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The U.S. Midwest is a major producer of grain, meat, dairy, eggs, and other

major agricultural commodities. It has also been increasingly impacted by climate

change-related extreme weather over the last decade as droughts, extreme rains,

floods, and, most recently, a severe derecho have damaged crops, livestock, and

livelihoods. Climate and agricultural scientists and other stakeholders are concerned

that without major shifts away from degrading practices toward regenerative systems,

long-term sustainability will be compromised. We used cumulative logistic regression to

analyze data from a 2020 survey of 1,059 Iowa farmers to examine (1) how farmers

are adapting to increasingly variable and extreme weather-related to climate change

and (2) whether selected factors were associated with different kinds of adaptive

(e.g., increased use of cover crops) or potentially maladaptive (e.g., increased use of

pesticides) actions. Our results found that many farmers have been taking adaptive

and maladaptive actions. Stewardship ethics, attitudes toward adaptive action, and

integration in conservation-related networks were consistent, positive predictors of

increases in adaptive practices. On the other hand, faith in crop insurance as a

coping strategy, farm scale, and other factors were associated with some maladaptive

actions, with several positive predictors of adaptation also being positive predictors of

maladaptation, use of pesticides and drainage in particular. This research contributes

to the growing literature on climate risk management and adaptation in agricultural

landscapes by providing empirical evidence of the factors related to farmers’ adaptive

and maladaptive actions.
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INTRODUCTION

A large body of research indicates that since the middle of the nineteenth century,
the world has warmed (Rosenzweig and Parry, 1994; Loeb et al., 2002; Schlenker and
Roberts, 2009; Wuebbles et al., 2017). The annual average temperature is increasing
continuously, and the frequency, intensity, and seasonal patterns of temperature, precipitation,
and other extreme climate-related events have been observed (Wuebbles et al., 2017).
These climate change-related extreme weather events continuously affect people’s livelihoods
across the globe (Barnes et al., 2020). The agriculture sector is one of the sectors
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most affected by climate change and extreme weather events
(Zhang et al., 2020). Agriculture in the U.S. and globally has
already begun to be affected by these changes, and impacts
are believed to continue in the future (Porter et al., 2015),
challenging global food system sustainability. The Midwestern
U.S. Corn Belt contributes substantially to this system as this
region is a major producer of grain, meat, dairy, eggs, and other
major agricultural commodities (U. S. Department of Agriculture
National Agricultural Statistics Service, 2019a). But the region
is vulnerable to climate change-related extreme weather events
(IPCC, 2007; Walthall et al., 2013). Over the last several decades,
the U.S. Midwest has been affected by climate change in several
ways, including lengthening growing seasons, more annual
precipitation, increased extreme rainfall events, and increased
warmer days (Doll et al., 2017). These trends and patterns
are predicted to continue and worsen (Walsh et al., 2011),
affecting farm yields (Walthall et al., 2013). Due to the sensitivity
of agricultural productivity and costs of changing climate
conditions, U.S. agriculture faces unprecedented challenges from
climate change and extreme weather conditions (Walthall et al.,
2013), necessitating adaptive responses from farmers.

Iowa is one of the main agricultural and grain production
states in the U.S. Midwest. With more than 85% of its land base
(>12 million hectares) used for agriculture (Figure 1), the state
regularly leads the U.S. in the production of corn, soybeans,
eggs, and pork (U. S. Department of Agriculture National
Agricultural Statistics Service, 2019a). While climatic conditions
(the average annual temperature ranges from 7.2◦C in the north
to 12◦C in the southeast, and the annual average precipitation is
around 863mm) and soil quality have made Iowa’s agriculture
highly productive (Takle and Gutowski, 2020), global climate
change-related impacts such as early-season rainfall, intense
precipitation, increased humidity, and increased flash flooding
threaten that productivity (Hatfield et al., 2020; Takle and
Gutowski, 2020). Most recently, a severe climate change-related
derecho damaged an estimated 3.5 million acres of corn and
2.5 million acres of soy in the state (Halverson, 2021). This
windstorm was the costliest in U.S. history and caused an
estimated $7.5 billion in damages (Halverson, 2021).

To cope effectively with these impacts of climate change
and extreme weather, farmers need to respond with effective
adaptation strategies (Mase et al., 2017; Barnes et al., 2020).
Adaptation is defined as “actions to prepare for and adjust to
new conditions thereby reducing harm or taking advantage of
new opportunities” (Melillo et al., 2014). To face challenges posed
by climate change, it is imperative that farmers have the capacity
to respond effectively to weather variability and its impacts in
ways that reduce risk and vulnerability. Throughout history,
farmers have adapted to changes in climate and extreme weather
(Lengnick, 2015). These adaptive behaviors of farmers offer the
potential to address changing climate and weather extremes by
adjusting, modifying, or changing farm operations to maximize
productivity while minimizing the costs and adverse ecological
effects (Gornall et al., 2010; Walthall et al., 2013). Farmers’
adaptation strategies can include both short-term and long-term
changes to their farm activities (Walthall et al., 2013), such
as new or improved land use and management practices that

respond to changes in climate and extreme weather to reduce
the vulnerability. For example, farmers can plant cover crops
to help protect cropland soils from erosion and improve soil
and water quality. Similarly, reduced or no-till practices that
leave 70% or more of the soil surface is covered with crop
residue can also reduce soil erosion and surface runoff (Walthall
et al., 2013; Thompson et al., 2014). Structural adaptation
practices such as terraces, grassed waterways, and contour
buffer strips can help stabilize stream banks, potentially reduce
flooding, and settle sediments (Walthall et al., 2013; Thompson
et al., 2014). These practices may also increase wildlife habitat
and biodiversity, sequester carbon, and reduce greenhouse gas
emissions (Thompson et al., 2014).

Not all actions taken in response to climate change are
adaptive. However, some practices may lead to increased
vulnerability over time instead of reducing it. Such changes
are referred to as maladaptation, “. . . a process that results in
increased vulnerability to climate variability and change, directly
or indirectly, and/or significantly undermines capacities or
opportunities for present and future adaptation” (Magan, 2014,
p. 3). Scheraga and Grambsch (1999) stated that “maladaptation
can result in negative effects that are as serious as the climate-
induced effects being avoided.” Therefore, instead of reducing
vulnerability, maladaptation can increase vulnerability (IPCC,
2001; Magan, 2014). For example, installation of agricultural
drainage systems, a major adaptive response to increased
precipitation, might show positive impacts at the farm level, but
may have negative off-farm impacts on common-pool resources
by increasing nutrient leakage and water quality impairment
or decreasing biodiversity (Castellano et al., 2019; Neset et al.,
2019). Other practices with potentially maladaptive properties
include tillage in response to wet and cool springs, which can
result in increased nutrient leakage, soil erosion vulnerability,
and GHG emissions (Neset et al., 2019; Takle and Gutowski,
2020) and use of pesticides to combat climate-related increases in
pest and weed pressure, which can lead to evolution of pesticide-
resistant insects and weeds (Beckie et al., 2019; Neset et al., 2019;
Zinyemba et al., 2021). These examples of maladaptation suggest
that studies of agricultural adaptation to climate change and
extreme weather should examine both potentials for increasing
socio-ecologically and economically beneficial adaptations and
avoiding maladaptation to climate change (Magan, 2014; Doll
et al., 2017).

