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PROVISION OF CLIMATE
SERVICES FOR AGRICULTURE

Public and Private Pathways to Farm Decision-Making
Tonya Haigh, Vikram Koundinya, Chad Hart, Jenna Klink, Maria Lemos,
Amber Saylor Mase, Linda Prokopy, Ajay Singh, Dennis Todey, and Melissa Widhalm

In a U.S. Corn Belt study, we found that agricultural advisors are engaged and critically important
users of climate information, while gaps remain in providing salient climate information to farmers.

T

he vagaries of weather and the shifts of climate patterns have significant implications for
agricultural production. Farmers must make
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decisions on a variety of short- and long-term issues
that affect their potential production, with almost
all of these decisions influenced by weather and/or
climate patterns (Stone and Meinke 2006; Hollinger
2009; Takle et al. 2014; Haigh et al. 2015b), making
climate services critical to agriculture. Providers of
climate services have the goal of creating usable information for decision-makers such as farmers through
observational infrastructure and research and the
development of decision-support products based on
the interpretation of data and outlooks (National
Research Council 2003; Miles et al. 2006; Brasseur
and Gallardo 2016; Shafer et al. 2016).
While the need for these services appears to be
high, the adoption of climate information by farmers is reportedly low (Ash et al. 2007; Crane et al.
2010; Marshall et al. 2011), and finding solutions for
increasing adoption has been the goal of research
and development in climate sciences. Much of this
work builds upon an influential body of scholarship
suggesting that three factors are critical in shaping
the willingness of decision-makers to use scientific information: credibility, legitimacy, and salience
(Cash et al. 2002; Kirchhoff et al. 2013). Conceptually,
credibility may be thought of as the accuracy or plausibility of the information, legitimacy as whether the
information and its sources are unbiased and fair, and
salience as how relevant and timely the information
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is for addressing the problems important to the user.
These factors identify important characteristics of
the information itself and the information provider,
but less so the effect of the process of developing or
delivering the information.
A growing body of research has focused on
the process of the coproduction of information to
increase its usability, emphasizing iterations of communication between producers and users of knowledge to best meet users’ needs (Lemos and Morehouse
2005; Dilling and Lemos 2011; Lemos et al. 2012;
Prokopy et al. 2017). This approach is embraced by
the National Oceanic and Atmospheric Administration’s (NOAA) Regional Integrated Sciences and
Assessments (RISA) programs and has also led to new
products for agriculture, including the AgClimate
tools developed for the southeastern United States
and the suite of “Useful to Usable” tools developed
for the U.S. Corn Belt (Fraisse et al. 2006; Kirchhoff
et al. 2013; Prokopy et al. 2017).
The production of information is changing, as
is the path (or paths) between information provider and end user, which may affect the perceived
usability of the information. In the agricultural
sector, state climatologists, regional climate centers,
and extension educators historically have been the
primary producers and deliverers of climate information at the state and local levels (Prokopy et al.
2015). Private sector advisors, including certified
crop advisors and farm input sales providers, have
had an expanding role as primary trusted providers
of farm production advice, and as information intermediaries of related weather and climate information (Lemos et al. 2014; Haigh et al. 2015a; Prokopy
et al. 2017). Despite the growing importance of their
role, little is known about the perceptions and needs
of the farm advisors who may be communicating
climate information to their clients (Mase and
Prokopy 2014).
In recent years, a growing number of private
organizations, many as part of agricultural corporations (e.g., Climate Corporation), have begun
to offer climate information directly to farmers.
The agricultural input sector increasingly provides
information both bundled with other services
(such as agricultural advice and products) and as
stand-alone products. Some agricultural corporations also provide proprietary weather and climate
information exclusively to their employees, who may
use it to inform the advice they provide to farmer
clients. While little research has focused on this new
format of climate information, there are reasons to
predict that privately provided information might
1782 |
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be received and used differently from publicly provided information. Empirical research finds that
the relationship between producers and users of
information, the format through which the information is provided, and the business model adopted
by the provider are key variables in information
adoption (Kirchhoff 2013; Brasseur and Gallardo
2016). Lemos et al. (2012) suggest that information
is perceived as more usable through improved formatting, packaging, and visualization; wholesaling;
retailing; and customization. Most private weather/
climate corporations rely on federally collected
long-term datasets, models, and outlooks to produce
their climate service products; however, because
private companies and public entities have different resources, organizational goals, timelines, and
strategies for marketing and tailoring information,
it is likely that adoption of the resulting information
products can also differ.
As the paths between climate information producers and agricultural decision-makers evolve and
become more complex, it is not well understood how
farmers’ use of climate information is affected. In this
study, we build on past research to depict pathways
of public and private climate services provision for
agriculture. We set out to improve our understanding
of the various channels of information flow and the
needs and preferences of information intermediaries
and end users. Our research questions include the
following:
1) What are the pathways of climate information
provision to farmers as end users?
2) As information intermediaries, where are farm
advisors looking for climate information?
3) Are farmers’ and advisors’ choices among climate
service providers consistent with their perception
of the salience, legitimacy, and credibility of those
providers?
RESEARCH QUESTIONS AND METHODS.
We use survey data from over 5,500 respondents
(farmers and advisors) in 12 Midwest and Great Plains
states of the United States to investigate the research
questions posed above. We conducted the survey
in 2016, as part of the evaluation of a U.S. Department of Agriculture (USDA) project (Prokopy et al.
2017) called Useful to Usable. An interdisciplinary,
multiuniversity team of researchers developed the
survey, which included the subset of questions used
in this analysis. This analysis considers the following
topics of interest (the exact question wording can be
found in the results tables; see Tables 1–3):

