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ABSTRACT: Since the tragic tornado outbreaks in central Alabama and Joplin, Missouri, in 2011, the National Weather

Service (NWS) has increasingly emphasized the importance of supporting community partners who help to protect public

safety. Through impact-based decision support services (IDSS), NWS forecasters develop relationships with their core

partners to meet their partners’ decision-making needs. IDSS presents a fundamental shift in NWS forecasting through

highlighting the importance of connecting with partners instead of simply providing partners with forecasts. A critical

challenge to the effective implementation of IDSS is a lack of social science research evaluating the success of IDSS. This

paper addresses this gap through a cross-sectional survey with 119 NWS forecasters and managers in the central and

southern regions of theUnited States. Findings uncover howNWS forecasters andmanagement teammembers evaluate the

importance of IDSS. Findings also provide a new instrument for NWS field offices to assess and improve their relationships

with core partners.
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1. Introduction

Some claim that forecasts have ‘‘zero value’’ unless they

improve societal outcomes (Lazo et al. 2020, p. 4; Williamson

et al. 2002). Since the tragic tornado outbreaks in central

Alabama and Joplin, Missouri, in 2011, the National Weather

Service (NWS) has increasingly emphasized the importance of

supporting community partners who help to protect public

safety (National Academies of Sciences, Engineering, and

Medicine 2018; Uccellini and Ten Hoeve 2019). The NWS

2019–22 strategic plan calls for the agency to ‘‘evolve’’ toward

‘‘a partner and customer-centric service delivery model,’’ in-

cluding greater emphasis on decision support (NationalWeather

Service 2019, p. 16). This call reflects the 2017WeatherResearch

and Forecasting Innovation Act that expanded the provision of

consistent, high quality impact-based decision support services

(IDSS) for NWS forecasters across the United States (National

Weather Service 2019).

According to the NWS director, IDSS ‘‘develops trusted

relationships, captures external needs, and provides actionable

information and interpretation to enable partners’ decision-

making’’ (Uccellini and Ten Hoeve 2019, p. 10). In practice,

IDSS includes a variety of activities such as 1) training and

exercises; 2) pre-event scenario planning; 3) specialized brief-

ings, emails, and graphics; 4) onsite support; and 5) after-action

event reviews (Hosterman et al. 2019). At the core of IDSS is

forecasters developing and sustaining relationships with their

partners instead of simply providing partners with forecasts

(Uccellini and Ten Hoeve 2019). A critical challenge to the

effective implementation of IDSS, including relationship main-

tenance, is a lack of social science research evaluating the success

of IDSS (Lazo et al. 2020; Uccellini and Ten Hoeve 2019). This

paper addresses that call for research through a cross-sectional

survey with 119 NWS forecasters and managers in the central

and southern regions of theUnited States. Findings uncover how

NWS forecasters and management team members evaluate the

importance of IDSS. Findings also provide a new instrument for

NWS field offices to assess and improve their relationships with

core partners.

2. Literature review

In this section, we first review the limited literature on how

forecasters and their partners perceive IDSS, which leads to

our first research question.We then review the literature on the

relationship management paradigm, which leads to our second

research question and four hypotheses.

a. Perceptions of IDSS

ANational Academies of Sciences, Engineering, andMedicine

(2018) report called for more research on how forecasters,

emergency managers, broadcast media, and others ‘‘interact and

communicate among themselves’’ (p. 26). Researchers have be-

gun to answer this call through examining forecasters’ interactions

with three of their core partners: emergency managers, broadcast

meteorologists, and trained storm spotters.

b. Emergency managers

Emergency managers are ‘‘an essential link’’ between NWS

forecasters and community members (Hosterman et al. 2019,

p. 8). Effective IDSS builds trust betweenNWS forecasters and

emergency managers (Hosterman et al. 2019; Lazo et al. 2020;

Uccellini and Ten Hoeve 2019), which reduces negative soci-

etal impacts of severe weather (Lazo et al. 2020). In a case

study, researchers found that IDSS helped build trust between

NWS forecasters and emergency managers and improved

decision-making for two winter storms (Hosterman et al.

2019). New York City (New York) emergency managers re-

ported that IDSS enabled them to quickly take appropriateCorresponding author: Brooke Fisher Liu, bfliu@umd.edu
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mitigation measures and to craft improvedmessages (Hosterman

et al. 2019). In another study examining the same two winter

storms, researchers further concluded that the IDSS provided

reduced costs by more than $107 million and reduced recovery

time by five days (Lazo et al. 2020). Clearly, IDSS shows great

promise for achieving the NWS mission of saving lives, property,

and enhancing the national economy.

On the other hand, when IDSS is ineffective, trust can be

broken and the weather enterprise, as a whole, functions

poorly (Baumgart et al. 2008; Demuth et al. 2012; Mehta et al.

2013). Ineffective IDSS occurs when NWS forecasters provide

confusing, highly technical information in their forecasts and

other products (Demuth et al. 2012; Mehta et al. 2013).

Sometimes confusion arises when there is significant uncer-

tainty in forecasts (Demuth et al. 2020). Other times, NWS

forecasters do not have a clear sense of their target audiences,

and they consequently fail to tailor products for their partners’

unique decision-making needs (Baumgart et al. 2008; Demuth

et al. 2012).

The NWS can provide training and personal assistance to

emergency managers to build trust and help improve under-

standing of weather products (Bostrom et al. 2016; Mehta et al.

2013). Additionally, NWS forecasters can present forecasts in

multiple ways to diminish biased processing among core part-

ners (Wernstedt et al. 2019), including in ways that emergency

managers can directly disseminate forecasts to the general

public (Hoss and Fischbeck 2016).