Farmers’ adaptation has the potential to reduce vulnerability
through the implementation of soil and water conservation
practices, incorporation of perennial crops, and avoidance
of maladaptive actions. However, adaptive capacities and
behaviors may be influenced by numerous factors such as
access to financial, knowledge, and technical capacity, and
other facilitating resources, and contextual factors such as
institutional and governance systems (Brown and Westaway,
2011). Climate change and agricultural scientists and other
stakeholders are concerned that without major shifts away from
degrading practices and toward regenerative ones, long-term
sustainability will be compromised. Several studies have looked
into relationships between farmers’ beliefs, perceived risks, and
their attitudes toward potential adaptive andmitigative responses

Frontiers in Climate | www.frontiersin.org 2 June 2021 | Volume 3 | Article 677548

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


Upadhaya and Arbuckle Farmers’ Climate-Adaptive & Maladaptive Actions

FIGURE 1 | Land use and land cover map of the state of Iowa (Source 2016 National Land Cover Database).

to climate change (Arbuckle et al., 2013a, 2014; Gramig et al.,
2013; Burke and Emerick, 2016; Singh et al., 2020). Few studies,
however, have examined factors affecting the actual adoption
of adaptive management practices (Jones et al., 2013; Niles
et al., 2013; Burbi et al., 2016; Jørgensen and Termansen, 2016;
Schattman et al., 2016). To help address this gap, this study

examines (1) whether farmers in the Midwestern U.S. state of

Iowa have been taking steps to adapt their farm operations

to increasingly variable and extreme weather, and (2) seeks to

identify factors associated with those changes in agricultural

management strategies—both adaptive and maladaptive. Given

the major contribution of Iowa and its neighboring states in

the fertile “Corn Belt” region to global food and feed supply, it

is important to understand how the state’s farmers have been
adapting or maladapting to increasingly negative impacts of
climate change on agricultural productivity (USGCRP, 2018).

METHODS

Data
The sample for this study is the 2020 wave of Iowa Farm and
Rural Life Poll (IFRLP). The IFRLP is an annual statewide survey
of Iowa farmers conducted by Iowa State University Extension
and Outreach (Arbuckle, 2020). The 2020 survey was sent to
1,339 farmers. Fourteen cases were found to be ineligible for
the survey (i.e., they were retired or deceased), and useable
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surveys were returned by 1,059 farmers for a response rate of
80%. Comparisons to the 2017 Census of Agriculture for Iowa
show that respondents have farms that are somewhat larger
scale than the average Iowa farm, with a sample mean of 232
hectares compared to the 144-hectare average for all Iowa farms
(U. S. Department of Agriculture National Agricultural Statistics
Service, 2019a, p. 396). This suggests that our sample is biased
toward farms that are larger than the USDA average for Iowa.
We view this bias toward larger-scale farmers as potentially
positive for two reasons. First, Census of Agriculture farm size
estimates are biased downward because USDA defines a farm
as “. . . any place from which $1,000 or more of agricultural
products were produced and sold, or normally would have been
sold, during the census year” (U. S. Department of Agriculture
National Agricultural Statistics Service, 2019b). In Iowa, this
inclusion criterion resulted in a census population in which 29%
of farms reported <$2,500 of gross farm sales (GFS). Thus,
our sample is likely more representative of farms that actually
contribute to overall net household income. Relatedly, larger-
scale operations farm a disproportionate amount of land in
Iowa; for example, in 2017, farms with more than 200 hectares
represented about 22% of Iowa farms, yet they operated 72%
of the farmland area (U. S. Department of Agriculture National
Agricultural Statistics Service, 2019a, p. 232). Given our research
focus on the adoption of adaptation and maladaptation practices,
a better understanding of larger-scale farmers’ adaptive capacity
and behaviors will allow us to offer perspectives that will be
relevant to a greater proportion of the agricultural landscape.

Variables in the Model
Our research is guided by the research questions: (1) are
Iowa farmers undertaking key adaptive and maladaptive actions
in response to changing climate and weather extremes, and
(2) what factors predict that behavioral change? Our analysis
focuses primarily on the relationships between key demographic,
cultural, social, economic, and institutional characteristics and
actual adaptation and maladaptation behaviors.

Dependent Variables
We considered both adaptive and maladaptive practices as
dependent variables for our analysis. We provided a list of
selected adaptive and maladaptive practices preceded by the
following introductory text: “Iowa has experienced increasingly
variable weather such as unusually wet springs, more intense
rainfall, floods, and drought that has impacted farming. In the
last 10 years, have you made any changes to the following types
of management operations in response to weather variability and
its impacts?” Four adaptive practices (1) Use of cover crops, (2)
Use of no-till, (3) Structural, in-field conservation practices such
as terraces, grassed waterways, and contour buffer strips; and (4)
Structural, edge-of-field conservation practices such as buffer strips
along streams that are commonly considered to be effective in
reducing farmland vulnerability to climate change and weather
extremes (Thompson et al., 2014; Moore, 2021) were included
in the analysis. Three potentially maladaptive practices were
also included: (1) Use of pesticides (insecticides, herbicides, or
fungicides), (2) Installation or renovation of agricultural drainage

(tile, ditches, etc.), and (3) Use of Tillage. Although the use of
pesticides can have yield protection benefits over the short term,
over-reliance on pesticides is leading to a global crisis as pest
populations are evolving resistance (Beckie et al., 2019), so we
categorized increased use of pesticides as maladaptive. Similarly,
the use of agricultural drainage is an important adaptation
to increasingly extreme precipitation because it protects or
enhances yields by hastening the movement of excess water from
fields, but it can also significantly increase nutrient losses into
waterways and off-farm water quality degradation (Castellano
et al., 2019). Tillage may be employed to dry and warm
soils more quickly in response to increasingly wet and cool
springs, enhancing plant germination and growth (Al-Kaisi,
2019), yet tilled soils are vulnerable to soil erosion and soil
carbon degradation, leading to negative impacts both on-farm
(soil degradation) and off-farm (GHG emissions, sediment loss
into waterways) (Lal, 2019); thus we also categorized tillage
as maladaptive behavior. The survey asked farmers to indicate
whether they had made changes on a five-point scale ranging
from major decrease (−2), moderate decrease, (−1), no change
(0), moderate increase (1), to major increase (+2).

It is important to note that the actual magnitude of the
reported increases and decreases is unknown. Due to space
considerations, the survey did not ask farmers to report the
degree to which they had been using the practices at the outset
of the recall period. Thus, the relative magnitude of moderate
or major increases or decreases was subjective and depended on
the farmers’ perspectives. In addition, the responses could also be
biased upward or downward by social desirability biases.

Independent Variables
Agricultural systems are human-dominated ecosystems; their
vulnerability to climate change and weather extremes are
strongly dependent not just on the biophysical effects of climate
change and weather extremes but also on farmers’ willingness
and capacity to change behaviors in response to changing
climate and weather extremes (Walthall et al., 2013). Therefore,
we included different variables measuring attitudes, perceived
motivations and barriers, trusted sources of information about
climate change, values, beliefs, and other socio-demographic
characteristics. The selection of variables was based on a review
of the major factors influencing the adoption of conservation
practices (Prokopy et al., 2008, 2019), and was guided by
Smit and Skinner (2002) typology of agricultural adaptation to
climate change, which includes (1) farm production practices,
(2) technological development, (3) farm financial management,
and (4) government programs and insurance. The descriptive
statistics of independent variables used in the model are
presented in Table 1.

Trusted Sources of Information on Climate Change
The first set of variables in the model measured farmers’
trusted sources of information about climate change. Diffusion
of innovations theory (Rogers, 2003) poses that information
sources shape individuals’ initial and evolving knowledge and
perceptions of a problem or innovation. Research has shown that
access to climate change information is central to adaptation
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TABLE 1 | Independent variables included in the analysis and their descriptive statistics.

