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Abstract
As climate change is expected to significantly affect agricultural systems globally, agricultural farm
advisors have been increasingly recognized as an important resource in helping farmers address these
challenges.While there have beenmany studies exploring the climate change belief and riskperceptions
aswell as behaviors of both farmers and agricultural farmadvisors, there are very few studies that have
exploredhow these perceptions relate to actual climate impacts in agriculture.Herewe couple survey
data fromUnited StatesDepartment ofAgriculture farm service employees (n=6, 514)with historical
crop loss data across theUnited States to explore the relationshipof actual climate-related crop losses on
farm to farmadvisor perceptions of climate change and future farmer needs.Using structural equation
modellingwefind that among farmadvisors thatwork directlywith farmsondisaster and crop loss
issues, there is a significant positive relationship between crop loss andperceivedweather variability
changes, while across all farmadvisors crop loss is associatedwith reduced likelihood tobelieve in
anthropogenic climate change. Further,wefind thatweather variability perceptions are themost
consistently andhighly correlatedwith farmadvisors’perceptions about the need for farmadaptation
and future farmerneeds. These results suggest that seeing crop lossmay not lead to climate change belief,
butmay driveweather variability perceptions,which in turn affect farmadaptationperceptions. This
lends further evidence to the debate over terminology in climate change communication andoutreach,
suggesting thatweather variabilitymaybe themost salient among agricultural advisors.

1. Introduction

There is a growing focus on climate change adaptation
research in agriculture spanning disciplines ranging from
cropmodelling to humanbehavior. In the social sciences,
most literature explores farmer perceptions of climate
change and behaviors (e.g. (Prokopy et al 2015b,
Chatrchyan et al 2017, Roesch-McNally et al 2018)),
particularly through farmer surveys (Davidson 2016).
More recently however, researchers have acknowledged
the important role that farmer networks can play in
affecting adoption of practices and influencing behaviors
(Lubell et al 2014). Farm advisors, Extension and other
professionals often interact frequently with farmers and

are trusted sources of information (Arbuckle et al 2013),
leading to increased focus on the role of farm advisors,
industry professionals, and Cooperative Extension in
tackling on-farm climate change adaptations. Studies also
examine these individuals’ perceptions of climate change
risks and attitudes towards adaptation (Arbuckle et al
2014, Prokopy et al 2015a, Schattman et al 2018). In this
study we couple farm advisor survey data with historical
crop loss data to advance our understanding of percep-
tionsof climate change, personal experiencewith extreme
weather and adaptation behaviors and needs among US
Department of Agriculture (USDA) Service Center
employees.
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Existing work on farmer and farm advisor percep-
tions largely focuses on perceptions of climate change
(i.e. see (Chatrchyan et al 2017) for a review of recent
studies) without exploring these perceptions against
historical climate data or weather and climate-induced
impacts (Niles andMueller 2016). Scholars have deba-
ted the relationship between climate change beliefs
among the general public and observed historical cli-
mate and weather changes. For example, in Michigan,
people’s personal perceptions of climate change gen-
erally matched with historical climate and weather
data (Akerlof et al 2013), whereas others found that
people’s existing beliefsmotivate what historical chan-
ges they believe they have observed (Myers et al 2013)
or that risk perceptions are a stronger predictor of cli-
mate change belief than personal experience (Marlon
et al 2018). Additionally, climate change perceptions,
which are drivers of adaptation behavior and
support for climate policy (Niles et al 2013,
Roesch-McNally 2018) can be affected by personal
experience with climate impacts (Spence et al 2011,
Haden et al 2012) as well as socio-political factors
(Hamilton and Stampone 2013). Therefore under-
standing how perceptions of climate change relate to
experienced weather and climate-induced impacts is
important to assess the influence of these varying cau-
ses on climate change belief and behaviors.

In this study we explore perceptions of climate
change, weather variability, and future farmer beha-
viors/needs among employees at the USDA, specifi-
cally the Farm Service Agency (FSA) and the Natural
Resources Conservation Service (NRCS). FSA and
NRCS employees are critical farm advisors across a
suite of farm programs in the United States. USDA
places field staff in county offices across the country to
assist in carrying out the USDAmission and Farm Bill
related programs. Specific to this study, NRCS field
staff assist in the Conservation Planning Process (CPP)
and administer technical and financial assistance to
landowners interested in implementing NRCS Con-
servation Practices. Conversely, FSA field staff admin-
ister disaster payments and crop insurance for crops
that are uninsurable under traditional federal crop
insurance programs (USDA FSA 2017). FSA staff are
also involved in the CPP, but this role is more admin-
istrative and these staff are not expected to provide
conservation planning advice as NRCS staff are
(Weiner et al 2018).

This is, to our knowledge, the first study to com-
bine crop loss data with advisor perspectives of climate
change and extreme events to examine relationships to
those behaviors respondents believe farmers will need
to adopt in the future (hereafter referred to as percep-
tions of future farmer needs). Given the visual nature of
crop loss as well as the many programs that USDA
implements to help farmers prevent and compensate
for crop loss (e.g. crop insurance, disaster payments),
USDA employees are a unique focal group.We further
distinguish our analysis by comparing FSA and NRCS

employee responses, which may vary due to differ-
ences in agencymission.