Table 1. Climate information use and extent of influence of the different climate information sources on
advising and farming decisions of agricultural advisors and farmers.
Use
Respondent
group

Yes

Extent of influence
n

Not
influential

Somewhat
influential

Very
influential

n

Subscription or purchased weather/climate services (e.g., MyDTN, FieldView Plus or Pro)
All farmers

17%

1,462

15%

62%

23%

281

All advisors

20%

2,200

34%

51%

15%

752

Free and publicly available weather/climate information provided by a company (e.g., FieldView Prime, Pioneer360 tools)
All farmers

31%

1,456

15%

70%

15%

451

All advisors

49%

2,197

15%

67%

18%

1,178

Free weather/climate services provided by a university or government agency, including an extension program [e.g., Iowa
State University (ISU) corn nitrogen rate calculator, University of Missouri Nitrogen Watch, University of Nebraska–Lincoln
(UNL) CornSoyWater]
All farmers

23%

1,452

11%

75%

14%

360

All advisors

67%

2,186

12%

66%

22%

1,505

48%

15%

703

43%

19%

80

Proprietary weather/climate information provided to employees of the company I work for
All advisors

20%

2,155

37%

Weather/climate information provided personally by a farm advisor whom I pay
All farmers

4%

1,453

39%

Weather/climate information provided personally by a farm advisor whom I do not pay
All farmers

8%

1,454

23%

65%

11%

142

None of these sources are used
All farmers

49%

1,461

—

—

—

—

All advisors

17%

2,213

—

—

—

—

• respondents’ use of various generalized types
of weather/climate information, including subscription or purchased, free provided by a company, free provided by a university or government
agency, proprietary (advisors only), and provided
by an advisor (farmers only);
• if a particular type of information is used, how
influential it is to respondents’ advising or farming decisions, with options of “not influential,”
“somewhat influential,” and “very influential”;
• respondents’ ascription of seven indicators of information salience, two indicators of credibility,
and two indicators of legitimacy as being “more
true for public providers,” “more true for private
providers,” “equally true for both,” or “not true for
either,” with the option to answer, “I don’t know.”
The survey was administered to farmers and advisors in Illinois, Indiana, Iowa, Kansas, Michigan,
Minnesota, Missouri, Nebraska, North Dakota,
Ohio, South Dakota, and Wisconsin, after pretesting
AMERICAN METEOROLOGICAL SOCIETY

