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A variety of factors shape farmers’ views as they face the rising effects of climate

change and consider a range of adaptation strategies to build the resilience of their

farming systems. We examine a set of related questions to explore farmers’ perspectives

on risks and potential shifts to their operations: (1) Relative to other environmental

factors, how salient of a challenge is climate change and climate-related impacts to

farmers? (2) Do farmers intend to adapt to climate impacts generally?, and (3) What

factors shape their use of a specific and underexplored adaptive response—farm product

diversification? The data come from a survey of 179 operators within a 30-county

region of Indiana, Michigan, and Ohio. The region spans various rural-urban gradients.

Respondents generally represent smaller operations [median of 80 acres (32 hectares)].

Because our selection methods aimed to over-sample from food-producing farms,

60% of respondents produced some type of food or value-added product, and 40%

produced only commodity feedstocks and biofuels. Although the group as a whole

indicated only “somewhat” of a concern about changing weather patterns, and half did

not anticipate adapting their farming practices to climate change, farmers’ responses

to a write-in question denoted regional climate effects as challenges to their farms.

Analysis of subgroups among the respondents, according to their views of climate

change, adaptation, and further diversifying their agricultural products, distinguished

farmers’ family considerations, and gender. Methods to elicit subgroups included

correlation, regression, cluster analysis, and an examination of the many respondents

(29%) who indicated uncertainty about adapting practices. Women, who participated in

29% of responses, indicated more concern with changing weather patterns and more

openness to adapting farming practices compared to men. Farmers with the most family

relationships to consider, and those with the greatest aspirations to employ descendants,
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were themost receptive to adapting their farming practices. This was the case even when

respondents’ concern over climate change was low. Results point to the importance

of family relationships as a factor in farmers’ openness to implementing adaptive and

potentially mitigative actions.

Keywords: climate decision-making, adaptation, uncertainty, agricultural diversification, family-owned farms,

farm succession, social environment, gender

INTRODUCTION

Across the United States, climate change—in the form of
higher average temperatures and increasingly frequent and severe
extreme weather events—is already and will continue to present
grave challenges to agricultural production and the farm families
who operate within agricultural systems (IPCC, 2019). The
climate change impacts that the US Midwest region faces are
direct, as the weather becomes warmer and wetter, and indirect,
through shifting habitat ranges (Winkler et al., 2014; Janowiak
et al., 2016). Weather events, such as rain, hail, and windstorms,
are becoming more frequent and intense and can directly harm
plant and animal life (Pryor et al., 2014). Flooding is increasing
and is only made worse as precipitation falls onto land that
has been engineered for drainage and cannot soak into soils
that are compacted by agricultural and other land management
practices (Janowiak et al., 2016). Indirect impacts involve habitats
becoming more hospitable to a wider range of diseases and pests
that may depress agricultural productivity. In response to these
risks, farmers can pursue adaptation strategies that include both
practices and operational-level shifts that reduce vulnerability to
climate change (Smit and Skinner, 2002; Howden et al., 2007).
Given the important role farmers play in driving adaptation of
agricultural systems (Ostrom, 2014; Jurt et al., 2015), researchers
are increasingly focusing on US farmers’ adaptation decision
making, revealing that a variety of factors shape farmers’ use of
adaptation strategies and views of climate change risks (Arbuckle
et al., 2013a; Schattman et al., 2016; Roesch-McNally et al., 2018;
Houser and Stuart, 2019; Fletcher et al., 2020; Yoder et al.,
2021).

As farmers respond to increasingly difficult ecological

circumstances, they are also dealing with difficult economic
circumstances. Over the past century, most U.S. farmers have

closed their farm businesses and exited from a consolidating
U.S. agriculture, such that direct agriculture now provides little
employment in general, and off-farm income is a mainstay
for farm families (Wood and Gilbert, 2000; MacDonald et al.,
2018; USDA-ERS, 2021). In this paper, we examine how
farmers’ perspectives on climate change and adaptation relate
to the social-relational priorities of the farm, making two
contributions to knowledge of farmers’ adaptation to climate
change. First, we provide a robust literature review that
integrates research about farmers’ adaptation to climate change,
agricultural diversification, and some of farmers’ social priorities,
in specific the role of family relations and gender in shaping
farmers’ decision-making and adaptation strategies. Second, we
address the need for greater attention to farmers’ qualitative

understanding of climate change and their experiences with it
through an innovative, mixed methods study.

Most research on farmers’ adaptive responses to climate
change has considered adaptation at the level of practice
adoption, for example planting cover crops (e.g., Roesch-McNally
et al., 2018; Houser and Stuart, 2019; Yoder et al., 2021). Much
less has focused on what is sometimes called operational-level
shifts (Smit et al., 1996) or “transformational” adaptation, where
system shifts surpass the incremental adoption of a practice
(Blesh and Wolf, 2014; Robertson and Murray-Prior, 2016;
Panda, 2018; Roesch-McNally et al., 2018; Chenyang et al., 2021).
Here, we consider the operational-level adaptive response of
farm product diversification, a strategy that farmers can use to
increase their capacity to deal with climate change (Hilimire,
2011; Hendrickson, 2015; Bowles et al., 2020).

Diversification aims to increase the economic and ecological
diversity of the farm and the agricultural system, and thus
their stability and capacity to accommodate fluctuations and
shocks (National Resource Council, 2010; Lin, 2011; Gaudin
et al., 2015; Rotz and Fraser, 2015). Defining diversification
broadly, major analyses find that diversification holds more
potential thanmost other food production and landmanagement
interventions for making progress toward global climate and
societal goals, in specific the Sustainable Development Goals
and the Nature’s Contributions to People (Diaz et al., 2018; UN,
2018; McElwee et al., 2020). Agricultural diversification has been
defined in a variety of ways and can include multiple elements
of the operation (Iles and Marsh, 2012; Bowman and Zilberman,
2013; Heggem, 2014). Crop diversification is a critical definition
whose implications for climate mitigation and adaptation are
direct. Diversifying land covers can support biodiversity while
potentially building soil and reducing pest pressures and farmers’
chemical applications to their production systems (Bradshaw
et al., 2004; Roesch-McNally et al., 2018; Merlos and Hijmans,
2020; Prokopy et al., 2020). Diversification via livestock and crop
integration is another major approach to diversification (Garrett
et al., 2017). We place our focus on a related definition, product
diversification, through which farmers augment their mix of
products. The clear priority in diversifying products is economic
and stewarding the farm ecosystem is often a related priority
(Barbieri and Mahoney, 2009; Hansson et al., 2013; Suess-Reyes
and Fuetsch, 2016).

We give particular attention to the role of farmers’ gender and
family dynamics—two understudied factors in the agricultural
adaptation literature, especially that which focuses on the
United States and Midwestern region. Some work points to the
importance of family relations in shaping farmers’ adaptation
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decisions and specifically their decisions to diversify their
products (de Rooij et al., 2013; Hansson et al., 2013; Suess-
Reyes and Fuetsch, 2016; Valliant et al., 2017). For instance,
farms’ capacity for change appears to reflect family priorities
such that farms with greater family involvement, both in
the present and what is expected for the future, are more
equipped to take on positive adaptations, or the addition of
any business activity, including a new product (Inwood and
Sharp, 2012). However, this sphere of influence has been given
limited attention within the agricultural adaptation decision-
making literature specifically. We seek to offer introductory
insight into the importance of family relations to farmers’ climate
adaptation capacity.