We aim to test the following two research ques-
tions: (1) does greater crop loss correlate with
increased perceptions of climate change, weather
variability and perceptions of future farmer needs? (2)
Do employees fromNRCS and FSA have different per-
spectives of climate change, weather variability and
perceptions of future farmer needs?

2.Methods

2.1. Survey
Survey data used to examine our research questions
were based on a national survey effort to examine
NRCS and FSA employees’ use of climate and weather
tools, attitudes towards adaptation/mitigation, and
perspectives on climate change and associated risks.
Surveys were modified from an existing survey that
was developed as part of the USDA National Institute
of Food and Agriculture funded Useful to Usable
project (Prokopy et al 2013). The survey was adminis-
tered using the Dillman Tailored Design Method
(Dillman and Smyth 2014). The surveywas sent to FSA
employees in November/December of 2016 and to
NRCS employees in February/March of 2017. While
the FSA and NRCS surveys followed very similar
themes, with many identical questions, surveys were
tailored to the missions of each agency through
extensive review from NRCS and FSA employee
partners (Wiener et al 2018). Over 8000 NRCS
employees and 10 000 FSA employees throughout the
US received the online survey. Ultimately, 4621 FSA
employees and 1893 NRCS employees completed the
survey, resulting in response rates of 43% and 22%,
respectively, using the American Association for Pub-
lic Opinion Research calculator (2011). We found no
systematic bias among those who responded to the
survey and those who did not (see further detail on our
non-response bias test inWiener et al 2018).

In this survey, we focused on employees who work
directly with land managers by removing employees
with position titles that indicated otherwise from the
distribution list. Survey respondents were also asked if
they worked directly with land managers in the begin-
ning of the survey, and we excluded those who do not
(8% of FSA respondents and 14% of NRCS respon-
dents) from the analysis in this study, leaving a final
sample size of 4238 and 1634 for FSA and NRCS
respondents, respectively.

2.2. Crop loss data
Crop losses by acreage and by cause of loss (COL) were
obtained from both RMA and FSA for the years
2013–2016. Losses that accounted for at leastfive percent
of total losses in a given state averaged over the four year
period were included in our analysis. These COL
included Drought, Excess Moisture/Precipitation/Rain,
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Heat, Wind/Excess Wind, Hail, Freeze, Frost, ColdWet
Weather, ColdWinter, and Flood. A four year average of
those losses was calculated for each state. Losses were
then normalized by the number of acres in agricultural
productionper state.

These data were compiled from the Census of
Agriculture (USDANASS 2014), and because the Cen-
sus does not include permitted grazing on public
lands, grazing permit data by acre was gathered from
the Bureau of Land Management (Karl 2012) and the
US Forest Service (Halverson 2017).

2.3. Structural equation analysis
To explore the relationship between crop damage and
perceptions of climate change, weather variability and
future farmer behaviors/needs we employed a multi-
step process, which utilized Stata 15 (StataCorp 2017)
and SPSS AMOS (Arbuckle 2014). First, a confirma-
tory factor analysis using principle components was
conducted to develop a variable capturing FSA and
NRCS ‘Weather variability perceptions’ (comprised of
three questions) and ‘Future Behaviors’ (comprised of
three questions) (table 1). Eigenvalues were above one
and factor loadings all greatly exceeded 0.40, a
generally agreed upon cut-off point (Costello and
Osborne 2005), across both the NRCS and FSA
datasets. These factor results enabled the development
of a scale for Weather Variability Perceptions and
Perceptions of Future Farmer’s Needs, which both
achieve Cronbach alpha for internal consistency
above 0.70, suggesting good internal validity
(Nunnally 1978). Both variables are utilized as latent
variables in our structural equationmodel (SEM).

We also developed a SEM using factors including
climate change perception, crop loss data, and three
control variables of NRCS and FSA respondents- age,
highest level of education, andnumber of yearsworking
at the USDA. These variables became the basis for test-
ing two SEMs, one with each agencies’ dataset. SEMs
were analyzed using maximum likelihood estimation
with missing values, which are shown to be more effi-
cient, unbiased, and with near-optimal Type 1 error
rates over traditional methods such as listwise deletion
when data is missing (Enders and Bandalos 2001, Alli-
son 2003). It should be noted that post-hoc analysis
generated two instances in which we correlated errors,
based on hypothesized relationships. This included: (1)
increased need and interest (the hypothesis that respon-
dents who feel farmers who have not had an interest in
FSA programswill bemore vulnerable in the future and
thus have more need for FSA programs); and (2) unu-
sual weather and extreme events (the hypothesis that
respondents who feel the weather has become more
variable in the last 5 years would be correlated with

extreme weather events in recent years affecting produ-
cer’s management in their areas). Overview model
results are reported in visuals below, with full model
results in supplementary materials available online at
stacks.iop.org/ERL/14/044003/mmedia including the

standardized indirect effects.

3. Results

3.1.Overview statistics
On average, FSA respondents were slightly older than
NRCS respondents and had fewer years of formal
education. However, on average NRCS and FSA
employees worked for USDA for just over 17 years.
NRCS employees consistently had higher rates of
agreement across all questions utilized (table 2). These
results were significantly different for perception of
more recent variable weather (NRCS=3.84, FSA=
3.54), extreme weather events influencing manage-
ment goals of producers (NRCS=3.53, FSA=3.28),
belief in anthropogenic climate change (NRCS=
3.70, FSA=3.45), and agreement that farming and
ranching practices should change in the long-term
(NRCS=3.91, FSA=3.52).