Variables Description Min Max Mean SD

TRUSTSCIENCE Trust in science-oriented entities as a climate information source 1 5 3.21 0.79

TRUSTAGRIBUSINESS Trust in agribusiness as a climate information source 1 5 3.13 0.73

STEWARDMOTIV Stewardship motivations for practice adoption 1 5 4.02 0.67

REGMOTIV Regulation motivations for practice adoption 1 5 3.00 0.86

SOCMOTIV Social motivations for practice adoption 1 5 2.57 1.01

WILDLIFEVALUES Wildlife values 1 5 3.30 0.73

AGRONCAPAC Perceived agronomic capacity 1 5 2.85 0.88

ECONCAPAC Perceived economic capacity 1 5 3.38 0.73

FINCAPAC Financial capacity 1 5 2.78 0.67

CROPINSCAPAC Crop insurance capacity 1 5 2.90 0.79

CONCERN Concern about climate change’s impacts 1 5 3.43 0.83

TECHNOOPTIMISM Techno optimism 1 5 2.74 0.97

ADAPTATT Farmers’ attitudes toward adaptation 1.2 5 3.42 0.54

ADAPPOLICY Attitudes toward adaptation policy 1 5 3.30 0.78

COSTSHARE In the last 10 years have you received cost share to help you fund conservation practices? 0 1 0.49 0.50

INVLVWATERSH Are you involved in organized watershed management activities? 0 1 0.19 0.39

OPINIONLDR Opinion leadership 1 5 2.75 0.73

AGE What is your current age? 20 94 64.33 12.05

GENDER Are you (0) Female or (1) Male? 0 1 0.92 0.27

EDUC What is the highest level of education you have completed? 1 6 3.37 1.20

GFS Which category best represents your gross farm sales for 2019? 1 10 6.01 2.20

SUCCESSORIDENTI Have you identified a successor who will eventually take over management of your farm operation? 0 1 0.45 0.50

and mitigation (Moser and Ekstrom, 2010), and trust in
information sources can shape farmers’ attitudes toward adaptive
and mitigative actions (Arbuckle et al., 2015). Following the
prompt, “thinking about the following agencies, organizations,
and groups, how much do you trust or distrust them as sources
of information about climate change and its potential impacts?”
farmers were provided a list of entities and asked to rate them
on a five-point scale ranging from strongly distrust (1) to
strongly trust (5). Two summated scales were constructed by
adding the items for each scale and dividing the sum by the
number of items. The first scale, “TRUSTSCIENCE,” represents
three science-oriented information sources (1) scientists, (2)
university extension, and (3) soil and water conservation
organizations. The Cronbach’s alpha reliability coefficient, a
measure of internal reliability for a scale (Field, 2009) value
was 0.79. The second scale, “TRUSTAGRIBUSINESS,” represents
(1) Agricultural retailers/crop advisers, (2) Crop insurance
agents/providers, (3) Agribusiness companies (Cronbach’s alpha
= 0.77). Following results from previous research on predictors
of Iowa farmers’ attitudes toward adaptation (Arbuckle et al.,
2015), we anticipate that trust in science-oriented groups will be
positively related to adaptation actions, and trust in agribusiness-
oriented groups will be a negative predictor, and relationships
with maladaptive practices the reverse.

Conservation Motivations
A set of three variables measures factors that motivate farmers
to incorporate conservation practices into their farm operation.

Conservation ethics and other motivational factors have been
of increasing interest as potential determinants of soil and
water conservation practices (Prokopy et al., 2019); thus, we
included measures of multiple motivational dimensions. Soil
and water conservation motivations were measured through a
set of 23 survey items preceded by the text, “Thinking about
the conservation practices that you have used in your farm
operation over the years, please rate how important the following
reasons have been in your decisions to use them?” The response
categories were a five-point importance scale ranging from not
important at all (1) to very important (5). The 23 items formed
three summated scales measuring three types of motivations:
stewardship, regulatory, and social normative.

The stewardship motivations scale (STEWARDMOTIV)
comprises 13 items (Cronbach’s alpha = 0.93). The wording
of the items were as follows: “to maintain or improve soil
health; it is the right thing to do; to protect the land for
the next generation; due to my stewardship ethics; to increase
soil organic matter; to avoid polluting streams, rivers and
lakes; to protect my investment in the land; to control soil
erosion; to keep chemicals and nutrients on the farm; to
reduce my operation’s environmental impact; to maintain or
enhance productivity; to adapt my operation to increasingly
extreme weather; and, feel responsible to earlier generations.”
The regulation motivations scale (REGMOTIV) was constructed
from seven items (Cronbach’s alpha = 0.86). The individual
items were: “to ensure eligibility for Farm Bill programs and
payments; to comply with Farm Bill requirements; to prepare
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for programs that reward conservation behavior; to prepare for
potential future regulations; for discounts on crop insurance;
for tax benefits (e.g., farm income deductions); and, cost-share
programs helped make it more affordable. The social norms
motivations scale (SOCMOTIV) was composed of three items:
neighborhood expectations; familymember(s) encouragedme to;
and, to avoid embarrassment about visible problems” (Cronbach’s
alpha= 0.76).

Another set of motivation-related items measured farmers’
values regarding wildlife-friendly conservation practices.
Farmers were provided with four statements related to wildlife
values and asked to rate them on a five-point scale ranging
from strongly disagree (1) to strongly agree (5). The wildlife
value scale (WILDLIFEVALUES) comprises four items: “farmers
should improve wildlife habitat on their land; wildlife habitat
on my farm adds to its market value; the presence of wildlife
on my farm is important to me, and financial incentives would
encourage me to do more wildlife on my farm” (Cronbach’s
alpha = 0.764). Because all of these scales measure positive
predictors of conservation behavior, our expectation that their
relationships with positive adaptation practices will be positive
and their relationships with maladaptive practices negative.

Perceived Capacity
A third set of variables measures various dimensions of farmers’
perceived capacity to adopt soil and water conservation practices.
Perceived capacity is a critically important mediator of adoption
and implementation of practices (Reimer and Prokopy, 2012;
Reimer et al., 2012; Burnett et al., 2018; Lee et al., 2018).
Farmers were asked to rate multiple survey items on a five-point
agreement scale (1 = strongly disagree, 5 = strongly agree).
Two summated scales were constructed. A scale measuring
agronomic capacity (AGRONCAPAC) comprises the items,
“nutrient loss is difficult to avoid in corn-soybean production
systems; soil erosion is difficult to avoid in corn-soybean
production systems, and nutrient loss is difficult to avoid in
tile-drained fields” (Cronbach’s alpha = 0.83). Three items
comprise a scale measuring perceived generalized economic
capacity (ECONCAPAC): “pressure to make profit margins
makes it difficult to invest in conservation practices; there is not
enough cost-share and other support available from government
agencies, and many farmers do not have the economic resources
to adopt sufficient conservation practices” (Cronbach’s alpha
value= 0.69). We view this latter scale as a measure of “treadmill
of production” forces that may influence farmers to sacrifice
long-term sustainability to ensure short-term economic survival
(Houser and Stuart, 2020). As the three items in each scale
are negatively phrased, higher scores represent lower perceived
capacity to address conservation issues. Our research expectation
is that higher scores on both will be negatively related with
increased use of adaptation practices and positively related to
increased use of maladaptation actions.

