, D. H. Guston, J. Jäger, 
and R. B. Mitchell, 2003: Knowledge systems for sustainable develop-
ment. Proc. Natl. Acad. Sci. USA, 100, 8086–8091, https://doi.org/10.1073/
pnas.1231332100.

Curriero, F. C., J. A. Patz, J. B. Rose, and S. Lele, 2001: The association between 
extreme precipitation and waterborne disease outbreaks in the United States, 
1948–1994. Amer. J. Public Health, 91, 1194–1199, https://doi.org/10.2105/
AJPH.91.8.1194.

Ćwik, P., R. A. McPherson, and H. E. Brooks, 2021: What is a tornado outbreak? 
Perspectives through time. Bull. Amer. Meteor. Soc., 102, E817–E835, https://
doi.org/10.1175/BAMS-D-20-0076.1.

de Andrade, F. M., M. P. Young, D. MacLeod, L. C. Hirons, S. J. Woolnough, and 
E. Black, 2021: Subseasonal precipitation prediction for Africa: Forecast evalu-
ation and sources of predictability. Wea. Forecasting, 36, 265–284, https://
doi.org/10.1175/WAF-D-20-0054.1.

DeFlorio, M. J., and Coauthors, 2019: Experimental subseasonal-to-seasonal (S2S) 
forecasting of atmospheric rivers over the western United States. J. Geophys. 
Res. Atmos., 124, 11 242–11 265, https://doi.org/10.1029/2019JD031200.

Dilling, L., and M. C. Lemos, 2011: Creating usable science: Opportunities and 
constraints for climate knowledge use and their implications for science 
policy. Global Environ. Change, 21, 680–689, https://doi.org/10.1016/j.
gloenvcha.2010.11.006.

Dourte, D. R., C. W. Fraisse, and W.-L. Bartels, 2015: Exploring changes in rainfall 
intensity and seasonal variability in the southeastern U.S.: Stakeholder en-
gagement, observations, and adaptation. Climate Risk Manage., 7, 11–19, 
https://doi.org/10.1016/j.crm.2015.02.001.

Exum, N. G., E. Betanzo, K. J. Schwab, T. Y. J. Chen, S. Guikema, and D. E. Harvey, 
2018: Extreme precipitation, public health emergencies, and safe drink-
ing water in the USA. Curr. Environ. Health Rep., 5, 305–315, https://doi.
org/10.1007/s40572-018-0200-5.

Gershunov, A., and D. R. Cayan, 2003: Heavy daily precipitation frequency over 
the contiguous United States: Sources of climatic variability and seasonal 
predictability. J. Climate, 16, 2752–2765, https://doi.org/10.1175/1520-
0442(2003)016<2752:HDPFOT>2.0.CO;2.

Goodman, L. A., 1961: Snowball sampling. Ann. Math. Stat., 32, 148–170, https://
doi.org/10.1214/aoms/1177705148.

Jasanoff, S., and B. Wynne, 1998: Science and decision making. Human Choices and 
Climate Change, Vol. 1, S. Rayner and E. L. Malone, Eds., Battelle Press, 1–88.

Jennrich, G. C., J. C. Furtado, J. B. Basara, and E. R. Martin, 2020: Synoptic char-
acteristics of 14-day extreme precipitation events across the United States. J. 
Climate, 33, 6423–6440, https://doi.org/10.1175/JCLI-D-19-0563.1.

Joslyn, S. L., and J. E. LeClerc, 2012: Uncertainty forecasts improve weather-related 
decisions and attenuate the effects of forecast error. J. Exp. Psychol. Appl., 18, 
126–140, https://doi.org/10.1037/a0025185.

Kahan, D. M., E. Peters, M. Wittlin, P. Slovic, L. L. Ouellette, D. Braman, and 
G. Mandel, 2012: The polarizing impact of science literacy and numeracy on 
perceived climate change risks. Nat. Climate Change, 2, 732–735, https://doi.
org/10.1038/nclimate1547.