3.2. SEM-FSA
The FSA SEM indicated significant relationships for all
hypothesized pathways (table 3 and figure 1, supple-
mentary figure 1, supplementary table 1–3). We find
that crop loss data is positively related to weather
variability perceptions (b=0.064, p=0.000) but
negatively related to climate perception (b=−0.080,
p=0.000) and perceptions of future farmer’s needs
(b=−0.033, p=0.003). However, it is worth noting
that the total effects indicate that the relationship
between crop loss and future farmer’s needs is positive
(b=0.028, supplementary table 3). This suggests that
higher state levels of average crop loss was directly
positively related to increased weather variability
perception, but associated with decreased levels of
climate change perceptions and higher perceptions of
future farmer’s needs. We find a positive relationship
of weather variability perception to climate change
perceptions (b=0.463, p=0.000) and a positive
relationship of climate change perceptions with future
farmer’s needs (b=0.026, p=0.026) and weather
variability perceptions to future farmer’s needs
(b=0.797, p=0.000). Overall goodness of fit statis-
tics suggest an excellent fit (RMSEA=0.045, Com-
parative Fit Index=0.976).

Acres of crop loss acres in farmland acres in rented public grazing land % loss per state+ =( )
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Table 1.Overview of all latent variables utilized in the structural equationmodel, including eigenvalues, factor loadings andCronbach alpha coefficient of internal validity where appropriate.

Variable Question
Eigenvalue Factor loading Chi2 (p) Alpha

NRCS FSA NRCS FSA NRCS FSA NRCS FSA

Weather variability perception Please indicate your level of agreement with each of the following statementsK 2.16 2.22 1536.02 (0.000) 4420.07 (0.000) 0.808 0.824

In the past 5 years, I have noticedmore variable/unusual weather inmy area 0.834 0.834

Changes inweather patterns are hurting the producers inmy service area 0.872 0.896

Extremeweather events in recent years have affected the long-termmanagement goals of produ-

cers inmy service area

0.845 0.848

Perceptions of future farmer’s

needs

Please indicate your level of agreement with each of the following statementsK 2.15 2.09 1499.84 (0.000) 3576.87 (0.000) 0.801 0.783

To copewith increasing climate variability, changing farming and ranching practices are impor-

tant for the long-term success of the producers inmy service area

0.816 0.774

I believe there is an increased need forNRCS/ FSA programs inmy service area due to changing

weather patterns

0.887 0.883

Producers inmy service area that historically have not had an interest or need forNRCS/FSA

programs are orwill becomemore vulnerablemoving forward

0.835 0.845
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Table 2.Mean statistics and standard deviations for allmodel variables broken down byNRCS versus FSA respondents.

Variable Question Scale
NRCS FSA

Mean Std. Dev Mean Std.Dev

Weather variability

perception

Please indicate your level of agreement with each of the following

statements.

1= Strongly disagree, 5= Strongly agree

In the past 5 years, I have noticedmore variable/unusual weather in

my area

3.84 1.15 3.54 0.98

Changes inweather patterns are hurting the producers inmy ser-

vice area

3.33 1.11 3.21 0.98

Extremeweather events in recent years have affected the long-term

management goals of producers inmy service area

3.53 1.08 3.28 0.96

Perceptions of future farm-

er’s needs

Please indicate your level of agreement with each of the following

statements.

1=Strongly disagree, 5=Strongly agree

To copewith increasing climate variability, changing farming and

ranching practices are important for the long-term success of the

producers inmy service area

3.91 1.12 3.52 0.92

I believe there is an increased need forNRCS/ FSAprograms inmy

service area due to changingweather patterns

3.38 1.13 3.31 0.98

Producers inmy service area that historically have not had an interest

or need forNRCS programs are or will becomemore vulnerable

moving forward

3.30 1.09 3.26 0.94

Climate change perception There is increasing discussion about climate change and its potential

impacts. Please select the statement that best reflects your beliefs

about climate change.

Climate change (CC) is not occurring=1; There is not sufficient evidence
to knowwith certainty whether CC is occurring or not=2; CC is occur-

ring, and it is causedmostly by natural changes in the environment=3;
CC is occurring, and it is caused equally by natural changes in the environ-

ment and human activities=4; CC is occurring, and it is causedmostly

by human activities=5

3.70 1.10 3.45 1.05

Crop loss data 4 year average of crop loss 0%–100% 9.61% 5.88% 9.61% 5.88%

Age Inwhat year were you born Continuous variable (calculated year born- 2016) 47.28 11.59 49.13 26.09

Education Please indicate your highest level of education Some formal education, less than high-school=1;High school graduate/

GED=2; Some college=3; 2 year college degree or technical
degree=4; 4 year college degree=5; Graduate degree (MS,MD,

PhD, etc)=6

5.06 0.80 4.35 1.25

USDA For howmany years have youworked forUSDA? Continuous variable 17.48 11.33 17.24 12.12
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Figure 1. FSA structural equationmodel. Ovals indicate latent variables with squares indicating observed variables. Full SEMwith
covariances and control variables are included in supplementarymaterialfigure 1 and tables 1–3. Solid lines represent statistically
significant relationships (which, in thismodel are all relationships).