Two variables measured perceived capacity specific to
adaptation to the potential impacts of climate change. A two-
item scale is a self-evaluation of financial and technical capacity
to cope: “I have the financial capacity to deal with any weather-
related threats to the viability of my farm operation, and I have

the knowledge and technical skill to deal with any weather-
related threats to the viability of my farm operation,” and
labeled as FINCAPAC (Cronbach’s alpha= 0.67). A final capacity
variable measured belief that of crop insurance will provide
sufficient protection through two items: “crop insurance and
other programs will protect the viability of my farm operation
regardless of weather,” and “whether climate change is occurring
or not, I believe that crop insurance and other programs will
protect my farm operation’s revenue.” We labeled this summated
scale of two items as CROPINSCAPAC (Cronbach’s alpha =

0.71). We include this measure of crop insurance because the
level of crop insurance depends on the maintenance of high
year-to-year yield levels over time (Plastina and Edwards, 2017),
so farmers who put greater emphasis on crop insurance as
an adaptive strategy would be less likely to risk annual yield
through practice such as cover crops, or reducing tillage. Our
research expectation is that perceived financial and technical
adaptive capacity will be positively associated with adaptive and
maladaptive practices, while reliance on crop insurance will be
negatively related to adaptive practices and positively related to
maladaptive ones.

Perceived Risks
The degree to which farmers are concerned about the potential
impacts of climate change has long been considered to be a
precursor to actions in response (Howden et al., 2007; Arbuckle
et al., 2013b). We include four variables measuring concerns
about climate change’s potential impacts in the model. The first
measure of concern contains two items: “I believe that extreme
weather events will happen more frequently in the future,” and
“I am concerned about the potential impacts of climate change
on my farm operation.” This variable is labeled CONCERN
(Cronbach’s alpha=0.84). As Arbuckle et al. (2013b) found
positive relationships between a similar measure of CONCERN
and attitudes toward adaptation, we also anticipate a positive
relationship. The second variable measuring concern is a single
statement: “climate change is not a big issue because human
ingenuity will enable us to adapt to changes.” This item was
developed by Arbuckle et al. (2013a), drawing on the “human
exemptionalist” thread of the new environmental paradigm
(NEP) literature that highlights human propensity to consider
themselves to be exempt from constraints of nature (Dunlap
et al., 2000). Following Gardezi and Arbuckle (2020), who
found this variable to be negatively related to support for
climate change adaptation, we labeled it as TECHNOOPTIMISM
and anticipate negative relationships with conservation-related
adaptation practices, but potentially positive relationships with
the maladaptive technological fixes that pesticide use, mechanical
tillage, and engineered drainage represent.

Attitudes Toward Adaptation
Like perceived risks, farmers’ attitudes toward potential adaptive
or mitigative behavior changes are also viewed as important
antecedents to such changes (Chatrchyan et al., 2017). We
constructed this scale from a set of attitudinal statements
introduced by the text, “a number of people and organizations
are concerned about the potential impacts of climate change
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on Iowa agriculture. Please provide your opinions on the
following statements related to climate change and agriculture.”
Respondents rated their agreement or disagreement with the
statements on a five-point agreement scale ranging from strongly
disagree (1) to strongly agree (5). Five items, “I should take
additional steps to protect the land I farm from increased
precipitation; extension should do more to help farmers and
landowners to prepare for increased precipitation, I plan to use
more conservation practices to increase my farm operation’s
resilience to extreme weather, and seed companies should be
developing crop varieties adapted to coming changes in weather
patterns” were combined into a summative scale that measures
the farmers’ adaptation attitudes. The summated scale for the
five items, labeled as ADAPTATT, had a Cronbach’s alpha value
of 0.72. A second adaptation attitude variable consists of two
items related to policies and programs that could facilitate
adaptation: “Profitable markets for biomass should be developed
to encourage the planting of perennial crops (grasses, trees)
on vulnerable land, and programs and/or markets for carbon
capture should be developed to help farmers earn money from
adopting practices that capture greenhouse gases.” We labeled
this summated scale for two items as ADAPTPOLICY. The
Cronbach’s alpha value for this scale was 0.63. Clearly, since
these variables consist of positively phrased measures of attitudes
toward diverse types of positive adaptation, we anticipate positive
associations with the three adaptation practices. Since two of the
attitudinal items specifically reference increased precipitation, we
also expect positive relationships with the tillage and drainage
maladaptation practices.

Conservation Networks
Integration into social networks related to conservation has
long been viewed as an important driver of pro-environmental
behavior in agriculture (Prokopy et al., 2019), with proxies
such as receipt of cost-share for conservation and contacts with
natural resource professionals being positively correlated with
practice adoption (Morris and Arbuckle, 2021). We include two
binary measures (1 = yes) of conservation network orientation:
Receipt of cost-share to support conservation practice adoption
(COSTSHARE) and whether or not the farmer was involved
in watershed management group or not (INVLVWATERSH).
A third network-related variable is a measure of the degree
to which respondents considered themselves to be leaders in
the agricultural community. Opinion leaders play an important
role in the diffusion of innovations theory, serving both as
information channels and as behavioral exemplars (Rogers,
2003).We constructed a summated scale, labeled OPINIONLDR,
consisting of four itemsmeasured on a five-point agreement scale
ranging from strongly disagree (1) to strongly agree (5): “other
farmers tend to look to me for advice; I consider myself to be
a role model for other farmers; extension staff, crop advisers,
and others involved in agriculture tend to look to me for advice,
and my opinions matter in the local agricultural community.”
The Cronbach’s alpha for this scale was 0.88. The research
expectation is that all of these network-related variables will be
positively related to adaptation practices and negatively related
to maladaptation.

Control Variables
We include four variables to control for farmer age (AGE),
education (EDUC), gender (GENDER), and GFS. A final variable
(SUCCESSORIDENTI) is a binary measure of whether or not
farmers had identified a successor who will eventually take over
management of their farm operation (1 = yes). We consider this
to be an indicator of a farm planning horizon that extends into
the next generation of farmers, potentially impacting perspectives
on adaptation.

Statistical Analysis
Our statistical analysis’s main objective is to understand the
factors that predict farmers’ adaptive and maladaptive actions
in response to climate change and weather extremes. As the
response variables consist of ordered categories of a five-level
increment scale, the cumulative logit model is appropriate
(Simonff, 2003; Cappelleri et al., 2007). A detailed description
of the cumulative logit model can be found in Simonff
(2003). The cumulative logit model makes four important
assumptions: (1) dependent variables should be ordinal, (2) one
or more independent variables should be continuous, ordinal, or
categorical, (3) there is no multicollinearity, and (4) proportional
odds (Simonff, 2003). We ran a correlation matrix for all
independent variables to test for any significant correlation
between independent variables. We did not observe a significant
correlation between any independent variables. To test for
multicollinearity, we calculated Variance Inflation Factors (VIF).
Variance Inflation Factors quantifies how much the variance
is inflated (Simonff, 2003). Using the test of parallel lines, we
checked whether the assumption of proportional odds was met
or not (Simonff, 2003). All four assumptions were upheld. We
fitted a cumulative logit model for dependent variables with
five different levels of response. Let Yi denote the response
measured on i individuals who have associated covariates Xi, i
= 1,. . .K. The possible responses can be defined as Yi = (−2 if
individual i chooses Major Decrease; −1 if individual i chooses
Moderate Decrease; 0 if individual i chooses No Change; 1 if
individual i chooses Moderate Increase; 2 if individual i chooses
Major Increase).

