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INTRODUCTION

It is well documented that agriculture is a contributor to climate change (Gil et al., 2019; Khatri-
Chhetri et al., 2022; Liao et al., 2023), and that farmers themselves are vulnerable. For example, shifts
in rainfall, temperature and extreme weather associated with climate change impact crop yield (Owino
et al., 2022). Farmers with lower socioeconomic resources are at greater risk given limited access
to the resources needed to recover from the effects of climate-exacerbated weather events (Below
et al,, 2012; Ojumu et al., 2020; Roesch-McNally et al., 2018). A lack of resources can further strain
a farmer's ability to invest in adaptive practices that increase resilience in the short- and long-term
(Berry et al., 2011). These adaptive practices are wide ranging, but include those already promoted
through conservation agriculture programmes to increase soil health and promote greater diversity
in the crop system (i.e. limited tillage, continuous living cover and diverse crop rotations) (Stagnari
et al., 2010; Wezel et al., 2014).

Engaging in adaptive practices benefits not only the local community and environment (Deines
et al.,, 2019; McLellan et al., 2018; Palm et al., 2014), but also lessens the impact of climate-induced
stress on crops (and by extension the farmer) over the long-term. For example, reduced tillage allows
for more flexible planting dates and soil moisture retention in the event of changing weather pat-
terns (e.g. improved water holding capacity in the soil, reducing erosion and nutrient runoff), while
crop diversity and reduced tillage together improve yield stability (Gaudin et al., 2015). Such prac-
tices are commonly supported by existing government programmes around the globe including in
the United States (Knowler & Bradshaw, 2007), Canada (Agriculture and Agri-Food Canada, 2022)
and Brazil (Inter-American Institute for Cooperation on Agriculture, 2021), and have been named
by the United Nations as Sustainable Development goals (UN General Assembly, 2015). However,
enrollment in voluntary programmes and associated adoption of these practices remains low in
some developed contexts (Arbuckle, 2013; Kast et al., 2021; Ribaudo, 2015), as does concern about
climate-exacerbated impacts to the operation (Mase et al., 2017). Evidence that farmers are mo-
tivated to engage in conservation agriculture (Gbetibouo et al., 2010; Morris & Arbuckle, 2021;
Sumaryanto Susilowati et al., 2022) begs the question as to why such programmes are not more
popular, and how more farmers can be effectively engaged. Recent work has highlighted the need
to focus research on high-impact climate mitigation behaviours (Nielsen et al., 2021), but these
calls often overlook industry sectors with high environmental impact, such as agriculture, which
are also in need of adaptation. Due to the impact of adaptation behaviours on crop stability in the
face of climate change, more work is needed to understand psychological factors that can contribute
to adaptation among farmers (Wilson et al., 2020). Further, due to the future-oriented nature of
thinking about the effects of climate on agricultural production, and planning for how to adapt to
it, the present studies aimed to test how a farmer's future time perspective can impact their climate
adaptation strategies.

Two potential explanations are typically given for the relatively low engagement in such practices:
a lack of the necessary socioeconomic resources, and a lack of motivation. Specifically, existing
work indicates that farmers with greater resources (e.g. larger farms, more education) are more likely
to engage in conservation agriculture (Farr et al., 2018; Gbetibouo et al., 2010; Lu et al., 2022).
Other research shows that conservation agriculture is more common among farmers who believe
that a ‘good farmer’ is concerned about soil health and water quality (Gao & Arbuckle, 2022; Lu
et al.,, 2022; McGuire et al., 2015; Prokopy et al., 2019; Schoolman & Arbuckle, 2022), representing
a potential motivational mechanism that is based in injunctive norms towards conservation (hereaf-
ter, conservationist norms). Future time perspective, or the tendency to orient oneself towards the
future, remains a potentially understudied explanation (Zimbardo & Boyd, 1999). Individuals who
tend to think more about the future tend to place more value on the future benefits generated by
engaging in action today. Prior research indicates that farmers with a future time perspective tend
to focus more on the impact of climate change on future operations (Morris & Arbuckle, 2021;
Schattman et al., 2021), and as a result may be more motivated to engage in climate adaptation
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practices. The research reported here explores how engagement in climate adaptation in agriculture
is impacted by: (1) future time perspective (both in general and through increasing the salience of
the future consequences of climate change), (2) how future time perspective may increase conserva-
tionist norms and (3) the extent to which these effects hold for farmers with limited socioeconomic
resources. These ideas were tested using a survey that measured future time perspectives (Study 1),
as well as a vignette experiment that increased the salience of future climate impacts (Study 2), all
while controlling for socioeconomic resources. To begin, we review the literature on future time
perspectives, conservationist norms and socioeconomic resources and the potential role of such
effects on adaptation behaviour.

Itis challenging to promote behaviours that do not provide immediate benefits for the adopter
(Duetal., 2002; Odum et al., 2020). However, prior research indicates that whether an individual
is willing to take actions with future benefits is a function of how they think about and value
the future (Gollner et al., 2018; Stolarski et al., 2011; Ye et al., 2022). This construct has been
studied across a variety of contexts and cultures around the world (Kooij et al., 2018; Sircova
et al., 2014). The association between future time perspective and behaviour may be driven by
a reduced concern about immediate costs, and an increased focus on future benefits (Arnocky
et al., 2014; Olsen & Tuu, 2021). Further, tending to think more about the future is associated
with greater planning (Zimbardo & Boyd, 1999), as well as monitoring progress towards a goal
(Baird et al., 2021). This work has also indicated an association between future time perspec-
tives and more conservation-focused behaviours (Milfont et al., 2012; Olsen & Tuu, 2021; Segev
& Liu, 2022), including agriculturally relevant behaviours such as water conservation (Corral-
Verdugo et al., 20006), and low emissions practices (Morgan et al., 2015). In the context of ag-
ricultural practices, many conservation-focused behaviours are also relevant to adapting to the
pressures of climate change. For example, reducing soil tillage and planting small grains and
cover crops help maintain soil nutrients, reduce erosion and lessen fertilizer runoff that can
cause harmful algae blooms and other environmental issues (Kassam et al., 2019). Each of these
can also be considered climate adaptation, as prior work has shown climate change increases
the risk of nutrient loss, erosion and runoff through changing temperature and rainfall patterns
(Mirzabaev et al., 2023).

Future time perspectives and conservation behaviour

Existing future time perspective and conservation behaviour work largely focus on small behav-
iours with little impact on the rest of one's day-to-day activities. For example, studies focus on recy-
cling (Milfont et al., 2012) or opting to use public transit rather than a personal vehicle (Joireman
et al., 2004). Enacting such behaviours rarely requires meticulous planning, leading some to argue
that the tendency to plan does 707 explain why having future time perspectives helps a person reach
their goals (Baird et al., 2021). Rather, it is the tendency to monitor progress towards a goal that ex-
plains the relationship between future time perspective and successfully reaching a goal. However,
in the case of on-farm climate adaptation, enacting a new practice does involve meticulous planning
and monitoring of progress.

