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ABSTRACT

This case study explores how to add value to regional ocean condition forecast information by bringing

awareness to the processes that govern decision-making and outcomes within the system. A modified

mental models research approach is applied to examine differences and similarities in perceptions of risk

and comfort with uncertainty between two interdependent communities, the ocean ‘‘data provider’’ and

‘‘end user,’’ and how these perceptions impact accessibility and usefulness of data products. In this study,

data providers are academic and agency scientists from institutions that provide ocean condition forecasts

to public end users (n5 17). End users aremembers of theOregon commercial-fishing community (n5 16).

Comparisons reveal key differences and similarities related to the nature of each profession that impact

perceptions of scale in time and space and reveal the ways that cumulative and intersecting risks and

uncertainties act as key drivers in decision-making. Implications for expanding the current understanding

of how ocean forecasts are produced and used include 1) highlighting the value of optimizing ocean forecast

delivery tools based on end-user needs and information-seeking processes already in place, 2) identifying

structural and cultural barriers within the data-provider network that prevent them from doing so, and

3) demonstrating the value of learning about both producers and users of scientific information and sug-

gesting potential ways to structure cooperation and strengthen relationships between them by working

toward a common desired outcome.

1. Introduction

Integrated coastal observing and modeling systems

have substantially advanced the quality of regional

ocean forecasts, creating a need to transform these ac-

tivities into products that can serve end users outside

the scientific community (Flemming 2002; IFSOO 2012;

Kourafalou et al. 2015; National Academies of Sciences,

Engineering, and Medicine 2017b). Ocean forecasts

have the potential to serve a diverse set of marine-

operations end users including commercial shipping

and fishing, recreational boating and fishing, bar pilots,

Coast Guard, and oil spill response though Web-based

products (Price and Rosenfeld 2012). A core group of

these users, commercial fishermen, regularly risk per-

sonal safety, property, and economic loss (Davis 2012;

McDonald and Kucera 2007; Thorvaldsen 2013) and are

particularly adept at seeking out sources of ocean con-

dition information that include surface temperatures,

currents, waves, and wind to inform their decisions

(Duncan 2014). Nationwide and in Oregon, commercial

fishing is ranked as the most dangerous occupation with a

fatality rate that is more than 3 times that of the second

most dangerous occupation (logging), with severe weather

conditions as a major contributing factor (CDC 2010;

National Research Council 1991; USBLS 2010). Com-

mercial fishing is an integral part of Oregon’s coastal
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communities and an economic driver for the coast and

the state, annually contributing over $500 million in

personal income (ODFW 2017).

In 2012, researchers worked with members of the

commercial-fishing fleet from Newport, Oregon, as part

of an effort to document and understand how they make

strategic decisions using ocean condition forecasts

(Duncan 2014). Findings revealed that fishermen used a

variety of data sources yet lacked a single trusted source,

and that they were not utilizing the most advanced,

publicly available regional forecasts due to the way that

scientists presented the information (Duncan 2014).

This led to efforts in cooperative product development

between scientists and fishermen to create a useful Web

interface; however, beyond this case study, a gap re-

mains in transforming ocean forecast data supplied by

academic and agency scientists to value-added products

that can support decision making in marine operations.

Web interfaces that deliver ocean condition forecast

information serve as boundary objects, here defined as

objects which bring together scientists and end users,

and bridge perceptual and practical differences in un-

derstanding between two or more knowledge systems

(Huvila et al. 2014; Karsten et al. 2001; Star and

Griesemer 1989). Regarding climate forecasting, a large

body of literature has focused on understanding how to

overcome these differences that prevent the use of sci-

entific information by decision makers, with case studies

in agriculture (Crane et al. 2010; Furman et al. 2011),

water management (Kirchhoff 2013; Owen et al. 2012),

and fire management (Roncoli et al. 2012). For scientific

information to be usable, it is consistently recommended

that the boundary between producers and users be

actively managed through iterative, inclusive, and

open communication and translation that promotes mu-

tual understanding between participants (Cash et al.

2003, 2006; Kirchhoff et al. 2013). In their seminal paper,

Cash et al. (2003) asserts that decision makers must

perceive information to be credible, salient, and legit-

imate to be usable. Lemos et al. (2012) assert that us-

ability is affected mainly by ‘‘three interconnected

factors: user’s perception of information fit; how new

knowledge interplays with other types of knowledge

that are currently used by users; and the level and

quality of interaction between producers and users’’

(Lemos et al. 2012, p. 789).

Despite the clear need for iterative engagement be-

tween producers and users for information to be useful

for decision making, there are several challenges that

prevent this from occurring. The intensity of interaction

is time-consuming and costly, the process can be slow,

and it requires buy-in and prioritization from both

parties (Kirchhoff et al. 2013). Furthermore, institutions

generally do not invest in boundary functions that are

not central to their mission (Buizer et al. 2016). Much of

this research has focused on longer-term climate fore-

casts. Research regarding the integration of near-term

weather forecasts into decision-making tends to focus on

laypeople’s interpretations of uncertainty (Morss et al.

2008; Sivle et al. 2014; Sivle and Kolstø 2016; Zabini

2016) or their interpretations of hurricane or tornado

hazard warnings (Demuth et al. 2012), which may not

have direct parallels for forecasts of ocean currents and

water properties.

This case study describes efforts to bridge the gap

between the data-provider and end-user communities in

the growing field of near-term regional ocean condition

forecasts. It lays the groundwork for future collabora-

tions by learning about each groups’ decision-making

context through understanding perceptions of risk and

comfort with uncertainty. To do this, it frames the

problem of how to provide useful ocean condition

forecasts as a system, where data providers and end

users are interdependent, but the data provider has ul-

timate power over the tool. This framework assumes

that the needs of the end user are better served through

understanding how they use the data to make decisions.

However, it also recognizes that data providers work

within institutional settings that have their own stan-

dards and priorities that guide decisions about the in-

formation they present and the manner of presentation.

This context provides an opportunity to investigate the

ways that risk perception and comfort with uncertainty

influence decisions about the production of ocean data

by data providers and its use in decision making by the

end users.

2. Theoretical framework

a. Risk perception and comfort with uncertainty

Uncertainty is part of every decision made by indi-

viduals, groups, or institutions and it is approached

and communicated differently based on discipline, pro-

fession, or problem domain (Smithson 2008). These

differences shape the way that each discipline or

profession copes with and manages their particular

forms of uncertainty (Smithson and Bammer 2008).

The expression of uncertainty metrics is standard

practice within scientific cultures that produce mea-

surements of a physical quantity, so that those who

use it can assess its reliability and compare it to

other measurements (JCGM 2008). Ocean forecasts

are produced using deterministic ocean models, and

therefore cannot provide the kinds of uncertainty

metrics that the public is used to seeing with weather
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forecasts that use ensemble modeling. There has been a

recent commitment by the weather enterprise regarding

the characterization, communication, and perception of

weather forecast uncertainty (National Academies of

Sciences, Engineering, and Medicine 2017a; National

Research Council 2006). While useful to draw upon this

work that relates to the general public, it is important to

acknowledge thatmarine-operations end users have their

own expertise and unique understanding of forecast un-

certainty and risk from ocean use.