Where Yi = The probability that a randomly selected
individual is in category j and is denoted by Pr(Y = yj). Pi,yj =
Pr(Y ≥ yj) denotes the probability of a response in the category yj
or above, and the cumulative probabilities reflect the ordering in
the response categories. Based on these cumulative probabilities,
the incremental logit model can be written as

log

(

pi,yj

1− pi,yj

)

= αj − β Xi.

RESULTS

We employed cumulative logistic regression to model factors
affecting farmers’ adaptive and maladaptive actions to climate
change and extreme weather. Summary statistics for the
independent variables included in the analysis are presented in
Table 1. Tables 3, 4 summarize the model fits with a coefficient
(B), the exponentiated coefficients [EXP(B)], also commonly

Frontiers in Climate | www.frontiersin.org 7 June 2021 | Volume 3 | Article 677548

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


Upadhaya and Arbuckle Farmers’ Climate-Adaptive & Maladaptive Actions

referred to as odds ratios (Field, 2009) for four dependent
variables for adaptive actions and three dependent variables for
maladaptive actions to climate change and extreme weather.

Adaptive Actions
For each of the four adaptation practices, a majority of
respondents reported either no change or an increase in
adaptation actions (Table 2). Forty-one percent of farmers
indicated that they had increased their use of no-till, 32%
reported an increase in structural, in-field conservation practices
such as grassed waterways and contour buffer strips, 27%
increased their use of cover crops, and 22% increased structural,
edge-of-field conservation practices such as buffer strips along
streams. The proportion of farmers reporting decreases in the use
of the practices ranged from 5% for cover crops to 3% for edge-of-
field practices. Thus, the overall trend in the use of these adaptive
practices was upward over the 10 years prior to the survey.

Use of Cover Crops
The cover crops model had the most robust predictive power,
with 11 explanatory variables found to be statistically significant
predictors of farmers’ use of cover crops as adaptive actions
in response to climate change and extreme weather, and a
pseudo-R2 of 0.36 (Table 3). Out of the four motivation factors,
STEWARDMOTIV and WILDLIFEVALUES were significant,
indicating that farmers with stronger stewardship and wildlife-
related motivations and values were more likely to increase the
use of cover crops in their farm operations. Two perceived
capacity variables were significant predictors. AGRONCAPAC
was positive, with farmers who viewed soil erosion and water
quality impairment as difficult challenges being more likely
to increase cover crops use. The negative coefficient for
CROPINSURANCE indicates that farmers who believed that
crop insurance and other programs would protect the viability
of their farm operations regardless of weather variability were
less likely to increase the use of cover crops. The two climate
change attitudes scales, ADAPTATT and ADAPTPOLICY, were
significant and positive. This indicates that farmers who had
a positive opinion toward policies to incentivize planting of
biomass and other carbon capture practices were more likely
to increase the use of cover crops. All three network-related
variables—receipt of cost-share (COSTSHARE) and involvement
in watershed management groups (INVLVWATERSH), and self-
rated opinion leader status (OPINIONLDR) were positive and
significant predictors of increased use of cover crops. Among
the control variables, age (AGE) had a significant negative
relationship with the increase of cover crop use, while GFS was
positive. The corresponding odds ratio statistics indicate that the
likelihood of increased cover crop use associated with a one-unit
increase in predictor variables ranged from 15% more for GFS
to 2.16 times greater for cost-share. On the other hand, one-unit
increases in CROPINSURANCE and AGE were associated with
decreases in odds of 28% and 1.4%, respectively.

Use of No-Till
Three explanatory variables were significant and positive in
the no-till model: stewardshipmotivations (STEWARDMOTIV),

attitudes toward adaptation (ADAPTATT), and age (AGE)
(Table 3). The odds ratios associated with these variables
indicated that a one-unit increase in the stewardship motivations
scale, the adaptations attitude scale, and in age corresponded
to a 58%, 88%, and 1% greater likelihood of reporting
increases in the use of no-till in response to weather variability
(Table 3).

Structural In-field
Our results show that five different explanatory variables were
significant, positive predictors of farmers’ use of structural
in-field practice such as buffer strips as adaptive actions in
response to climate change and extreme weather impacts
(Table 3). The one motivations item that was significant,
although marginally so (p = 0.07), was WILDLIFEVALUES,
and the corresponding odds ratio statistic indicates that a
one-unit increase in the wildlife values scale corresponded to
about a 24% greater likelihood of farmers reporting increased
use of these practices. A single capacity-related variable,
AGRONCAPAC, was significant, and the odds ratio indicated
that a one-unit rise in the perceived difficulty of achieving
soil erosion and water quality improvement corresponded
to a 26% greater likelihood of increased structural in-field
practices use. Similarly, the positive coefficient for ADAPTATT
indicates that farmers with positive attitudes toward climate
change adaptation were more likely to have increased use
of such practices. The results also show that two of the
network variables were significant. Farmers who had received
cost share or technical assistance (COSTSHARE) were 84%
more likely to report increased use of structural in-field
practices, and farmers who rated themselves more highly on
the opinion leader scale (OPINIONLDR) were more likely to
increase the use of in-field practices. A one-unit increase in
OPINIONLDR was associated with 33% greater odds of having
increased practice use. Of the control variables, farmers’ GFS
was found to be a positive and significant predictor, with the
odds ratio statistic indicating that a one-unit increase in GFS
corresponded to 8% greater odds of increased use of structural
in-field practices.

Structural Edge-of-Field
Four explanatory variables, WILDLIFEVALUES, ADAPATATT,
COSTSHARE, and OPINIONLDR, were significant predictors
of farmers’ use of structural edge-of-field practices (Table 3).
A one-unit increase in the wildlife values scale was associated
with a 33% greater likelihood of increasing use of structural
edge-of-field practices. Similarly, the odds ratio for ADAPTATT
indicates that a one-unit increase in the attitudes toward
climate change adaptation scale corresponded to a 94%
greater likelihood of increasing use of edge-of-field practices.
The two significant network-related variables, COSTSHARE
and OPINIONLDR were associated with a 48% and 33%
greater likelihood of increased use of edge-of-field practices
as an adaptive response to climate change and extreme
weather impacts.
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TABLE 2 | Percentage distributions for adaptive and maladaptive actions (dependent variables).

Practices Moderate decrease (%) Major decrease (%) No change (%) Moderate increase (%) Major increase (%)

Adaptive

Use of no-till 2.5 2 53.7 22 19.8

Structural, in-field conservation

practices such as terraces, grassed

waterways, and contour buffer strips

1.7 0.7 66 23.3 8.3

Use of cover crops 3.2 1.6 68 14.7 12.5

Structural, edge-of-field conservation

practices such as buffer strips along

streams

2.1 0.9 75.1 15.3 6.6

Maladaptive

Installation or renovation of

agricultural drainage

1.6 1 51.8 34 11.6

Use of pesticides 7.7 1.4 59.4 26.2 5.4

Tillage 30.9 13.3 44.5 8.9 2.4

TABLE 3 | Factors that affect farmers’ adaptive actions to climate change and extreme weather impacts.