Family interests contribute some of the “overarching motives”
(Hansson et al., 2013) that often inform a farm’s business
and management decisions. Combined, the business and family
interests of the farm have been framed as those of an “agrifamily
system” (Bennett, 1982). Similarly, the broader family business
literature (Suess-Reyes and Fuetsch, 2016) also integrates “the
structural and social links between the family and the business”
by theorizing and operationalizing “familiness” as a construct
(Habbershon and Williams, 1999; Weismeier-Sammer et al.,
2013, p. 168). The factors that influence farmers’ management
and adaptation decisions can be clarified by considering this
frequent interdependence of the farm with family (Gray, 1998).
Included among these positive adaptations are new business
activities as well as revisions to the production system to adopt
climate adaptive, or, better, dual purpose adaptive-mitigative
agricultural practices (Beddington et al., 2011; Haden et al., 2012;
Arbuckle et al., 2013b, 2015).

Related to our focus on the ties between farmers’ family
dynamics and their views on adaptation is a call to specify gender
in research about agricultural perspectives on climate change
in the global North (Alston, 2014; Walker et al., 2019). This
“gender mainstreaming” strategy aims to interrupt “the invisible
farmer problem” (Alston et al., 2018), or the historical exclusion
of women from dialogues about agriculture. A gendered lens
also acknowledges women as central actors in how farm families
experience climate effects, and the many types of psychological,
workflow, and economic adaptations families make in response
(Fletcher and Knuttila, 2016)1. Gender is a consistent predictor
of climate change belief in the general population, as well
as supportive attitudes for pro-climate behavior and policy
(McCright and Dunlap, 2011; McCright et al., 2016). Thus, our
analysis incorporates gender of the respondent as an analytical
factor. Calls by scholars who study climate change and Midwest
farm operators state this need to understand how farms subdivide
according to their demographic characteristics, and how these
relate to the features of their operations and their views of climate
change (Arbuckle et al., 2013a; Morton et al., 2015; Niles et al.,
2015). We examine gender and family in relation to climate
outlooks and adaptations by pursuing the question, how do
family and gender factor into farmers’ perspectives on climate
change effects and adaptive practices?

1A parallel conversation is taking place about gender and forestry in the global

North (UNECE/FAO, 2006; Reed et al., 2014; Holmgren and Arora-Jonsson, 2015).

In terms of how farmers’ family situations may affect their
capacity to adapt the operation to climate change, theories of
the life course guide how inclined a farm business may or may
not be toward positive adaptation. Along the life course, the
productivity of an operation typically builds as the primary
operator approaches midlife and declines after age 60 (Tauer,
2019). Mediating the farmer’s life course is how the farm is
approaching succession. Succession refers to the passing of
the farming operation to the next generation. Succession takes
many forms, within or between families. A transfer to the next
generation or even just the anticipation of a successor in the
queue can motivate farm families to prepare the farm to support
additional family members (Chiswell, 2014). The objective of this
“succession effect” is to build the farm’s income to accommodate
more personnel (Lobley et al., 2010; Lobley and Baker, 2012).
The US Department of Agriculture observes that $100,000 in
gross cash farm income is needed to provide for every one-half to
three farm jobs, depending on the scale of the farm (MacDonald
et al., 2018). This is the economic scenario faced by farmers
who would like for their farms to survive and continue on to
the next generation. Most strategies to provide for more family
members involve diversification in some fashion (Inwood and
Sharp, 2012).

In this paper, we seek to contribute to these burgeoning
literatures in a variety of ways. A review of research on farmers’
climate change views suggests the need for greater attention
to their qualitative understanding of climate change and their
experiences with it (Soubry et al., 2020), echoing prior calls for
more work on this subject (Doll et al., 2017; Houser, 2018). Here,
we contribute to addressing this gap by first asking (1) Relative to
other environmental factors, how salient of a challenge is climate
change and climate-related impacts to farmers? We examine this
through the approach of a qualitative survey question (i.e., a
“write in” response), where farmers were asked to describe their
most significant challenges related to the physical environment.
We also consider if and how farmers may respond to climate
change through adaptation, asking the related questions of: (2)
Do farmers intend to adapt to climate impacts generally?, and
(3) What factors shape their use of a specific and relatively
underexplored adaptive response—farm product diversification?
Because of the links between diversification and family, and
the benefits of diversification related to climate adaptation, food
security, and rural resilience, we focus particularly on how
farmers’ diversification perspectives and practices correspond
with their gender and family patterns and their views of climate
change adaptation.

MATERIALS AND METHODS

Regional Context: Climate Effects and
Agricultural Diversification in the Southern
Great Lakes Basin
The study area, a 30-county area of the U.S. states of Indiana,
Michigan, and Ohio, presents a rural-urban gradient in a
landscape with abundant freshwater (see Figure 1). Located
at the southern margin of three of the Great Lakes, Erie,
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FIGURE 1 | Map of study site in Indiana, Michigan, and Ohio, USA.

Huron, and Michigan, the native ecosystem for the study site
was once entirely made up of swamp or wetlands. It was
engineered for drainage, and artificial undersurface drainage
pipes (tile drains) remain widely in this area to this day
(Dahl and Allord, 1997; USDA-NRCS, 2005; King et al.,
2014).

We selected the study region as part of a larger project to
explore farm product diversification along a geographic gradient
from rural agricultural to metropolitan areas, and across state
lines. The cities of Detroit and Ann Arbor, Michigan; Toledo,
Ohio; and Fort Wayne and South Bend, Indiana provide markets
and processing centers for a region where corn-soybean rotations
are typical, to produce feedstocks and ethanol. Productivity of
cereals is high enough for certain counties in the catchment to
rank among the top 50 in the nation for soybean production and
the top 225 for corn (USDA-NASS, 2012). The region is also a
production and processing center for poultry and winter wheat
and for diversified non-commodities such as seed corn, potato,
tomato, duck, pickling cucumber, and gladiola (USDA-Census of
Agriculture, 2014).

Corn Belt farmers face policy disincentives to diversifying
their products (Bowles et al., 2020; Spangler et al., 2020).
After a century of product specialization—the opposite of
diversification—(Bradshaw et al., 2004), U.S. farms now produce
an average of 1.2 products per year, indication that most now
produce a lone product (Gardner, 2002; Dimitri, 2010). The U.S.
ranks in the 29th percentile globally for crop diversity (Aizen
et al., 2019) and its national plans for sustainable agriculture fall
behind those of most other nations by placing little emphasis on
agrobiodiversity (Bioversity International, 2019; Juventia et al.,
2020). The lowest diversity in the nation is in the Corn Belt
(Aguilar et al., 2015). In spite of this pattern of homogenization
and specialization, eastern U.S. farmers have actually ranked
product diversification as a feasible climate-adaptive strategy in
some studies (Crane et al., 2011; Rejesus et al., 2013). However,
other research finds diversification to be unrealistic for large
grain farmers due to their high financial investment in current
production models (Roesch-McNally et al., 2018). More broadly,
farmers’ inclination to implement many types of adaptations is
limited by market and policy disincentives such as yield-based

Frontiers in Climate | www.frontiersin.org 4 June 2021 | Volume 3 | Article 662847

https://www.frontiersin.org/journals/climate
https://www.frontiersin.org
https://www.frontiersin.org/journals/climate#articles


Valliant et al. Farmers: Climate Adaptation, Diversification, Family

payments, crop insurance premiums on diversified rotations,
production contracts, and financial pressure (Stuart et al., 2012;
Prokopy et al., 2015; Houser and Stuart, 2019).

Survey Instrument
Data for this study come from a mailed survey which
included questions about product mix and diversification; land
tenure and management; environment and stewardship; social
capital, family, and demographics. Survey questions (available
in the Supplementary Data Sheet 1) were informed by prior
qualitative interviews with 18 agricultural stakeholders, including
five diversified farmers who maintained a commodity feed grain
operation alongside non-commodity enterprises, and 13 service
providers representing the Extension system, USDA Natural
Resources and Conservation Service, Farm Bureau, agricultural
cooperatives, and food hubs. Qualitative findings are published
in Valliant et al. (2017). Prior to mailing the survey, the
questionnaire draft was reviewed by three male farmers from
within the target population and revised in response to their
recommendations regarding content and clarity of the questions
and their response options.