Table 4. Structural equationmodel Results forNRCSData (Structural and Latent Results). Coefficients are standardized for comparison.
Goodness of fit statistics (displayed below the table) suggest an overall excellentfit. Fullmodel results including covariances are included in
supplementarymaterials table 4. Note that only coefficients are standardized.

Type Relationship Standardized coefficient Standard error Critical ratio p=

Structural Crop loss–>Climate change perception −0.120 0.348 −5.460 0.000

Crop loss–>Weather variability 0.004 0.322 0.129 0.897

Crop loss–> Future farmer’s needs −0.019 0.242 −1.040 0.298

Climate change perception–> Future farmer’s needs 0.025 0.021 0.984 0.325

Weather variability–> Future farmer’s needs 0.991 0.450 24.961 0.000

Weather variability –>Climate change perception 0.567 0.039 20.232 0.000

Latent Weather variability–>Unusual weather 0.777 0.039 28.481 0.000

Weather variability–>Weather patterns 0.798 0.038 29.641 0.000

Weather variability–>Extreme events 0.734a — — —

Future farmer’s needs–>Changing practices 0.809a — — —

Future farmer’s needs–> Increased need 0.740 0.029 31.120 0.000

Future farmer’s needs–> Interest 0.596 0.030 23.809 0.000

Goodness of fit statistics: RMSEA=0.047, CFI=0.977, chi2=179.70 p=0.000,
a Constrained.

Table 3. Structural equationmodel results for FSAData (Structural and Latent Results). Coefficients are standardized for comparison.
Goodness of fit statistics (displayed below the table) suggest an overall excellentfit. Fullmodel results including covariances are included in
supplementarymaterials table 1. Note that only coefficients are standardized.

Relationship Standardized coefficient Standard error Critical ratio p=

Structural Crop loss–>Climate change perception −0.080 0.264 −5.433 0.000

Crop loss–>Weather variability 0.064 0.218 3.709 0.000

Crop loss–> Future farmer’s needs −0.033 0.143 −2.730 0.006

Climate change perception–> Future farmer’s needs 0.045 0.009 3.137 0.002

Weather variability–> Future farmer’s needs 0.984 0.021 43.388 0.000

Weather variability –>Climate change perception 0.460 0.024 26.973 0.000

Latent Weather variability–>Unusual weather 0.785 0.023 45.931 0.000

Weather variability–>Weather patterns 0.830 0.021 52.142 0.000

Weather variability–>Extreme events 0.779a — — —

Future farmer’s needs–>Changing practices 0.763a — — —

Future farmer’s needs–> Increased need 0.694 0.022 43.794 0.000

Future farmer’s needs–> Interest 0.595 0.022 36.917 0.000

Goodness of fit statistics: RMSEA=0.045, CFI=0.976, chi2=360.90 p=0.000,
a Constrained.
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3.3. SEM-NRCS
We find fewer significant relationships in the NRCS
SEM (table 4 and figure 2). Unlike the FSA respon-
dents, we find no significant relationship between
average crop loss data and weather variability percep-
tion (b=0.004, p=0.897) or future behaviors
(b=−0.019, p=0.298). Similar to the FSA SEM, we
find that crop loss is negatively associated with climate
change perceptions (b=−0.120, p=0.000). We also
find that weather variability perception is positively
related to climate change perceptions (b=0.571,
p=0.000). Similar to the FSA model, weather varia-
bility perception is positively related to perceptions of
future farmer’s needs (b=0.991, p=0.000), but
unlike the FSA model, there is no significant relation-
ship of climate change perspectives on perceptions of
future farmer’s needs (b=0.025, p=0.325). Overall
goodness of fit statistics suggest an excellent fit
(RMSEA=0.047, Comparative Fit Index=0.977).

4.Discussion

Our multiple findings detailed below have notable
implications for both researchers and agency profes-
sionals. First, we consistently found that higher rates
of crop loss are associated with less climate change
belief among both agencies. We propose that crop loss
data serves as a proxy for direct experience with
climate change, specifically for individuals who work
within USDA agencies associated with natural
resource conservation, indemnity payments, and crop
disaster designations. There are conflicting findings in
the literature pertaining to the effect of direct experi-
ence on climate change perceptions. Recent research
shows that individuals who experience the direct
effects of climate-related extreme weather events such
as flooding report higher levels of concern about
climate change (Spence et al 2011). Other studies

suggest that climate perceptions are resistant to
change, even after pervasive and extreme climate-
events such as drought (Carlton et al 2016). While our
findings support the latter body of literature, climate
perceptions are likely influenced by factors beyond
individuals’ direct experience with climate change
(Akerlof et al 2013). Additionally, evidence suggests
that the type of climate impact influences attribution
of negative weather-related events to either global
climate change or localized impacts associated with
management practices (Whitmarsh 2008). Simply,
there is strong likelihood that direct experience is one
factor amongmany that affect climate perceptions.