Implementing an adaptation practice has whole-farm implications during an entire growing season
and beyond. Because the tendency to plan and keep track of progress are features of having a future
time perspective (Zimbardo & Boyd, 1999), the present study tested whether having a future time
perspective alone is sufficient to directly predict engagement in adaptation. Among farmers, having
a specific plan predicts some adaptation behaviours (Morris & Arbuckle, 2021), and thinking about
future needs predicts adaptation practices (Shariatzadeh & Bijani, 2022). Cross-sectional studies also
demonstrate that farmers who perceive future risks from climate change are more likely to support ad-
aptation (Arbuckle et al., 2015; Houser et al., 2022; Mase et al., 2017; Roesch-McNally et al., 2017), as do
those farmers who believe the negative effects of climate change are closer in time (Azadi et al., 2019).
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However, unlike the present study, neither of these prior studies examined a farmer's general tendency
towards planning and thinking about the future.

Conservationist norms and conservation behaviour

In addition to engaging in greater planning, a mechanism by which future time perspective might in-
crease on-farm adaptations is through injunctive norms, or how a person thinks they and others ought
to behave. This mechanism is well documented in the broader literature on sustainable behaviours
where norms interact with other factors to influence behaviour (Kléckner, 2013; Stern, 2002). This has
been found in agricultural contexts as well; farmers who believe that a ‘good farmer’ cares about conser-
vation tend to engage in more conservation practices (Gao & Arbuckle, 2022; Lu et al., 2022; Prokopy
et al., 2019; Schoolman & Arbuckle, 2022). Further, farmers who feel personally responsible towards
addressing climate change take more adaptive actions (Zhang et al., 2020).

In the present studies, we make the prediction that orienting oneself towards the future helps to
develop conservationist norms among farmers, which then leads to more adaptation behaviour.
Conservation-focused norms have been shown to predict more environmentally-oriented behaviour
(Niemiec et al., 2020). According to value-belief-norm theory, personal norms towards taking action
are activated by perceived threats to individual values and an ascription of responsibility, and these
norms then motivate behaviour (e.g. Stern et al., 1999). The role of injunctive norms in predicting
behaviour is also supported by work on individual actions (Cialdini et al., 1990), in work settings
(Mouro & Duarte, 2021) and in agricultural production (Zhang et al., 2020). According to Joireman
and Liu's (2014) mediation awareness model, those who are more concerned with future consequences,
generally, are more likely to be aware of threats posed by climate change and come to value conservation
in order to protect from those threats. In the case of agriculture, perceived threats of climate change on
the environment and growing crops, and by extension one's livelihood, could activate norms towards
personally enacting climate adaptation practices. However, missing from this behavioural puzzle is an
understanding of how these norms develop.

As mentioned above, climate adaptation strategies in the agricultural context require, sometimes
extensive, planning for how to implement complex changes in the farming operation, such as how
crops receive adequate nutrients and water, and when crops are planted and harvested. In addition,
perceiving the benefits of climate adaptation requires farmers to think beyond the present growing
season, to protect the viability of crops against future climate change-driven fluctuations in tem-
perature and precipitation. We extend existing work by hypothesizing that a future time perspec-
tive would allow farmers to think more about, and place higher value on, the benefits of climate
adaptation practices for maintaining successful crop growing—which are needed to protect both
the environment and a farmer's livelihood—therefore, leading to higher conservationist norms. In
turn, higher conservationist norms would predict more adaptation actions (Kim & Seock, 2019).

Socioeconomic considerations

Given prior research (Liu et al., 2018; e.g. Lu et al., 2022), it was expected that farmers with lower
socioeconomic resources would be less likely to adapt, as many adaptations require significant on-
farm resources. For example, individuals with larger farms, benefitting from higher income, are better
equipped to instal certain structural practices, like water flow management systems that help protect
against floods or drought. Although many voluntary incentive-based programmes pay farmers for such
practices, these programmes are reimbursement-oriented. This can be especially limiting for smaller
farms with less farm income, who have less capital to invest in up-front costs (Pifieiro et al., 2020).
Education can also play a role; where formal education leads to greater exposure to technical infor-
mation about adaptation, which instils confidence (Perry & Davenport, 2020). In a Midwestern US
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FIGURE 1 Study 1 Conceptual Model Predicting In-Field Adaptations Index. The conceptual model pictured here
reflects the hypothesis that conservationist norms, which predict engaging in actual in-field adaptations, develop partly as a
result of the tendency to think about and plan for the future.

context, farmers with greater formal education were more likely to have repeated interactions with
agriculture extension programmes, leading to greater trust and changes in practice (Anang et al., 2020;
Morris & Arbuckle, 2021; Ranjan et al., 2019). Greater formal education is also correlated with concern
for climate change (Hornsey et al., 2016), and both education and socioeconomic resources generally
predict having a greater future time perspective (Padawer et al., 2007). Finally, even livestock can be
viewed as an asset, as they provide income diversity, which can protect against the effects of climate
change on crop stress. Livestock may also increase the benefits of certain practices, such as a reduced-
tillage management system, where animals can graze on the organic matter left on the untilled surface
of fields. As a result, it was hypothesized that greater SES (operationalized as farmers with larger farms,
more education and the presence of livestock) would significantly predict adaptation above and beyond
these socio-psychological effects.

Present research

The present studies were designed to assess the role of future time perspective and socioeconomics
in explaining on-farm climate adaptation, beyond the hypothesized effects of action-relevant conser-
vationist norms. Study 1 tested whether planning for the future (future time perspective) alone was
sufficient to explain adaptation, or if a farmer's general tendency to think about the future explains
conservationist norms—and in turn greater in-field adaptation. This is one of the few known studies to
quantitatively test predictors of the development of such norms among farmers. These effects are also
examined while controlling for potential socioeconomic factors (see Figure 1).

Study 2 expands on the idea that thinking about the future can impact adaptation by experimentally
testing how stated future changes in weather patterns impact adaptation plans, and whether baseline
concern about future climate impacts and resource availability still affect adaptation plans in the face
of changing conditions. One could reason that as changing weather patterns increase adaptation needs,
all farmers will be similarly motivated to plan to adapt out of necessity, eclipsing any effect of resource
availability or pre-existing concerns about the impact of climate change on agriculture. Our vignette
experiment was able to explicitly test these competing hypotheses. Limited research has used this par-
adigm to test the effects of thinking about future changes in weather patterns on adaptation. A few
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studies have shown farmers have greater intention to adapt in response to increased drought via irriga-
tion management (Drugova et al., 2022; Krah et al., 2019; Wens et al., 2022), or adaptation intentions
in response to climate change generally (Roesch-Mcnally et al., 2017). However few, if any, studies have
used vignette experiments (or choice experiments) to measure changes to in-field adaptation plans.