with farmers and advisors who were not part of the
survey sample. We administered the farmer version
of the survey via mail (with the option to participate
online) to a random sample (n = 6,849) of more than
350,000 individuals who received federal assistance
for growing corn through the U.S. Department of
Agriculture Farm Services Agency in 2013 and 2014.
Of the 6,849 farmers we surveyed, 2,633 (39.1%)
responded. Because our sample frame included
nonfarming landowners, we excluded respondents
who indicated they are not actively engaged in
agricultural production, reducing the number of
responses to 1,536.
We administered the advisor version of the survey
online to the full population of advisors identified
in each state. For this study, advisors are defined
as those providing production and conservation
advice to farmers in roles of certified crop advisors,
technical service providers, or employees of university extension programs or conservation agencies
(n = 10,760). All potential participants received
SEPTEMBER 2018
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Table 2. Agricultural advisors and farmers’ views about the credibility and legitimacy of climate information provided by public and private providers. Boldface values in the chi-square column indicate p < 0.05.
Not
true for
either

More
true for
public

Equally
true for
both

More
true for
private

I don’t
know

n

Chi
square

No use

12%

5%

30%

4%

49%

630

87.02 a

Private only/
Includes public

7%/8%

3%/8%

48%/48%

11%/10%

31%/26%

288/390

7.61

No use

3%

5%

32%

1%

58%

323

111.23a

Private only/
Includes public

6%/3%

4%/10%

51%/53%

13%/5%

26%/29%

292/1,237

35.82 b

The information is accurate
Farmers

Advisors

The provider of the information is trustworthy
Farmers

Advisors

No use

6%

7%

34%

3%

51%

633

95.93a

Private only/
Includes public

3%/4%

6%/11%

50%/49%

10%/10%

31%/26%

288/393

6.17

No use

3%

9%

30%

1%

57%

327

126.10 a

Private only/
Includes public

2%/2%

7%/18%

55%/50%

8%/4%

27%/26%

301/1,254

31.45b

The information is used as a way to sell farmers something
Farmers

Advisors

No use

9%

4%

21%

18%

48%

631

98.28 a

Private only/
Includes public

13%/10%

3%/5%

22%/19%

36%/42%

26%/24%

287/393

4.50

No use

8%

2%

17%

17%

52%

326

118.37a

Private only/
Includes public

17%/13%

2%/2%

20%/21%

35%/38%

26%/26%

298/1,240

5.16

The way the information is distributed to farmers is fair
The way the information is distributed to farmers and advisors is fair
Farmers

Advisors

a
b

No use

5%

7%

28%

4%

55%

631

76.23a

Private only/
Includes public

4%/4%

7%/15%

48%/44%

7%/6%

35%/32%

286/393

10.37b

No use

3%

5%

27%

1%

64%

326

134.80 a

Private only/
Includes public

2%/1%

14%/18%

50%/46%

5%/3%

30%/32%

300/1,254

6.93

The chi-square statistic indicates results of tests of independence of the No use group compared to the combined Private only/Includes public group.
The chi-square statistic indicates results of tests of independence of the Private only group compared to the Includes public group.

presurvey notifications and/or multiple reminders to
take the survey (Dillman et al. 2014). We received responses from 3,098 (28.7%) of the 10,760 advisors. Of
those responding, 2,719 confirmed that they advised
farmers and/or other advisors and were included in
our analysis.
We use the proportion of farmers and advisors
employing each type of information, and the level
of influence they ascribe to the information, to address research questions 1 and 2. To address research
question 3, whether the use of information aligns
1784 |
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with perceptions of salience, credibility, and legitimacy, we compare three subgroups of the advisors
and farmers:
1) individuals who reported that they did not use
any of the sources of weather/climate information
included in the survey (subscription, free provided
by private company, free provided by public university or agency, proprietary, or any advisor);
2) individuals who reported using only privately
provided weather/climate information, defined