Explanatory variables Cover crops No-till Structural In-field (SIF) Structural Edge-of-Field (SEoF)

B Exp(B) B Exp(B) B Exp(B) B Exp(B)

TRUSTSCIENCE 0.097 1.102 0.071 1.073 −0.150 0.861 0.071 1.074

TRUSTAGRIBUSINESS −0.115 0.891 0.078 1.081 0.143 1.154 −0.018 0.982

STEWARDMOTIV 0.396** 1.486 0.458*** 1.582 0.191 1.210 0.219 1.244

REGMOTIV −0.049 0.953 −0.036 0.965 −0.070 0.933 −0.021 0.979

SOCMOTIV −0.183 0.833 −0.104 0.902 0.062 1.064 0.122 1.130

WILDLIFEVALUES 0.273* 1.314 0.041 1.042 0.212 1.237 0.284* 1.328

AGRONCAPAC 0.221* 1.247 −0.068 0.935 0.228* 1.256 0.109 1.115

ECONCAPAC −0.189 0.828 0.009 1.009 −0.144 0.865 −0.188 0.828

FINCAPAC 0.012 1.012 −0.090 0.914 0.243 1.275 0.183 1.201

CROPINSCAPAC −0.323** 0.724 0.049 1.050 0.025 1.026 0.017 1.017

CONCERN −0.218 0.804 −0.072 0.930 0.015 1.015 −0.250 0.779

TECHNOOPTIMISM −0.166 0.847 0.096 1.101 −0.112 0.894 −0.099 0.906

ADAPTATT 0.523* 1.688 0.633*** 1.883 0.555** 1.742 0.664** 1.943

ADAPPOLICY 0.254* 1.289 −0.102 0.903 0.185 1.204 0.099 1.104

COSTSHARE 0.770*** 2.159 0.209 1.232 0.609*** 1.838 0.391* 1.478

INVLVWATERSH 0.195* 1.216 0.226 1.253 0.160 1.173 0.310 1.364

OPINIONLDR 0.466*** 1.594 0.173 1.189 0.288* 1.334 0.289* 1.334

AGE −0.014* 0.986 0.018** 1.018 0.008 1.008 0.003 1.003

GENDER −0.032 0.969 0.265 1.304 0.504 1.656 0.507 1.660

EDUC −0.070 0.932 0.082 1.085 0.060 1.062 −0.040 0.960

GFS 0.138*** 1.148 0.002 1.002 0.084* 1.088 0.000 1.000

SUCCESSORIDENTI 0.174 1.190 0.004 1.004 0.311 1.364 0.060 1.062

Nagelkerke R2 0.363 0.243 0.281 0.289

Log likelihood −714.389 −882.1 −681.4 −615.4

AIC 1480.779 1816.2 1414.8 1282.8

BIC 1602.317 1937.6 1536.5 1404.5

Chi2 4425.423 3431.8 3721.7 3828.4

*p < 0.05; **p < 0.01; ***p < 0.001.

Maladaptive Actions
Responses for the three maladaptive practices were mixed. A
substantial percentage (44%) reported a decrease in the use of

tillage, compared to 11% increasing and 45% no change (Table 2).
Thus, although some farmers reported an increase in this soil
degrading practice, on balance, respondents appeared to be
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TABLE 4 | Factors that affect farmers’ maladaptive actions to climate change and extreme weather impacts.

Explanatory variables Tillage Use of pesticides Installation or renovation of AG drainage

B Exp(B) B Exp(B) B Exp(B)

TRUSTSCIENCE 0.002 1.002 0.032 1.033 −0.167 0.846

TRUSTAGRIBUSINESS 0.119 1.126 0.171 1.186 0.130 1.139

STEWARDMOTIV −0.389** 0.678 −0.280* 0.756 −0.059 0.943

REGMOTIV 0.029 1.030 0.310** 1.363 −0.076 0.926

SOCMOTIV −0.029 0.971 −0.058 0.944 0.027 1.027

WILDLIFEVALUES 0.104 1.110 −0.282** 0.754 −0.159 0.853

AGRONCAPAC 0.009 1.009 −0.013 0.987 −0.010 0.990

ECONCAPAC 0.077 1.080 0.067 1.069 −0.220* 0.803

FINCAPAC −0.087 0.917 −0.275* 0.759 0.153 1.165

CROPINSCAPAC 0.136 1.146 0.458*** 1.581 0.034 1.035

CONCERN 0.201 1.222 −0.013 0.987 −0.343** 0.710

TECHNOOPTIMISM 0.058 1.059 0.038 1.039 −0.068 0.934

ADAPTATT −0.492** 0.611 −0.002 0.998 1.423*** 4.151

ADAPPOLICY −0.154 0.857 0.091 1.095 0.065 1.067

COSTSHARE −0.299* 0.741 −0.109 0.897 0.386** 1.472

INVLVWATERSH −0.071 0.932 −0.036 0.964 −0.031 0.970

OPINIONLDR 0.070 1.072 0.249* 1.283 0.113 1.120

AGE 0.006 1.006 −0.004 0.996 0.013* 1.013

GENDER −1.146*** 0.318 0.420 1.522 0.514 1.673

EDUC −0.008 0.992 0.027 1.028 0.175** 1.192

GFS −0.085** 0.919 0.076* 1.079 0.189*** 1.208

SUCCESSORIDENTI 0.145 1.157 0.132 1.141 −0.028 0.972

Nagelkerke R2 0.266 0.211 0.289

Log likelihood −980.1 −810.8 −771.696

AIC 2012.2 1673.6 1595.39

BIC 2133.5 1795.2 1717.06

Chi2 3232.9 3028.1 5939.61

*p < 0.05; **p < 0.01; ***p < 0.001.

moving away from tillage. On the other hand, 46% of farmers
reported increases in the installation or renovation of agricultural
drainage, and 32% reported an increase in the use of pesticides.
Just 3% of farmers reported decreases in the use of agricultural
drainage and 9% reported declines in the use of pesticides.

Tillage
Five explanatory variables, STEWARDMOTIV, ADAPATATT,
COSTSHARE, GENDER, and GFS, were significant predictors of
farmer’s changes in the use of tillage in response to increasingly
variable and extreme weather (Table 4). The coefficient of
STEWARDMOTIV was significant and negative, indicating that
farmers with greater stewardship ethics were less likely to
increase tillage (or, in other words, more likely to decrease
tillage) in their farm operations. The variables ADAPATATT and
COSTSHARE were also negative predictors of change in use of
tillage. The odds ratio statistics show that one-unit increases in
the STEWARDMOTIV and ADAPTATT scales and receipt of
COSTSHARE decreased the odds of an increase in tillage use
by 33, 39, and 26%, respectively. The results showed that the

coefficient of variable GENDER was significant and negative,
indicating that female farmers were more likely to increase tillage
in their operations as a response to climate change and weather
extremes. Similarly, the negative and significant coefficient for
GFS indicates that farmers with higher gross sales were less likely
to increase the use of tillage on their farms.

Use of Pesticides
Our model shows seven explanatory variables,
STEWARDMOTIV, REGMOTIV, WILDLIFEVALUES,
FINCAPAC, CROPINSCAPAC, OPINIONLDR, and GFS,
were significant predictors of change in the use of pesticides
in response to increasing weather variability and extremes
(Table 4). Among the motivation-related variables, stewardship
motivations and wildlife values were negative and significant,
and the corresponding odds ratio statistics indicate that a
one-unit increase in both scales were related to a 24% lower
likelihood of increased use of pesticides. On the other hand, the
scale measuring regulation-related motivations for conservation
practice use was a positive predictor of change in pesticide use,
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with a one-unit increase in the scale (indicating higher regulation
motivations) corresponding to a 36% greater likelihood of
increased use of pesticides. Two capacity-related variables were
significant. The perceived financial and technical capacity scale
(FINCAPAC) was a negative and significant predictor of change
in use of pesticides, with a one-unit increase in FINCAPAC
(higher perceived financial and technical capacity to cope with
climate change) corresponding to a 24% decrease in odds of
increasing use of pesticides. On the other hand, the positive
coefficient for CROPINSCAPAC indicates that farmers who
believed crop insurance and other programs would protect the
viability of their farm operation regardless of weather variability
were more likely (59% per unit increase) to increase the use of
pesticides in their operations as a response to climate change and
weather extremes. The positive coefficient for OPINIONLDR
indicates that farmers who had higher scores on the self-rated
opinion leadership scale were also more likely to increase the use
of pesticides. Similarly, the positive coefficient for GFS indicates
that farmers with high GFS were more likely to increase the use
of pesticides in their farm operations as a response to climate
change and weather extreme impacts.