Overall, a growing body of research points to how fore-

casters can improve IDSS for emergency managers. More re-

search is needed to understand how forecasters assess the value

of IDSS for their core partners, including emergency managers

and broadcast meteorologists, as discussed in the next section.

c. Broadcast meteorologists

NWS forecasters and emergency managers jointly commu-

nicate with broadcast meteorologists. Together they inform

members of the public on actions to take in response to fore-

casts (Demuth et al. 2012; Hosterman et al. 2019). Broadcast

media also provide useful information to forecasters and

emergency managers, especially during rapidly moving events

(Baumgart et al. 2008). In terms of long-term relationship

building, some forecasters have recognized their media part-

ners as being especially instrumental in helping them master

new technology, including social media (Liu et al. 2020a).

Like the research on emergency managers, studies point to

some challenges NWS forecasters face in delivering effective

IDSS to broadcast meteorologists (Demuth et al. 2012; Mehta

et al. 2013). In a study on the hurricane warning system, re-

searchers found that many emergency managers and NWS

forecasters focused on operational decisions rather than public

communication, which frustrated some broadcast meteorolo-

gists who needed more frequent and useful updates for their

viewers (Demuth et al. 2012). Another tension identified is that

broadcast meteorologists often desire to release information

immediately, whereas forecasters and emergency managers

prefer to fully vet information (Demuth et al. 2012; Liu et al.

2020a). Research further finds that sometimes forecasters

perceive broadcast meteorologists as sensationalizing severe

weather, in part because the media business model is driven by

viewership (Liu et al. 2020a). To combat these tensions, re-

searchers have called for involving broadcast media in more

scenario planning, which in turn would better prepare com-

munities to mitigate their risks (Mehta et al. 2013).

Overall, more research is needed to assess how forecasters

perceive the IDSS that they provide broadcast meteorologists,

and their relationships with their media partners. The same

research gap occurs for trained storm spotters, which we dis-

cuss in the next section.

d. Trained storm spotters

Since the 1970s, the NWS has trained citizens to serve as

weather spotters to collect, confirm, verify, or supplement ra-

dar and other data (National Weather Service 2020). Trained

storm spotters play a vital role in achieving the NWSmission of

protecting life and property when these spotters provide

‘‘ground truth’’ information during severe weather (Cavanaugh

et al. 2016; Klenow and Reibestein 2014; McCarthy 2002).

Accordingly, trained spotters are a core partner for NWS fore-

casters, especially when it comes to decisions to warn (Liu et al.

2020b; McCarthy 2002).

NWS forecasters can build strong partnerships with trained

spotters by having respect as a foundation, working together to

meet diverse publics’ information needs, and building strong

relationships through face-to-face interactions in and outside

of the office (Liu et al. 2020b). Notably, if strong relationships

exist, trained spotters can help NWS forecasters translate

complex weather data for the general public (Liu et al. 2020b),

which can be critical for public understanding of severe

weather warnings (Krennert et al. 2018). Trained spotters also

can help forecasters identify problems in detection algorithms

(Tuovinen et al. 2020) and decide when to issue warnings

(Klenow and Reibestein 2014; Liu et al. 2020b).

Not all research positively assesses the role of trained spot-

ters in weather forecasting. Some forecasters have expressed

concern that trained spotters may ‘‘dilute the perceived ex-

pertise of the NWS’’ (Liu et al. 2020b, p. 274). Other research

finds that some trained spotters provide poor quality data to

the NWS, which is why training is imperative (Klenow and

Reibestein 2014; Krennert et al. 2018). Overall, more research

is needed to unpack how forecasters perceive the role of

trained spotters in fulfilling the NWS vision of a weather-

ready nation.

e. Assessment of IDSS

NWS leadership has called for research to evaluate the

success of IDSS (Uccellini and Ten Hoeve 2019), especially

given the uncertainty that forecasters express about IDSS

metrics (National Weather Service 2017). Qualitative research

revealed that IDSS has shifted forecasters’ roles including how

they spend their time and how they develop forecasts (Demuth

et al. 2020). As reviewed in the prior sections, a growing body

of scholars examine forecasters’ relationships with their core

partners. What is missing from the prior literature is a quanti-

tative examination of howNWS forecasters andmanagers assess

IDSS overall. Such a global assessment enables the NWS to

reliably evaluate forecasters’ commitment to the weather-ready
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nation vision. Such a global assessment also enables under-

standing of how forecasters and managers may differ in their

approaches to IDSS, given the different roles of the NWS

workforce (National Weather Service 2017). Therefore, we ask

the following research question (RQ):

RQ1: How do NWS forecasters and management team mem-

bers characterize the importance of IDSS in their offices?

f. Relationship management paradigm

In addition to a global evaluation of IDSS, scholars have called

for research that connects ‘‘different social and organizational

worlds to foster innovation, provide two-way communication

among multiple sectors, and integrate production of science with

user needs’’ (Feldman and Ingram 2009, p. 15). For nearly four

decades, communication scholars have investigated how organi-

zations can build strong relationships with their publics, as re-

viewed in the following section. This research provides the

foundation to assess the quality of forecasters’ relationships with

their core partners. Without strong partner relationships, IDSS

will not succeed (National Weather Service 2019).

An organization–public relationship is ‘‘the state which ex-

ists between an organization and its key publics that provides

economic, social, political, and/or cultural well-being to all

parties involved, and is characterized by mutual positive re-

gard’’ (Ledingham and Bruning 1998, p. 62). As Shen (2017)

noted, not all relationships are perceived as positive. Quality,

long-term relationships occur when organizations and their

partners have mutual understanding and perceive mutual

benefits in continuing the relationship (Ledingham et al. 1999;

Ledingham 2003). Furthermore, partners are more likely to

employ an organization’s products or services when they

have a strong relationship with the organization (Ledingham

and Bruning 1998). Other positive outcomes of quality rela-

tionships include improving employee morale and job satis-

faction (Kazoleas and Wright 2001) as well as contributing to

successful conflict resolution (Huang 2001) and a strong sense

of community (Kim and Cho 2019).