Data, code, survey instruments and other supporting information for both studies can be found at
https://osf.io/8hdpt/.

STUDY 1

Building on existing literature, which finds that (1) planning for the future is an essential component
of taking actions with future benefits and (2) those who think more about the future tend to take more
conservation actions, we hypothesize:

1. Future time perspective will directly explain greater adaptation.

2. Future time perspective will directly explain higher conservationist norms.

3. Conservationist norms will mediate the relationship between future time perspective and
adaptation.

4. Higher socioeconomic resources (e.g. more land, more education, more livestock) will directly explain
greater adaptation.

Materials and methods
Study procedure

To test these relationships, we collected data through a survey of farm operators in the Great Lakes
region of the United States (i.e. the states of Ohio, Michigan, Indiana, Illinois and Wisconsin). This is
a significant commodity crop region that also has great potential for carbon sequestration, a climate
change mitigation strategy and other provisioning services like drinkable water, which is important for
climate adaptation. As with many farming regions throughout the world, the Great Lakes region faces
numerous challenges to growing crops due to climate change—warming temperatures, floods and pre-
cipitation changes (Melillo et al., 2014; Mirzabaev et al., 2023).

We stratified our sample by farm size and by state, to ensure a better representation of acres farmed
(versus people farming) in the region. Prospective participants were contacted through a mailing sample
obtained from Farm Market ID. Farmers were sent an invitation letter, followed by a paper-and-pencil
survey 3 days after. A return envelope and a token incentive of a $2 bill were included with the survey. If
no response was received, reminder postcards were also sent 2 and 3 weeks afterwards. The survey was
administered in 2019 (see Data S1 for administration details).

A total of 1115 completed surveys were returned from 609 operators and 506 non-operating land-
owners. Data from operators are presented in this study, as only operators were asked for the complete
set of items used here. A full list of questions that were part of the survey, as well as exact wording, are
available in the Data S1. After being presented with the informed consent information, operators first
answered questions about their farming operation. Next, farmers answered the individual difference
measures and demographic questions described below.

Measures

Descriptive statistics are shown in Table S1. The dependent variable, adaptation behaviour, was con-
ceptualized using practices that are identified globally as conservation agriculture (Kassam et al., 2019):
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tillage (such as not tilling the soil or reduced tilling), use of cover crops and having small grains in
rotation. Operators indicated the extent to which they had implemented each of these practices on their
farm, and their responses were combined to form a weighted index of behaviour (Shaffer-Morrison &
Wilson, 2024). Detailed weighting procedure and code are available in the Data S1.

To measure future time perspective, we used a shortened version of the Future subscale of
the Zimbardo Time Perspective Inventory (ZPTI) (Zimbardo & Boyd, 1999). Items were chosen
based on the seven highest factor loadings from Zimbardo and Boyd (1999) and pertained to one's
tendency to plan their days, pursue future goals and meet deadlines (¢=.688). This measure was
chosen because we reasoned that these themes capture elements needed to plan complex farming
operations.

To measure conservationist and productivist injunctive norms we used the conservationist and
productivist subscales of the Farmer Identity Scale (Arbuckle, 2013; McGuire et al., 2015). Although
the present studies were primarily interested in conservationist norms, we controlled for produc-
tivist norms or the belief that a good farmer tends to maximize crop production and profit. The
nine-item conservationist subscale (¢=.845) asks how important each feature of a farmer is, such as,
‘A good farmer is one who puts long-term conservation of farm resources before short-term profits’.
The eight-item productivist subscale (¢=.827) includes items like, ‘A good farmer is one who has
the highest yields per acre’.

We measured several socioeconomic resource variables, including formal education level, total
cropland acres and presence of livestock (dichotomized), as they indicate greater farmer and on-farm
assets, and diversification of resources. Self-reported formal education ranged from ‘some high
school’ to ‘graduate or professional degree’. The self-reported total number of cropland acres was
log-transformed to normalize its distribution. The presence of livestock was dichotomously indi-
cated by participants. We also measured yield, tenure and age as it is possible that the motivation to
engage in conservation would be lower for those with higher yields (Lu et al., 2022), who rent land
(Ranjan et al., 2019), or who are older (Mase et al., 2017). For yield, farm operators reported typical
corn and soy yields in bushels per acre in the previous growing season. To create an index of yield,
these were combined by first z-scoring each across the whole sample, then averaging both if applica-
ble, thereby allowing for missing data if one crop had not been grown in the previous growing sea-
son. For tenure, farmers were asked whether they rent land from others, measured dichotomously.
Participants also entered their age.

Statistical method

Structural equation models were estimated using the ‘sem’ command in Stata version 13.1
(StataCorp, 2013). First, we used confirmatory factor analysis to test the fit of future time perspective,
conservationist norms and productivist norms. Separate structural equation models were fit for each
scale, using single-factor solutions. Details regarding model fit are available in the Data S1. Final models
for future time perspective, conservationist norms and productivist norms all achieved acceptable levels
of fit (Schreiber, 2008; West et al., 2012).

After fitting the measurement models, they were entered into the partially latent structural equation
model predicting the index of in-field adaptation (see Figure 2). All exogenous variables were allowed
to covary, although arrows were excluded from Figure 2 to improve readability. Our dependent vari-
able, the In-Field Adaptation Index, was predicted by socioeconomic and control variables, future time
perspective and conservationist and productivist norms. Because productivist norms tend to be higher
among older farmers and those with greater yields (Conway et al., 2021; McGuire et al., 2013), these
paths were also included in the model. All continuous exogenous predictors were z-scored to standard-
ize output. The initial model fit was not adequate but was greatly improved through the addition of
theoretically sound error covariances. Details regarding fit and modifications for each model iteration
are shown in the Data S1 and Table S3.

85US0| 7 SUOILLOD BAIERID 3|qedl|dde 8y} Ag peussnob aie Ssjole O !N JO S9|nJ Joj A1eiq1T8UIIUO A8|IM UO (SUOHIPUCO-PUE-SWULISYW00" A3 | 1A l.dBUIIUO//SANL) SUORIPUOD Pue SLd | 8L} 88S *[5202/50/20] U0 ARelqiauliuo AB|Im ‘S81 Aq 0S82T 0S[a/TTTT'0T/I0p/wod" A3 im Arelq 1 jeut|uo gnuoAsdsda/:sciy wioly pepeo|umoq 'z ‘5202 ‘608702



8 of 23 SHAFFER-MORRISON ET AL.

mediated effect: 0.078**

=

|
TEEredderE
BHBEOn |

Conservationist 0.09*
Norms i
A
0.19**////' '\—\‘,\0.41*“ 0.09*

— e In-Field
Adaptation Index

Future Time
Perspective

FIGURE 2 Structural equation model predicting in-field adaptations index. The final model showed excellent fit, as
measured by RMSEA and SRMR (West et al., 2012), whereas the CFI and TLI closely bordered acceptable fit (Schreiber

et al., 20006) (see Table 1). Examination of the quantile plot of the adaptation behaviour index approximated a diagonal line.
Thus, this model was deemed to be acceptable. The model predicted 73% of the overall variance in the data (R*= 734).