Second, crop loss had a positive effect on percep-
tions of weather variability, though this relationship
was only significant in the FSAmodel. This variation is
potentially due to the differences in programmatic
responsibilities between the two agencies. FSA’s
administration of many crop insurance and disaster
payments necessitates acquaintance with the magni-
tude and causes of loss, while NRCS employees may
not have professional contact with farmers during per-
iods of crop loss, so their memory of past weather
events are likely distorted in ways similar to those
documented among farmers (Hansen et al 2004). Both
interpretations align with the construct of psychologi-
cal distance, meaning that occurrences that are
removed from an individual’s personal experience
become cognitively abstract, while occurrences that
happen to an individual becomes cognitively concrete
(Trope and Liberman 2010) andmore proximate, par-
ticularly extremeweather events (Marx et al 2007).

Because weather variability is more observable
(Marx et al 2007), experienced at a personal level
(Whitmarsh 2008), and less politicized than climate
change (Dunlap et al 2016), it stands that perceptions
of weather variability has a relatively strong influence
on FSA and NRCS employees’ perceptions of the need

Figure 2.NRCS structural equationmodel. Ovals indicate latent variables with squares indicating observed variables. Full SEMwith
covariances and control variables are included in supplementarymaterialfigure 2 and table 4–6. Solid lines represent statistically
significant relationships.
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for on-farm adaptation among their clientele and was
also influenced by crop loss. Indeed, we consistently
found that perceptions of weather variability are better
correlated than climate perceptions with respondents’
perceptions of future farmer needs, which is sup-
ported by previous research on perceptions of weather
variability and intentions of agricultural advisers to
respond to such events (Arbuckle et al 2014, Mase et al
2015). Though weather variability and climate change
are scientifically related, past research shows that the
former is often a more palatable term among agri-
cultural stakeholders than the latter (Arbuckle et al
2014), though evidence varies regionally (Chatrchyan
et al 2017). Importantly, our findings’ suggest that a
lack of climate change belief does not necessarily
diminish FSA and NRCS employees’ intentions to
provide climate and weather resources to support
adaptation in their service delivery. Instead, our data
indicate that framing the topic in the context of
weather variability may be best suited for extension
outreach both that is appealing to Extension and
agency professionals, but also to farmers themselves,
as other research has found that the language of
weather variability, as opposed to climate change,
resonates with many farmers (Arbuckle et al 2014).
Additionally, including both perceptions of climate
change and weather variability in our models explains
more about respondents’ intentions to support on-
farm adaptation among their farmer clientele than
would be possible with either variable alone (Arbuckle
et al 2014).

Finally, the direct negative relationship between
crop loss and perceptions of future farmer’s needs
among FSA respondents is unexpected, since we
anticipated that higher rates of crop loss would posi-
tively relate to perceptions of future farmer’s needs.
However, as previously noted, the total effects for this
relationship are positive. These results suggest that
both direct and indirect effects are at play, especially
since we did find that the relationship of crop loss to
weather variability and then future farmer’s needs was
significant. One potential explanation is that FSA ser-
vice provision includes assisting farmers with some
federal crop insurance and disaster payment pro-
grams. Since future behaviors is in part about the need
for farmers to change practices and for increased need
for FSA programs, FSA employees may believe these
programs already effectively assist farmers in dealing
with climate-induced impacts and will continue to do
so in the future. Previous work also found that crop
insurance may simply be seen as a cost of doing busi-
ness in most large-scale agricultural contexts, there-
fore reducing the sensitivity of producers to weather
variability (Bryant et al 2000) and acting as a disin-
centive for purposeful adaptation (Roesch-McNally
2018).

We note several limitations of the existing study
for consideration. First, state-level crop loss datamini-
mizes the differential biophysical and socio-economic

conditions of various crops (e.g. wheat, corn,
almonds, pecans), and also assumes state-wide, homo-
genous impact of top COL, whereas many COL may
be more localized (e.g. hail, flooding). Therefore, the
state-level unit of analysis affects the way crop loss is
experienced by the respondent. However, our analysis
attempts to optimize using a common spatial unit. In
instances of localized crop loss those effectsmay not be
widely seen or experienced by USDA employees
throughout that state, particularly in larger states. Sec-
ond, most COL are included in our analysis; however
failure in irrigation supply is not included in FSA pro-
grams, thus we may underestimate crop losses for
those irrigated crops, which are especially prevalent in
the American Southwest. Third, we utilize a four year
average of the years leading up to the survey, which
may not adequately capture an extreme event within
that timeframe, or fully capture longer term shifts in
climate impacts. Since extreme events can relate to cli-
mate perceptions and behaviors (Demski et al 2017,
Rudman et al 2013), event-related crop losses may be
underestimated in our analysis when averaged across
four years. Future analyzes may link crop loss data
with historical climate data to more accurately under-
stand extreme events in this context. Finally, we
acknowledge that there has been variability in the ways
in which climate change belief has been measured and
modelled in the recent literature and the implications
this may have for the outcomes and results. We mea-
sure this belief on a five point scale, which provide
greater variability than a binary outcome.