Klemm, T., and R. A. McPherson, 2017: The development of seasonal climate fore-
casting for agricultural producers. Agric. For. Meteor., 232, 384–399, https://
doi.org/10.1016/j.agrformet.2016.09.005.

—, and —, 2018: Assessing decision timing and seasonal climate fore-
cast needs of winter wheat producers in the south-central United States. 
J. Appl. Meteor. Climatol., 57, 2129–2140, https://doi.org/10.1175/JAMC-
D-17-0246.1.

Lemos, M. C., C. J. Kirchhoff, and V. Ramprasad, 2012: Narrowing the climate 
information usability gap. Nat. Climate Change, 2, 789–794, https://doi.
org/10.1038/nclimate1614.

Lindell, M. K., and R. W. Perry, 2012: The protective action decision model: 
Theoretical modifications and additional evidence. Risk Anal., 32, 616–632, 
https://doi.org/10.1111/j.1539-6924.2011.01647.x.

Mallakpour, I., and G. Villarini, 2016: Analysis of changes in the magnitude, fre-
quency, and seasonality of heavy precipitation over the contiguous USA. Theor. 
Appl. Climatol., 130, 345–363, https://doi.org/10.1007/s00704-016-1881-z.

Marimo, P., T. R. Kaplan, K. Mylne, and M. Sharpe, 2015: Communication of un-
certainty in temperature forecasts. Wea. Forecasting, 30, 5–22, https://doi.
org/10.1175/WAF-D-14-00016.1.

McNie, E. C., 2007: Reconciling the supply of scientific information with user 
demands: An analysis of the problem and review of the literature. Environ. Sci. 
Policy, 10, 17–38, https://doi.org/10.1016/j.envsci.2006.10.004.

Meadow, A. M., D. B. Ferguson, Z. Guido, A. Horangic, G. Owen, and T. Wall, 2015: 
Moving toward the deliberate coproduction of climate science knowledge. 
Wea. Climate Soc., 7, 179–191, https://doi.org/10.1175/WCAS-D-14-00050.1.

Morss, R. E., O. V. Wilhelmi, M. W. Downton, and E. Gruntfest, 2005: Flood risk, 
uncertainty, and scientific information for decision making: Lessons from an 
interdisciplinary project. Bull. Amer. Meteor. Soc., 86, 1593–1602, https://doi.
org/10.1175/BAMS-86-11-1593.

National Academies of Sciences, Engineering, and Medicine, 2017: Next Genera-
tion Earth System Prediction: Strategies for Subseasonal to Seasonal Forecasts. 
National Academies Press, 350 pp.

National Research Council, 2006: Completing the Forecast: Characterizing and 
Communicating Uncertainty for Better Decisions Using Weather and Climate 
Forecasts. National Academies Press, 112 pp.

NCEI, 2020: Billion-dollar weather and climate disasters: Overview. NCDC, www.
ncdc.noaa.gov/billions/.

NOAA, 2018: Ask the scientist: Extreme rainfall, why it happens and how we 
predict it. NOAA, www.noaa.gov/stories/ask-scientist-extreme-rainfall-why-
it-happens-and-how-we-predict-it.

Pegion, K., and Coauthors, 2019: The Subseasonal Experiment (SubX): A multi-
model subseasonal prediction experiment. Bull. Amer. Meteor. Soc., 100, 
2043–2060, https://doi.org/10.1175/BAMS-D-18-0270.1.

Pendergrass, A. G., 2018: What precipitation is extreme? Science, 360, 1072–
1073, https://doi.org/10.1126/science.aat1871.

Pielke, R. A., Jr., and M. W. Downton, 2000: Precipitation and damaging floods: 
Trends in the United States, 1932–97. J. Climate, 13, 3625–3637, https://doi.
org/10.1175/1520-0442(2000)013<3625:PADFTI>2.0.CO;2.