After fitting the final model predicting the index, we used the ‘medsem’ package (Mehmetoglu, 2018)
to estimate the indirect effect of future time perspective on the index through conservationist norms.
This package uses Zhao et al., (2010) mediation approach, estimating the size of the indirect effect using
Monte Carlo simulation.

Results
Descriptives

Farmers had a median farm size of 600 acres and average age of 60 years. The average formal education
level among farmers was between ‘some college’ and ‘associate's degree’, and most (69%) did not own
livestock, but most (68%) did rent land from others. Across the sample, agreement that one tends to
orient towards the future was positively skewed, with most persons tending to agree that they have a
future time perspective (M=0.982, SD =0.488, scale range — 2 to 2). Conservationist norms were also
high in this sample (M=3.112, SD =0.520, scale range 0—4), whereas productivist norms were distrib-
uted around the scale mean (M =2.333, SD =0.715). Complete data for inclusion in the structural equa-
tion model was collected from 453 participants.1 A table of descriptive statistics is available in the
Data S1.

All but 12 farm operators in this sample had implemented at least some conservation behaviours
(see Figure 3). Regarding tillage, 10% had implemented rotational no-till on all acres, while 12% had
implemented no-till on all acres. Most of the sample had either no years of small grains (e.g. small grains)
in rotation (58%), or 1year (28%) of small grains in a five-year rotation. Regarding cover crops, the

Tna logistic regression analysis predicting whether participants were included in this analysis, only average productivist identity was significant;
persons with higher productivist identity were more likely to have missing data (OR=0.715, SE=0.120, p=.045, 95% C.I. [0.516, 0.993]).
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FIGURE 3 Histogram of distribution of in-field adaptation index. For the index of behaviour, modal scores in the data
correspond to the following practices: 0.33 =all acres in conservation tillage, but no other practices (#=47, 8%); 0.47 =all
acres in rotational no-till, but no other practices (2= 24, 4%); 0.93 =all acres in no-till, but no other practices (2= 37, 6%).

majority had not planted any cover crops in the last growing season (68%), and only about 5% of the
sample had planted cover crops on at least half of their cropland acres.

Structural equation model predicting in-field adaptations index

The final model is shown in Figure 2, and fit statistics are shown in Table 1. Full model estimates (in-
cluding factor loadings, variances and residual covariances) are included in Table S1.

The first hypothesis, that a future time perspective would have a direct relationship with adaptation
behaviour, was not supported (p=.343). Thus, it appears that the components of future time perspec-
tive, which relate to the tendency to plan and think about future goals, are not sufficient to engender
greater in-field adaptation. However, consistent with Hypothesis 2, future time perspective was associ-
ated with higher conservationist norms (»=.001), which in turn was associated with greater adaptation
(p<.001). In support of Hypothesis 3, this indirect effect of future time perspective on adaptation,
through its effects on conservationist norms, was significant (B=0.078, p=.003). This mediated effect
was significant beyond other factors that are known to relate to adaptation (e.g. cropland yield, land
tenure and farmer age). Hypothesis 4 was partially supported, as higher education and the presence of
livestock were associated with greater adaptation, but a number of cropland acres had no association
with adaptation.

Study 1 discussion

The results of Study 1 are consistent with the hypothesis that orienting oneself towards the future may
increase the injunctive norm, in the form of placing greater importance on conservation, which in turn
begets greater adaptation. Further, farmers with greater socioeconomic resources may be more able
to engage; those with livestock likely benefit from having their animals graze on organic matter from
reduced tillage, and persons with higher formal education may be more equipped with the technical
knowledge to implement such practices. Study 2 further tests the role of a future time perspective on
behaviour, this time regarding the expected impact of climate change on agriculture. Unlike Study 1,
Study 2 examined how future adaptation plans correspond to changes in weather patterns through a
vignette experiment.
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TABLE 1 Fit of Final Model Predicting Behavioural Index.

Chi-square model versus

saturated RMSEA  CFI TLI SRMR g n
Final model 860.237, p<.001 0.047 0.883 0.868 0.058 0.734 453
Acceptable fit (often failed with large <0.08 >0.90 >0.90 <0.10 -

samples)
Ideal fit Ideally, n.s. <0.06 >0.95 >0.95 <0.08 -

Note: Model fit statistics for the mediation model predicting the behavioural index. Acceptable and ideal fit metrics are taken from (Schreiber
etal., 2006 Table 2) and (West et al., 2012).

TABLE 2 Study 2 Vignette Experiment Parameters.

Parameter Description Coding

Conservation payment change Change in conservation payment 0=9%100 less
from baseline 1=$100 more

Rain more Change in rain. ‘10 inches more’ rain_more_
versus ‘no change’ 1=more

0=no change, less rain

Rain less Change in rain, ‘15 inches less’, rain_less_
versus ‘no change’ 1=less
0=no change, more rain

Note: For the rainfall variables, because both are entered into the analyses simultancously, the referent group is ‘no change’ in rainfall.

STUDY 2

Having a future time perspective should help farmers plan for the effects of climate change by bringing
possible futures into focus and increasing the salience of future outcomes. Study 2 used a repeated-
measures design to increase the salience of future weather conditions (i.e. rainfall is decreasing, increas-
ing or staying the same), then measure how plans to adapt are affected, controlling for conservationist
norms and socioeconomic factors. Further, we wanted to examine whether a more agriculture-specific
measure of future time perspective—concern for the effect of climate change on agriculture—could
predict adaptation plans above and beyond conservationist norms, the presented changes in future
weather conditions and socioeconomic resources.
Specific hypotheses were as follows:

1. Concern for the effect of climate change on agriculture will correlate with greater adaptation
plans.
2. Socioeconomic factors correlate with greater adaptation plans.

Bl

Increased potential future conservation payments explain greater adaptation plans.