The sampling strategy aimed to over-sample from farms
that sell food products into direct and/or intermediate markets.
The sample was developed from two lists of farms in the study
region. The USDA Farm Service Agency (FSA) provided one of
the lists in response to a Freedom of Information Act request.
Farms on the FSA list utilize FSA services in some way, which
may include commodity payment, financing, conservation, and
crop insurance programs (see www.fsa.usda.gov). The second
list consisted of farms that are not in the FSA database because
they do not participate in FSA programs, perhaps due to their
small size or personal preferences. While FSA does extend credit
to many small or beginning operations, analyses of FSA services
find them to be less able to assist operations considered to be
limited resource, economically disadvantaged, or higher risk
(Dodson and Koenig, 2006; Dodson and Ahrendsen, 2016).
Our assumption was that this “non-FSA” list would reflect
farms that are more likely to be diversified than the farms
on the FSA list (National Sustainable Agriculture Coalition,
2014; Bruce, 2016; Lusher Shute, 2016). The FSA list identified
23,194 unique farm contacts with in-state mailing addresses
for the 30 counties. Seeking an even number of responses per
state, the project budget allowed us to select a random sample
of 184 Indiana farms, 183 Michigan farms, and 183 farms in
Ohio, totaling 550 farms. To identify non-FSA farms in each
state, the steps we followed were: 1. Contacting Extension
headquarters in each state to invite relevant county offices
to share their lists of small farms for this research purpose.
Ohio State University Extension obliged. 2. Contacting farmer’s
market coordinators in the focus counties to request their lists
of grower-vendors. 3. Visiting online lists of farms with direct-
to-consumer marketing in the focus counties using the resources
Local Harvest (www.localharvest.org) and MarketMaker
(in.foodmarketmaker.com, mi.foodmarketmaker.com,
oh.foodmarketmaker.com). These steps identified 567 farms,
after removing duplicates that were also on the FSA list.
From these, we selected 150 farms from each state in order to

oversample from diversified farms because the larger research
project aimed to learn from farms that produce food products
instead of, or in addition to, the feed crops that dominate
the landscape.

The survey was distributed by mail to 977 farms whose
addresses were determined to be valid. Procedures followed
a modified tailored design method, with a postcard-survey-
postcard-survey series of mailings (Dillman et al., 2014).
Every survey packet included a 10-page questionnaire with 86
questions, a cover letter, and return postage. The first survey
mailing included a $2 bill as a cash incentive. Participants
returned the surveys on a voluntary basis, and anonymity of
responses was maintained. A total of 222 surveys were returned
with sufficiently complete answers to be used in the study, with
19 responding online (9%) and 203 through the mail (91%).
This amounted to a final response rate of 23% as a proportion
of the number of surveys sent to eligible farmers excluding
those that were returned undeliverable. Forty-three respondents
(19%) did not respond to items about diversifying. This analysis
considers the 179 respondents who did complete the items
about diversifying.

Questionnaire Terminology About Climate Change
After interviewing farmers and service providers in the study
area, we chose to follow their guidance and some from the
literature by using terms other than “climate change” in the
questionnaire (White and Selfa, 2013). As an example, one
service provider discouraged use of the term climate change
by saying, “The climate change debate has gotten so political
that what is truth anymore?” Thus the instrument did not refer
to climate change. Instead, two items used “changing weather
patterns.” The first such itemwas, “How concerned are you about
changing weather patterns where you are?” Response options
formed a 6-point Likert scale from “Not at all concerned” to
“Extremely concerned.” The second item was, “Do you anticipate
changing your farming practices in response to changing weather
patterns?” Its response options were Yes, No, and Don’t know.
These items were within a section that included several open-
ended questions about farmers’ practices to manage the farm
ecosystem (Please see Section 5 Environment and Stewardship
of the Survey Instrument in the Supplementary Data Sheet 1).
This phrasing may have elicited a more overall positive response
than if we had used “climate change” (Schuldt et al., 2017). Our
language of “changing weather patterns” is consistent with the
language that farmers use to discuss “climate change” (Doll et al.,
2017; Houser, 2018; Fletcher et al., 2020).

Questionnaire Items About Family Involvement in the

Farm and Gender
One section of the survey entitled “Your Farm Family” aimed to
ascertain the place of family in the farm operation. This series
of items sought to define the level of family involvement in the
farm at the present time as well as respondents’ expectations and
hopes for family involvement in the future. To clarify present
family involvement, respondents wrote in their number of adult
siblings and descendants, and how many of these people were in
partnership with them on the farm. Respondents also indicated
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whether the farm had belonged to their ancestors (Yes/No). To
elicit respondents’ perspectives on future family involvement, we
asked how much of a priority it was for the farm to be able to
employ descendants. Responses to this item were arranged in a
6-item Likert scale spanning “Not a priority” to “High priority.”
We also gauged future involvement by applying a framework
for measuring respondents’ expectations for the possibility of
a family successor (Chiswell, 2014). This framework inquired
whether a family successor was expected, and whether a family
successor was actively moving toward management of the farm.
The options for these succession items were Yes, No, and Don’t
know yet. To assess gender, the questionnaire asked whether one
or more women were responding to the survey (Yes/No).

Operationalization of Agricultural Product

Diversification
In our analysis, we attempted to define product diversification
in the same way we heard farmers describe it in previous
primary research in this region, when farmers framed their
pursuit of alternatives to commodities as key to their viability,
and to their capacity to employ additional members of the family
(Valliant, 2012; Farmer et al., 2014; Bruce and Som Castellano,
2016; Morning Ag Clips, 2020). The definition we heard in
the field distinguished farms that only raise “commodities,” to
use the farmers’ term, from farms that raise anything other
than, or in addition to, a commodity. Farmers used the term
commodity to refer to undifferentiated agricultural products
that are traded in bulk through mechanisms of global exchange
(see Commodity Futures Trading Commission, 2010; Hajdu,
2018). Thus, we categorized respondents as non-diversified when
they reported raising only commodities (examples given by the
survey included corn, soybeans, and wheat). When these data
were missing, farmers who only reported raising feed-grade corn
and/or soybeans were counted as non-diversified.

We defined all other respondents as diversified. Either
in addition to or instead of commodities, these respondents
reported raising a product that was value-added (such as
finished beef, baleage, jam), specialty crop (fruit, vegetables),
differentiated (such as USDA certified organic wheat, non-
GMO corn, “no antibiotics added”), direct marketed, or
grown on contract (such as vegetables, flowers, seed corn)
(Salvioni et al., 2013; USDA-AMS, 2015; USDA-FSIS, 2015;
Agricultural Marketing Resource Center, 2016). Thus, we aimed
to operationalize the appreciation farmers expressed for the
contributions these product categories make to their economic,
social, and ecological farm systems (Hayes et al., 2004; Che et al.,
2005; Bramley and Kirsten, 2007; Fitz-Koch et al., 2017).

Analysis
Our analysis began by exploring responses to one structured,
qualitative survey item to orient the balance of the analysis to how
respondents expressed the greatest natural, physical challenges
faced by their farms. From there, statistical analyses proceeded
with correlation and regression analysis to determine variables
that predicted the respondents’ perspectives on diversifying
their farms’ products. Two subsequent analytical approaches
explored further subgroupings among the respondents, to

further explore farmers’ perspectives on the inter-relationships
between climate change, diversification, and the priorities of
the farming family. These analyses first examined respondents’
characteristics according to whether they expect to adapt
their farming practices to climate change, and then combined
these expectations with respondents’ levels of concern about
climate change and their outlooks on diversifying through
a cluster analysis. Please see Table 1 for a schematic of the
analysis methods.