Risk perception is the intuitive risk judgment that

people rely on to evaluate hazards and is a useful con-

cept for understanding how people make decisions with

imperfect information in response to risk and uncer-

tainty (Ropeik 2012; Slovic 1987). Risk perception

has been found to impact the uptake of scientific infor-

mation for use in environmental decision-making

(Kirchhoff et al. 2013) and is useful for understanding

the context in which decisions are made (Parris et al.

2016). Ocean condition forecasts have value specifically

due to the risk and uncertainty that arises from the in-

teraction of two systems: the physics of the coastal ocean

and the human communities that work within it. This

study assumes that because risk perception and comfort

with uncertainty are factors that influence decision-

making, they are useful dimensions for understanding

weather and climate forecast production and use. Be-

cause of the considerable differences in the ways that a

research scientist and a fishermen might conceive of

and orient toward uncertainty in their decision-making

(Smithson 2008), we use the term ‘‘comfort with un-

certainty’’ in regards to the felt sense of uncertainty

(rather than the quantification) and to bridge the divide

between discipline- and practice-based conceptions of

uncertainty.

b. Mental models

Methods in the field of risk communication research

that seek a deeper understanding of the subjective na-

ture of risk perception have turned toward a better un-

derstanding of an individual’s mental model of risk

(Bostrom et al. 2016; Lazrus et al. 2016; Ropeik 2012;

Slovic 2016). Mental models allow for a rich, qualitative

description that gives deeper insights into the decision-

making context than broad, but shallow, quantitative

assessments of risk perception (Slovic 2016). They are a

way to represent the manner in which individuals or-

ganize their thoughts and beliefs about specific topics by

capturing cause and effect dynamics and process-thinking

(Abel et al. 1998; Craik 1943; Jones et al. 2011); they also

influence the way that new information is interpreted

(Cone andWinters 2011). Factors such as profession, life

experience, and social groups shape an individual’s

mental model, including their orientation toward un-

certainty and risk (Short 1984; Smithson 2008).

Mental models serve to structure and simplify the

world and therefore are not complete or accurate rep-

resentations of reality (Abel et al. 1998; Jones et al.

2011). This simplification carries a cost when people

with mental models that ‘‘differ in structure, content,

focus, and range of concerns’’ try to communicate or

solve problems together (Abel et al. 1998, p. 79). In the

ocean condition forecast system context, understanding

decision-making in terms of process-thinking for both

data providers and end users can allow comparison of

mental models to better understand differences and

similarities between them.

Mental model studies seeking to understand the fac-

tors that affect decision-making and behavior among

individual end users and institutional actors in the fields

of hurricane and flood risk communication and man-

agement commonly use theMorgan et al. (2002) method

formental model elicitation (Bostrom et al. 2016; Lazrus

et al. 2016;Wagner 2007;Wood et al. 2012). TheMorgan

method uses mental model interviews to build an un-

derstanding of how a target audience views a system and

its risk, then compares it to an expert mental model to

identify gaps in understanding that informs risk com-

munications (Morgan et al. 2002). Bostrom et al. (2016)

expand the Morgan et al. (2002) method beyond the

typical expert/nonexpert domain by considering data

providers to be their own system of connected end users,

highlighting the usefulness of comparing perceptions

and needs within the data-provider community across

professional domains.

The current study expands and combines these

frameworks by considering data providers and end

users to both make expert contributions to risk

knowledge within a single ocean condition forecast

system. Data providers collect data and model the ma-

rine environment; commercial fishermen interpret the

risks while navigating and working within that envi-

ronment. The goal of the present study is not to identify

gaps in understanding between the two communities

about the same risk, but rather to gain a more holistic

understanding of risk knowledge from two communi-

ties facing separate but interrelated risks, and to

understand the decision-making process of each com-

munity as a system united by ocean condition fore-

casts. Data providers face risks from having an

advanced theoretical, yet imperfect, understanding of

the physics of the ocean, which can result in providing

inaccurate or incomplete forecasts that people use to

make decisions. Commercial fishermen face direct risks

from the ocean itself to their lives, property, and ability

to earn a living.
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The goals of this systems-based approach are to bring

awareness to the processes that govern decision-making

and outcomes for the system as a whole (Bammer 2008).

This paper frames the problem to include and compare

both the discipline- and practice-basedmental models of

ocean forecast data providers and commercial fisher-

men, respectively. It views these within an interdepen-

dent system and asks three broad research questions

(RQ)—RQ1: How does the accessibility of ocean fore-

cast data impact the ocean users’ comfort with uncer-

tainty, perceived risks, and their ability to cope? RQ2:

How does data providers’ comfort with uncertainty and

perception of risk impact the accessibility of ocean

condition forecasts to ocean users? RQ3: What are the

main similarities and differences in ocean users’ and

data providers’ comfort with uncertainty and risk around

the ocean and ocean condition forecasting?

c. Commercial-fishing community in Oregon

Because of its ecological relationship to fisheries and

the high number of fatalities and personal injury in

commercial fishing, there is a large body of literature

on risk perception and commercial fishing worldwide

framed in the context of occupational safety and fish-

eries management. Findings from these studies describe

risk perception of commercial fishermen to be shaped by

various social, political, and economic forces (Bye and

Lamvik 2007; Davis 2012; Edvardsson et al. 2011;

McDonald and Kucera 2007; Thorvaldsen 2013), al-

though none of these studies takes place in Oregon or

the West Coast of the United States.

Oregon’s commercial-fishing community is a network

of captains, crew, families, fish processors, fish buyers,

and gear shops that work together to harvest ocean re-

sources. Commercial fishing off the Oregon coast is

physically risky and economically uncertain. Most full-

time active commercial fishermen in the study region

target at least two fisheries (often more) to make a

living; one of which is likely the nearshore Dungeness

crab fishery. They are largely small-scale, independent

fishermen working either alone or in groups of two or

three (McDonald and Kucera 2007). Time of year and

fishery pursued determine where fishermen are in

space and what type of gear they use, which in turn

impacts the types of hazards they face. There are 3

major ports and 10 smaller ports with working water-

fronts located along the Pacific Coast of Oregon, and

there are specific hazards associated with entering and

leaving port, ‘‘crossing the bar,’’ as compared with

hazards at sea. The ‘‘bar’’ refers to a shallow region of

accumulated sediment at the entrance to a port where

incoming wave heights are amplified and may break

and create dangerous conditions.

Commercial fishermen seek out weather and ocean

condition forecasts to plan fishing trips (Duncan 2014),

but little is known about the details of their decision-

making process or the perceived risks that they are

trying to manage beyond a general sense of safety

and economic risk (Kite-Powell et al. 2008). This gap in

understanding is an opportunity to characterize the na-

ture of the demand for ocean condition forecasts in the

modern information environment, in which members of

the public can continuously access and discuss new in-

formation using digital technologies (Morss et al. 2017).