4. Increased salience of changes in rainfall explains greater adaptation plans.

Materials and methods

Study procedure

This study focused on the same five US states as Study 1 (Ohio, Indiana, Illinois and the southern parts

of Michigan and Wisconsin). A watershed was selected from each of these states located in agricultur-
ally significant areas distributed along multiple land cover gradients (Figure S1). We then distributed
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the survey from August 2019 through October 2019 following the Tailored Design Method (Dillman
et al., 2014) to farmers within the five watersheds, with two waves of surveys sent and three waves of
reminders and the first full survey mailing included a $2 bill. After filtering out invalid contacts, there
were 3452 farmers contacted and 918 returned usable surveys, for an adjusted response rate of about
27% (see Data S1 for a map of study region).

A full list of questions that were part of the survey is available in the Data S1. After being presented
with the informed consent information, farmers answered questions about their farming operation.
Next, they were presented with the vignette experiment. Following each scenario, participants indi-
cated their plans to adapt, namely to increase their use of no-till/conservation tillage (to promote soil
health), increase their use of tile drainage (to manage too much water), increase their use of irrigation (to
manage drought) and/or enrol more land in federal land conservation retirement programmes as a risk
management or diversification strategy. After the vignette experiment, farmers answered the individual
differences and demographic questions described below.

Materials

In the vignette experiment, rainfall levels were described to farmers as either decreasing, staying the
same or increasing. Land conservation retirement payment levels either decreased or increased by
$100 from baseline levels in the respondent's area. Details regarding the levels of each experiment
parameter are summarized in Table 2.7 The full text of the vignette experiment is available in the
Data S1.°

Operators were asked to ‘consider potential future weather conditions and indicate how you might
adapt on your farm’. All participants were presented with three scenarios, which included a combination
of the parameters shown in Table 2. The survey used a fixed orthogonal design to maximize efficiency
for estimating the main effects of attributes and key interactions. After each, they were asked, ‘Under
these conditions, what changes would you be likely to make to your farm operation?’. They then indi-
cated what changes they would make from the list described carlier." The vignette experiment parame-
ters were treated as categorical variables and coded as such for analyses (see Table 2). Scenario number
was also controlled for in all analyses.

Measures

A full list of all measures included in the survey is in the Data S1. Farm operators indicated if they
would engage in any adaptations in response to the conditions described in the vignette. Specifically,
(1) enrolling more land in federal land retirement conservation programmes (2) increasing use of
no-till/conservation tillage (3) installing more tile drainage or (4) installing more irrigation. Unlike

*Table 2 includes parameters most relevant to the hypotheses of this manuscript. During the study, participants were randomly presented with
one of 36 overall combinations in order to reduce the complexity (e.g. matrix size) of the hierarchical mixed-effects regression. The
composition of these combinations was determined using the software Sawtooth. The full list of conditions is available in the Data S1. The
results presented are those of the full model, controlling for all parameters.

3Also included in the vignette experiment parameters were planting and harvesting dates, as well as the likelihood of the weather conditions
occurring over the next 10years. While it is objectively true that it is difficult to predict how climate change will affect weather patterns in any
given year, this latter parameter was intended to test how a farmer's perceived surety of weather changes affects adaptation intentions. However,
this parameter exhibited little effect on outcomes and thus is not reported here. Growing times were included in order to examine the effects
on crop insurance plans and plans to engage in double-cropping. Because these outcomes are not of interest to the purpose of this manuscript,
their results are not reported here, although they were controlled for in all analyses. Their results can be reproduced using the provided code
file.

*Because this survey was part of a larger sustainability modelling effort, additional management options were asked that relate to the
food-energy-water nexus, which do not relate to soil conservation practices or water management, and are therefore not included here. These
additional practices include double cropping, changing insurance coverage, and taking no action.
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Study 1, data were not collected regarding the scale of adaptation, and thus forming the index vari-
able was not possible.

Concern for the effects of changing weather conditions on one's farm operation was measured using
10 items developed for the survey (¢=.931) that were designed to capture several changes that are likely
to affect crop growing conditions. Operators were asked to indicate how concerned they were, from
‘Not at all concerned’ to “Very concerned’ about these potential impacts. Examples include more fre-
quent flooding, fewer days for planting and increased soil erosion.

As in Study 1, formal education level, total cropland acres and presence of livestock assets (dichoto-
mized) were examined as socioeconomic factors, as they indicate greater farmer and on-farm socioeco-
nomic resources.

For control variables, conservationist (a=.889) and productivist (¢=.830) norms and yield, were
measured identically as in Study 1. As in Study 1, farmers were also asked whether they rent land
from others and their age. In addition, control variables also included soil type on the farmer's land,
whether the farmer had insurance coverage, and baseline conservation payment amount in the farmer's
state. These variables were included because clay soil tends to retain water during high rainfall events
(Franzmeier et al., 2001), insurance coverage may be relied upon as an (albeit insufficient) risk man-
agement practice in itself (Fleckenstein et al., 2020) and because levels of conservation payments help
explain programme enrollment (Lichtenberg, 2014).

Statistical method

Because of the repeated-measures design, the vignette scenario observations were nested within partici-
pants, and participants were also nested within ‘group’, or the combination of vignette parameters that
were observed. For each outcome variable of interest, a hierarchical mixed-effects logistic regression
was estimated. Fixed linear effects were estimated for all vignette experiment parameters, as well as
vignette scenario number, to statistically control for order effects (e.g. the effect of repeated answering).
Fixed effects were also estimated for concern for future weather effects, socioeconomic factors and all
control variables. All continuous socioeconomic and control predictors were g-scored to centre them at
their mean and create meaningful zero-values for the regression model. As a first step, all the variables
were entered into the model. Then, to avoid model over-identification and test the robustness of effects,
non-significant control variables were deleted from the model. In the reduced models, conclusions re-
mained the same, except where noted in Tables 3—6. Regression coefficients are reported in Tables 3—6.
All analyses were conducted using the “xtmelogit’ command in Stata version 13.1, which uses maximum
likelihood estimation.

In each model, the random intercept of ‘group’ was estimated, as it was expected that the mean
likelihood of engaging in each adaptation would differ based on the unique combination of factors
presented across the three vignettes. A mixed-effects regression analysis allows for the intercept of
each group to be randomly estimated, thus accounting for variability in the intercept that would other-
wise be attributed to error (Field & Wright, 2011).” Likewise, it was reasoned that effects of the vignette
experiment parameters (rainfall levels, conservation payments, etc.) may vary based on idiosyncrasies
in the presented parameters to each group. Specifying random slopes estimates the slope of predictors
separately for each group. In theory, one could estimate random slopes for all choice experiment pa-
rameters, but doing so created an estimating matrix that was computationally intractable. Thus, ran-
dom slopes were estimated for choice experiment parameters with significant main effects. Notably, no
significant random slopes were observed and are therefore omitted, except for the outcome variable of
tile drainage.