Responses to the paper surveys were entered manually into
Qualtrics. IBM SPSS 23.0 was then used for data management
including recoding variables and creating composite scores to
prepare for analysis. Descriptive statistics were performed on
each variable and assessed for Normality. Acres of land owned
was positively skewed and transformed to a Normal distribution
with a square root transformation. IBM SPSS was used for all
statistical analyses.

Free List Analysis of Research Question 1: Relative to

Other Environmental Factors, How Salient of a

Challenge Is Climate Change to Farmers?
To explore how the respondents to this survey might mention
the features of climate change in their own words, we interpreted
responses to a write-in survey item as we would a free list. Free
listing is a structured qualitative method from anthropology.
Its utility is in clarifying how participants define and populate
a domain in their own words, and it assesses variation across
perspectives, or “intracultural variation” (Weller and Romney,
1988; Bernard, 2011). Using free list analysis, we interpreted
respondents’ lists of the “two greatest natural challenges posed by
the physical environment to your farm” as a truncated, two-item
list. Analysis involved first categorizing responses. Two of the
authors categorized the full set of responses independently, and
then met to compare and adjust the categories to cross-validate
the process. Our analytical procedures were conservative in
assigning responses to the climate change category. We included
only responses that explicitly state climate change or one of
its direct hallmarks (extreme events, seasonality, etc.) (USDA-
ERS, 2012). When farmers listed natural perennial hazards of
the region, such as drought or flooding, without mentioning
increasing intensity, magnitude, duration, or frequency, we
assigned these entries to other categories (such as precipitation).
We then logged how frequently items/categories were mentioned
(F) and whether respondents listed them first or second, to assess
their mean position in the list (mP). From this we calculated a
salience index (Sutrop, 2001). Salience (S) is a fraction, normed
to vary between zero and one: S = F/(NmP). The salience index
assumes the items mentioned first and more frequently to be the
more salient (Douglas et al., 2012; Campos et al., 2014).

Analysis of “Don’t Know” or Uncertain Responses to

Research Question 2: Farmers’ Intentions to Adapt to

Climate Impacts
Farmers responded to the item “Do you anticipate changing your
farming practices in response to changing weather patterns?”
with a no, don’t know, or yes. We examined the patterns
surrounding all three of these responses. We included in
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TABLE 1 | Diagram of methods.

Data Research question and Survey item(s) Analytical method

Free list Don’t know Regression Cluster

Mailed survey

(n = 179)

RQ1: What are the two greatest natural challenges posed by the physical

environment to your farm? (Write-in)

(IV)

RQ2: Do you anticipate changing your farming practices in response to

changing weather patterns? (Y, N, DK)

(IV) (IV)

RQ3: Composite: Outlook on diversifying:

1. How much interest does your farm have in further diversifying? (1 = No

interest to 6 = Strong interest)

2. To what degree is your farm considering making any changes at all to

products or methods? (1 = Not at all to 6 = Actively making changes)

3. How feasible do changes to products or methods seem for your farm? (1

= Not at all feasible to 6 = Completely feasible)

(DV) (DV)

RQ3: How concerned are you about changing weather patterns where you

are? (1 = Not at all concerned to 6 = Extremely concerned)

(IV) (IV)

RQ3: Diversified status (Commodity only vs. any non-commodity) (IV) (IV)

our analysis “don’t know” responsive, which routine analytical
procedures might omit as non-substantive (e.g., Prokopy et al.,
2015). We instead explored how “don’t know” responses to this
item were associated with respondents’ characteristics and their
responses to other items (Van Es et al., 1996; Groothuis and
Whitehead, 2002; Browne-Nunez and Vaske, 2006). We became
interested in “don’t know” responses to the item after farmers
who piloted the survey said they selected “don’t know” to reflect
uncertainty: a perspective closer to “maybe” or “perhaps,” as
opposed to lack of knowledge. Using histograms to plot the data
showed an ordinal relationship between “yes,” “don’t know,” and
“no” responses, so the item was treated as a three-point scale (1
= no, 2 = don’t know, 3 = yes) in correlation, regression, and
cluster analyses. People who responded with no, don’t know, and
yes were compared using F-tests for patterns of association across
their characteristics and responses to other items.

Regression and Cluster Analysis of Research

Question 3: Farmers’ Outlooks on Product

Diversification
Pearson correlation and stepwise multiple linear regression were
used to identify variables associated with farmers’ perspectives
on adapting their operations via diversification. The outcome
variable in the regression analysis was the mean of a composite
we formed from three correlated items about the prospect
of diversifying (Cronbach’s alpha = 0.806). This composite,
“outlook on diversifying,” represented the mean of one’s
responses to three six-item scales: 1. How much interest does
your farm have in further diversifying? (1 = No interest to 6
= Strong interest), 2. To what degree is your farm considering
making any changes at all to products or methods? (1 =

Not at all to 6 = Actively making changes), and 3. How
feasible do changes to products or methods seem for your
farm? (1 = Not at all feasible to 6 = Completely feasible).
We aimed for the composite to explore respondents’ attitudes
and intentions toward diversifying by integrating their levels of
interest, the consideration they were giving to changing their

products or methods, and how they viewed the feasibility of
making changes. While one response option for one of the
items did allow respondents to state that they were “actively
making changes to products or methods,” and 16 respondents
selected this option, we included these responses in the composite
since they could reflect non-diversified or diversified farms,
which were distinguished by a different variable. A forward
stepwise selection procedure was used to identify which of
the respondents’ characteristics and perspectives were most
significant in predicting their outlooks on diversifying, or further
diversifying, their products.

Cluster analysis was then used to identify subgroups across
this set of farmer respondents, according to their differences
on three variables of primary interest to this analysis. These
were their: (1) level of concern about changing weather patterns,
(2) level of anticipation of changing farming practices due to
changing weather patterns, and (3) outlooks on diversifying.
A two-step cluster analysis was first performed to identify
the best number of clusters in the data based on Schwarz’s
Bayesian Criterion, which showed three clusters to be optimum.
A K-means Cluster analysis was then performed to classify
respondents into three clusters based on their responses to the
three key questions. The respondents grouped into each cluster
were then compared for patterns of association according to
their characteristics and their responses to other survey items
to describe the three different types of respondents identified.
F-tests tested for significant differences between clusters. This
cluster analysis complements other place-based typologies of
farmers according to their views of climate change (Barnes and
Toma, 2012; Arbuckle et al., 2014, 2017; Hyland et al., 2016).

Lastly, we conducted Chi-square (X2) tests to explore the
relationships between both (1) gender and the survey item
about anticipation of altering future farming practices due
to changing weather patterns, and (2) gender and cluster
assignment. Specifically, we were investigating if men or women
responded to the item differently or were sorted into clusters in
significantly different ways.
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RESULTS

Participant Profile
Sixty percent of respondents operated diversified farms; the other
40% we define as non-diversified (see section Operationalization
of agricultural product diversification). Most of the diversified
respondents listed their diversified products in a write-in survey
item (63%). The top category was horticultural crops (45%).
These were principally vegetables such as potatoes, green beans,
peppers, hops, garlic, and tomatoes, and value-added products
such as cider, jam, and bouquets. The second category was
field grains (21%), which were primarily food-grade, seed,
or differentiated (non-GMO or certified organic) corn and
soybeans, and value-added products such as baleage, silage, straw,
and flour. The third category was livestock and poultry products
(16%), comprised of breedstock, fiber, and finished, often
differentiated, meat. The fourth category was forest products
(12%), comprised of wreaths, boughs, firewood, andmaple syrup.

The questionnaire asked for the number of acres respondents
farmed (sum of owned and leased land minus land rented out).
While their operations ranged up to 4,850 acres, the median was

80 acres, and the mean was 320 acres (standard deviation =

720). The median respondent age was 61, with a range of 20–94.