Most of the prior research has examined dyadic relation-

ships (i.e., one organization and one partner), with scholars

increasingly calling for research examining multiparty rela-

tionships (Cheng 2018; Heath 2013;Walters and Bortree 2012),

as we examine in this study. A variety of dimensions have been

proposed to assess relationships, whether they be dyadic or

multiparty, with the most widely examined dimensions being

trust, distrust, control mutuality, satisfaction, and commitment

(Hon and Grunig 1999; Shen 2017; Yang and Taylor 2015). We

review these dimensions below.

Trust is at the heart of effective IDSS (Uccellini and Ten

Hoeve 2019) and is essential for quality organizational part-

nerships (Grunig et al. 1992). In the relationship management

paradigm, trust is defined as ‘‘one party’s level of confidence in

and willingness to open oneself to the other party’’ (Hon and

Grunig 1999, p. 3). Dimensions of trust include integrity, de-

pendability, and competence (Hon and Grunig 1999; Shen

2017). Establishing trust includes dialogue, openness, and a

willingness to admit mistakes (Hung-Baesecke and Chen

2020). Government risk communicators are trusted when they

are competent, exhibit care for others, are credible and reli-

able, and are committed to their organizations’ missions (Liu

and Mehta 2021).

The second relationship dimension is distrust. Distrust is not

the same as a low level of trust; instead, distrust is a separate

relational dimension because relational parties can have both

trust and distrust in each other (Cho 2006; Shen 2017).Distrust is

defined as perceptions that partners have ‘‘sinister intentions’’ in

an organizational relational context, which can include not pri-

oritizing partners’ interests when making decisions, exploiting

partners’ vulnerabilities, and engaging in unreliable behaviors

(Shen 2017, p. 998). In a hazards context, distrust may emerge

from negative stereotypes, which can be combated through

counter messaging (Peters et al. 1997). Distrust also emerges in

organizations with closed climates (Yang et al. 2015).

The third relationship dimension is control mutuality, which

is ‘‘the degree to which parties agree on who has the rightful

power to influence one another’’ (Hon and Grunig 1999, p. 3).

Stable relationships require that all parties have some influence

over each other, even though in many organizational relation-

ships power is not evenly distributed (Grunig et al. 2002; Hon

and Grunig 1999). Control mutuality further recognizes the

importance of all parties perceiving that their partners respect

and listen to their opinions (Shen 2017) and that, together, re-

lational partners contribute to a more fully functioning society

(Heath 2006; Liu et al. 2020a).

The fourth relationship dimension is satisfaction, which is

‘‘the extent to which each party feels favorably toward the

other because positive expectations about the relationship are

reinforced’’ (Hon and Grunig 1999, p. 3). Satisfaction includes

perception of mutual benefits among relational parties (Shen

2017) and favorable assessments of partners’ communication

(Grunig et al. 2002). Huang (2001) noted that satisfaction

measures emotions (i.e., feelings) whereas the other relation-

ship dimensions measure cognition (i.e., thoughts).

The last relationship dimension is commitment, which is ‘‘the

extent to which each party believes and feels that the relation-

ship is worth spending energy to maintain and promote’’ (Hon

and Grunig 1999, p. 3). Commitment includes dedication to

continuity from all parties (Hon and Grunig 1999). When

commitment exists, relational partners feel like they are ‘‘part of

the family’’ and there is a long-lasting bond among relational

partners (Morgan and Hunt 1994; Shen 2017).

g. Connecting relationship management to IDSS

As previously noted, forecasters must commit to building

strong relationships with their core partners for IDSS to suc-

ceed in creating a weather-ready nation (National Weather

Service 2019). However, prior research has not assessed how

forecasters evaluate their core relationships. Therefore, given

the prior literature review of IDSS and relationship dimen-

sions, we propose the following hypotheses (H):

H1: Trust (i), control mutuality (ii), commitment (iii), and

relationship satisfaction (iv) are positively associated with

effective IDSS communication.

H2: Distrust is negatively associated with effective IDSS

communication.
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Given the prior literature review, we also ask the following

question:

RQ2:What, if any, are the differences between respondents’

perceptions of their relationships with three of their core

partners (i.e., emergency managers, broadcast meteorol-

ogists, and trained spotters) on the five relationship

dimensions?

Last, we make the following predictions:

H3: Trust (i), control mutuality (ii), commitment (iii), and

relationship satisfaction (iv) are positively associated with

using partner reports in the decision to warn.

H4: Distrust is negatively associated with using partner

reports in the decision to warn.

3. Method

a. Participants and procedures

We surveyed NWS forecasters and management team mem-

bers in the southern and central regions via the online survey

platform Qualtrics. We began data collection in the southern

region in March 2019, given the scope of our funding vehicle. In

consultation with our programmanagers and NWS partners, we

expanded data collection to the central region in June 2019.

Data collection continued through July 2019. We used surveys

because they are ideal for generating robust conclusions from a

naturalistic setting (Allen et al. 2009) and can provide important

descriptive and explanatory information for applied research

problems (Singleton and Straits 2005). The team adopted a

participatory action approach to designing the survey instru-

ment and recruitment (Ivankova 2015; Whyte 1991).

Using the participatory action approach (Ivankova 2015;

Whyte 1991), we designed the survey instrument and recruited

participants in three stages. First, the team developed survey

items from the literature review and a pilot test involving 32 in-

depth interviews with forecasters and members of management.

Next, we discussed the survey instrument with management

team members at three Weather Forecast Offices in the south-

ern region and the science and training branch chief at the NWS

southern region headquarters. Working in concert with NWS

management team members at this stage made it more likely

that the results obtained are relevant to our target audience and

applicable to the day-to-day realities of the weather enterprise.

Thefinal version of the surveywas approved by theUniversity of

Maryland Institutional Review Board and the NWS southern

region union steward. Given that we expanded into the central

region after the survey instrument was developed, our survey

instrument was reviewed and approved by central region

headquarters, but no changes were made. Third, we recruited

participants in collaboration with our NWS partners, who dis-

tributed our survey so that the link was not perceived as spam.