*Itis also possible in hierarchical mixed-effects models to estimate random slopes and intercepts that vary randomly by participant. However,
doing so creates a very large matrix that is computationally intractable for logistic distributions (e.g. when the dependent variable is binary).
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TABLE 3 Likelihood of Planning to Enrol More Land in Conservation Retirement Programme.

95% C.I.

Coefficient OR (odds

(log-odds) SE ratio) P LL UL
Increasing versus decreasing 1.987#+ 0.202 7.295 <.001 1.591 2.383
conservation payment
Less rain versus baseline 0.817*** 0.228 2.264 <.001 0.370 1.264
More rain versus baseline 0.418 0.226 1.519 .064 —0.024 0.860
Fututre weather concern 0.402%** 0.088 1.495 <.001 0.229 0.574
Cropland acres 0.179 0.100 1.196 .074 —0.018 0.376
Formal education (0,32 0.083 1.366 <.001 0.150 0.474
Livestock —0.260 0.198 0.771 190 -0.649  0.129
Intercept =373 0.415 0.024 <.001 —4.552 —2.926

Random intercept vatiability 0.246 0.126 1.134 0.090 0.671

Total observations 1547

Note: *** indicates p<.001; ** indicates p<.01; * indicates p<.05. In the simplified model that includes only significant control variables as
predictors, productivist norms drop below significance (p=.065). Area under receiver operating characteristic curve (ROC curve) =0.829,
SE=0.014, 95% C.1. [0.812, 0.856].

TABLE 4 Likelihood of Planning to Increase No-Till/Conservation Tillage.

95% C.I.

Coefficient OR (odds

(log-odds) SE ratio) P LL UL
Increasing versus decreasing —0.088 0.140 0.915 528 —0.363 0.186
conservation Piiymﬁﬂt
Less rain versus baseline 0.642%** 0.174 1.901 <.001 0.301 0.983
More rain versus baseline 0.047 0.181 1.048 793 —0.307  0.401
Future weather concern (0). 395 0.076 1.485 <.001 0.247 0.544
Cropland acres 0.221* 0.086 1.248 .010 0.054 0.389
Formal education 0.026 0.071 1.026 714 —0.113 0.165
Livestock 0.435%* 0.155 1.546 .005 0.132 0.739
Intercept —1.4910k* 0.311 0.225 <.001 -2.099 —0.882

Random intercept variability 0.052 0.054 1.055 0.007 0.405

Total observations 1547

Note: *** indicates p<.001; ** indicates p<.01; * indicates p<.05. Area under receiver operating characteristic curve (ROC curve) =0.694,
SE=0.017, 95% C.I1. [0.661, 0.726]. Because ROC bordered fair fit, a model that additionally included random intercept by the participant was
estimated, which showed excellent fit. The conclusions from this model remain the same as those presented here, except for having livestock
assets, which dropped below significance (»=.099) (area under ROC curve=0.971, SE=0.004, 95% C.1 [0.964, 0.978]).

Results
Descriptive statistics

Farmers had a median farm size of 453 acres and average age of 63 years. The average formal educa-
tion level among farmers was between ‘some college’ and ‘associate's degree’, and most (76%) did
not own livestock, but most (66%) did rent land from others. Across the sample, mean concern for
the impacts of changing weather patterns on local agricultural production was between ‘slightly con-
cerned’ and ‘somewhat concerned’, with only 4% of the sample indicating that they were ‘not at all
concerned” (M=1.762, SD =0.938, scale range 0—4). Like Study 1, endorsement of conservationist
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TABLE 5 Likelihood of Planning to Instal More Tile Drainage.

95% C.I.
Coefficient OR (odds
(log-odds) SE ratio) P LL UL
Increasing versus decreasing 0.004 0.173 1.004 979 —0.335  0.344
conservation payment
Less rain versus baseline —1.034%+* 0.293 0.355 <.001 —1.609 —0.460
More rain versus baseline 0.983#+* 0.218 2.672 <.001 0.556 1.409
Fututre weather concern 0.180* 0.079 1.198 .022 0.026 0.335
Cropland acres 0.389%** 0.092 1.475 <.001 0.209 0.568
Formal education 0.087 0.076 1.091 .249 —0.061 0.236
Livestock 0.143 0.171 1.154 403 -0.192 0.478
Intercept =BT/ 0.410 0.023 <.001 —4.580  —2.973
Random intercept vatiability 0.038 0.088 1.039 <0.001 3.478
Random slope variability: Less rain 0.614 0.446 1.847 0.148 2.551
Random slope variability: More rain ~ 0.412 0.253 1.510 0.124 1.374
Total observations 1547

Note: *** indicates p<.001; ** indicates p<.01; * indicates »<.05. In the simplified model that includes only significant control variables, age
drops below significance (p=.051). Area under receiver operating characteristic curve (ROC curve) =0.813, SE=0.013, 95% C.1. [0.787, 0.838].

TABLE 6 Likelihood of Planning to Invest in Additional Irrigation.

95% C.I.

Coefficient OR (odds

(log-odds) SE ratio) P LL UL
Increasing versus decreasing —0.183 0.279 0.833 512 —0.730  0.364
conservation payment
Less rain versus baseline 1.488*** 0.367 4.426 <.001 0.768 2.207
More rain versus baseline —0.264 0.472 0.768 576 -1.190 0.662
Future weather concern —0.040 0.144 0.961 781 —0.322  0.242
Cropland acres 0.549** 0.170 1.732 .001 0.215 0.883
Formal education 0.602%** 0.142 1.826 <.001 0.324 0.881
Livestock 0.467 0.295 1.595 114 -0.112 1.046
Intercept =756 0.643 0.023 <.001 —5.015 —2.496

Random intercept variability 0.099 0.222 1.104 0.001 7.998

Total observations 1547

Note: **¥* indicates p<.001; ** indicates p<.01, * indicates p <.05. Area under receiver operating characteristic curve (ROC curve) =0.820,
SE=0.028, 95% C.I. [0.765, 0.874].

norms was high in this sample (M =2.945, SD =0.639, scale range 0—4), whereas productivist norms
were distributed around the scale mean (M=2.120, SD =0.743). A table of the descriptive statistics
is available in the Data S1.

In the hierarchical mixed-effects models, 1547 observations were included across the vignette exper-
iment. These observations included data from 559 persons, who contributed an average of 2.8 observa-
tions per person (ranging from 1 to 3 observations per person).()

°In a Poisson regression predicting the number of vignette scenarios that the participant did not engage with, only the level of formal education
predicted engagement. Those with higher formal education participated in a greater number of vignettes.
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Model results

Consistent with Hypothesis 1, future weather concern was significantly correlated with the likeli-
hood of multiple adaptations, except for irrigation (perhaps due to concerns being driven by too
much rain as opposed to not enough). Relative to mean levels of future weather concern, operators
with higher (1 SD above the mean) concern for the effects of future weather on agriculture were
about 1.5 times as likely to plan to retire land and engage in more conservation tillage, and 1.2 times
as likely to plan to install more tile drainage (see Tables 3—0; for brevity, control parameters are not
shown but are available in Data S1).