Finally, little is known about how fishermen think about

the uncertainty of the forecasts, and whether that plays a

role in their decision-making [see Savelli and Joslyn

(2012) for an exception]. The conceptualization of fore-

cast uncertainty is particularly important when we think

about the risks faced by the data providers.

d. Ocean forecast data providers

The data-provider community is a network of scien-

tists from different institutions (academic and agency)

that carry out different roles to collect and aggregate

data and create and distribute data products for dis-

semination to a range of end users. Forecasts themselves

can be a risk to those providing them because of the

uncertainty attached to the nature of predictions; how-

ever, considerably less is known about perceived risk and

other characteristics of the data-provider community

tasked with supplying this information (Sarewitz and

Pielke 2007) [see Anthony et al. (2014), Bostrom et al.

(2016), and Demuth et al. (2012) for exceptions]. Ocean

condition forecasts include predictions of a wide array of

parameters that include physical factors (e.g., current

speed and direction, wave height and periodicity, water

temperature at various depths), chemical factors (e.g.,

salinity), and biological composition (e.g., chlorophyll-A)

(Kite-Powell et al. 2008). Ocean condition forecasts are

available on a range of time scales, and near-term fore-

casts with a lead time of 4 to 72h are of particular interest

to marine operations for planning optimal routes and

avoiding dangerous ones (Price and Rosenfeld 2012).

In the Seacast project (Duncan 2014), it was re-

ported that, despite requests by the fishermen, in-

formation providers were not comfortable providing

longer forecast lead times. Forecast lead time is an

important component of ‘‘salience’’ (Cash et al. 2003)

or ‘‘information fit’’ (Lemos et al. 2012) of a data

product to meet the decision-making need of the end

user, but little is known about how the perceived risks

experienced by those providing uncertain scientific in-

formation may impact salience or information fit. This

study recognizes that academic and agency scientists from

several institutions make decisions regarding what ocean
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condition forecast information to provide to public

end users and how to present that information, but little

is known about this process.

Ocean observation/forecasting is a relatively young

field in comparison with weather forecasting and falls

under the purview of the National Oceanic and Atmo-

spheric Administration (NOAA) as the scientific agency.

The National Weather Service (NWS), The Center for

Operational Oceanographic Products and Services (CO-

OPS), and The U.S. Integrated Ocean Observing System

(IOOS) are three institutions associatedwithNOAAas a

line office, agency, and a nonfederal partnership, re-

spectively. All three entities have different histories,

structures, and missions and play functionally different

roles in relationship to NOAA but are tasked with pro-

viding ocean forecast information to ocean end users.

Each entity has a suite of Web interfaces that provide

access to ocean forecast data products; however, each

interface or data product is unique.

3. Methods

a. Modified mental model elicitation

Mental model interviews were conducted with indi-

vidual participants from both communities following a

modified protocol developed by Morgan et al. (2002)

specific to risk communication that provides a systematic

and repeatable interview procedure to elicit an indi-

vidual’s mental model about risk. The Morgan et al.

(2002) line of inquiry begins with open-ended questions

that allow participants to freely express their views

about a risk, followed by more specific, semistructured

questions that target the typical risk assessment topics

of exposure, effect, and mitigation of risk (Cone and

Winters 2011; Morgan et al. 2002). Because data providers

and commercial fishermen play functionally different roles

in the ocean forecast system, they were not compared

along the same dimension of risk knowledge and different

interview questions were used for each group (Table 1).

Commercial-fishermen interview questions elicited re-

sponses about ocean use and ocean forecast use (RQ1),

and data-provider questions elicited responses about

providing ocean forecast data to end users (RQ2). In-

terviews for each community were conducted either in-

person at a location chosen by the participant, or over the

phone, until saturation was reached (Miles et al. 2013).

b. Sampling

Participants from the commercial-fishing and data-

provider communities were chosen through a combi-

nation of modified snowball sampling (Auerbach and

Silverstein 2003) starting with key contacts already

TABLE 1. Interview protocol for each community [modified from Morgan et al. (2002)].

Commercial-fishing communitya Data-provider communityb

Open-ended interview questions

Talk tome about your background as a fisherman (or

as a member of the commercial-fishing

community).

Talk to me about your background and experience in creating/

disseminating observations/ocean forecast data.

Talk to me about the ocean as an uncertain place.

Talk to me about the ocean as a risky place.

Semi-structured interview questions: Exposure

Tell me what creates hazardous ocean conditions. What are some of the main barriers to producing accurate and

complete ocean observations/forecasts?

What kinds of uncertainty do you deal with when creating and/

or disseminating forecasts.

Tell me about the risks you think about in providing that data to

ocean users.

Semi-structured interview questions: Effect

How do hazardous ocean conditions impact you? How do these uncertainties and risks impact what forecast data

is made available to ocean users?

How does the availability of information/forecast

data impact you?

How do these uncertainties and risks impact your work as a

professional or personally?

Semi-structured interview questions: Mitigation

How do you cope with the risks and uncertainties of

ocean conditions before, during, and after your

trips?

What makes you have confidence in the observations/forecasts

that you help to create and disseminate?

a This community faces direct risks (to lives, property, and ability to earn a living) from ocean and weather conditions and their un-

certainty.
b This community faces indirect risks from providing inaccurate or incomplete forecasts that people subsequently use to make decisions.
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engaged in previous work related to this topic (Duncan

2014) and purposeful selection to capture a range of

variation within each community (Maxwell 2013).

The commercial-fishing community here includes

commercial fishermen from the central Oregon coast

and their onshore counterparts, spouses, and represen-

tatives of the industry, as the literature suggests that

fishermen may play down the presence of actual risk

situations as a coping strategy in high-risk work envi-

ronments (Bye and Lamvik 2007). In total, 16 interviews

were conducted with 11 fishermen, 4 fishermen’s wives,

and 1 industry representative. Seven participants were

already engaged in previous work related to this topic,

and 9 participants were a result of snowball sampling.

Most of these were based out of Newport, the second-

largest port for commercial-fishing landings located

along the central Oregon coast. Participants represented

the typical fisheries and ranges of gear types (ODFW

2017), fishing vessel lengths (Fig. 1), and ages (Fig. 2).

The data-provider community here represents federal

and nonfederal entities associated with NOAA that con-

tribute to publicly available ocean condition forecasts.

These entities include agency scientists and managers

associated with NWS (n 5 4) and CO-OPS (n 5 2) and

academic researchers associated with the IOOS (n5 10).

The goal of this sampling strategy was to gain insight into

a range of perspectives across public institutions that

provide ocean data and how they might impact the

data products. Local data-provider participants included

Oregon NWS coastal weather forecasting offices (WFOs),

and participants from IOOS West Coast Regional Asso-

ciations with an emphasis on the Pacific Northwest. Four

research participants from the national IOOSandCO-OPS

offices in Washington, D.C., were also included. In total,

15 interviews were conducted with 17 members from the

data-provider community. Seven participants were al-

ready engaged in previous work related to this topic,

and 10 participants were a result of ‘‘snowball sampling.’’

c. Data analysis

All interviews were recorded, transcribed, and coded

for themes using a grounded theory approach (Auerbach

and Silverstein 2003) and ‘‘MAXQA’’ software. The tra-

ditional method under Morgan et al. (2002) creates con-

ceptual/influence diagrams that express causal connections

between concepts, which are then compared to distinguish

between experts and nonexperts. The grounded theory

approach was deemed appropriate because the purpose of

this study is to build a holistic understanding of risk

knowledge through a nonhierarchal structure, rather than

drawing distinctions that improve communications. Initial

open coding identified consistently repeating ideas that

were grouped into conceptual themes and then connected

back to the research questions in a stepwise process to

create a theoretical narrative for each group (Auerbach

andSilverstein 2003;Bernard andRyan 2010;Creswell and

Creswell 2017). The data for each community were coded

separately; however, four organizing themes were identi-

fied and used to structure the comparison between the

communities.