Respondents placed “moderate” priority on the farm being able

to employ descendants (median of 4 out of 6, mean of 3.6). Mean
and median responses to the composite “outlook on diversifying

products” (see section Analysis of “don’t know” or uncertain

responses to research question 2: Farmers’ intentions to adapt to

climate impacts) were 3 out of 6. Women participated in 29% of
responses (n= 48). Diversified farms weremarginally more likely
to have a woman respondent, compared to non-diversified farms.

Among diversified farms, 34% of respondents were women.
Among non-diversified farms, 22% of respondents were women

(p = 0.096). These and other descriptive characteristics of the

respondents are presented in Table 2.
Turning to respondents’ perspectives on climate change, as

a group their responses indicated that they were “somewhat”
concerned about changing weather patterns (3 on a scale of 6).
Nearly half of respondents (48%) did not anticipate changing

practices in response to changing weather patterns, 23% did
anticipate changing practices, and 29% checked the “don’t know”

TABLE 2 | Descriptive statistics: Farmer survey respondent characteristics and perspectives on implications of climate change for agricultural practice.

CONTINUOUS VARIABLES

Item Valid N Median Mean Standard

deviation

(Scale = 1–6)

How do you rate the condition, or health, of your farm’s physical

environment?

172 5 “very good” 5.6 0.9

Climate: How concerned are you about changing weather patterns where

you are?

172 3 “somewhat

concerned”

3.0 1.5

Diversification: Outlook on Diversifying Product or Methods (3- item

composite)

179 3 3.0 1.7

Family: Priority for farm to be something that children/grandchildren can do

for a profession

174 4 “moderate

priority”

3.6 1.9

Valid N Median Mean Standard

deviation

Family: Number of adult family members in partnership with you on the farm

(0 to 4)

160 0 0.6 0.9

Family: Likelihood of someone in the next generation to follow in running the

farm (1 to 3)

174 2 2.0 0.8

Acres of land actively farmed (“worked”) 170 80 320 722

Years since family began farm 170 44 54 42

Age of respondent (20–94) 164 61 59 14

CATEGORICAL VARIABLES

Item Valid N No Don’t know Yes

N % N % N %

Climate: Do you anticipate changing your farming practices in

response to changing weather patterns? (1 = no, 2 = don’t know,

3 = yes)

172 82 48 50 29 40 23

Diversification: Farm is currently diversified 179 72 40 107 60

Gender: Is one or more women completing the survey? 164 116 71 48 29

Family: Did you inherit/purchase the farm from your forebears? 172 89 52 83 48
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option. Respondents reported the health of their farms’ physical
environments as very good (median of 5 out of 6, mean of 5.6).

Results for Research Question 1: Salience
of Climate Change Relative to Other
Environmental Factors
The terms most used by respondents for the top challenges that
the physical environment posed to their farms were “weather”
(20% of the 147 respondents to this item), “weeds” (10%),
and “erosion” (9%). We grouped their responses into four
broad categories: (1) weather/climate/precipitation (62%), (2)
soil/water management (40%), (3) weeds/pests/disease (24%),
and (4) terrain/conditions (e.g., topography, field size) (13%).
Then, splitting categories for precision resulted in the seven
groupings presented in Table 3.

Among this finer set of categories, climate change emerges as
a challenge. Eleven percent of farmers listed a characteristic of
climate change. The mean position of climate change ranked fifth
of the seven categories. Climate change’s higher mean position
compared to the sixth and seventh categories indicates that
respondents were more likely to list climate change as a top
challenge than a secondary challenge. The salience index ranks
the hallmarks of climate change as the seventh most salient class
of natural challenge. Respondents who listed a feature of climate
change did not differ from the group by gender or their level of
family involvement in the farm.

Even though a minority of respondents used this structured
qualitative item to write in a hallmark of climate change,
we still present their responses in Table 4 to share the local
terminology elicited. The climate change characteristics the
respondents listed most frequently had to do with seasonality
and timing, and used the terms: late and early frosts, cooler
summer temperatures, the timing of rains, and seasons changing
earlier or later than expected. As for how participants said
they were responding to the features of climate change
that they named, the use of some type of technology to
mitigate or lessen the challenges was mentioned most often
(e.g., growing under cover, tiling, irrigation) (50%) (See
Supplementary Table 1)

Results for Research Question 2: Farmers’
Inclinations to Adapt Practices to Climate
Impacts
To explore respondents’ perspectives on implementing climate-

adaptive agricultural practices in general, we examined their

responses to one item: “Do you anticipate changing your farming

practices in response to changing weather patterns?” This item
produced three subgroups—those who did not expect to adapt
practices, those who did, and those who didn’t know if they
would change their farming practices. We investigated these
three groups and found that the “don’t know” group fell in
between the no and the yes groups on nearly all parameters,

TABLE 3 | Research question 1: Respondents’ top two natural challenges posed by the physical environment to their farms: free list analysis of mean position and

salience.

Category (etic terms) Frequency

(# of people mentioning)

Percentage

(n = 147) (%)

Mean position

(average rank)

Salience index

Weather 42 29 1.24 0.231

Soil/water management 39 27 1.38 0.192

Precipitation 33 22 1.24 0.181

Weeds/pests/disease 36 24 1.71 0.144

Soil itself (e.g., type) 20 14 1.40 0.097

Conditions/terrain 19 13 1.58 0.082

Climate change 16 11 1.44 0.076

TABLE 4 | Research question 1: Climate change-type responses, with frequency and rank in the lists.

Category

(etic terms)

Responses (emic terms) Frequency of

mention

Rank #1 Rank #2

Seasonality Late springs/late frosts/early frosts/cooler summer temps/spring

rains—getting into the field

4 4 0

Events Heavy rains/too much rain at one time/more severe damaging

storms

3 1 2

General/unpredictability Climate change/changing weather patterns/weather change/more

unpredictable weather/uncertain weather

3 1 2

Extremes Extreme weather changes/extremes of temp and

precipitation/excessive dry weather

3 1 2

Timing Rainfall timeframes/timely rain 2 1 1

Other Losses in 2012 and polar vortex effects last winter to tree death 1 1 0

Subtotal 16 9 7
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TABLE 5 | Research question 2: Do respondents anticipate changing farming practices in response to changing weather patterns? Analysis of their responses relative to

other variables: Mean values.

No Don’t know Yes Total sample p-value

Climate: Anticipate changing farming practices in response to changing

weather patterns (no/don’t know/yes)

82 (48%) 50 (29%) 40 (23%) 172 –

Climate: Concern about changing weather patterns (1 “not at all concerned”

to 6 “extremely concerned”)

2.2 3.5 3.8 3.0 ***

Diversification: Outlook on diversifying (3-item composite) (1–6) 2.6 3.1 3.9 3.0 ***

Diversification: Currently diversified (yes/no) 51% 62% 82% 62% ***

Gender: Is one or more women completing the survey? (yes/no) 18% 49% 28% 29% –

Family: Farm inherited/purchased from forebears (yes/no) 49% 56% 36% 48% –

Family: Priority for the farm to be something children/grandchildren can do

for a profession (1 “not a priority” to 6 “high priority”)

3.1 3.9 4.2 3.6 ***

Family: Number of family members in partnership with you on the farm 0.5 0.8 0.5 0.6 –

Family: Likelihood of someone in the next generation to follow in running the

farm (1–3)

1.9 2.2 2.1 2.0 **

Age 62 61 53 59 ***

**p < 0.05, ***p < 0.01.

for example, concern about changing weather patterns, outlook
on diversifying, and likelihood of being diversified at present.
Gender was one area where the “don’t know” respondents stood
out. “Don’t know” respondents were the most likely to be
women, such that the relationship between gender and whether
or not respondents anticipated changing their farming practices
in response to changing weather patterns was statistically
significant (X2

= 13.06, p < 0.001). Women represented only
29% of respondents overall, but 49% of the respondents who
chose “don’t know.” In contrast, women made up just 18%
of the group choosing “no” and 28% of the group choosing
“yes.” “Don’t know” respondents were also the most likely to
expect a family successor to the farm. The patterns associated
with whether respondents anticipated changing their farming
practices in response to changing weather patterns are presented
in Table 5.