5. Conclusion

Agricultural advisors are increasingly recognized as
important sources of climate change information for
farmers; as such, their own perceptions of climate
changemay be critical for effective farm advising. Here
we demonstrate the complex relationship of crop loss
and personal experience with climate and weather
events to perceptions of weather variability and
climate change. Importantly, weather variability per-
ceptions, not climate change belief, have the strongest
correlation to predicting advisors perceptions of
future farmer needs. Ourwork suggests that increasing
crop losses may continue to influence weather varia-
bility perceptions and positively reinforce advisor
perceptions of farmer needs. We suggest that addi-
tional climate perceptions research can benefit from
the coupling of climate and other biophysical data to
elicit similar analyzes in the future.

Acknowledgments

We are grateful to Mary Carey and Rich Iovanna from
FSA, Mike Wilson, Daniel Dostie, and Lynn Knight
from NRCS for their review and assistance with the
survey implementation. We thank Mark Shilts and

8

Environ. Res. Lett. 14 (2019) 044003



Andrew Eischens from the USDA Risk Management
Agency for their assistance in data procurement of
crop loss data. We also thank the USDAClimate Hubs
for their support of the project. We thank the USDA
Southwest Climate Hub and ARS Jornada Exper-
imental Range for their financial support towards a
portion of the open access fees.

ORCID iDs

Meredith TNiles https://orcid.org/0000-0002-
8323-1351
JulianReyes https://orcid.org/0000-0003-4351-2455

References

Akerlof K,Maibach EW, FitzgeraldD, CedenoAY andNeumanA
2013Dopeople ‘personally experience’ global warming, and
if so how, and does itmatter?Glob. Environ. Change 23 81–91

Allison PD2003Missing data techniques for structural equation
modeling J. Abnorm. Psychol. 112 545–57

Arbuckle J G Jr,Morton LW,Hobbs J, Arbuckle J G,
Morton LWandHobbs J 2013 Farmer beliefs and concerns
about climate change and attitudes toward adaptation and
mitigation: Evidence from IowaClim. Change 118 551–63

Arbuckle J G,Hobbs J, LoyA,Morton LW, Prokopy L S and
Tyndall J 2014UnderstandingCorn Belt farmer perspectives
on climate change to inform engagement strategies for
adaptation andmitigation J. SoilWater Conserv. 69 505–16

Arbuckle J L 2014Amos (Version 23.0) (Computer Program)
(Chicago: IBMSPSS)

Bryant CR, Smit B, BrklacichM, Johnston TR, Smithers J,
Chiotti Q and Singh B 2000Adaptation inCanadian
agriculture to climatic variability and changeClim. Change
45 181–201

Carlton J S,Mase A S, KnutsonCL, LemosMC,Haigh T,
TodeyDP and Prokopy L S 2016The effects of extreme
drought on climate change beliefs, risk perceptions, and
adaptation attitudesClim. Change 135 211–26

ChatrchyanAM, Erlebacher RC, ChaoprichaNT,Chan J,
TobinD andAllred S B 2017United States agricultural
stakeholder views and decisions on climate changeWiley
Interdiscip. Rev. Clim. Change 8 1–21

Costello AB andOsborne JW2005Best practices in exploratory
factor analysis: four recommendations for getting themost
from your analysisPract. Assessment, Res. Eval. 10 1–9
(https://pareonline.net/getvn.asp?v=10&n=7)

DavidsonD2016Gaps in agricultural climate adaptation research
Nat. Clim. Change 6 433–5

Demski C, Capstick S, PidgeonN, Sposato RG and SpenceA 2017
Experience of extremeweather affects climate change
mitigation and adaptation responsesClim. Change 140
149–64

DillmanDAand Smyth JD 2014 Internet, Phone,Mail andMixed-
Mode Surveys 4th edn (Hoboken,NJ:Wiley)

Dunlap RE,McCright AMandYarosh JH2016The Political divide
on climate change: partisan polarizationwidens in theUS
Environ. Sci. Policy Sustain. Dev. 58 4–23

Enders CK andBandalosDL 2001The relative performance of full
informationmaximum likelihood estimation formissing
data in structural equationmodels Struct. Equ.Model.: A
Multidiscip. J. 8 430–57

HadenVR,NilesMT, LubellM, Perlman J and Jackson L E 2012
Global and local concerns:What attitudesmotivate farmers
tomitigate and adapt to climate change PLoSOne 7 e52882

HalversonK 2017Greater SageGrouseGISData Set, 2017
(Washington, DC:USDAForest Service)

Hamilton LC and StamponeMD2013Blowin’ in the wind: short-
termweather and belief in anthropogenic climate change
Weather Clim. Soc. 5 112–9

Hansen J,Marx S andWeber E 2004The Role of Climate Perceptions,
Expectations, and Forecasts in FarmerDecisionMaking: The
Argentine Pampas and South Florida (NewYork: Palisades)

KarlMG2012 Fiscal Year 2012 Rangeland Inventory,Monitoring and
Evaluation Report (Washington, DC:U.S. Department of the
Interior, Bureau of LandManagement)

LubellM,NilesM andHoffmanM2014 Extension 3.0:managing
agricultural knowledge systems in the network age Soc. Nat.
Resour. 27 1089–103

Marlon J R, van der Linden S,Howe PD, Leiserowitz A,
Woo SHL andBroadK2018Detecting local environmental
change: the role of experience in shaping risk judgments
about global warming J. Risk Res. 1–15