4. Results

Findings from the commercial-fishing community, the

data-provider community, and a comparison between the

two are presented in sections 4a, 4b, and 4c, respectively.

a. Commercial fishermen

With regard to RQ1, characterizing the mental models

of participants from the commercial-fishing community

conveys the complexity of multiple risks and uncertainties

that are constantly evolving, and intersecting based on

situational context. Despite the complexity of decision-

making, perceived risks are clearly understood and rela-

tively consistent amongparticipants, andagreewithprevious

research characterizing ocean and weather conditions as

occupational hazard to be worked around (McDonald and

Kucera 2007; Thorvaldsen 2013). The inherent uncertainty

FIG. 1. Range of vessel lengths from fishing-community research

participants (n 5 15), with the industry representative excluded.

FIG. 2. Fishing-community research participant ages (n 5 16).
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and risk of commercial fishing is a large part of the appeal

of the profession and the lifestyle of being a fisherman

(Kuonen et al. 2019). There is an acknowledgment that the

profession is ‘‘not for everyone’’ and that commercial fish-

ermen are ‘‘gamblers at heart,’’ as this quotation from

one fishing-community research participant reflects:

I don’t know if there’s any way to eliminate the risk and if
there was I don’t think anyone would be really interested
in doing it.

Fishermen generally perceived themselves as always

working to avoid physical risk—defined here as the risk

of injury, death, and damage to the vessel from weather,

ocean conditions, or equipment failure—while knowing

that the need to remain profitable will sometimes re-

quire working under hazardous conditions. Fishermen

are motivated to work long hours to remain profitable,

in part because of significant overhead costs, and oper-

ators must decide when they can ‘‘tough it out’’ through

hazardous conditions (Kuonen et al. 2019) (participants

commonly referred to all ocean conditions as ‘‘weather,’’

and results are reported as such). Decisions about the

placement of gear and the need to track it over time add

another layer of monetary risk. Because fishing time is

valuable, commercial fishermen must choose where and

how to set gear efficiently at sea so as not to lose time and

effort. Furthermore, there are many thousands of dollars

invested in gear that fishermen do not want to lose, as

described below:

I don’t think of risk as, ‘We’re going to die’ risk, as much
as it’s like, ‘I just lost my crab gear because we had a

28-foot sea that I didn’t foresee coming.’ That’s risk. [It]

washed all my gear on the beach. So, if I don’t get it back

I lose thousands of dollars.

The cumulative effects from lost gear and lost fishing

time compounds the monetary risk, which ripples

through the local economy when fishermen cannot de-

liver product to buyers and processing plants onshore,

and contributes to stress. Vessel size and experience of

the captain were commonly cited by participants as the

most important factors in a fishermen’s risk orientation

that influence all aspects of decision-making (Kuonen

et al. 2019). Smaller vessels of less than 60 ft (18.3m) in

length have much lower tolerances for wind speeds

and wave heights and rely more heavily on forecasts of

weather and ocean conditions to move strategically in

space (Kuonen et al. 2019).

Forecasts are used for planning when to go, where to

go, and how long to stay out; however, the latter twomay

evolve once a fisherman is at sea, as conditions change.

Much of the strategy for commercial fishing depends on

the timing and duration of changing weather and ocean

conditions and the tide. To maximize fishing time, fish-

ermen will remain at sea as long as possible until the

weather or catch limit causes them to return to port. The

decision to stop fishing is not always easy:

It’s defining that line between what’s unsafe and what’s
just uncomfortable. It can sometimes become blurry, and
it can sometimes change unexpectedly, and you find
yourself in those spots.

Commercial fishermen perceive forecasts as imperfect

and inherently uncertain, because nature is inherently

uncertain, yet still rely on them for planning and

decision-making. Participants understood that forecast

accuracy decreases as lead time of the prediction in-

creases, but they still want to see as far into the future as

possible, as this quotation from one fishing-community

research participant reflects:

I like as many days as possible. And like I said, it’s stupid
because it changes so drastically, so rapidly. But I don’t

know, I like it. It makes me feel better for some reason.

They recognize that forecast accuracy has improved

over time, but they do not expect it ever to be perfect

(Kuonen et al. 2019). Despite the inaccuracy of fore-

casts, fishermen perceive forecasters as ‘‘doing the best

they can’’ and providing a valuable service in support of

their decision-making, as described in the following

quotation:

Well, it’s the best available science. NOAAWeather puts
their best foot forward. They have a model that they

follow, and I think it’s pretty close actually, within rea-

son. In the fishing industry you kind of know when

[weather] is coming. And I think they do a very good job

of predicting and it can only get better from here.

Fishermen gain confidence in forecasts through con-

sistent use over time (Kuonen et al. 2019). They com-

pare forecasts with personal observations, real-time

information, and forecasts from different sources based

on the kind of information they need, and they compare

multiple forecasts of the same variable to see how

well they agree (Kuonen et al. 2019). These extra layers

of interpretation into forecast accuracy were widely

reported.

Beyond the use of real-time ocean data and forecasts,

participants reported that commercial fishermen are

highly adaptive in order to survive in a constantly

evolving world. This means constantly monitoring the

environment and evaluating their situation using all of

their senses: paying attention to the clouds, watching the

way buoys lie in the water, feeling the electronics and

speed of the boat change with the current, and noticing

when the fish stop biting. Although competing with each
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other, they also form a community that communicates

and cooperates with each other on the water and with

those on land.

Their lives revolve around the weather and so they,

their families, and onshore counterparts must be flexible

at all times. The way fishermen interact with and inter-

pret weather and ocean-related information is an inte-

gral and fully embodied part of their day-to-day fishing

process (Thorvaldsen 2013). Their main tools in miti-

gating risks, in addition to planning and attention to

weather forecasts and real-time data, are their faith in

their boats, experience, and composure under pressure.

These findings are consistent with other risk perception

and risk management research for the fishing commu-

nity in other parts of the world (McDonald and Kucera

2007; Thorvaldsen 2013). For more detailed information

on specific ocean hazards and how forecasts are accessed

and used for planning and decision-making, see the

companion paper by Kuonen et al. (2019).

b. Data providers

With regard to RQ2, characterizing the mental

models of participants from the data-provider commu-

nity revealed the distinct ways that data flows between

members within the scientific community with relative

ease and low perceived risk when compared with end

users outside the scientific community. There is comfort

throughout the scientific data-provider community with

the standardized operating procedures (SOPs), formal-

ized procedures for quality assurance and quality con-

trol (QA/QC), and documentation of metadata to

ensure that data quality is consistent. When scientific

researchers and managers use data for analysis, data

providers expect the process of academic peer review to

somewhat mitigate the risk of misuse by other scientists.