Multiple survey reminders were distributed, and we closed data

collection after five months (i.e., March–July 2019). In total, 144

forecasters and members of management accessed the survey

across the two regions, and we received a total of 119 usable

responses. The data are from the authors’ VORTEX–Southeast

(VORTEX-SE) funded larger project on forecasters’ decisions

to warn on tornadoes, relationships with core partners, and

tornado risk communication.

Our survey measured a variety of demographic and back-

ground variables. For categorical responses, we provide the

percentage of the most common response and information

aboutmissing data in parentheses. Respondentswere 40 years of

age on average (M5 40.54, SD5 9.17, and 14 cases had missing

data; SD indicates standard deviation), were mostly White

(n 5 97; 81.5%; 20 respondents selected either ‘‘prefer not to

answer’’ or did not report their race), and reported their gender

asman (n5 90; 75.6%; 15 either selected ‘‘prefer not to answer’’

or did not report their gender). On average, respondents have

beenwith theNWS for 15 years (M5 15.37, SD5 9.30, and nine

cases hadmissing data) and have issued an average of 10 tornado

warnings over the past three years (M 510.58; SD 5 12.04).

Fifty-nine respondents were from the central region (49.60%),

42 respondents indicated being in the southern region (35.30%),

and 18 did not report their region (15.10%). Respondents re-

ported their current position as meteorologist in charge (n 5 3;

2.5%), science and operations officer (n 5 11; 9.2%), warning

coordination meteorologist (n 5 8; 6.7%), lead forecaster

(n 5 41; 34.5%), journey forecaster (n 5 28; 23.5%), and me-

teorological intern (n 5 14; 11.8%). Four respondents wrote

in the corresponding textbox that they were meteorologists

(3.4%), and nine did not report their current positions (7.6%).

We retained one respondent (i.e., 0.80%) in the sample who

reported being a senior hydrologist after consultation with one

of our NWS partners prior to data analysis.

b. Measures

1) IDSS ASSESSMENT

Respondents answered 12 questions about IDSS, developed

from our pilot interview study with 32 forecasters and con-

versations with our NWS research partners. Specifically, we

asked respondents the extent to which they agree/disagree

with a series of statements about IDSS. Our pilot study indi-

cated that 3 of these (described below) 12 items represent the

concept of positive communication. We examined the other 9

items separately. See Table 1 for descriptive statistics and 95%

confidence intervals (CIs) of the IDSS items.

2) EFFECTIVE IDSS COMMUNICATION

We measured effective IDSS communication with three

items, developed from our pilot study with 32 forecasters and

conversations with NWS research partners: 1) ‘‘In order to

make IDSS successful, we should focus on making personal

connections with our core partners.’’ 2) ‘‘In order to make

IDSS successful, we should employ proactive communication

with our core partners.’’ 3) ‘‘In order to make IDSS successful,

we need to have face time with our core partners.’’ A principal

components analysis indicated that the three items loaded to

the composite and were retained. The items formed a reliable

composite. We averaged all three items.

3) RELATIONSHIP MANAGEMENT PARADIGM

We adapted existing scale items (Shen 2017) to measure the

five dimensions of relationships outlined in the relationship
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management paradigm (i.e., trust, distrust, control mutual-

ity, commitment, and satisfaction). Typically, in the rela-

tionship management paradigm, researchers will measure

the organization’s publics on these items to understand the

relationship from their publics’ perspectives. However,

given that the goal of the current study is to understand the

relationship building processes from the organizational

members’ perspective, we needed to adapt the item wording

for that purpose. In other words, to understand forecasters’

perceptions of their offices’ relationships in the context of

IDSS the items needed to be modified. The study’s complete

instrument is available online (https://drum.lib.umd.edu/

handle/1903/26675), as well as an instrument for measur-

ing publics’ perception of relationships, which can be used in

future research.

We prepared the survey items for analysis using the fol-

lowing procedure. First, we computed a series of principal

components analyses to ensure that the scale items load ap-

propriately to the composite for each partner grouping. Next, we

computed reliability analyses for each of the dimensions for each

partner grouping to ensure the variable’s internal consistency.

For dimensions with two items we computed Pearson’s bivariate

correlation as the indicator of reliability and for dimensions with

three or more items, we computed omega using Hayes and

Coutts’s (2020) OMEGA macro for SPSS statistical analysis

software. (Tables 3 and 4 provide reliability estimates, means,

standard deviations, and correlations for the variables seg-

mented by partner grouping.)

These preliminary analyses revealed two issues with using

these items to measure the five dimensions of relationships in

the study’s context. First, for the partner grouping trained

spotters, there were consistent issues with the component

structure for two of the three-item dimensions (i.e., distrust and

control mutuality). Specifically, for the distrust and control

mutuality dimensions the scale items loaded to the component,

but the follow-up reliability analysis indicated that there are

internal consistency issues and the scales were not reliable as

indicated by these omegas being less than 0.70 (i.e., trained

spotter distrust omega 5 0.69; trained spotter control mutu-

ality omega 5 0.66). Second, there were issues with one of the

items for the commitment variable for both emergency managers

and broadcast meteorologists. There was one item (‘‘In dealing

with our trained spotters/emergency managers/broadcast meteo-

rologists, my office has a tendency to throw its weight around’’)

that did not load to the component for either of these partner

groupings. To address this issue, we removed this item from

analysis for both partner groupings.

Interestingly, for the trained spotters group, the analysis did

not indicate any issues with this specific item. This difference in

the component structure alongside the previously reported an-

alytic issues for this partner grouping led us to remove this

partner grouping fromour analysis as these preliminary analyses

seem to indicate that forecasters understand their relationship

with trained spotters differently than their relationships with

emergency managers or broadcast meteorologists. Hence, the

following analyses only examine the research questions and

hypotheses for emergency managers and broadcast meteorolo-

gists. We comment on this analysis in our discussion section and

provide directions for future research.

(i) Trust

Trust was measured with two items. Reliability analyses

indicated that these two items should be combined for

both for emergency managers and broadcast meteorologists.

