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ARTICLE INFO ABSTRACT

Keywords: Arable crops are typically grown in annual rotations. Diverse rotations can deliver ecosystem
Agronomy ) services, provide economic resilience, and support adaptation to climate change. Our aim was to
Arable farming assess farmers’ attitudes to planning and diversifying crop rotations, focusing on their responses

Climate change in the face of contrasting climate viewpoints.

Outlook . . : o )
Planning We interviewed 75 farmers from four regions along a latitudinal gradient from the south of the
Rotations UK to the south of France. We used a semi-structured questionnaire with face-to-face interviews

and asked farmers to respond to two narrative viewpoints of climate change impacts: one
viewpoint focused on opportunities, the other on constraints.

We found in all four regions that farmers’ use rotations, and the crops within rotations, to
achieve their main objectives of financial stability and improved soil health. Most farmers
(79-100% depending on region) said they had experienced climate change, and many (54-83%)
had already implemented changes in their farming practices. We did not find a difference in these
results based on latitude. However, farmers’ self-reported outlook was mostly optimistic in
southern UK and become progressively more pessimistic further south. When presented with a
viewpoint of climate change impacts focusing on opportunities, more farmers were likely to
diversify and lengthen rotations, and fewer were likely to shorten them, compared to a viewpoint
presenting constraints from these impacts.

Crucially, here we show that the presentation of climate change affects the ways in which
farmers predict how they will respond to climate change. Diversified rotations align with multiple
other economic and environmental benefits. Therefore, it is essential to consider the way in which
climate change impacts are communicated, and the effect this has farmers’ behavior, when
designing measures to support environmentally sustainable adaptation to climate change.
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1. Introduction

Climate change can have significant impacts on agriculture via more extreme and more frequent weather events (e.g. droughts,
floods, storms), average temperature change and by facilitating increases in diseases and pests (Olesen and Bindi, 2002). Farming
practices have been shown to contribute to climate change (IPCC, 2018) and exacerbate climate change impacts such as loss of
biodiversity (Geiger et al., 2010), the breakdown of ecosystem services (Mulder et al., 2017) and soil and water degradation (Ball et al.,
2005). Current farming practices will need to adapt to climate change (IPCC, 2018): changing farming practices could help to reduce
farming’s contribution to climate change (Gan et al., 2014) and increased adaptions to climate change could positively support
restoration of biodiversity and ecosystem functioning (Degani et al., 2019).

Agricultural climate change research tends to focus on academic scenarios of climate change, i.e. numerical outputs from prob-
abilistic climate models, to investigate how this will impact yield, growing season, pests and diseases. There have already been sig-
nificant declines in the yield of some major crops and livestock productivity due to increased average temperature, variability in
temperature and precipitation, and extreme weather events in Europe (Ray et al., 2019; Vogel et al., 2019). Climate change will also
cause a northward shift of agro-climate zones in the northern hemisphere, so farmers will change crops or varieties of crops to those
that better suit shifted sowing and harvesting times (Ceglar et al., 2019). Farmers will have to adapt to climate change alongside other
drivers and pressures; though farming systems have always adapted to changing circumstances (Schiere et al., 2012). Indeed, climate
change could be an important and powerful driver for the necessary shift towards a more sustainable agriculture.

Crop rotations are defined as sets of crops that are grown in agronomically-determined sequences (Therond et al., 2017) and are a
key component of arable farming practice. Rotations have been used to benefit crop productivity by, for example, reducing the impact
of weeds (Weisberger et al., 2019), pests (Vasileiadis et al., 2011), diseases (Pankhurst and Lynch, 2005), and improving soil fertility
(Bullock, 1992). Rotations can also be used to mitigate climate effects and reduce environmental damage whilst improving produc-
tivity and economic stability (Behnke et al., 2018; Sindelar et al., 2016; Teixeira et al., 2018). Crop and rotational diversification could
therefore contribute to the sustainability of future agriculture in terms of ecosystem services, biodiversity conservation and resilience
to climate change (Storkey et al., 2019).

Across Europe, crop rotations are subject to regulations that require the diversification of crops through measures to reform the
Common Agricultural Policy (European Environment Agency, 2019) but much of the decision-making is left to the individual farmer.
Farmers’ attitudes towards climate change and their ability and desire to adapt their practices are crucial. Where arable farmers are
flexible and optimistic, we expect that this will foster greater ability and success in adapting to and mitigating climate change.