as subscription, free provided by company,
proprietary, or paid advisor (but not free provided
by public sources or free advisor);
3) individuals who reported using free, publicly
provided weather/climate information, either
exclusively or in combination with one of the
private sources of information.
In all cases we use the chi-square statistic to test the
independence of the groups (α = 0.05).
RESULTS. Research question 1: What are the
pathways of climate information provision to farmers as
end users? About half of all farmers said they did not
use any of the types of weather/climate information
included in the survey. Approximately one-third of
farmers said they used free weather/climate information provided by a company, and slightly fewer (23%)
said they used free weather/climate services provided
by a university or government agency, including
extension programs. Approximately 17% said they
were directly paying for weather/climate information
through a subscription or purchased service, while
4%–8% said they received information personally
from a paid or unpaid advisor. Of those who use each
type of information, there were no statistically significant differences in the level of influence ascribed
to any type, with most farmers rating all sources as
“somewhat influential” (Table 1).
Research question 2: As information intermediaries, where
are farm advisors looking for climate information? Advisors’
use of weather/climate information differed from that of
farmers. Advisors were approximately 3 times more
likely than farmers were to use weather and climate
services provided for free by either a for-profit company or a university or government agency. Moreover,
advisors were much less likely than farmers to say they
did not use any of the sources (17% compared to 49%).
Like farmers, approximately 20% of advisors are currently paying for some type of subscription related to
climate information. About the same proportion said
they access proprietary weather/climate information
through their employer. Advisors ascribed higher
levels of influence to weather/climate information
provided free by public or private entities than they
did to information they purchased or accessed through
their company of employment (Table 1).
Research question 3: Are farmers’ and advisors’ choices
among climate service providers consistent with their
perception of the salience, legitimacy, and credibility of
those providers? In general, a large number of farmers
AMERICAN METEOROLOGICAL SOCIETY

and advisors said that publicly and privately provided
weather/climate information is equally salient, credible,
and legitimate. Two overall differences stand out:
about 25% of all respondents said privately provided
weather/climate information is more specific to farmers’ fields, and about 30% said privately provided
weather/climate information is more likely to be used
as a way to sell something.
We found that advisors and farmers appear to
weigh salience, credibility, and legitimacy differently when choosing sources of information. Advisors
who reported using only private sources of weather/
climate information were more likely to favor private
information in their perceptions of the timeliness,
importance, specificity, relevance, competitive advantage, and effect of financial risk and yield compared
to those who also used publicly provided information.
They also differed in how they viewed the accuracy
and trustworthiness of the information, but not the
fairness of the information or its use to sell farmers
something.
In contrast, farmers who used only privately produced weather/climate information did not differ
from those who also used public information in their
perceptions of the accuracy, trustworthiness, timeliness, importance, specificity, yield, or advantage of
either provider. Using private information seemed
to increase equivalence about the relevance, fairness,
and ability of information to reduce financial risk,
with increased percentages of respondents saying
neither group was relevant or reduced risk or that they
did not know. Farmers who used none of the sources
of information were also more likely than others to
say that neither public nor private information was
salient, legitimate, or credible. Survey responses are
summarized in Tables 2 and 3.
The percentage of respondents who selected the “I
don’t know” option was high across all questions, a
somewhat unexpected result. Farmers and advisors
who reported using none of the weather/climate information types listed were most likely to answer I don’t
know on all questions. The statement that drew the
highest percentage of I don’t know answers from both
farmers and advisors was “the information provides
a competitive edge over other farmers.”
DISCUSSION. The rapid proliferation of different types of information, and the growing focus on
climate adaptation in general, calls attention to the
future of climate services provision (Brasseur and
Gallardo 2016; Miles et al. 2006; Vaughan and Dessai
2014). Our findings confirm that much weather and
climate information is not reaching farmers and draw
SEPTEMBER 2018
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Table 3. Agricultural advisors and farmers’ views about the salience of climate information provided by
public and private providers. Boldface values in the chi-square column indicate p < 0.05.
Not
true for
either