Installation or Renovation of AG Drainage
The drainage model shows that seven explanatory variables,
ECONCAPAC, CONCERN, ADAPTATT, COSTSHARE, AGE,
EDUC, and GFS, were significant predictors of installation or
renovation of ag drainage as actions in response to climate change
and extreme weather impacts (Table 4). Out of the four perceived
capacity variables, ECONOCAPAC, the measure of perceived
lack of economic capacity to pursue conservation practice
adoption (e.g., “pressure to make profit margins makes it difficult
to invest in conservation practices”), indicated that higher “lack
of capacity” scores were associated with a lower likelihood
of increasing the installation or renovation of ag drainage as
actions to climate change and extreme weather impacts. The scale
measuring concern about the potential impacts of climate change
(CONCERN) was significant and negative, suggesting that higher
levels of concern were related to a lower likelihood of increases
in drainage. The adaptation attitudes scale (ADAPTATT), on
the other hand, was a strong positive predictor, with a one-
unit increase in attitudes corresponding to a more than four
times greater likelihood of increased installation or renovation
of ag drainage. The positive and significant coefficient for
COSTSHARE indicates that farmers who had received cost-share
to fund conservation practices were about 47% more likely to
increase the installation or renovation of ag drainage. Among
the control variables, age, education, and GFS were positive and
significant predictors of installation or renovation of ag drainage.
The odds ratio statistics show that one-unit increases in AGE,
EDUC, and GFS increased the odds of installation or renovation
of ag drainage by 1%, 19%, and 21%, respectively.

DISCUSSION

Climate change is one of the most defining issues today,
contributing to erratic precipitation levels, increased droughts,
and other severe weather events worldwide. These extreme

weather impacts are seen in every sector of the global economy.
The far-reaching effects of climate change are clearly visible in the
agriculture sector (Walthall et al., 2013; Arora, 2019; Zhang et al.,
2020). The effects of climate change on agriculture could hinder
meeting the growing food demands of the global population,
which is expected to reach 9.7 billion by 2050 (Tamburino et al.,
2020). To increase productivity, farmers are practicing intensive
agricultural practices, including the application of fertilizers,
herbicides, and tillage (Rabotyagov et al., 2014). But in the
meantime, farmers are also changing or modifying practices
in their farm operations in response to climate change and
extreme weather to maintain or increase their farm productivity.
But these practices are not always climate change friendly;
they may fail to meet their objectives and may even increase
vulnerability (Barnett and O’Neill, 2010). This unsuccessful
adaptation is often termed “maladaptation” (Barnett and O’Neill,
2010; Magan, 2014). In order to minimize climate change
and extreme weather impacts on agriculture, it is essential to
consider farm practices that are directly under farmers’ control.
Farmers’ perceptions and motivations affect their decisions to
adopt different practices (Prokopy et al., 2008, 2019; Arbuckle
et al., 2013a), and understanding factors associated with adaptive
and maladaptive actions to climate change is key to reducing
climate change impacts on agriculture. This discussion section
focuses on results within each category of predictor (e.g., trusted
information sources, conservation motivations, perceived risks),
and examines patterns that emerged across the models regarding
determinants of adaptation and mitigation practices.

Trusted Sources of Climate Information
Trust in major agricultural stakeholders, whether science-
oriented public-sector entities or private-sector agribusiness
interests, did not appear to influence farmers’ changes in either
adaptation or maladaptation practices in response to increasingly
variable weather. Given that previous research on Iowa farmers
had found these two types of entity to have positive and
negative influences, respectively, on attitudes toward adaptation
(and maladaptation) (Arbuckle et al., 2015), we were surprised
that trust did not seem to influence actual behavior. However,
Arbuckle et al. (2015) structural equation modeling analytical
approach focused on the relationships between just four variables
measuring trust, climate beliefs, and perceived risks and a two-
item “support for adaptation” dependent variable that combined
an adaptive practice (take additional steps to protect land) and
a maladaptive practice (invest in drainage). Thus, the divergence
in findings may be related to differences in model specification as
well as our inclusion of many more potential predictor variables
in this study. Further research may be needed to better elucidate
the relationships between trust, attitudes, and actual behavior.

Conservation Motivations
Stewardship motivations and wildlife values were the most
consistent predictors of behavior change of the four motivations-
related variables, and among the most consistently significant
variables overall. The stewardship scale, which comprised items
such as “to maintain or improve soil health” and “to protect the
land for the next generation” was strongly predictive of the two
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in-field adaptive management practices cover crops and no-till.
The corresponding odds ratio statistic indicates that one unit
increase in STEWARDMOTIV scale increases the likelihood of
adoption of cover crops by 50% and no-till by 58% (Table 3).
The wildlife motivations scale, composed of items such as “the
presence of wildlife on my farm is important to me” and “farmers
should improve wildlife habitat on their land” was a strong
positive predictor of change in use of cover crops and in-field
and edge-of-field structural practices such as buffer strips. Results
for both of these variables make sense, given that the practices
in question can fulfill the stewardship (e.g., soil health) and
wildlife (e.g., habitat improvement) objectives (Blanco-Canqui
et al., 2015; Schulte et al., 2017) embedded in the scales. Also
important are the reverse results for these variables in the
maladaptation models: stewardship motivations were negatively
associated with increases in tillage, and both the stewardship and
wildlife scales were significant negative predictors of increases
in pesticide use. Thus, stronger stewardship and wildlife values
may contribute to both increased adaptation and decreases in
maladaptive behaviors. Considered together, these results suggest
that climate change adaptation engagement strategies should
focus on stewardship ethics, potentially with an emphasis on
wildlife benefits of adaptation practices. These recommendations
are in alignment with recent recommendations for soil and water
conservation outreach strategies more generally (Zhang et al.,
2016; Prokopy et al., 2019), adding evidence for increased focus
on stewardship values in conservation programming.

Capacity and Efficacy
Results for the four capacity-related variables are more difficult
to interpret. For the adaptation practices, farmers who rated
soil and water conservation in corn-soybean production systems
as a greater challenge (i.e., lower response efficacy) were more
likely to have increased use of cover crops and structural in-
field practices such as buffer strips. This result contrasts with
studies that have found the opposite relationship, with, for
example, lower ratings of capacity to address resource issues
related to lower willingness to adopt cover crops (Burnett
et al., 2018) or lower likelihood of adopting them (Lee et al.,
2018). The only other capacity construct that was significant
in more than one model was the variable measuring farmers’
faith in crop insurance as a protective mechanism. The
findings that farmers who had greater confidence that crop
insurance would protect their farm operation were less likely
to have increased use of cover crops and more likely to have
increased use of pesticides align with our research expectations.
As noted above, crop insurance coverage levels depend on
rolling 10-year average yields; farmers who depend more on
crop insurance may thus be less likely to risk annual yield
over the short term through practices such as cover crops
and more inclined to protect those yields through pesticide
use. Several studies have provided insight into whether crop
insurance and/or similar institutional and economic structures
might influence farmers to employ practices that may have
some short-term benefits but lead to potential long-term
degradation (Stuart, 2018; Houser and Stuart, 2020; Mortensen

and Smith, 2020). Our findings add to that body of evidence
and point to a pressing need to conduct further research and
policy analyses into potentially perverse relationships between
structural factors such crop insurance and farmers’ adaptive and
maladaptive behaviors.