TABLE 1. IDSS descriptive statistics [mean, with standard error (SE) in parentheses] and 95%CIs. Results were bootstrappedwith 1000

samples. Responses were on a 7-point scale where higher numbers indicate greater statement agreement. For composites, higher numbers

indicate a greater amount of the concept. Here, NMean_Forecasters 5 83, NMean_Management 5 22, and NMean_Total 5 112.

Item Mean forecasters Mean management Mean total

1) Effective IDSS communication 6.09 (0.13); 95% CI:

[5.84, 6.33]

6.32 (0.19); 95% CI:

[5.93, 6.69]

6.15 (0.10); 95% CI:

[5.94, 6.33]

2) To make IDSS successful, management should give

forecasters flexibility in what IDSS tasks they perform

5.19 (0.15); 95% CI:

[4.91, 5.47]

4.82 (0.31); 95% CI:

[4.20, 5.40]

5.12 (0.10); 95% CI:

[4.85, 5.35]

3) We need IDSS training about the best practices in risk

communication

5.73 (0.12); 95% CI:

[5.51, 5.96]

5.86 (0.32); 95% CI:

[5.14, 6.43]

5.74 (0.12); 95% CI:

[5.52, 5.97]

4)We need IDSS training about the best practices on how to

use social media

5.41 (0.15); 95% CI:

[5.11, 5.69]

5.32 (0.34); 95% CI:

[4.62, 6.00]

5.36 (0.14); 95% CI:

[5.08, 5.63]

5)We need IDSS training about the best practices on how to

build relationships with our core partners

5.58 (0.15); 95% CI:

[5.30, 5.86]

5.27 (0.35); 95% CI:

[4.50, 5.93]

5.87 (0.11); 95% CI:

[5.64 6.07]

6) To balance IDSS and essential operational functions, we

need to prioritize communication channels that allow us

to reach many audiences simultaneously

5.90 (0.11); 95% CI:

[5.68, 6.12]

5.73 (0.29); 95% CI:

[5.09, 6.26]

5.36 (0.14); 95% CI:

[5.08, 5.63]

7) IDSS is NOT the same as decision-making 5.59 (0.19); 95% CI:

[5.24, 5.96]

5.86 (0.34); 95% CI:

[5.20, 6.53]

5.68 (0.15); 95% CI:

[5.38, 5.98]

8) IDSS is the future of forecasting with NWS 5.01 (0.17); 95% CI:

[4.68, 5.35]

5.50 (0.32); 95% CI:

[4.80, 6.06]

5.12 (0.14); 95% CI:

[4.83, 5.39]

9) My office prioritizes a candidate’s communication skills

in the hiring process, given the importance of IDSS

4.75 (0.17); 95% CI:

[4.38, 5.05]

5.41 (0.29); 95% CI:

[4.76, 5.95]

4.89 (0.15); 95% CI:

[4.61, 5.18]

10) My office has tried new staffing strategies in order to

provide IDSS

5.08 (0.19); 95% CI:

[4.67, 5.43]

5.82 (0.34); 95% CI:

[5.10, 6.39]

5.23 (0.16); 95% CI:

[4.90, 5.54]
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We took an average of the two items for each partner group

separately.

(ii) Distrust

Distrust was measured with three items. Reliability analyses

indicated that these three items should be combined for both

emergency managers and broadcast meteorologists. We aver-

aged the three items for each partner group separately.

(iii) Control mutuality

Control mutuality was measured with three items. As dis-

cussed above, our preliminary analyses indicated that one of

the items did not load to the primary factor and was removed

for analysis. The factor loadings and the subsequent reliability

estimates indicated that the other two items could be combined

for each partner group. We computed those averages.

(iv) Commitment

Commitment was measured with three items. Reliability

analyses indicated that these three items should be combined

for both emergency managers and broadcast meteorologists.

We averaged the three items for each partner group separately.

(v) Satisfaction

Satisfaction was measured with two items. Reliability

analyses indicated that these two items should be combined

for both emergency managers and broadcast meteorologists.

We took an average of the two items for each partner group

separately.

4) PARTNER REPORTS AND WARNINGS

The ultimate goal of IDSS is to improve the warning process

(National Weather Service 2019). Therefore, we used the fol-

lowing single item measure for each group (emergency managers

and broadcast media) to assess the potential correlation between

partner-use reports and relationship dimensions, developed from

conversations with our NWS research partners. This measure was

‘‘Reports from emergency managers/broadcast meteorologists

positively influence my decision to warn.’’

4. Results

a. Characterization of IDSS

RQ1 asked how do NWS forecasters and management team

members characterize the importance of IDSS in their home

offices? To answer our research question, we computed the

means using a bootstrapping procedure with 1000 samples for

our effective IDSS communication composite, as well as for the

other nine items used tomeasure forecasters’ andmanagement

team members’ perceptions of IDSS. Specifically, we com-

puted means for the composite and nine items for the entire

sample (i.e., forecasters and members of management to-

gether), for forecasters separately, and for members of man-

agement separately (see Table 1). Using a bootstrapping

procedure is advantageous as it estimates the 95% CIs, which

allows us to compare participants’ responses with established

benchmarks, including scale points, as well as to make com-

parisons between groups of independent scores. We compared

respondents’ scores with the scale midpoint (i.e., 4) to as-

sess participants’ agreement with the IDSS statements, as

well as compare scores between forecasters and members

of management.

Results indicate that together forecasters and members

of management at least somewhat agree with each of the

concepts/statements related to IDSS shown in Table 1, as in-

dicated by that each of the 95%CIs is above the scale midpoint

(i.e., each 95% CI is above 4). Specifically, results indicate that

effective IDSS communication (i.e., communication that is

proactive, includes face time with partners, and is focused on

fostering personal connections) is seen as the core of IDSS

success (see row 1 of Table 1). Results also show that respon-

dents agree that IDSS training is needed for best practices in risk

communication, using social media, and relationship building

with core partners (see rows 3–5 of Table 1). Respondents agree

that offices need toprioritize communication channels that allow

them to reachmultiple partners simultaneously and that IDSS is

not the same as decision-making (see rows 6 and 7 of Table 1).