Ramos, M. H., S. J. van Andel, and F. Pappenberger, 2013: Do probabilistic fore-
casts lead to better decisions? Hydrol. Earth Syst. Sci., 17 2219–2232, https://
doi.org/10.5194/hess-17-2219-2013.

Robertson, A. W., A. Kumar, M. Peña, and F. Vitart, 2015: Improving and promoting 
subseasonal to seasonal prediction. Bull. Amer. Meteor. Soc., 96, ES49–ES53, 
https://doi.org/10.1175/BAMS-D-14-00139.1.

Rosendahl, D., R. A. McPherson, A. Wootten, E. Mullens, J. Blackband, and A. 
Bryan, 2019: Making sense of local climate projections. Eos, 100, https://doi.
org/10.1029/2019EO136493.

Brought to you by NOAA Library | Unauthenticated | Downloaded 04/01/25 01:24 PM UTC

https://doi.org/10.1016/j.ijdrr.2020.101861
https://doi.org/10.1016/j.ijdrr.2020.101861
https://doi.org/10.1175/2007JAMC1611.1
https://doi.org/10.1111/1752-1688.12746
https://doi.org/10.1051/e3sconf/20160718005
https://doi.org/10.1051/e3sconf/20160718005
https://shareok.org/handle/11244/326638
https://shareok.org/handle/11244/326638
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.2105/AJPH.91.8.1194
https://doi.org/10.2105/AJPH.91.8.1194
https://doi.org/10.1175/BAMS-D-20-0076.1
https://doi.org/10.1175/BAMS-D-20-0076.1
https://doi.org/10.1175/WAF-D-20-0054.1
https://doi.org/10.1175/WAF-D-20-0054.1
https://doi.org/10.1029/2019JD031200
https://doi.org/10.1016/j.gloenvcha.2010.11.006
https://doi.org/10.1016/j.gloenvcha.2010.11.006
https://doi.org/10.1016/j.crm.2015.02.001
https://doi.org/10.1007/s40572-018-0200-5
https://doi.org/10.1007/s40572-018-0200-5
https://doi.org/10.1175/1520-0442(2003)016<2752:HDPFOT>2.0.CO;2
https://doi.org/10.1175/1520-0442(2003)016<2752:HDPFOT>2.0.CO;2
https://doi.org/10.1214/aoms/1177705148
https://doi.org/10.1214/aoms/1177705148
https://doi.org/10.1175/JCLI-D-19-0563.1
https://doi.org/10.1037/a0025185
https://doi.org/10.1038/nclimate1547
https://doi.org/10.1038/nclimate1547
https://doi.org/10.1016/j.agrformet.2016.09.005
https://doi.org/10.1016/j.agrformet.2016.09.005
https://doi.org/10.1175/JAMC-D-17-0246.1
https://doi.org/10.1175/JAMC-D-17-0246.1
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1038/nclimate1614
https://doi.org/10.1111/j.1539-6924.2011.01647.x
https://doi.org/10.1007/s00704-016-1881-z
https://doi.org/10.1175/WAF-D-14-00016.1
https://doi.org/10.1175/WAF-D-14-00016.1
https://doi.org/10.1016/j.envsci.2006.10.004
https://doi.org/10.1175/WCAS-D-14-00050.1
https://doi.org/10.1175/BAMS-86-11-1593
https://doi.org/10.1175/BAMS-86-11-1593
http://www.ncdc.noaa.gov/billions/
http://www.ncdc.noaa.gov/billions/
http://www.noaa.gov/stories/ask-scientist-extreme-rainfall-why-it-happens-and-how-we-predict-it
http://www.noaa.gov/stories/ask-scientist-extreme-rainfall-why-it-happens-and-how-we-predict-it
https://doi.org/10.1175/BAMS-D-18-0270.1
https://doi.org/10.1126/science.aat1871
https://doi.org/10.1175/1520-0442(2000)013<3625:PADFTI>2.0.CO;2
https://doi.org/10.1175/1520-0442(2000)013<3625:PADFTI>2.0.CO;2
https://doi.org/10.5194/hess-17-2219-2013
https://doi.org/10.5194/hess-17-2219-2013
https://doi.org/10.1175/BAMS-D-14-00139.1
https://doi.org/10.1029/2019EO136493
https://doi.org/10.1029/2019EO136493