Perceived Risks
Both of the two perceived risk variables were poor predictors of
adaptation and maladaptation actions, with only the CONCERN
variable being significant in onemodel (installation or renovation
of ag drainage). These results were surprising given that previous
research has found strong and consistent positive relationships
between concern about climate change and attitudes toward
adaptation (Arbuckle et al., 2013a; Roesch-Mcnally, 2018) and
negative relationships between attitudes toward adaptation and
the lack of concern that generalized faith in human ingenuity
(techno-optimism) represents (Gardezi and Arbuckle, 2020).
As noted above regarding the trust variables, perhaps concern
does not have a direct effect on actual behavior, but rather an
indirect effect through attitudes, a relationship that the analytical
approach employed here did not detect.

Attitudes Toward Adaptation
The adaptation attitudes variable was the most consistent
and robust predictor of change in adaptive and maladaptive
practices. The relationships were strongly positive for the
adaptive practices, with odds ratios indicating that higher scores
on the attitudes scale were associated with substantially higher
likelihood of increases in conservation practice use. On the
maladaptive hand, more positive adaptation attitudes were linked
to reductions in use of tillage, but increased likelihood of
drainage. As noted in the methods section, because some of
the scale items were focused on precipitation, we anticipated a
possible positive relationship, especially for drainage (Arbuckle
et al., 2013b). Considered together, these results suggest that
outreach and engagement strategies that focus on fostering
positive attitudes toward conservation practices as adaptive
responses to increasingly variable and extreme weather can
be highly effective catalysts of behavior change. Specific to
drainage maladaptation, the strong positive relationship between
adaptation attitudes and the potentially maladaptive increases
in drainage point to a potential opportunity for policy and
programmatic intervention. Recent research (Castellano et al.,
2019) indicates that the maladaptive properties associated with
increased or renovated agricultural drainage can be substantially
attenuated through practices such as wetlands and controlled
drainage; our research points to a need to increase promotion of
promotes these practices.

Conservation Networks
As a category, the variables measuring integration into (mostly)
conservation-related social networks were also highly consistent
predictors of adaptation actions, but not maladaptation. Having
received cost-share or technical assistance with soil and water
conservation, being involved in a watershed management group,
and self-rated opinion leader status in agricultural networks
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were all strongly related to positive changes in use of cover
crops and in-field and edge-of-field structural practices, but
not no-till. Results were spotty and mixed for the maladaptive
practices, with cost-share being associated with decreases
in tillage but increases in drainage, and opinion leadership
related to increases in pesticide use. That said, these findings
indicate that on the whole these traditional predictors of
conservation practice adoption are also influential when the
behavioral response is specifically focused on climate change
adaptation. As was the case with the motivations/identity
variables above, our conservation network-climate change
adaptation findings align with more general soil and water
conservation practice adoption literature (Prokopy et al.,
2019).

Farm and Farmer Characteristics
Except for gross farm income, which is a proxy for farm
size, none of the four variables were consistent predictors of
either adaptive or maladaptive actions. Of note is the lack
of significance of the variable measuring whether or not a
successor to the farm operation had been identified. The research
expectation was that farms with plans for intergenerational
transfer would be more likely and less likely to engage in
adaptive and maladaptive practices, respectively, but this was
not the case. Interestingly, gross farm income was positively
related to two adaptive practices (three if you count the negative
relationship with tillage) and two maladaptive practices. This
is a finding that suggests that larger-scale farms are perhaps
more subject to the contradictory treadmill of agriculture forces,
also discussed in the capacity section above, that can induce
farmers to pursue practices that are adaptive in the short-
term but may have long-term and/or off-farm maladaptive
properties (Houser and Stuart, 2020).

CONCLUSIONS

Farmers have always employed different adaptation strategies
to prevent yield reductions due to weather variability, but
climate change and the more variable and extreme weather it
is engendering has made both adaptive action and avoidance
of maladaptive behaviors more urgent (Takle and Gutowski,
2020). This study sought to improve understanding of the
factors affecting farmers’ adaptive and maladaptive actions. It is
important to understand the drivers of both types of behavior,
especially the maladaptive, given evidence that maladaptive
responses can undermine long-term sustainability (Stuart and
Schewe, 2016; Houser and Stuart, 2020; Mortensen and Smith,
2020). Our results provide insights into how variables that are
commonly employed in studies of agricultural BMP adoption are
associated with behavioral responses to increasingly variable and
extreme weather in Iowa, USA. On the whole, our results indicate
that many Iowa farmers are increasing their use of adaptive
practices and decreasing use of maladaptive ones. However,
many Iowa farmers are also increasing their use of pesticides
and agricultural drainage, two maladaptive actions that can
lead to major harms to common-pool resources such as pest
management tools and water quality.

These insights into how different variables are associated
with different types of adaptive and maladaptive behaviors
can inform strategies that more effectively promote adaptation
while discouraging maladaptation. In a sense, the findings that
inform avoidance of maladaptive action are most interesting
and important. For example, the findings that show a negative
relationship between crop insurance and cover crop use are not
unexpected given claims that this subsidized safety net program
has led to less resilient agroecosystems (Mortensen and Smith,
2020), but they are nonetheless concerning given the ubiquity
of crop insurance subscription in heavily agricultural states in
the US Midwest (O’Donoghue, 2014). A number of analysts
have proposed linking access to subsidized crop insurance to
environmental performance (Yoder et al., 2021); our results point
to a need for such reforms.

A second important maladaptation observation is related to
agricultural drainage. Drainage use is nearly as ubiquitous as crop
insurance in many areas of the US Midwest, and is a primary
practice employed to address increasingly extreme precipitation;
for example, in 2020, 42% of Iowa farmers indicated that
they would be investing in drainage to prepare for increased
precipitation (Arbuckle, 2020). Given the negative water quality
impacts associated with increasing drainage, it is imperative that
outreach focus on practices that might address those negative
impacts, such as drainage water management and nutrient
removal wetlands and buffers (Castellano et al., 2019). Our
findings support Castellano et al.’s (2019, p. 918) proposed policy
shifts to promote “a systems approach that integrates drainage,
crop-soil processes, and nutrient loss reduction. . . systems that
mitigate and adapt to climate change.”

In conclusion, this research represents a step forward in
addressing gaps in knowledge about the degree to which
farmers are pursuing adaptive and potentially maladaptive
practices, and what factors influence those behaviors. The
evidence presented here points to significant increases in both
types of change, at least among Iowa farmers. Extension and
outreach implications include a need for expanded programming
focused on developing stewardship ethics, with an emphasis on
increasing positive attitudes towardmultiple adaptation practices
(e.g., programs such as Iowa Learning Farms, 2019). Given the
current major shift in federal policy toward emphasis on climate
change adaptation andmitigation, especially at the USDA (White
House, 2021), our research highlights an urgent need for more
research and extension to address the tension between short-
term maladaptive decision factors and longer-term sustainability
imperatives and to help avoid institutional and economic rigidity
traps leading to soil and water degradation and long-term decline
in agricultural productivity.
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