However, just as winds, waves, and currents are not

hazards until humans interact with them, ocean condi-

tion forecasts are not a source of risk until they are put

into use for decision-making. For the purposes of this

research, the term ‘‘application risk’’ will be used to

refer to the perceived risk to the data provider when

forecasts are used for decision-making, especially by end

users outside the scientific community. Data providers

are more uncomfortable with end users who are less

familiar with scientific data and perceive them as a

higher risk because of the potential for misuse and

misunderstanding of data. This is not universal. Partic-

ipants reported that risk perception and comfort with

uncertainty vary within this community depending on

institution and role within an institution, and even be-

tween individuals with similar roles.

Application risk impacts both the data providers and

the end users, but in different ways depending on the

context of the decision. High-stakes decisions carry with

them the risk of safety, economic, and environmental

consequences for the decision-maker, a loss of trust and

credibility for the data provider, and in some cases po-

tential liability implications for the initial modelers.

Lower-stakes decisions can result in a sense of frustra-

tion by the decision-maker, and a loss of trust and

credibility for the data provider. Disruptions to data

streams, for reasons ranging from impaired sensors to

computer software upgrades, can impact accessibility

and damage trust, particularly when end users have

come to rely on certain data products. Miscommunica-

tion that results in a loss of trust or credibility was par-

ticularly salient for NWS WFO meteorologists, as

they produce warnings in addition to forecasts, with the

risk being that the warning or forecast would not be

interpreted the way the forecaster intended, as this

quotation reflects:

Communicating and maintaining trust: I’m always afraid
that I’m not expressing it correctly; that my wording is
not going to be right.

All WFO forecasters participating in the study referred

to the risk of ‘‘cry-wolf syndrome,’’ when a hazardous

forecast or warning is issued but the hazards do not

materialize. The impact to end users can range from

minor inconveniences to major economic consequences;

this is confirmed in interviews with fishermen, with the

added risk that end users are less likely to trust future

forecasts or take action with future warnings. Partici-

pants reported that many data providers are concerned

with end users making ‘‘bad’’ decisions or might not

understand the limitations of the data, as described in

the following quotation regarding a real-time data

source:

There’s always the risk that measurements are imperfect,
and someone will act on them without having the same
kind of filter in their mind like I do and not recognize if
something is junk.

Recalling a somewhat negative experience, one par-

ticipant described a timewhen an end user from industry

drew inferences that were not appropriate based on the

spatial scale of a historical dataset:

What that story taught me is that once you put something
out there it can be used for purposes that you and I
both know it’s not supposed to be used for. But how do
you anticipate what people could be using it for, and
[how does one] prevent these mistakes from happening?

These distinctions impact the process through which

data providers manage and cope with application risk

and can ultimately impact how and what data are made
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available. Ocean modelers manage application risk in

various ways. These can include masking out data in

regions where the modelers are less confident, with-

holding certain variables, or by making plots of data

available as images instead of actual numbers in a

downloadable format. It was reported that other mod-

elers simply worry less:

That level of comfort will vary between modelers in
terms of how they feel about making certain parts of their
model forecast available given the level of validation and
calibration that they’ve done and their understanding of
the model. PI’s [principal investigators] can come to
different decisions within similar settings.

Liability was also mentioned as an obvious concern,

although there was also a sense of ambiguity about lia-

bility protections through the institution and how that

would play out in real life. In general, though, partici-

pants were more concerned with personal ethical im-

plications than with legal liability. This interpretation is

consistent with characterizations of the modern infor-

mation environment, where the original creators of

forecast information have limited control over how it is

interpreted and used once it enters the public sphere

(Morss et al. 2017). Participants generally preferred to

have an open line of communication with end users,

and modelers were more comfortable providing data to

those with whom they had worked closely and estab-

lished relationships. Some participants reported that

data providers put more emphasis on quantifying

uncertainty. However, it is not consistent throughout

the community and is challenging with some types

of models.

Application risk specifically regarding commercial

fishermen as end users varied between data-provider

research participants. Some considered them high-risk

users, while others viewed them as savvy enough to

understand that forecasts are just guidance. Participants

that had interacted with commercial fishermen over

time felt more confident in them as trusted end users.

Marine forecasters at one Oregon WFO that are par-

ticularly well connected to the commercial-fishing

community had a detailed understanding of how local

fishermen experience hazards and interpret forecasts.

They gained this knowledge through building personal

relationships with members of the commercial-fishing

fleet by going down to the docks, attending meetings

with the fishermen, and by taking a boater safety class to

better understand the risks that they face. The impor-

tance of communicating wave steepness and separating

out swell waves from wind waves in the forecast (rather

than reporting combined seas) is an example of a valu-

able change that the WFOs have adopted to make the

forecasts useful to mariners. While this example is not

representative of all WFOs, it does suggest that some

individuals find value in iterative engagement with end

users (Cash et al. 2006). Interestingly, several non-NWS

data-provider research participants associated com-

mercial fishermen as benefiting from fisheries data

rather than from daily weather and ocean forecasts. The

assumption that commercial fishermen benefit more

from fisheries data could be interpreted as a bias of data

providers toward regulatory agencies within NOAA

based on their mental models that have been influenced

from working within scientific institutions (Kaplan and

Kaplan 1982).

When referring to the data itself, data-provider par-

ticipants described the nature of forecast model output

as an imperfect representation of reality, idealized and

more conceptual than detailed. One ocean modeler

participant described how uncertainty in the weather

forecasts that are used to initiate ocean models limits

how far into the future ocean forecasts run:

[The weather forecasts] are pretty good for three days
and when you get beyond that it’s less good, so we don’t
push it beyond that. We probably could go out a week if
we really wanted to, but again, you don’t.

Other limitations, or known unknowns, in ocean

model forecasts reported by participants included

underpredicting extreme events or not being able to

adequately capture processes at locations that are spa-

tially and temporally dynamic. Furthermore, the ba-

thymetry of channels and estuaries of major river mouths

are oftenmodified by dredging or extreme events and the

models might not reflect the most recent changes.