More
true for
public

Equally
true for
both

More
true for
private

I don’t
know

n

Chi
square

The information is provided in time for me to make a decision
Farmers

No use

8%

9%

34%

6%

43%

638

92.59a

Private only/
Includes public

6%/6%

8%/8%

49%/53%

13%/14%

24%/19%

291/391

3.19

The information is provided in time for me to provide advice on a decision
Advisors

No use

4%

5%

29%

4%

57%

334

146.26 a

Private only/
Includes public

4%/2%

6%/8%

47%/53%

21%/11%

21%/26%

303/1,270

28.86 b

The information addresses the most important decisions or problems in corn production
Farmers

Advisors

No use

12%

4%

25%

9%

50%

631

66.57a

Private only/
Includes public

15%/14%

3%/6%

34%/35%

17%/18%

31%/27%

290/389

4.71

No use

6%

2%

24%

8%

60%

328

101.02

Private only/
Includes public

10%/7%

3%/5%

38%/42%

20%/14%

28%/32%

301/1,253

13.67b

The information is specific to my farm needs
Farmers

No use

18%

5%

19%

13%

45%

634

128.23a

Private only/
Includes public

15%/16%

4%/5%

22%/22%

38%/35%

21%/21%

288/392

0.71

The information is specific to the fields of farmers I advise
Advisors

No use

9%

4%

22%

9%

56%

329

121.30 a

Private only/
Includes public

11%/9%

3%/5%

23%/30%

38%/28%

24%/28%

299/1,260

16.01b

The information is relevant to the decisions I make
Farmers

Advisors

No use

10%

8%

37%

7%

38%

633

115.12 a

Private only/
Includes public

10%/4%

4%/8%

49%/60%

19%/14%

18%/15%

288/392

22.73b

No use

8%

6%

30%

4%

52%

328

159.51a

Private only/
Includes public

3%/3%

5%/10%

53%/56%

19%/9%

20%/23%

300/1,263

28.70 b

a picture of the current pathways of information that
are reaching agricultural users. For farmers, private
services such as subscription and free tools and applications (apps) appear to be as important as publicly
provided services through universities, extension programs, and government agencies. Because this study
focused on information services and tools that link to
agricultural decisions, not general weather forecasts,
mediums such as television, radio, newspapers, and
weather websites and apps of all types are not included
in the analysis (though they are clearly important).
1786 |
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The relatively low proportion of farmers indicating
they receive weather/climate information personally
from an advisor suggests that farmers may not be
aware of the extent to which the information is packaged with seed, input, or management recommendations. Prior research indicates that many U.S. Corn
Belt farmers get farm production advice through
private and public sector advisors (Arbuckle and Ferrell
2012; Prokopy et al. 2017) and that farm advisors
say they incorporate weather/climate information in
the advice they provide (Haigh et al. 2015a). Yet many

Table 3. Continued.
Not
true for
either

More
true for
public

Equally
true for
both

More
true for
private

I don’t
know

n

Chi
square

The information helps me reduce financial risks
Farmers

No use

16%

3%

24%

5%

52%

632

94.01a

Private only/
Includes public

18%/12%

3%/6%

36%/50%

9%/9%

34%/23%

288/393

22.90 b

The information helps farmers that I advise reduce financial risks
Advisors

No use

7%

3%

27%

2%

62%

329

118.83

Private only/
Includes public

7%/6%

2%/7%

50%/50%

12%/5%

28%/32%

300/1,255

30.98b

The information leads to better crop yields
Farmers

Advisors

No use

13%

3%

25%

5%

54%

634

66.81a

Private only/
Includes public

13%/12%

3%/2%

36%/45%

9%/9%

39%/29%

288/393

8.98

No use

5%

2%

27%

4%

61%

328

73.97a

Private only/
Includes public

7%/7%

2%/2%

44%/46%

13%/7%

34%/37%

297/1,245

14.42 b

The information gives me a competitive advantage over other farmers
Farmers

No use

21%

1%

15%

5%

59%

637

49.45a

Private only/
Includes public

20%/21%

2%/2%

22%/24%

10%/12%

46%/41%

287/392

1.92b

The information gives me a competitive advantage over other farm advisors
Advisors