Results for Research Question 3: Factors
Shaping Farmers’ Outlooks on
Diversification
Farmers’ Outlooks on Diversification: Correlation and

Regression Analysis
Pearson correlation analysis followed by linear regression models
with a forward stepwise procedure were used to identify the

best set of significant predictors of respondents’ outlooks on

diversifying. Results of in Table 6. The independent variables
included in the full regression model were those that pertained

to respondents’ perspectives on climate change, and their gender,

age, and family involvement in the farm. The dependent variable

was the composite “outlook on diversifying” (see section Analysis
of “don’t know” or uncertain responses to research question
2: Farmers’ intentions to adapt to climate impacts). In these
models, gender was not associated with respondents’ outlooks
on diversifying. Respondents’ outlooks on diversifying were
correlated with whether their qualitative response mentioned a

feature of climate change (p < 0.10), but in regression models
this relationship was not significant.

The farm currently being diversified was most predictive of an
increased outlook on further diversifying [r = 0.437, p < 0.001;
beta = 0.874, t(149) = 4.70, p < 0.001]. The other significant
predictors involved respondents’ perspectives on climate change,
family involvement in the farm, and their ages. The anticipation
of changing farming practices due to changing weather patterns
[r = 0.386, p ≤ 0.001; beta = 0.253, t(149) = 2.04, p = 0.048],
concern about changing weather patterns [r = 0.327, p < 0.001;
beta = 0.124, t(149) = 1.96, p = 0.052], and placing a higher
priority on the farm’s ability to employ descendants predicted a
more favorable outlook toward further diversifying [r = 0.338,
p < 0.001; beta = 0.161, t(149) = 3.20, p < 0.01]. Younger
respondents also had a more favorable outlook on diversifying
[for every year of age r = −0.350, p < 0.001; beta = −0.017,
t(149) =−2.58, p= 0.011].

Farmers’ Outlooks on Diversification: Cluster Analysis
Conducting a cluster analysis on the three parameters that
represented respondents’ perspectives on climate change and
diversification revealed three cluster centers. The parameters
used in the analysis were: 1. Concern about weather, 2.
Anticipating changing practices due to weather, and 3.
Outlook on diversifying. Results of the cluster analysis are
presented in Table 7. Only three of the variables tested
were not statistically different between clusters. Those
that were not significant were gross farm income, acreage
operated, and whether the farm raised livestock/poultry
and/or meat/eggs/dairy. Those that were significantly different
between clusters were: concern about changing weather
patterns, anticipating changing farming practices in response
to changing weather patterns, outlook on diversifying, whether
the farm was currently diversified, gender, whether the
respondent was farming an ancestor’s farm, how much
priority the respondent placed on the farm’s ability to
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TABLE 6 | Research question 3: Outlooks on diversifying: Correlated variables, coefficients, and levels of statistical significance (n = 179).

Parameter Correlation (r) Full regression (Beta) Final regression (Beta)

Intercept – – 2.178 *** 2.139 ***

Diversification: Farm is currently diversified 0.437 *** 0.882 *** 0.874 ***

Climate: How concerned are you about changing

weather patterns where you are?

0.327 *** 0.075 – 0.124 *

Climate: Do you anticipate changing farming practices in

response to changing weather patterns?

0.386 *** 0.251 * 0.253 **

Climate: Write-in response denoted an effect of climate

change

0.141 * −0.096 – – –

Family: Priority for farm to be something that

children/grandchildren can do for a profession

0.338 *** 0.202 *** 0.161 ***

Family: Number of family members in partnership with

you on the farm

−0.046 – −0.101 – – –

Family: Likelihood of someone in the next generation to

follow in running the farm (1–3)

0.142 ** – –

Gender: Women 0.093 – 0.047 – – –

Age −0.350 *** −0.016 ** −0.017 **

*p < 0.10, **p < 0.05, ***p < 0.01.

TABLE 7 | Research question 3: Outlooks on diversifying: Results of cluster analysis to characterize respondents’ perspectives on climate change and farm product

diversification: Mean values for variables used in cluster creation and for other variables compared by cluster.

Cluster Total sample p-Value

1 2 3

Number of cases 56 (31%) 42 (23%) 81 (45%) 179 –

Variables used in cluster creation

Climate: How concerned are you about changing weather patterns where

you are? (1 “not at all concerned” to 6 “extremely concerned”)

4.8 2.2 2.0 3.0 ***

Climate: Anticipate changing farming practices in response to changing

weather patterns (1 = No, 2 = DK, 3 = Yes)

2.2 2.0 1.3 1.8 ***

Diversification: Outlook on diversifying (3-item composite) (1–6) 3.6 4.3 1.9 3.0 ***

Other variables compared by Cluster

Diversification: Currently diversified (1 = yes, 0 = no) 9.80 0.79 0.36 0.60 ***

Gender: Is one or more women completing the survey? (1 = yes, 0 = no) 9.40 0.28 0.22 0.29 **

Raises livestock/poultry or meat/eggs/dairy (1 = yes, 0 = no) 9.41 0.50 0.32 0.39 –

Family: Farm inherited/purchased from forebears (1 = yes, 0 = no) 0.36 0.49 0.57 0.48 **

Family: Priority for the farm to be something children/grandchildren can do

for a profession (1–6)

3.9 4.3 3.0 3.6 ***

Family: Number of family members in partnership with you on the farm 0.6 0.6 0.6 0.6 –

Family: Likelihood of someone in the next generation to follow in running the

farm (1–3)

2.2 2.1 1.9 2.0 –

Acreage operated (acres) 236 609 215 320 –

Acreage operated (log10) 1.79 2.10 1.83 1.88 –

Gross farm income (1–9)

3 = $10,000–$49,999

4 = $50,000–$149,999

5 = $150,000–$349,999

3.5 4.5 3.6 3.8 –

Age (years) 58 53 64 59 ***

**p < 0.05, ***p < 0.01.

employ descendants, and respondent age. Here, we describe
the clusters.

Cluster 1 and Cluster 3 represent the poles. Farms in Cluster
1 were concerned with climate change. Their concern was high
enough for their median response to be 5 on a scale of 6
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(“concerned”), while in the other clusters the median level of
concern was only 2 (“slightly concerned”). Cluster 1 farms were
diversified (80%) and inclined to diversify further. Farms in
Cluster 1 were most likely to have a woman respondent (40% of
respondents relative to 28%/22%). Cluster 1 farmers were least
likely to have inherited/purchased their farms from forebears
(only 36% relative to 49%/57%).

Cluster 3 was the largest grouping, representing 45% of the
sample. Cluster 3 tended to contain non-diversified farms (64%)
with older operators. Cluster 3’s mean operator age was 64,
which in the other clusters was 58 and 53, respectively. Cluster
3 demonstrated the least concern with climate change and least
inclination to adapt by diversifying (2 on a scale of 6).

The patterns for Cluster 2 were distinctive from those
demonstrated by the other clusters and the regression analysis.
In Cluster 2, concern over climate change was nearly as low as
among the non-diversified farms that characterize Cluster 3. But
diversified farms predominated in Cluster 2 (79% diversified)
and Cluster 2 indicated the most favorable outlook among all
clusters in diversifying further (4.3 on a scale of 6). Cluster 2
was also the youngest. This cluster placed the most emphasis
on family: the farm being able to employ descendants was the
highest priority among this cluster. The median response on this
scale was high−5 on a scale of 6. Thus, the group that wanted
the most for the farm to be able to employ family descendants
had low concern with climate change, and yet they were the most
open, among all respondents in the sample, to implementing one
climate adaptation by further diversifying outputs.