Beyond application risk, a key challenge reported by

research participants across agencies and academia was

that of resources to fund operations. Research partici-

pants shared thatmaintaining buoys and other sensors in

the environment is expensive due to the harsh marine

environment, and placement of sensors at optimal loca-

tions in space is another challenge for the community due

to overlap with shipping lanes, fishing grounds, and other

marine and coastal activity. Computing capacity and hiring

personnel is another added cost. Challenges to integration

among the data-provider community arise when individ-

uals or institutions have ‘‘different degrees of rigor

and experience’’ or available resources to maintain their

sensors, record proper metadata, and conduct QA/QC

procedures. Data attribution—giving proper credit to ev-

eryone who funded or helped to create a dataset—is often

ambiguous and sometimes political, which can potentially

prevent data providers from sharing their data within the

scientific community and thus can impact what data are

made available to end users.
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These findings have begun to highlight some of the

structural and cultural barriers within the data-provider

community and how different motivations and multiple

competing mission goals can lead to different incentives

that impact the prioritization of creating useful data

products (Buizer et al. 2016). For example, while part of

IOOS’s mission is to benefit public safety, integration

and research have been prioritized over iterative en-

gagement with some high-stakes end users outside of

the scientific community. In contrast, the primary goal

of NWS WFOs is to benefit public safety, which creates

incentive to build relationships with and understand the

needs of regional endusers.However, a limitation of their

federal status is that they lack the flexibility and in-

novation of IOOS. It was noted by participants in the

research community that the academic reward system

does not support stepping outside the bounds of ac-

ademic communication and peer review:

There is no real standard about how to do this, so we’re
trying to be as conservative as possible as we go. But yet, I

think it is our duty as scientists to start to provide this

stuff to the public even though it’s not perfect. . . I feel
like it’s my duty to not just put stuff in academic journals

for my whole career. If it’s something that can be used,

we should start to do that.

This quotation also conveys how the lack of set stan-

dards for communication of data outside of the scientific

community impacts scientists’ comfort with uncertainty.

Despite some communication with targeted end-user

groups, all modelers expressed some degree of uncer-

tainty about what the exact needs of the end users are

and how to best communicate with them.

c. Mental model comparison

To structure the comparison of the mental models

between communities (RQ3), Table 2 summarizes the

narrative analysis and presents key differences and

similarities between the data-user and data-provider

communities. Results are presented by four organizing

themes: 1) professional domain, 2) risk perception,

3) time and spatial scale, and 4) managing risk and un-

certainty, with main themes (in the same rows as the

organizing themes) that either emphasize the differ-

ences or provide the basis for the similarities between

each community. Bulleted subthemes provide more de-

tail that relates back to the narrative presented in sections

4a and 4b. These themes emerged from the data using

both inductive codes (i.e., ‘‘professional domain’’ and

‘‘time and spatial scale’’), and deductive codes guided by

the research questions (i.e., ‘‘risk perception’’ and ‘‘man-

aging risk and uncertainty’’) (Bernard and Ryan 2010).

The goal of the table is not to create rigid categories that

are generalizable to all data providers and users; instead it

organizes the results of this research to inform the dis-

cussion, recommendations, and conclusions.

1) PROFESSIONAL DOMAIN

‘‘Professional domain’’ refers to the main factors and

challenges that play into decision-making based on the

nature of the profession. It provides the clearest differ-

ences between groups, with commercial fishermen op-

erating as small businesses in natural resources, and data

providers operating as academic and agency scientists

and managers in institutional settings (Table 2). The

inherent challenges and uncertainties that arise from the

intersection of physical, biological, policy, and economic

factors occur regardless of whether fishermen have ac-

cess to forecast data. Data providers operating within an

institutional setting must consider how to support op-

erations under budget constraints. Unlike fishermen,

they are not compensated for working longer hours or

taking more risks. Sometimes there is one clear mission

goal or objective; sometimes there are multiple mission

goals or objectives that are prioritized in ways that ef-

fectively prioritize the end users. Data-provider roles

within the institutional setting tend to be highly spe-

cialized, which can hinder the collaborative effort re-

quired to create useful forecasts. Despite these differences

in professional domain, a key similarity is that both groups

take on these professional roles to earn a living. Money

and efficiency, whether in acquiring adequate funding

or maximizing profits, play central roles in the decision-

making process for each group. However, for data pro-

viders they tend to serve as more of a barrier to the

creation of useful ocean forecasts; for commercial fisher-

men, they serve as a motivation to go to sea.

2) RISK PERCEPTION

Perceived risks for commercial fishermen tend to be

clearer and impact them as individuals. For data pro-

viders, perceived risks tend to be more abstract and

varied, sometimes including the ‘‘general public’’ in

addition to themselves as data providers (Table 2). As

businessmen operating in the ocean, commercial fish-

ermen constantly navigate the line between monetary

and physical risk and reward. The stakes are high, but the

risks are relatively clear. Rather than risk and reward, data

providers navigate the line between data as an asset or a

liability—and there is ambiguity and a general sense of a

lack of control over the data once they are placed in the

public domain. When data products are useful for people

outside of the scientific community, it increases the value

of the data and helps to justify the cost of operations;

however, it also increases the potential application risk to

the data provider. If data are only utilized within the
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scientific community, there is less of a return on the in-

vestment of collecting or creating the data. Participants

from both communities reported a struggle to find the

balance between either risk and reward or liability and

asset, and both groups face intersecting and cumulative

risks that cannot be isolated and dealt with independently.

3) TIME AND SPATIAL SCALE

Both communities often have a mismatch in their

perceptions of spatial and temporal scale that is related

to the nature of their professional domain. Commercial

fishermen tend to operate on a practical scale that is

specific to their decision-making; however, data pro-

viders tend to think on a more conceptual and statistical

scale and are concerned with representing the local

physical processes (Table 2). Timing plays a major role

for practical decisions in commercial fishing. Fishermen

are concerned with what is happening right now or in the

future, whereas data providers are often concerned with

what has happened in the past when they validate their

TABLE 2. Comparison of mental models of risk and uncertainty between data-user and data-provider communities by organizing theme.

Differences

Organizing themes Data users (DU) Data providers (DP) Similarities (DU and DP)

Professional domain Small business in natural resources Scientific institution Despite different motivations for

work, both parties must acquire

resources to sustain operations:
d Weather and ocean conditions d Funding d Through fishing (DU)
d Fish populations
d Regulations; management

d Organizational mission and

reward system

d Through proving cost–benefit

of work (DP)
d Market forces d Specialized roles d Both value efficiency
d Cost of operations d Politics

Risk perception Clear and individual Abstract and public (application

risk)

Despite differences in risk, both

parties face intersecting and

cumulative risks and must strike

the right balance between
d Risk acceptance
d Monetary: lost fishing time

and gear

d Potential losses to DP: trust,

credibility, reputation, and

liability

d Risk and reward (for DU)
d Asset and liability (for DP)

d Physical: ocean and weather

hazards, equipment failure,

and vessel size
d Psychological: stress,

exhaustion, morale, forecasts,

and experience

d Potential losses to DU: safety,

economic, and environmental
d Ambiguous causes of loss:

inaccurate data,

miscommunication,

misapplication, and new

technology

Time and spatial

scale

Practical and specific to decisions Conceptual and statistical Despite mismatches in spatial and

temporal scales, both parties

recognize
d When to go, where, and for

how long–related to pro-

fessional domain: fish pop-

ulations, regulations, and

market forces
d Marginal events
d Looking forward in time

d Representativeness of local

physical processes
d Extreme events
d Discomfort with high-

resolution space and time
d Looking backward in time

d That forecasts are imperfect
d The value of real-time data
d The dynamic nature of the

ocean
d That most forcing is due to

wind

Managing risk and

uncertainty

Preparation and on-the-fly

procedures

Formalized procedures Because of the understanding of

model limitations, both parties

remain skeptical of model data

and
d Combine forecasts with other

information (physical

observation, buoy data,

communication with each

other, and Coast Guard)
d Vessel maintenance
d Backup plans

d Documentation
d Disclaimers
d Withhold data
d Uncertainty quantification

d Have processes in place to

double check the data
d Value experience
d Rely on communication within

their networks
d Provide feedback to DP when

they see something wrong
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models. Because of the perceived risks, fishermen tend

to be more concerned with marginal conditions when the

decision is less clear, whereas data providers tend to focus

on how well their models represent extreme events.