Marx SM,Weber EU,Orlove B S, Leiserowitz A, KrantzDH,
Roncoli C and Phillips J 2007Communication andmental
processes: experiential and analytic processing of uncertain
climate informationGlob. Environ. Change 17 47–58

MaseA S, ChoH andProkopy L S 2015 Enhancing the Social
Amplification of Risk Framework (SARF) by exploring trust,
the availability heuristic, and agricultural advisors’ belief in
climate change J. Environ. Psychol. 41 166–76

Myers TA,Maibach EW,Roser-Renouf C, Akerlof K and
Leiserowitz AA 2013The relationship between personal
experience and belief in the reality of global warmingNat.
Clim. Change 3 343–7

NilesMT, LubellM andHadenVR2013 Perceptions and responses
to climate policy risks among california farmersGlob.
Environ. Change 23 1752–60

NilesMT andMuellerND2016 Farmer perceptions of climate
change: associations with observed temperature and
precipitation trends, irrigation, and climate beliefsGlob.
Environ. Change 39 133–42

Nunnally J C 1978Pscyhometric Theory (NewYork:McGraw-Hill)
Prokopy L S et al 2015a Extension′s role in disseminating

information about climate change to agricultural
stakeholders in theUnited StatesClim. Change 130 261–72

Prokopy L S S, Arbuckle J GG, Barnes A PP,HadenVRR,HoganA,
NilesMTT andTyndall J 2015b Farmers and climate change:
a cross-national comparison of beliefs and risk perceptions in
high-income countriesEnviron.Manage. 56 492–504

Prokopy L S,MaseA S, Perry-Hill R and LemosMC2013Assessing
Vulnerabilities and Adaptation Approaches: Useful to Usable
Tools. Climate Vulnerability: Understanding andAddressing
Threats to Essential Resources vol 2 (NewYork: Academic
Press) pp 129–37

Roesch-McNally G 2018US Inland pacific northwest wheat
farmers’ perceived risks:motivating intentions to adapt to
climate change? Environments 5 49

Roesch-McNally G E, Arbuckle J G andTyndall J C 2018 Barriers to
implementing climate resilient agricultural strategies: the
case of crop diversification in theUSCorn BeltGlob. Environ.
Change 48 206–15

RudmanLA,McLeanMCandBunzlM2013When truth is
personally inconvenient, attitudes change: the impact of
extremeweather on implicit support for green politicians and
explicit climate-change beliefs Psychol. Sci.Online: (http://
pss.sagepub.com/content/early/2013/09/19/
0956797613492775.abstract) (https://doi.org/10.1177/
0956797613492775)

SchattmanRE, Roesch-Mcnally G,Wiener S,NilesMT and
HollingerDY 2018 Farm service agency employee intentions
to use weather and climate data in professional services
Renew. Agric. Food Syst. 33 212–21

SpenceA, PoortingaW, Butler C and PidgeonNF 2011 Perceptions
of climate change andwillingness to save energy related to
flood experienceNat. Clim. Change 1 46–9

StataCorp 2017 Stata Statistical Software: Release 15 (College
Station, TX: StataCorp LLC)