DISCUSSION

These farmers as a group indicated only “somewhat” of a
concern about changing weather patterns, such that nearly
half of respondents (48%) did not expect to modify their
farming practices in response to a changing climate. Even
though this was the pattern for the group as a whole, subsets
of respondents were more open to adapting their farming
operations to climatic shifts, and subsets were inclined to
diversify their products. Farmers who were more concerned
about climate change, younger farmers, and those who had the
most hope that their farms would employ their descendants
showed the most inclination to adapt by diversifying. Here,
we will explore aspects of the social-ecological farm systems
that respondents are managing, and how these relate to
their perspectives on climate adaptation. First we look at
farmers’ ecological challenges, and then two aspects of the
social and family life of the farm, by looking at how
gender and family relations distinguished the subgroups among
the respondents.

Salience of Climate Change in Farmers’
Qualitative Responses
The first research question we explored was: Relative to
other environmental factors, how salient of a challenge is
climate change and climate-related impacts to farmers? The
data came from a qualitative item in the survey, in which

respondents listed the physical challenges their farms face.
Results are presented in Results for research question 1:
Salience of climate change relative to other environmental
factors and in Tables 3, 4, and Supplementary Table 1. Climate
change made up part of the “weather/climate/precipitation”
category that was mentioned most often. When we pulled
the features of climate change from this broader category to
assess them on their own, climate change itself continued
to represent a leading type of biophysical challenge. Climate
change features were listed by only 11% of respondents,
and yet, looking across all respondents’ lists, the mean
position of climate change in the lists outranked the
immemorial challenges to agriculture of weeds/pests/diseases
and terrain/conditions.

The specific climate change challenge that farmers listed the
most was a shift in the timing of when seasons begin and end.
The terms respondents used to express these seasonal shifts
and other ways in which climate change challenges their farms
are presented in Table 4. For example, their terms for seasonal
shifts included “late springs,” “late frosts,” “early frosts,” “cooler
summer temps,” and “spring rains—getting into the field.”
The other climate change characteristics they listed referred to
weather events, unpredictability, extremes, the timing of rain,
and generally changing weather patterns. The farmers’ terms,
listed in Table 4, suggest terminology to consider using in future
inquiry in this region. These findings respond to calls for research
to employ qualitative approaches (Soubry et al., 2020) to specify
US farmers’ firsthand observations about climate effects in their
own words (Morton et al., 2015; Asplund, 2016; Doll et al.,
2017; Wiener et al., 2020). Smaller qualitative inquiries such
as this one can then inform larger confirmatory approaches to
linking farmers’ views of climate impacts to their perspectives
on mitigation and adaptation measures (Arbuckle et al., 2013a;
Liu et al., 2014). For the purposes of our inquiry, this set
of responses allowed the analysis to begin by specifying some
environmental factors that might inform farmers’ views of
adaptive and mitigative practices in this region (Clarke, 2013;
Mase et al., 2017; Schewe and Stuart, 2017; Gardezi and Arbuckle,
2018; Fletcher et al., 2020).

Farmers’ Intentions to Adapt to Climate
Impacts Generally
We next examined our related questions of: Do farmers intend to
adapt to climate impacts generally? and What factors shape their
use of farm product diversification? The findings underscore the
personal relationships that commonly go into operating a farm,
and how these relationships might inform farmers’ outlooks on
adopting climate-adaptive practices. When asked whether they
thought they would change their farming practices in response to
changing weather patterns, 23% percent of respondents thought
that they would change their farming practices, 48% thought
that they would not, and 29% didn’t know (Table 2). Here,
we examine those three separate subgroups of respondents
according to their inclination to adapt practices. We begin with
the sizeable number of respondents who responded that they
didn’t know whether they would adapt practices. Those whose
futures seemed more known to them are discussed below in the
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results of the cluster and regression analyses in section Factors
that shape farmers’ outlooks on farm product diversification.

Similar to prior work which has emphasized farmers’
uncertainty about future climatic conditions and thus also their
responses to them (Morton et al., 2017), numerous respondents
(29%) used the “don’t know” option when asked whether they
anticipated changing their farming practices in response to
changing weather patterns. The fact that more than one in
four respondents selected this option may indicate uncertainty
as a construct to continue to explore in research and service
provision. “Don’t know” was the response that women selected
the most, statistically more than men (X2, p = 0.001), but
responses to this item were not predictive of a respondent’s
gender (F-test, p = 0.103). Women made up only 29% of the
total sample but were 48% of the respondents who didn’t know
whether they would adapt practices to changing weather patterns.

If we consider the “don’t know” response as an expression of
uncertainty or an openness to potentially adapting agricultural
practice, then perhaps women indicated more openness than
men to the possibility of climate adaptation within their farming
operations. In some ways, this conclusion is supported by the
sociological research on public climate change views, which finds
that when compared to men, women are often more supportive
of, or at least less willing to resist, taking action on climate
change (McCright and Dunlap, 2011; McCright et al., 2016).
Related research in agriculture has found similar patterns (Liu
et al., 2014). On the other hand, it may be that some women
selected this response because the farm’s management practices
are more within the man’s realm of decision-making, and not
theirs, as can be common within North American agriculture
(Perry and Ahearn, 1994; Fletcher and Knuttila, 2016). After all,
“don’t know” was the response that women chose the most and
men chose the least. This pattern could reflect the dominant
division of labor in farm women’s and farm men’s domains of
decision-making (Reinsch, 2009; Bee et al., 2013; Eriksen, 2014).

The uncertain respondents were also the subset most likely
to expect a family successor to the farm. Therefore, it’s possible
that people who chose “don’t know” were reluctant to indicate a
preference, knowing that the next generation would be making
those decisions about their farm. They also may have been
uncertain of their successor’s perspective on climate adaptation.
Future adaptive practices may have been less certain for
farmers who anticipated more family involvement in the farm
going forward.

Factors That Shape Farmers’ Outlooks on
Farm Product Diversification
The final two analytical approaches focused on one particular
category of adaptation to climate change, product diversification.
Farmers’ outlooks on diversifying their products made up the
response variable in the regression analysis and was one of three
variables used to structure the cluster analysis. The other two
variables employed in the cluster analysis were inclination to
adapt practices generally and farmers’ concern about climate
change. Gender was not a statistically significant variable in
the regression analysis; however, comparisons between the three

clusters identified by cluster analysis did find significant or
marginal gender differences (F-test p = 0.03, X2 p = 0.081).
Women were most likely to fall into Cluster 1 and men were
most likely to fall into Cluster 3. Cluster 1 was concerned about
climate change, likely to be diversified already and to adapt
practices, and unlikely to operate an ancestral farm. In contrast,
Cluster 3 was only “slightly” concerned about climate change,
not inclined to diversify, and likely to be operating an ancestral
farm. These distinctions between women’s and men’s patterns
elicited by two of our three analytical approaches suggest an
area for further and in-depth exploration, as research continues
into North American farm families’ prospects for implementing
mitigation-adaptation practices.

Related to these findings around gender, a call for a more
deliberate incorporation of gender into this context is found
in the framework. Walker et al. (2019) provide for examining
climate hazards in the global rural North in relation to
intersectionality. This framework provides a guide for focusing
on social identity categories such as gender, class, age, race,
and ethnicity to understand the social, ecological and economic
dimensions of climate risks and disasters. An even broader call
is to incorporate a gender perspective into all climate research
and intervention “in order to ensure that the concerns of all
are addressed and that gender inequalities are not perpetuated
through institutional means,” a process referred to as gender
mainstreaming (Alston, 2014, p. 287; Glazebrook et al., 2020).
The role of gender among the subgroups in our sample is one
aspect of the relational factors we turn to next.