Despite these differences, there were some key simi-

larities reported between fishermen and data providers

when it came to time and spatial scale. Key quotations

representing similarities in subthemes are presented in

Table 3. Both communities accept that models are im-

perfect and that accuracy varies in time and space. Data-

provider participants expressed that it was important

for data users to know that models are flawed and that

other forms of information need to be used. Commercial

fishermen participants consistently expressed a clear un-

derstanding of model limitations because they physically

observed and experienced uncertainty in the forecasts so

often. Participants from both communities frequently

used the word ‘‘dynamic’’ to describe the ocean and ac-

knowledged the limited capacity to be able to observe

and predict it everywhere. Both groups emphasized the

value of real-timeobservations as a trusted source of data.

4) MANAGING RISK AND UNCERTAINTY

When it comes to managing risk and uncertainty,

commercial fishermen focus on preparation and on-the-

fly procedures, whereas data providers rely more on

formalized procedures and documentation (Table 2).

Fishermen combine different forecasts with other types

of information and focus on what they can control

on board their vessels by having back-up plans and

redundancies. Fishermen tend to focus on their tools

(i.e., forecasts, vessel, and equipment), whereas data

providers tend to focus on processes (i.e., SOPs, QA/QC,

and documentation of metadata), although both groups

use both. Participants from both communities expressed

how they maintain a level of skepticism toward the

data and have processes in place to double check it

against other sources. Both communities value expe-

rience and rely on communication within their net-

works, and they will provide feedback to all sources

from which they receive data if they observe that some-

thing is in error.

5. Discussion and recommendations

Findings indicate several opportunities for improving

the ocean condition forecast system. First, by expanding

the current understanding of why and how forecasts are

used for decision-making, these results highlight the value

of ocean condition forecasts to the commercial-fishing

community in Oregon and suggest opportunities for

improving the way forecasts are created and communi-

cated. Second, expanding current understanding of why

and how forecasts are created within the data-provider

community highlights the value of reaching end users

beyond the scientific community along with a range of

individual and institutional challenges that prevent data

providers from doing so. Third, principal findings from

both communities demonstrate the value of learning

about both producers and users of scientific information

TABLE 3. Key representative quotations representing similarities from data-provider and fishing-community participant interviews for the

organizing theme of ‘‘time and spatial scale.’’

Subtheme Data-provider participant Fishing-community participant

Forecasts as imperfect ‘‘The risk to us is sort of the moral risk of

making sure that people use these

forecasts with an understanding that

they are flawed, that they are just one

piece of information to be used with

everything else.’’

‘‘It’s a prediction. It’s not ‘This is what we

know’; it’s, ‘This is what we’re looking

at and this is what we’re predicting will

happen.’ Most of the time [forecasters]

get it close, but it’s not always

completely accurate. You’ve got to look

at other things too.’’

The ocean as dynamic ‘‘You can’t measure everything

everywhere, so that’s a problem,

especially in a very spatially dynamic

area like our coast here off of the Pacific

Northwest. . .It’s very dynamic and very

diverse, and so that makes any

observation a challenge.’’

‘‘We really don’t have the capacity to

study the whole ocean, so we rely on the

information we have. The environment

is so dynamic. It’s always changing, so

it’s hard to know from one year to the

next, [or] even one month to the next,

how things are going to react and

interact and behave.’’

Trust in, and value of, real-time data ‘‘Largely the confidence is based on the

validation we’ve done over the past,

using observations. . .I check the model

every day by looking at a bunch of

different buoys.’’

‘‘The buoys offshore show us what it’s

actually doing: not just the prediction

but what it’s actually doing, and that

weather is coming our way. I feel like I

have a lot of confidence in that.’’
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and suggests potential ways to structure cooperation and

strengthen relationships between them by recognizing

differences, building on similarities, and working toward

a common desired outcome.

This study provides descriptive information on how

fishermen interact with and interpret weather- and

ocean-related information as an integral and fully em-

bodiedpart of their day-to-dayfishingprocess (Thorvaldsen

2013). The accessibility of ocean forecast data crucially

impacts their ability to cope through better planning and

more informed decisions at shorter time scales (from

hours to days), particularly for smaller vessels. This

finding is a departure from previous research regarding

risk perception and fishing that suggests that fishermen

only rely on scientific information in their analysis of

chronic, long-term risk related to the status of the fishery

(Booth and Nelson 2014), an assertion that was shared

by some data-provider participants in this study. How-

ever, forecast data are only one source of information

and are mediated by real-time environmental condi-

tions, experience, and information from other fisher-

men; this situation is analogous to farmers’ use of

weather forecasts (Crane et al. 2010). This research

importantly reveals that fishermen do not expect per-

fection in forecasts but believe that being able to ‘‘see’’

as far into the future as possible can help with planning

and alleviate stress.

This new understanding confirms the value of ocean

condition forecasts to commercial fishermen; an un-

derstanding that could likely be extended to other

mariners, and suggests opportunities for improving

the way ocean condition forecasts are communicated by

integrating forecasts within their existing practices

(Thorvaldsen 2013). For example, fishermen and their

gear experience multiple interacting environmental

forces while at sea in specific locations (e.g., wind speed

and direction; wave height, direction, and period; and

current speed and direction) in specific locations (e.g.,

bar crossings and fishing grounds). Thus, a simple Web

interface that provides access to near-term forecasts and

real-time information for multiple ocean variables for a

location in space is useful for decision-making and plan-

ning because it aligns with their physical experience.

Previous documentation of ocean forecast use by fish-

ermenwas limited to a general understanding of go/no-go

decisions, was not regionally specific, and was for the

purpose of quantifying the economic benefits of regional

ocean observing and forecast systems (Kite-Powell et al.

2008). These findings, based on the principles of risk

communication, expand that simplified understanding by

highlighting the many challenges of the profession and

the role of cumulative risks in decision-making and by

documenting times and places of increased risk that

reflect the physical, social, and economic environment of

Oregon. They lay the groundwork for future studies to

characterize the mental models for additional potential

end-user groups and for other regions of the United States

that have different physical, social, and economic contexts.

Note that, while interview participants represented a range

of fisheries and vessel sizes from the central Oregon

commercial-fishing community, some sectors weremissing

(such as Pacific whiting). This studymay have benefited by

speaking with multiple members of all aspects of the

commercial-fishing community (e.g., crew members, fish

processors, and fish buyers).

It is interesting that the fishermen’s need to integrate

and combine forecasts and observations of different

parameters for decision-making closely aligns with

the mission and capabilities of data providers within

NOAA; however, the majority of data produced within

NOAA is for internal use. Application risk is somewhat

abstract, difficult to manage, and impacts the accessi-

bility and usefulness of scientific information in complex

ways. This finding adds a new variable to current re-

search regarding usability of science that commonly

focuses on the end user and suggests a lack of trust from

the data providers in the end user’s ability to understand

their own limits and capacities.