a
b

No use

16%

2%

17%

2%

64%

329

82.78 a

Private only/
Includes public

18%/16%

1%/3%

32%/30%

16%/11%

33%/41%

299/1,256

12.96 b

The chi-square statistic indicates results of tests of independence of the no use group compared to the combined Private only/Includes public group.
The chi-square statistic indicates results of tests of independence of the Private only group compared to the Includes public group.

farmers do not believe they are receiving weather/
climate information from their advisors. We do not
believe that the current findings contradict earlier
findings; rather, it is likely that as climate information
becomes more integrated into advisors’ agricultural
production or marketing recommendations, it may
not be clear to farmers that they are benefiting from
climate services.
Farmers’ choices of private and public information are not highly related to their perceptions of
legitimacy, credibility, or salience. Indeed, farmers
appear to be skeptical of the salience of any weather/
climate information source, regardless of their information preferences. They are particularly doubtful
that the information is specific, reduces financial
risks, achieves better crop yields, addresses important
decisions, and provides a competitive advantage over
other farmers, even if they pay for it. Instead, their
choices may be influenced by packaging and retailing
AMERICAN METEOROLOGICAL SOCIETY

strategies of agricultural companies, or in fact they
may be receiving information involuntarily as part
of a marketing package. We did not explicitly ask
farmers about packaging and retailing, leaving this
question to future studies.
Reinforcing the findings of Prokopy et al. (2013),
Lemos et al. (2014), and Haigh et al. (2015a), we
found that agricultural advisors are engaged users of
weather/climate services. Given their willingness to
have a role in translating weather/climate information
into agricultural decision-making, understanding
their needs and preferences will benefit the development of weather/climate services for this industry as
a whole. Overall, response patterns suggest that advisors’ information use is related to their perceptions
of its credibility and salience. Contrary to expectations, though, perceived legitimacy was less useful
in explaining advisors’ use of private and public
information. Advisors (and farmers) tend to believe
SEPTEMBER 2018
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that both publicly and privately provided information
is fair and that the private sector is trying to make
money from their products, despite their information
preferences. Presently, the cost or pricing of climate
information services may not pose an obstacle to
individuals who want to use it. However, private
organizations may choose to be responsive only to
certain groups, while public agencies are expected to
respond to all (Smith and Ingram 1993), and future
changes in the industry could affect access and equity
in ways not now a concern for users.
With regard to the I don’t know answers, one
explanation may be that farmers have not thought
about this issue specifically or do not care one way
or the other. The correlation between answering I
don’t know and not using any of the information supports this proposition. Further, had we asked about
specific climate products, the respondents might
have answered other than I don’t know. However, it
may also be that interaction and marketing strategies
make farmers’ and advisors’ perceptions of salience,
credibility, and legitimacy irrelevant, leading to the
high number of I don’t know answers in the survey.
Additional qualitative analyses are needed to understand these responses, and more research is needed
to address causal relationships.
CONCLUSIONS. Like other industries, agriculture has its own needs for decision-making using
climate information, including tactical decisions
throughout a growing season and longer-term decisions about soil management, marketing, and agricultural infrastructure. Better-coordinated climate
services are needed to meet those needs, engaging
advisors and farmers as key stakeholders, and strategically employing delivery pathways through the
private and the public sector. A number of climate
service functions may be developed de facto through
the private provision of climate information to farmers in the United States (Haigh et al. 2015a; Lemos
et al. 2014), but they do not necessarily replace more
traditional providers, such as state climate offices and
extension programs, in providing trusted information
to advisors and farmers (Prokopy et al. 2015). In general, we find that strategies that employ differentiated
types and delivery systems of information may best
serve a diversity of users and enhance agricultural
productivity and sustainability.
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