While forecasters and members of management at least

somewhat agree that IDSS is the future of forecasting (see row

8 of Table 1), there seems to be divergence between members

of management and forecasters for three of the IDSS state-

ments. In examining row 2 of Table 1, it is seen that forecasters

seem to more strongly agree that managers should be flexible

about the IDSS they assign forecasters. Managers seem to

more strongly agree that their office prioritizes communication

in the hiring process and that their office has tried new staffing

strategies to provide IDSS (rows 9 and 10 of Table 1).

However, given the overlap in the 95% CIs, we calculated the

proportion of overlap based upon recommendations from

Cumming and Finch (2005) to determine whether means were

significantly different between the groups (i.e., between fore-

casters and members of management). None of the propor-

tions of overlap were below the 0.50 benchmark. Hence, we err

on the side of caution and determine that the perceptions be-

tween the groups on these items are not statistically different.

b. Core partners relationship evaluation

RQ2 asked what, if any, are the differences between fore-

casters’ perceptions of their relationships with core partners on

the five relationship dimensions? To answer this research

question, we conducted five dependent t tests (i.e., one for each

relationship dimension), using a bootstrapping procedure with

1000 samples. Table 2 provides the statistical results from these

analyses, including model information [e.g., t and degrees of

freedom (df)] and estimates of effect size.

As shown in Table 2, the five dependent t tests were statis-

tically significant. First, results indicate that forecasters and

members of management perceive their offices as creating re-

lationships with their core partners in line with best practices

from the relationship management paradigm. Specifically, all

positively valenced dimensions (i.e., trust, control mutuality,

commitment, and satisfaction) were above the scale midpoint

for each partner grouping and the negatively valenced di-

mension (i.e., distrust) was significantly below in scale mid-

point for each partner grouping. Put differently, forecasters

and members of management see their offices fostering
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relationships with emergency managers and broadcast mete-

orologists that are high in trust, control mutuality, commit-

ment, satisfaction, and low in distrust.

Second, the findings indicate a consistent pattern of differ-

ences between the partner groupings for each of the five rela-

tionship dimensions that varies based on the dimensions’

valence. Specifically, for positively valenced dimensions, re-

sults show that participants perceived their offices as trying to

foster higher levels of these dimensions for emergency man-

agers relative to broadcast meteorologists. A different pattern

emerged for the negatively valenced dimension of distrust.

Specifically, results show that scores for distrust were consis-

tently low across both partner groups, but broadcast mete-

orologists were more distrusted than emergency managers

(see Table 2).

c. Relationships and forecasters’ decisions to warn

To test H1(i)–(iv), H2, H3(i)–(iv), and H4, we used Pearson’s

bivariate correlations. Specifically, we calculated these correla-

tions for both of the partner groupings (i.e., emergency man-

agers and broadcast meteorologists). Tables 3 and 4 present

these analyses and the descriptive statistics for all variables in-

cluded in these analyses. There are several correlations that

meet Cohen’s (1988) criteria for meaningful effects in correla-

tional research that were not statistically significant given the

small sample size. Specifically, Cohen asserts that correlations of

0.10 are representative of small, but meaningful effects, whereas

correlations of 0.30 indicate a moderate effect. We interpret the

correlations with small effect sizes with caution and note that

they should be replicated in future research.

H1 predicted that trust (i), controlmutuality (ii), commitment

(iii), and relationship satisfaction (iv) are positively associated

with effective IDSS communication. Results show that trust is

positively associated with effective IDSS communication for

emergency managers and broadcast meteorologists. H1(i) was

supported. Control mutuality is positively associated with ef-

fective IDSS communication for broadcast meteorologists. The

same pattern emerges for emergency managers as broadcast

meteorologists, but this finding is trending toward statistical

significance. H1(ii) is partially supported. Commitment is posi-

tively associated with effective IDSS communication for emer-

gency managers and broadcast meteorologist. However, these

results should be interpreted with caution because the correla-

tion is trending toward statistical significance. H1(iii) is cau-

tiously supported. Satisfaction is positively associated with

effective IDSS communication for emergency managers and

broadcast meteorologists. H1(iv) was supported.

H2 predicted that distrust would be negatively associated

with effective IDSS communication. Distrust is negatively as-

sociated with effective IDSS communication for emergency

managers. The same pattern emerges for broadcast meteorol-

ogists, but this finding is trending toward statistical significance.

These results mostly support H2.

H3 predicted that trust (i), control mutuality (ii), commit-

ment (iii), and relationship satisfaction (iv) are positively as-

sociated with using partner reports in the decision to warn.

Trust significantly predicts the decision to warn for both

emergency managers and broadcast meteorologists. H3(i)

was supported. Control mutuality predicts partner reports for

broadcast meteorologists, but not for emergency managers.

H3(ii) was partially supported. Commitment does not predict

using partner reports in the decision to warn for either

emergency managers or broadcast meteorologists. H3(iii)

was not supported. Satisfaction does not predict using partner

reports in the decision to warn for either emergency man-

agers or broadcast meteorologists. H3(iv) was not supported.

TABLE 2.Dependent t-test results for the five-relationship dimension segmented by partner grouping.Responseswere on a 7-point scale

where higher numbers indicate higher levels of the concept. The effect size, Cohen’s d, was computed using an effect-size calculator

(https://memory.psych.mun.ca/models/stats/effect_size.shtml).