In partial support of Hypothesis 2, having more acres of cropland was associated with a higher
likelihood of plans to adapt using more no-till, tile drainage and irrigation. The largest impact
was on irrigation, with larger farms 1.7 times as likely to plan to invest in additional irrigation.
Operators with higher (1 SD above the mean) formal education were 1.4 times more likely to retire
land, and 1.8 times more likely to plan to install more irrigation. Further, supporting Hypothesis
2, the likelihood of planning to increase conservation tillage was 1.5 times higher among operators
with livestock.

Supporting Hypothesis 3, under conditions where a $100 increase in land conservation retirement
payments from baseline was offered (as compared to a $100 decrease in payments), operators were 7.3
times as likely to plan to retire land.

Hypothesis 4 received limited support, as only /ess rainfall than usual explained plans to retire land
and increase conservation tillage. Specifically, operators were 2.7 times more likely to plan to install tile
drainage (which helps manage excess water) when rainfall increased. However, respondents were also
0.65 times less likely to plan to install tile drainage when rainfall decreased. Finally, farmers were 4.4
times more likely to plan to invest in additional irrigation when rainfall was lower compared to usual
levels in their area.

Study 2 discussion

In sum, having concern for the future effects of climate change on agriculture (our agriculture-
specific metric of future time perspective), and socioeconomic factors (farm size and operator
education) were both relevant to adaptation plans. These effects remain significant above and
beyond the effects of changing rainfall and land retirement payment conditions described in the
vignette experiment. In addition, increasing payments, or the economic incentives, is a large driver
of plans to adapt by retiring land and showed even larger effects than changing rainfall patterns.
But importantly, even in the face of this strong economic effect, planning to adapt by retiring
land was still impacted by concerns about the future, and to some degree, by resources (i.e. formal
education level).

Thus, unlike in Study 1, thinking about the future predicted adaptation plans above and beyond
conservationist norms. There are several possible explanations for this discrepancy. First, Study 2
used a measure of future thinking specific to agriculture, whereas Study 1 used a general measure
of time perspective. Second, the measure used in Study 2 is one of concern about the future effects of
climate change, which partly captures the risk perception of farmers in relation to climate change,
in addition to future thinking. As a result, this measure is a more direct indicator of a lack of tem-
poral discounting for the effects of climate change, which is the proximate means by which future
time perspective impacts pro-environmental behaviour (Keller et al., 2022; Milfont et al., 2012).
Finally, it could be the case that thinking about the future is not sufficiently powerful to predict ac-
tual behaviours (measured in Study 1), only planned behaviours. Future work should explore whether
domain-specific tendencies to think about and plan for the future predict actual adaptation be-
haviours among farmers.
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GENERAL DISCUSSION

Whether socioeconomics is associated with adaptation, above and beyond the proposed socio-
psychological factors (e.g. future time perspective, conservationist norms), has important implications
for designing policy and interventions to support adaptation. If it were the case that future time perspec-
tive (measured generally or specifically as future climate concern) completely explained the tendency
to adapt, then policies should focus mostly on encouraging planning skills and drawing connections
between adaptation practices and being prepared for future weather patterns. But if socioeconomic fac-
tors play an additional role, then policies would need to be designed that reduce current economic and
other structural barriers to adoption.

Study 1 showed that there is no direct relationship between the tendency to plan for the future and
adaptation among farmers. Instead, planners are more likely to believe that such practices are important
for a good farmer to use. In turn, such conservationist norms predict more climate adaptation. Thus,
encouraging farmers to develop adaptation plans for their farms must go beyond list-making of actions
to be taken. Instead, explicit language should be used that helps farmers develop a sense of the long-
term benefits of adaptation practices for their farm, and how specific practices can help reach crop
production goals (e.g. increased water holding capacity for drought management).

The results of Study 1 also support that future time perspective may be an important contributor to
how conservation norms might develop more generally, at least for contexts that require planning for
future goals. It was reasoned that by tending to think about future goals and plan for how to achieve
them, the impacts of climate change on one's crop production goals will be made more salient, as will
the benefits of enacting conservation behaviours that adapt to changing climate. In turn, because these
practices protect the growing operation, a farmer would come to value conservation, believe they have
a personal responsibility to enact it and develop the injunctive norm that a ‘good farmer’ cares about
conservation. The authors are aware of very few studies that have explored conservation norms as a me-
diator between future time perspective and behaviour. Recently, Olsen et al. (2023) found that placing
greater importance on the future predicted higher biospheric va/ues, and in turn, willingness to pay for
environmentally-friendly products. Similarly, Joireman and Liu (2014) found that concern for future
consequences predicted environmental values, but indirectly through political orientation. However,
Bruderer Enzler et al. (2019) found inconsistent support that environmental values mediate the relation-
ship between concern for future consequences and energy use. Unlike these studies, the present study
used a time perspective measure which focuses on taking planning steps for reaching goals (i.e. “When
I want to achieve something, I set goals and consider specific means for reaching those goals’). As men-
tioned above, this was because climate adaptation requires thinking about how climate challenges may
impact production goals, and how those challenges can be overcome by implementing complex changes
to the farming operation. Future work should explore whether other aspects of future-focused thinking,
such as placing importance on the future, could also impact conservation norms.

Study 2 demonstrated that when the possible future impact of climate change on rainfall is made
salient, adaptation plans increase. Expected changes in rainfall levels significantly altered plans to en-
gage in all four adaptation practices examined. In addition, having baseline concern for the future
impact of climate change on agricultural operations, a potential proxy for future time perspective was
significantly associated with increased plans to engage in most adaptation strategies, even beyond con-
servationist norms.

Across both studies, the results also indicate that farmers with greater socioeconomic resources are
more likely to adapt (controlling for the socio-psychological factors). Having more cropland acres pre-
dicted adaptation plans for all but land retirement (i.e. no-till, tile drainage and irrigation), while education
was a significant predictor of land retirement and irrigation. Larger farms appear to have an advantage
when it comes to no-till practices, likely due to mote favourable cost/benefit ratios for purchasing equip-
ment, and greater time savings over a larger number of acres, compared to smaller farms. Larger farms
also have an advantage in changing infrastructure, as there are more acres that can be used for drainage
and irrigation. Finally, farmers with more formal education may have an advantage for practices that are

85US0| 7 SUOILLOD BAIERID 3|qedl|dde 8y} Ag peussnob aie Ssjole O !N JO S9|nJ Joj A1eiq1T8UIIUO A8|IM UO (SUOHIPUCO-PUE-SWULISYW00" A3 | 1A l.dBUIIUO//SANL) SUORIPUOD Pue SLd | 8L} 88S *[5202/50/20] U0 ARelqiauliuo AB|Im ‘S81 Aq 0S82T 0S[a/TTTT'0T/I0p/wod" A3 im Arelq 1 jeut|uo gnuoAsdsda/:sciy wioly pepeo|umoq 'z ‘5202 ‘608702



FUTURE TIME PERSPECTIVES AND CLIMATE ADAPTATION
AMONG FARMERS | 17 of 23

less commonly used in their region, as was the case in the present studies regarding irrigation, as well as re-
tiring land as part of an incentive programme. Implementing these adaptations would likely require engag-
ing with local conservation districts and university-run agricultural outreach offices, where more formally
educated farmers are more connected (Drescher et al., 2017; Frisvold & Deva, 2012; Leib et al., 2002).