Among the third subgroup from the cluster analysis, Cluster 2,
concern with climate change was low and interest in diversifying
was high. This pairing of characteristics diverged from the
predominant pattern found by regression analysis, which was
that concern with climate change, and intent to adapt practices,
were predictive of a more favorable outlook on diversifying
products. Nearly a quarter of farms fell into Cluster 2 (23%),
mainly younger respondents who operated the most land. We
could certainly attribute this cluster’s inclination to further
diversify to the fact that this group already produced diversified
outputs. This would align with research that has found that
diversified farmers expect to further diversify in response to
climate pressures (Roesch-McNally et al., 2018) and that farmers
generally expect to increase their use of current management
practices in response to predicted climate change (Roesch-
McNally et al., 2016). Cluster 2’s interest in diversifying alongside
their low concern about climate change could resemble other
studies’ findings that farmers’ adaptive practices have less to do
with climate change and more to do with management factors
such as profitability, or indicators of self-efficacy and capacity
(Niles et al., 2016).

A second way in which Cluster 2 was distinctive was that
they had the highest hope that the farm would be able to
employ descendants. The high priority that Cluster 2 placed on
family indicates that farms whose considerations for the future
encompass family more than other farms may constitute one
group that is particularly receptive to communications about
implementing adaptive and mitigative agricultural practices.
These findings point to farmers’ hopes for the future and may
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also tie into their hopes for their own legacies more broadly
(Zaval et al., 2015; Grolleau et al., 2020). This pattern relates
to prior research findings that family participation does appear
to predispose farms to adaptations in general (Inwood and
Sharp, 2012) and to diversifying specifically (Suess-Reyes and
Fuetsch, 2016; Valliant et al., 2017). A useful focus for future
inquiries is to further specify how farmers’ current as well
as hoped for levels of family involvement in the farm play
into their perspectives on climate adaptation. This approach to
understanding “individuals-in-relation,” in contrast to individual
farmers alone may better anticipate effects and responses around
climate change (Robinson, 2011, p. 159).

This encouragement by Robinson (2011) to address climate
change in conjunction with relations of care connects to our
exploration above of how gender and intersectionality play
a role in agricultural adaptation and mitigation. Relations of
care that are central within agriculture include interpersonal
care as well as the routines of care that go into farming.
While our instrument asked only about undifferentiated farming
practices, efforts to examine the distinct care practices that
farming involves might specify how farmers view the prospects
of climate change in terms of the activities of care that they
perform. Such activities could encompass preservation, repair,
rebuilding, domestic routines, and care of livestock, crops, and
sources of energy, water, and food (Robinson, 2011; Bruce and
Som Castellano, 2016). To further examine the interpersonal
factors that played a role in our analyses, inquiries could consider
farmers’ networks of relationships and responsibilities. Some
of these core relationships will be among family and/or the
farm’s operators. Recent changes to the US Census of Agriculture
methodology will now facilitate a richer examination of on-
farm relationships through national secondary data, now that
the Census permits respondents to list up to four principal
operators as well as their ages, gender, racial and ethnic identities,
and other information (Pilgeram et al., 2020). Another entry
point to exploring how relations of care intersect with farm
family dynamics and climate adaptation may be to specify the
spousal relations that are common on farms as a foundational
care relationship (e.g., Hansson et al., 2013; Fischer and Burton,
2014; Riley, 2016). In our study, 77% of respondents were
married, 8% widowed, 7% divorced, 6% single, and 2% partnered.
Again, USDA research provides precedent in how its Agricultural
Resource Management Survey incorporates questions about
spousal involvement (USDA-ERS, 2016). Across our analytical
approaches, the importance respondents placed on the farm’s
ability to employ descendants suggests that efforts to research and
promote climate-adaptive agricultural practices might choose to
emphasize factors surrounding family participation in the farm.

To summarize, our analysis focused on exploring some of
the immediate social and ecological factors that may interact
with and shape farmers’ outlooks on adaptive practices, and their
capacity to adopt them. To orient our focus on farmers’ situations
in this 30-county region, we led by coding the respondents’
lists of the greatest natural, physical challenges faced by their
farms. The objective of this exercise was to explore whether
and how farmers would mention some regional climate change
effects and ecological patterns that inform their outlooks. The

effects of climate change did present as a salient category in
the lists overall, and the exercise elicited local terminology for
use in follow-up inquiry, for example these farmers’ attention
to shifting seasonality. Women indicated more openness to
adapting practices to climate change. A final finding overall
was that regardless of gender, farmers who hope for more
family involvement in the farm are also more open than
others to adapting practices and to diversifying their agricultural
products. Specific to product diversification, an adaptation that
helps to build food systems and ecological, economic, and
social resilience, we find younger operators who intend for
the farm to employ their descendants may be more open
than others to diversifying products. Thus, on farms where
future family involvement is more welcomed, farmers may be
more open to adaptive and potentially mitigative actions. Farm
businesses whose considerations for the future encompass family
more than other farms may constitute a particularly receptive
group to communications about adaptation and mitigation.
This finding lends support to efforts to segment Corn Belt
farmers so that Extension and other service providers might
tailor their communications around climate change to emphasize
certain persuasive themes based on particular farming audiences
(Arbuckle et al., 2014, 2017). The influence of family in these
findings also lends support to previous encouragement for
climate change research and communications to emphasize the
relationships and practices of care that go into farming, and
among family members of the farm enterprise.

Limitations
These introductory findings represent the survey responses of
179 farmers in one 30-county area of the American Midwest.
We expect that some of their views are specific to place,
especially those presented in section Results for research question
1: Salience of climate change relative to other environmental
factors. Further, the respondents were drawn through a two-
pronged selection strategy that combined a random sample of
farms that did participate in USDA-FSA programs with a second
set of farms that did not participate in USDA-FSA programs.
This strategy aimed to oversample from food producers and
farms that add value to their products, to compare their views to
those of farmers whose farms were not diversified. The purpose
of this strategy was to explore farmers’ views of diversifying
products in relation to their views of climate change. Our
samplingmay generally represent the population of smaller, more
diversified farms.

Shortcomings of our analysis illustrate ways in which we
would revise some approaches in follow-on research. First,
we would reconsider how we operationalized the definition of
diversified farms. We sought to apply a definition we heard
farmers using in the field. In the future we would experiment with
a definition whose ecological implications for the farm system are
more apparent. Second, we would explore revising some of the
language we used for survey items, either to leave the emotion
out of them, or to offer respondents more of an emotional
range. We are aware that the effects of climate change can
remain abstract and unable to evoke an emotional response until
they become concrete (Weber, 2006). An emotional response
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to climate change may increase in relevance as individuals have
proximate interactions with the effects (Haden et al., 2012; Lane
et al., 2019). In hindsight, we wonder if using the term “concern”
made one item emotionally or politically charged in a way
we did not intend: “How concerned are you about changing
weather patterns where you are?” An alternative could be to
flip the sentiment to evoke a positive emotion by instead using
questions about “security” (Moosa and Tuana, 2014). Similarly,
other studies of farmers about climate concern and climate risk
have complemented those items with others about opportunities
and benefits that may arise from a changing climate (Haden et al.,
2012; Niles et al., 2013). We would also ask about gender more
clearly, by asking respondents to log the number of women and
the number of men who were responding to the survey and
provide more options for gender-non-conforming respondents.
Our analysis would have been strengthened by a more critical
and inclusive approach to understanding how gender expression
and sexual identity shape farming relationships, family dynamics
and decision-making (Leslie et al., 2019). Another item we might
revise, to ensure it is no longer potentially double-barreled
(Schutt, 2014), is “Do you anticipate changing your farming
practices in response to changing weather patterns?” As we
saw in the analysis of farmers’ write-in lists, separating farmers’
inclination to implement adaptive practices from the specter
of climate change as the motivation for those adaptations will
further clarify how better to communicate with farmers and
incentivize practices to build the adaptive capacity of agriculture.
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