9

Environ. Res. Lett. 14 (2019) 044003

https://orcid.org/0000-0002-8323-1351
https://orcid.org/0000-0002-8323-1351
https://orcid.org/0000-0002-8323-1351
https://orcid.org/0000-0002-8323-1351
https://orcid.org/0000-0002-8323-1351
https://orcid.org/0000-0003-4351-2455
https://orcid.org/0000-0003-4351-2455
https://orcid.org/0000-0003-4351-2455
https://orcid.org/0000-0003-4351-2455
https://doi.org/10.1016/j.gloenvcha.2012.07.006
https://doi.org/10.1016/j.gloenvcha.2012.07.006
https://doi.org/10.1016/j.gloenvcha.2012.07.006
https://doi.org/10.1037/0021-843X.112.4.545
https://doi.org/10.1037/0021-843X.112.4.545
https://doi.org/10.1037/0021-843X.112.4.545
https://doi.org/10.1007/s10584-013-0700-0
https://doi.org/10.1007/s10584-013-0700-0
https://doi.org/10.1007/s10584-013-0700-0
https://doi.org/10.2489/jswc.69.6.505
https://doi.org/10.2489/jswc.69.6.505
https://doi.org/10.2489/jswc.69.6.505
https://doi.org/10.1023/A:1005653320241
https://doi.org/10.1023/A:1005653320241
https://doi.org/10.1023/A:1005653320241
https://doi.org/10.1007/s10584-015-1561-5
https://doi.org/10.1007/s10584-015-1561-5
https://doi.org/10.1007/s10584-015-1561-5
https://doi.org/10.1002/wcc.469
https://doi.org/10.1002/wcc.469
https://doi.org/10.1002/wcc.469
https://pareonline.net/getvn.asp?v=10&n=7
https://doi.org/10.1038/nclimate3007
https://doi.org/10.1038/nclimate3007
https://doi.org/10.1038/nclimate3007
https://doi.org/10.1007/s10584-016-1837-4
https://doi.org/10.1007/s10584-016-1837-4
https://doi.org/10.1007/s10584-016-1837-4
https://doi.org/10.1007/s10584-016-1837-4
https://doi.org/10.1080/00139157.2016.1208995
https://doi.org/10.1080/00139157.2016.1208995
https://doi.org/10.1080/00139157.2016.1208995
https://doi.org/10.1207/S15328007SEM0803_5
https://doi.org/10.1207/S15328007SEM0803_5
https://doi.org/10.1207/S15328007SEM0803_5
https://doi.org/10.1371/journal.pone.0052882
https://doi.org/10.1175/WCAS-D-12-00048.1
https://doi.org/10.1175/WCAS-D-12-00048.1
https://doi.org/10.1175/WCAS-D-12-00048.1
https://doi.org/10.1080/08941920.2014.933496
https://doi.org/10.1080/08941920.2014.933496
https://doi.org/10.1080/08941920.2014.933496
https://doi.org/10.1080/13669877.2018.1430051
https://doi.org/10.1080/13669877.2018.1430051
https://doi.org/10.1080/13669877.2018.1430051
https://doi.org/10.1016/j.gloenvcha.2006.10.004
https://doi.org/10.1016/j.gloenvcha.2006.10.004
https://doi.org/10.1016/j.gloenvcha.2006.10.004
https://doi.org/10.1016/j.jenvp.2014.12.004
https://doi.org/10.1016/j.jenvp.2014.12.004
https://doi.org/10.1016/j.jenvp.2014.12.004
https://doi.org/10.1038/nclimate1754
https://doi.org/10.1038/nclimate1754
https://doi.org/10.1038/nclimate1754
https://doi.org/10.1016/j.gloenvcha.2013.08.005
https://doi.org/10.1016/j.gloenvcha.2013.08.005
https://doi.org/10.1016/j.gloenvcha.2013.08.005
https://doi.org/10.1016/j.gloenvcha.2016.05.002
https://doi.org/10.1016/j.gloenvcha.2016.05.002
https://doi.org/10.1016/j.gloenvcha.2016.05.002
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1007/s00267-015-0504-2
https://doi.org/10.1007/s00267-015-0504-2
https://doi.org/10.1007/s00267-015-0504-2
https://doi.org/10.1016/j.gloenvcha.2017.12.002
https://doi.org/10.1016/j.gloenvcha.2017.12.002
https://doi.org/10.1016/j.gloenvcha.2017.12.002
http://pss.sagepub.com/content/early/2013/09/19/0956797613492775.abstract
http://pss.sagepub.com/content/early/2013/09/19/0956797613492775.abstract
http://pss.sagepub.com/content/early/2013/09/19/0956797613492775.abstract
https://doi.org/10.1177/0956797613492775
https://doi.org/10.1177/0956797613492775
https://doi.org/10.1017/S1742170517000783
https://doi.org/10.1017/S1742170517000783
https://doi.org/10.1017/S1742170517000783
https://doi.org/10.1038/nclimate1059
https://doi.org/10.1038/nclimate1059
https://doi.org/10.1038/nclimate1059


Trope Y and LibermanN2010 ‘Construal-level theory of
psychological distance’: correction toTrope and Liberman
(2010)Psychol. Rev. 117 1024

Whitmarsh L 2008Are flood victimsmore concerned about climate
change than other people? The role of direct experience in
risk perception and behavioural response J. Risk Res. 11
351–74

USDAFSA2017Disaster assistance fact sheet. Online: (https://
fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/
FactSheets/2017/nap_for_2015_and_subsequent_years_
oct2017.pdf)

USDANASS 2014Census of Agriculture: United States Summary
and StateData (2012).Washington, DC:National
Agricultural Statistics Service, USDepartment of Agriculture.
Online: (https://agcensus.usda.gov/Publications/2012/
Full_Report/Volume_1,_Chapter_1_US/usv1.pdf)

Wiener S,Roesch-McNallyGEandSchattmanRE2018National
surveyofUSDAfield staff on climate andweather; results froma
surveyofnatural resources conservation service and farmservice
agency employees.Washington,DC:USDAClimateHubs.
Online: (https://climatehubs.oce.usda.gov/sites/default/files/
nrcs_fsa_climate_weather_survey_interagency_report.pdf)

10

Environ. Res. Lett. 14 (2019) 044003

https://doi.org/10.1037/a0020319
https://doi.org/10.1080/13669870701552235
https://doi.org/10.1080/13669870701552235
https://doi.org/10.1080/13669870701552235
https://doi.org/10.1080/13669870701552235
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/FactSheets/2017/nap_for_2015_and_subsequent_years_oct2017.pdf
https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
https://www.climatehubs.oce.usda.gov/sites/default/files/nrcs_fsa_climate_weather_survey_interagency_report.pdf
https://www.climatehubs.oce.usda.gov/sites/default/files/nrcs_fsa_climate_weather_survey_interagency_report.pdf

	Seeing is not always believing: Crop loss and climate change perceptions among farm advisors
	Recommended Citation

	1. Introduction
	2. Methods
	2.1. Survey
	2.2. Crop loss data
	2.3. Structural equation analysis

	3. Results
	3.1. Overview statistics
	3.2. SEM-FSA
	3.3. SEM-NRCS

	4. Discussion
	5. Conclusion
	Acknowledgments
	References