Accordingly, while increasing land retirement payments, communicating injunctive norms on con-
servation and focusing on the certainty of future impacts are likely to be necessary, they are also insuf-
ficient to engender adaptation planning. In addition, the resource-related needs of farmers—whether
that be technical or financial—must also be met. For example, the per acre cost to implement practices
like tile drainage, irrigation and no-till decreases as cropland increases (Prokopy et al., 2019). These
costs can be offset through incentive reimbursement payments, but such programmes do not appeal to
many operators with limited time and cognitive energy, due to paperwork burdens and the complexity
of the reimbursement process (Reimer & Prokopy, 2014). In addition to incentive payments, subsidies
for smaller farms that require no paperwork and more flexibility given the constraints of the operation,
could be used. Current protests, in the UK and elsewhere, highlight how many farmers see the need for
these programmes to help alleviate barriers as they plan for the future (Mason, 2024).

It is also important to consider the compounding effects of socioeconomic resources and climate
stressors on the well-being of farmers. The world over, many farmers already experience mental health
challenges, and stress, depression and burnout are higher among farmers than non-farmers (Hagen
etal.,, 2019; O'Shaughnessy et al., 2022). Farmers report that climate stressors like drought and financial
difficulties are major stressors to their mental health (Daghagh Yazd et al., 2019). These are factors
that will likely worsen with climate change as changing weather patterns stress crops and yield. Mental
health services can improve outcomes (Hagen et al., 2019), but alleviation or prevention of stressors is
another crucial way forward.

Limitations and future directions

In both studies, participation was voluntary, and participants were free to skip any questions they did
not wish to answer. This resulted in missing data and possible self-selection effects. In Study 1, partici-
pants were more likely to have missing data if they were higher in productivist norms. In Study 2, formal
education predicted having participated in a greater number of vignettes. This means that, like with
many survey studies (Zahl-Thanem et al., 2021), persons with formal education are over-represented in
the data. Further, those who tend to focus more on production may have a lower interest in completing
surveys. However, these concerns are mitigated somewhat by controlling for education and productivist
norms when examining the significance of other predictors.

A possible mechanism by which future time perspective might increase on-farm adaptations is
through reduced temporal discounting. Temporal discounting is the tendency to downplay the benefits
and consequences of actions or conditions that are further away in time (Baum & Easterling, 2010;
Trope & Liberman, 2003). Research has shown that the greater the temporal distance of a problem, the
more abstract the solutions seem, making it harder to act (Fuyjita et al., 2006; Liberman & Trope, 2008).
But, when a person thinks about the future, the future is perceived to be less far away. This effect
has been demonstrated in the context of climate change, where thinking about the future results in a
decrease in temporal discounting, such that the perceived benefits of climate action are higher, as are
the perceived consequences of climate change (Keller et al., 2022; Milfont et al., 2012). Study 2 did not
directly measure temporal discounting, thus future research (including qualitative and mixed-methods
designs) should directly address whether this is a potential mechanism at play.

Although the scope of the present study examined a variety of adaptation practices, there are many
other potential adaptation actions that a farmer could engage in to adapt to the impacts of climate
change. For instance, investing in remote monitoring technology to track soil moisture, or planting
more weather-resistant seed varieties (Mase et al., 2017). We would expect that if farmers view a par-
ticular practice as relevant to adapting to changing weather patterns, and in turn believe they ought to
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be enacted, then the variables examined in this study (future time perspective, conservationist norms,
concern about the future impacts of climate change) would be relevant predictors. Qualitative inter-
views could help identify which practices farmers do, and do not, believe have benefits for climate
adaptation. Further, because many adaptations require the investment of capital resources, we would
also expect that socioeconomic factors, in the absence of sufficient support for farmers, would lead to
lower adaptation. Future research could be conducted to explicitly test these assumptions.

Finally, our test of statistical mediation in Study 1 was cross-sectional in nature and thus is prone to
the flaws of cross-sectional designs, such as equivalent models (Pek & Hoyle, 2016). Regarding equiva-
lent models, it was reasoned that it is implausible to hypothesize that domain-specific injunctive norms
towards conservation in farming could lead to the development of (domain non-specific) future time
perspective. Thus, this model was not examined. Nevertheless, a promising direction for future research
would be to engage farmers in a direct manipulation of future time perspective. Such a study could test
if future-focused thinking can alter perceptions of what a ‘good farmer’ ought to do to protect their
farm from the effects of climate change, and in turn, predict the implementation of those adaptations.

CONCLUSION

Climate change will bring with it changes in temperature and rainfall that stress the resiliency of crops.
Many stressors can be alleviated through adaptations that protect crops given increasing variability
and weather extremes, as well as protect soil and water resources. The present study showed that hav-
ing a future time perspective may increase injunctive norms that good farmers do conservation, which
in turn predict adaptation through conservation behaviour. In a vignette experiment that described
changes in weather patterns, the tendency to be concerned about future impacts of climate change
on agriculture predicted greater adaptations above conservationist norms and the described changing
weather patterns. Further, above and beyond these psychological factors, farmers of lower socioeco-
nomic resources are especially vulnerable to these effects of climate change, as they are less likely to
have already implemented adaptation strategies and less likely to plan to use them in the future, despite
knowledge of changing rainfall conditions. The adaptation practices focused on in the present studies
are important strategies in regions where climate change increases the risk of drought and flooding
through rainfall extremes. Findings presented here show that practices should be encouraged through a
multi-method approach that: (1) clearly communicates the future benefits of farm management strate-
gies for climate adaptation; (2) engages farmers by conveying the effects of changing weather patterns,
especially rainfall, on agriculture on future growing seasons; (3) emphasize that by adapting to climate
impacts, a ‘good farmer’ is protecting their growing operation; (4) support the financial, informational
and technical resource needs of farmers in ways that minimize burdens to the farmer's time and effort,
such as through subsidies or insurance rate reductions.
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