M (SE); 95% CI

N, t (df), p, d Emergency managers Broadcast meteorologists

1) Trust 109, 6.13 (108), p , 0.001, 0.59 6.18 (0.10); 95% CI: [5.99, 6.36] 5.65 (0.11); 95% CI: [5.41, 5.87]

2) Distrust 109, 23.84 (108), p , 0.001, 0.38 1.55 (0.10); 95% CI: [1.38, 1.77] 1.71 (0.10); 95% CI: [1.52, 1.92]

3) Control mutuality 109, 6.62 (108), p , 0.001, 0.64 6.19 (0.08); 95% CI: [6.00, 6.33] 5.65 (0.11); 95% CI: [5.42, 5.87]

4) Commitment 109, 6.36 (108), p , 0.001, 0.61 6.18 (0.09); 95% CI: [5.98, 6.36] 5.59 (0.11); 95% CI: [5.34, 5.80]

5) Satisfaction 109, 5.58 (108), p , 0.001, 0.54 6.21 (0.10); 95% CI [6.00, 6.40] 5.74 (0.12); 95% CI [5.48, 5.98]

TABLE 3. Descriptive statistics, reliability estimates, and correlations for relationship dimensions and use of partner reports in the

decision to warn for emergency managers. When bivariate correlations are used for reliability estimates, the statistical significance is

provided (**: p , 0.01, *: p , 0.05, and 1: p , 0.10).

Variable n M SD r/v 1 2 3 4 5 6 7

1) Trust 116 6.19 0.98 0.71** —

2) Distrust 113 1.57 1.00 0.74 20.29** —

3) Control mutuality 116 6.17 0.87 0.33* 0.57** 20.31** —

4) Commitment 116 6.17 0.96 0.73 0.44** 20.57** 0.62** —

5) Satisfaction 117 6.21 0.99 0.71** 0.45** 20.63** 0.60** 0.66** —

6) Effective IDSS communication 113 6.14 1.06 0.91 0.21* 20.24* 0.181 0.171 0.22* —

7)Use of partner report in the decision to warn 118 5.97 0.94 — 0.24* 0.03 0.10 20.03 20.02 0.13 —

JULY 2021 L IU AND ATWELL SEATE 443

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/08/23 03:02 PM UTC

https://memory.psych.mun.ca/models/stats/effect_size.shtml


Interestingly, and not hypothesized, effective IDSS commu-

nication positively predicts using partner reports in the deci-

sion to warn for broadcast meteorologists, but not for

emergency managers.

H4 predicted that distrust is negatively associated with using

partner reports in the decision to warn. Our data do not sup-

port this hypothesis for either partner group, meaning that

distrust with emergency managers or broadcast meteorologists

was not associated with forecasters using their reports in their

decisions to warn.

5. Discussion

Past research found that forecasters’ motivation to serve the

mission of the NWS is ‘‘off the charts,’’ but full implementation

of the weather-ready nation vision requires an evolution from a

purely science driven approach to a customer-service approach

to forecasting (National Weather Service 2017; Uccellini and

Ten Hoeve 2019, p. 9). IDSS is the primary vehicle to support

this evolution, and our study serves as one of the first quanti-

tative evaluations of how forecasters evaluate IDSS through

a relational lens. A major contribution of our study is to

provide a practical tool for Weather Forecast Offices (WFOs)

to assess the status of their IDSS programs, including the status

of their relationships with core partners [see our online sup-

plement (https://drum.lib.umd.edu/handle/1903/26675)].

Relationships are situational and change over time (Hon

andGrunig 1999; Shen 2017). Therefore, ongoing assessment is

imperative for identifying areas for improvement. This is the

first study to adapt and validate the relational dimensions from

the communication literature to the forecast context. This also

is the first study to develop and validate a new IDSS instru-

ment. These two contributions provide a user-friendly tool that

can be employed during integrated warning team (IWT) meet-

ings, training, and in other contexts to provide immediate rela-

tional quality feedback. A workforce assessment concluded that

there is uncertainty on how to evaluate IDSS effectiveness and

partner types across the NWS (National Weather Service 2017),

and our study begins to address this need. Below we discuss the

additional implications of our research.

a. How forecasters and management characterize IDSS

Our first research question investigated how forecasters and

managers characterize the importance of IDSS in their home

offices. Respondents reported a need for high levels of effec-

tive communication in order for IDSS to be successful.

Effective communication includes forecasters making personal

connections, having face time with core partners, and proac-

tively communicating with core partners. These findings sup-

port the customer-service vision of the evolvedNWS (Uccellini

and Ten Hoeve 2019) while recognizing the importance of

science in the warning program. The findings further point

to specific communicative actions WFOs can encourage to

strengthen their IDSS, which may inform staffing strategies.

For example, personal connections and face time can occur at

out-of-the-office events like cohosting booths with emer-

gency managers at community events and other social events.

Proactive communication should include embedding fore-

casters with their partners in the lead-up to potential severe

weather events. After these activities, forecasters can use

our instrument to assess whether their relationships have

improved.

These findings also point to how core partners can strengthen

their relationships with the NWS. For example, broadcast me-

teorologists can invite forecasters to tour their offices to facili-

tate face time and personal connections. Emergency managers

can host joint training exercises with forecasters and broadcast

meteorologists as part of IWT activities.

Findings revealed three priority areas for training to help

support IDSS. Forecasters expressed a need for more training

in risk communication, how to build relationships with core

partners, and social media best practices. Prior research has

identified the need for more training in risk communication

and social media (e.g., Liu et al. 2020a; Sherman-Morris et al.

2018), and this study adds the need for relationship building

training. Our findings also add that training needs to help of-

fices prioritize communication channels that allow them to

reach multiple offices and partners simultaneously.

b. The role of relationships in IDSS

Our second research question and four hypotheses investi-

gated how participants perceive their relationships with core

partners along the five relational dimensions identified in the

communication literature. These dimensions are trust, distrust,

control mutuality, commitment, and relationship satisfaction

(Hon and Grunig 1999; Shen 2017; Yang and Taylor 2015).

Scholars have called for more IDSS research from a commu-

nication perspective (Lazo et al. 2020), reflecting an appreciation

TABLE 4. Descriptive statistics, reliability estimates, and correlations for relationship dimensions and use of partner reports in the

decision to warn for broadcast meteorologists. The correlations between variables 6row, 3column and variables 6 row, 4 column show the same

correlation with differing significance levels because of rounding. When bivariate correlations are used for reliability estimates, the

statistical significance is provided (**: p , 0.01, *: p , 0.05, and 1: p , 0.10).