In this study, when data providers formed relation-

ships and were in communication with end users there

was less perceived risk and more trust in the end users

to make their own decisions and take ownership for

any ‘‘bad’’ results of those decisions. Currently, there is

little incentive to learn about the needs of the end users

beyond basic visualization preferences through formal

feedback. These findings are consistent with research in

weather forecast and warning systems that show a clear

commitment by scientists to technical advances in mod-

eling and less commitment to processes that ensure

products are meaningful to users (Bostrom et al. 2016).

They agree with literature that reports that strengthening

relationships between data providers and end users

through face-to-face interactions over time results in

more meaningful data products (Cash et al. 2006;

Kirchhoff et al. 2013; Lemos et al. 2012) and can poten-

tially reduce perceived risk by the data provider. Fur-

thermore, the considerable variability in perceived

application risk, comfort with uncertainty, and impacts

to accessibility to ocean data across institutions and

specialized roles within NOAA described in this study

warrants future research. It is recommended that

these knowledge-production institutions adapt more

stringent accountability measures to ensure they are

providing the kinds of societal benefits they are

claiming when they receive public funds. This is par-

ticularly relevant for highly impacted users, such as
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commercial fishermen, who do not always have the

resources to actively lobby for their interests in the

institutional setting.

This study would have benefited from speaking to

equal numbers of participants from the different

agencies (IOOS, NWS, CO-OPS) and data-provider

positions within agencies (e.g., data collectors, mod-

elers, forecasters, data managers, and leadership roles);

however, it was not realistic given time constraints. The

interview questions for the data-provider community

may have been improved by adding an open-ended

question about the risks and uncertainties of the pro-

fessionmore closely matching the open-ended questions

for the fishing community. The term ‘‘ocean user’’ was

used in interview questions because not all data-

provider interview participants worked directly with

fishermen; however, this study may have benefited from

defining the termmore carefully or using a more specific

term such as ‘‘mariner.’’

Characterizing and comparing the similarities and

differences between data providers’ and end users’

mental models of uncertainty and risk shift the question

of usefulness and accessibility from being a ‘‘data issue’’

to a ‘‘relational issue’’ that further challenges the as-

sumptions and norms of the data-provider community.

Through looking at both sides in nonhierarchical terms,

we learned that data providers’ perceptions and comfort

vary widely and can sometimes lead to a lack of trust in

the end user. We also learned that fishermen do not

expect perfection, are highly adaptive, and while they

employ several methods to assess the accuracy of the

forecast, they generally trust that data providers are

doing the best they can. This reveals an imbalance,

where end users are expected to trust the scientific in-

formation they are given but data providers are not

necessarily expected to trust end users to make use of

scientific information in ways that best serve and fit into

their processes. The major difference on the temporal

scale of decision-making between the profession of

fishing and scientific institutions further adds to dis-

connect regarding what is useful and accessible.

To gain more trust and improve relationships between

these two groups, it is recommended that they focus on

similarities outlined in Table 2 and the common desired

outcome: improving the forecasts. The genesis for this

type of engagement could be cooperative research, where

fishermen collect observations from the ocean environ-

ment (such measurements are described by data providers

as costly and difficult tomaintain) and provide feedback to

help to validate and improve the models, thus making it a

truly interdependent and interacting system. Cooperative

environmental monitoring has many potential benefits for

both groups, as well as the potential to improve resilience

of the system through social and adaptive learning be-

tween the communities, which can lead to shorter feed-

back loops between data providers and end users (Cigliano

et al. 2015). Future work can be aimed at validating the

mental models of the data providers and end users and

structuring cooperation between groups.

In light of the differences in mental models between

data providers and end users outlined throughout this

research, and the inherent resulting biases (Abel et al.

1998; Kaplan andKaplan 1982), both communities could

be served by a dedicated position for end-user engage-

ment. Note that engagement is different from outreach

and education in that it is characterized by more of a

two-way, coproduced flow of information. This position

could be responsible for coordinating and facilitating

exchanges between scientists and end users, remaining

accountable to both groups, and systematically identi-

fying and documenting regional end user needs over

time, as well as internal institutional barriers to en-

gagement (Safford et al. 2017). This position is refer-

enced in literature as a ‘‘boundary spanner’’ to refer to

institutions, groups, or individuals that straddle the di-

vide between information producers and users and

produce boundary products that enable communication

between these two groups (Guston 2001; Parker and

Crona 2012; Safford et al. 2017; Tushman 1997).

6. Conclusions

These results suggest that this is an exciting, yet crit-

ical, time in optimizing ocean condition forecasting to

aid in the decision-making of public end users. By

framing the ocean forecast system of data providers and

end users as interdependent, this study was able to shift

the focus from the data itself to the networks of people

that produce it and use it. Interdependence, through the

lens of risk perception and comfort with uncertainty,

reveals a more complex story by highlighting priorities,

challenges, and barriers for both groups beyond the

traditional ‘‘supply’’ and ‘‘demand’’ of scientific in-

formation (Sarewitz and Pielke 2007).

Scientific research concerned with long-term, climac-

tic change and getting users to incorporate these fore-

casts into their decisionmaking is helpful. It is important

to note that, while fishermen are interested in long-term

forecasts for fisheries in the context of a changing en-

vironment (Colburn et al. 2016), the forecasts involved

in this research are near-term (from hours to days) be-

cause that is the scale on which fishermen make de-

cisions. Themodels discussed here do not give fishermen

an idea of how their fishery will change next year; rather,

they forecast on a day-to-day basis what to expect on

their next attempt to fish. We recommend that helping

444 WEATHER , CL IMATE , AND SOC IETY VOLUME 11

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 05/10/22 07:54 PM UTC



end users make near-term decisions through improved

relationships, establishing trust from both sides, and

collaborating to improve near-term forecasts will lay the

foundation for the types of long-term climactic forecasts

that researchers are concerned with. In other words, the

usability of near-term forecasts might be a useful pre-

decessor to the usability of long-term climate forecasts.

This study begins to highlight the nature of the gap

between research to operations for ocean condition

forecasts and the importance of bridging that gap through

creating value-added products that are informed by end-

user needs. Recommendations moving forward include

investment in strengthening relationships between data

providers and targeted end users, cooperative research to

improve near-term forecasts and decision-making, in-

vestment in boundary management to facilitate engage-

ment and to enhance accountability to end users, and a

closer examination of how structural and cultural barriers

within the ocean forecast community may be inhibiting

the uptake of ocean forecast information by marine-

operations end users. Investment in understanding the

social and cultural contexts of decision-making in the

modern information environment (Morss et al. 2017)

could have a potentially high return in not only im-

provement of publicly available data, but for innovation

into the private sector of ocean forecasting. Furthermore,

strengthening relationships between these groups has the

potential to enhance the resilience of the overall ocean

forecast system by simultaneously benefiting industry and

the scientific enterprise along the nation’s coasts.
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