A M E R I C A N  M E T E O R O L O G I C A L  S O C I E T Y O C TO B E R  2 0 2 1 E1986

Rosenzweig, C., F. N. Tubiello, R. Goldberg, E. Mills, and J. Bloomfield, 2002: Increased 
crop damage in the US from excess precipitation under climate change. Global 
Environ. Change, 12, 197–202, https://doi.org/10.1016/S0959-3780(02)00008-0.

Schroers, M., 2020: Potential predictability and impacts of subseasonal ex-
treme precipitation events in the United States. M.S. thesis, School of 
Meteorology, University of Oklahoma, 90 pp., https://shareok.org/handle/ 
11244/326620.

Soares, M. B., and S. Dessai, 2016: Barriers and enablers to the use of seasonal 
climate forecasts amongst organisations in Europe. Climatic Change, 137, 
89–103, https://doi.org/10.1007/s10584-016-1671-8.

Suarez, P., W. Anderson, V. Mahal, and T. R. Lakshmanan, 2005: Impacts of flood-
ing and climate change on urban transportation: A systemwide performance 
assessment of the Boston metro area. Transp. Res., 10D, 231–244, https://doi.
org/10.1016/j.trd.2005.04.007.

Tongco, M., 2007: Purposive sampling as a tool for informant selection. Ethnobot. 
Res. Appl., 5, 147–158, https://doi.org/10.17348/era.5.0.147-158.

Vitart, F., and Coauthors, 2017: The Subseasonal to Seasonal (S2S) Prediction project 
database. Bull. Amer. Meteor. Soc., 98, 163–173, https://doi.org/10.1175/BAMS-
D-16-0017.1.

Weaver, C. P., R. J. Lempert, C. Brown, J. A. Hall, D. Revell, and D. Sarewitz, 2013: 
Improving the contribution of climate model information to decision making: 
The value and demands of robust decision frameworks. Wiley Interdiscip. 
Rev.: Climate Change, 4, 39–60, https://doi.org/10.1002/wcc.202.

White, C., S. Franks, and D. McEvoy, 2015: Using subseasonal-to-seasonal (S2S) 
extreme rainfall forecasts for extended-range flood prediction in Australia.  
Proc. Int. Assoc. Hydrol. Sci., 370, 229-23, https://doi.org/10.5194/piahs-370- 
229-2015.

—, and Coauthors, 2017: Potential applications of subseasonal-to-seasonal (s2s) 
predictions. Meteor. Appl., 24, 315–325, https://doi.org/10.1002/met.1654.

WMO, 2013: Subseasonal to seasonal prediction: Research implementation plan. 
WMO Tech. Rep., 63 pp., https://library.wmo.int/doc_num.php?explnum_id 
=6385.

Brought to you by NOAA Library | Unauthenticated | Downloaded 04/01/25 01:24 PM UTC

https://doi.org/10.1016/S0959-3780(02)00008-0
https://shareok.org/handle/11244/326620
https://shareok.org/handle/11244/326620
https://doi.org/10.1007/s10584-016-1671-8
https://doi.org/10.1016/j.trd.2005.04.007
https://doi.org/10.1016/j.trd.2005.04.007
https://doi.org/10.17348/era.5.0.147-158
https://doi.org/10.1175/BAMS-D-16-0017.1
https://doi.org/10.1175/BAMS-D-16-0017.1
https://doi.org/10.1002/wcc.202
https://doi.org/10.5194/piahs-370-229-2015
https://doi.org/10.5194/piahs-370-229-2015
https://doi.org/10.1002/met.1654
https://library.wmo.int/doc_num.php?explnum_id=6385
https://library.wmo.int/doc_num.php?explnum_id=6385