Variable n M SD r/v 1 2 3 4 5 6 7

1) Trust 116 5.65 1.14 0.54** —

2) Distrust 113 1.72 1.00 0.70 20.27** —

3) Control mutuality 115 5.66 1.12 0.57** 0.50** 20.29** —

4) Commitment 115 5.60 1.18 0.74 0.47** 20.49** 0.54** —

5) Satisfaction 117 5.74 1.21 0.69** 0.47** 20.53** 0.57** 0.71** —

6) Effective IDSS communication 113 6.14 1.06 0.91 0.23* 20.181 0.19* 0.191 0.29** —

7)Use of partner report in the decision to warn 118 5.59 0.92 — 0.29** 0.01 0.37** 0.12 0.12 0.19* —
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for the importance of effective risk communication in the

weather enterprise (National Weather Service 2019). A

growing body of literature identifies effective message strat-

egies for communicating severe weather to various publics

(e.g., Ash et al. 2014; Liu et al. 2020a; Olson et al. 2019).

However, as Grunig (1993) noted, relationships provide

the foundation for organizational communication. Without

strong positive relationships, messages are unlikely to suc-

ceed (Grunig 1993).

Our findings indicate that effective IDSS communication is

positively associated with trust, control mutuality, commit-

ment, and satisfaction for both emergency managers and

broadcast meteorologists. It should be noted that several of

these correlations were approaching statistical significance but

exceed Cohen (1988) benchmarks for a statistically small, but

meaningful effects. These analyses should be replicated in fu-

ture research. Notwithstanding, these findings point to the re-

lational drivers of effective IDSS communication that WFOs

can focus on to improve and/or maintain partner relationships.

For example, the findings revealed that forecasters perceive

that control mutuality (i.e., the extent to which relational

partners influence each other) is important in their relation-

ships with broadcast meteorologists. This complements previ-

ous qualitative research (Demuth et al. 2012) suggesting that

broadcast meteorologists need to feel like they are fully in-

cluded in warning programs, rather than excluded (i.e., control

mutuality). Broadcast meteorologists and emergency man-

agers both need to be committed to the warning program for

effective IDSS to occur, pointing to the importance of shared

risk communication goals.

Our results further indicate that trust with emergency

managers and broadcast meteorologists are positively associ-

ated with using reports from those partners in forecasters’

decisions to warn about tornadoes. Control mutuality is posi-

tively associated with using reports from broadcast meteorol-

ogists in forecasters’ decisions to warn. These findings point to

the importance of establishing strong partner relationships

because relational dimensions are positively associated with

using partners’ reports on decisions to warn. As prior research

found, forecasters need external data to complement their

models when deciding whether to issue a severe weather

warning (Daipha 2015; Klockow-McClain et al. 2020). Without

strong partnerships, our findings suggest that forecasters are

less likely to receive and use quality external data.

c. The unique relationship with trained spotters

Our analysis finds that forecasters have different relationships

with trained spotters than with emergency managers and

broadcast meteorologists. Indeed, the relationships with trained

spotters are so different that they cannot be reliably measured

using the same relationship dimensions as for emergency man-

agers and broadcast meteorologists.

Past research indicates that some forecasters distrust the

quality of data provided by trained spotters (Klenow and

Reibestein 2014; Krennert et al. 2018). Some forecasters

even question the value of trained spotters in the weather

enterprise (Liu et al. 2020b). This may be because forecasters

view emergency managers and broadcast meteorologists as

having more expertise in weather science than lay audiences.

Conversely, forecasters may view trained spotters as lay au-

diences with lower expertise in weather science than broadcast

meteorologists and emergency managers. Prior research sup-

ports taking different approaches to communicating risk with

expert and lay audiences (Slovic et al. 1995). Future re-

search is needed to confirm whether emergency managers

and broadcast meteorologists have different levels of ex-

pertise and whether both groups’ meteorology knowledge is

higher compared to lay audiences’ knowledge. If so, research is

needed to uncover how forecasters should communicate risks

differently to experts compared to lay audiences. Different

risk communication strategies may also be needed for vari-

ous expert groups. For example, some emergency managers

may have lower weather and climate expertise than some

broadcast meteorologists.

Our findings further suggest a need to better understand how

to build relationships with trained spotters prior to partnering

with them to communicate risk. Without strong relationships,

communication is unlikely to be effective (Grunig 1993).

Therefore, future research is needed to understand how

forecasters can optimally build and maintain relationships

with trained spotters, including the unique dimensions of

these relationships.

6. Limitations

Like all research, this study has limitations. First, our study

design is cross-sectional, which precludes us from examining

how these perceptions change over time. Next, we have a rela-

tively small sample size, despite extensive efforts to partner with

NWS leadership in the southern and central regions to distribute

our survey. As our partners indicated, there may be social sci-

ence research fatigue among some forecasters. Additionally,

NOAA regulations prohibited the team offering an incentive to

participate in the survey (e.g., lunch); incentives are a common

method for increasing survey sample sizes (Nardi 2018).

Ultimately, our relatively small sample size reduced the power

for our statistical analyses. Indeed, several correlations were in

the small to moderate range based on Cohen (1988) estab-

lished benchmarks (i.e., 0.10–0.30), but did not reach the tra-

ditional statistical benchmark (i.e., p , 0.05). Additional

efforts are needed to incentivize and energize forecasters to

participate in survey research, including forecasters from all

regions of the country. Last, our partner-use measures were a

single item, which did not allow us to assess their reliability.

However, they are high in face validity, which was confirmed

by our research partners.

7. Conclusions

Relationships are the heart of effective organizational

communication, including for the NWS. This study is

the first to develop and validate measures of positive

IDSS communication, including core relational dimensions

for successful partnerships. Future research can apply

these measures to research with emergency managers and

broadcast meteorologists to identify how these partners
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view their relationships with NWS forecasters. For the

NWS to truly evolve into an agency that is focused on

customer service, it must couple strong relationships with

strong threat messaging.
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