Local climate impacts are important influences on farmer decision-making. Haden et al. (2012) found that local impacts lead to
adaptation (i.e. changing actions in response to the effects of climate change) which differ from mitigation (i.e. changing actions to
reduce climate change) based on global issues. It has been suggested that farmers are more likely to adapt to climate change than to
mitigate (Arbuckle et al, 2015). Studies have shown that many factors feed into the need and ability to adapt, especially around beliefs
of the effects of climate change and its associated risks, farmers’ socio/cultural/economic background, and their access to information
(Arbuckle et al 2015, Nguyen et al., 2016). Some modelling of crop rotations has successfully incorporated climate predictions and
farmer behavior (Castellazzi et al., 2008). However, research on climate change mitigation and adaptation often does not consider the
importance of farmers’ behavior and values (but see for example, Feola and Binder (2010) and Wolf (2011)) and “existing research too
often relies on theoretical models that do not capture the complexity of farmer behavior” (Feola et al., 2015). As highlighted by Dury
etal., (2012), incorporating farmers’ decision making process in future research would be a “promising improvement” for adaptation.
Effective communication between farmers and researchers is key to better inform climate research and co-development of future
farming practices because miscommunication between experts and farmers can lead to maladaptation Eitzinger et al. (2018) whilst
good communication strengthens farmers ability to adapt (Mitter et al, 2019).

Fig. 1. Locations of the farms in the Southern United Kingdom (UK), and the Hauts-de-France (HdF), Bourgogne-Franche-Comté (Bgn) and
Occitanie (Oct) in France accompanied by photos of typical arable fields in each region. These sampling locations form a roughly North to South,
latitudinal transect across Western Europe and we expect that the probability of having experienced climate change increases towards the south of
the transect. The abbreviations used here are used throughout the rest of the figures in this paper to refer to the regions.
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The overarching aim of this work is to better understand farmer optimism, behavior and choice, in order to improve communi-
cation between farmers, researchers, and policy makers. This will positively influence the adaptation of agricultural and rotational
practices in response to climate change. In this study, we assessed which factors contribute to rotational decision-making by farmers in
the context of climate change and we tested how the communication of climate projections influences farmers’ responses. We related
this to the flexibility of farmers (their ability/willingness to change their crop and rotation plan in order to adapt to a situation) and the
optimism of their outlook for the future. Our work used face-to-face interviews (following Young et al., 2018), based on a semi-
structured questionnaire that was co-developed with a test group of farmers, to gain information from farmers in four regions
along a north-south latitudinal gradient (Ceglar et al., 2019) running from southern United Kingdom (UK) to the south of France
(Fig. 1).

Specifically, we first sought to understand farmer-approaches to arable farming in terms of rotations or individual crops, to assess:
(i) whether they use rotations to achieve particular objectives; (ii) whether their planning of crops and/or rotations is driven by
objectives or constraints; and (iii) the extent and drivers of flexibility in their crops/rotations. Secondly, we sought to understand how
farmers are responding to climate change by discovering: (iv) whether they felt they have already been impacted by climate change;
(v) how they would adapt their rotations in response to a positive and negative viewpoint of future climate change and (vi) if they felt
optimistic or pessimistic about future changes in agriculture, particularly in the context of climate change.

We hypothesized that rotations would be used by farmers to plan their cropping, rather than planning based on individual crops,
even though the majority of studies of climate change and arable crops only consider crops individually (Leng and Huang, 2017; Lesk
et al., 2016; Sloat et al., 2020). We also expected that planning and flexibility would be driven by both objectives and constraints. We
expected that the farmers along the latitudinal gradient to have different experiences of climate change and therefore different re-
sponses to climate change. However, we anticipated that despite the application of the Common Agricultural Policy in all nations and
regions (prior to the U.K. leaving the EU), there would have been different local regulations, traditions, cultures, and geographical
features that could have influenced farming practices.

2. Materials and methods
2.1. Development and design of the semi-structured questionnaire

The data presented in this study were collected via face-to-face interviews with farmers, using a questionnaire. The questionnaire
was co-designed with eight farmers in the Bourgogne-Franche-Comté and Occitanie regions of France. We constructed an initial draft
of the questionnaire that was then iteratively improved via individual interviews with farmers. It was open and exploratory in format
to capture the diversity of farmers’ opinions whilst avoiding any presumptions about what is important to them. The co-design
suggested that several questions should be posed twice, once using a structured, multiple choice style answer, and then again
allowing open discussion. This approach would allow us to cross-check the responses and to confirm the success of the co-construction
process (Feola et al., 2015). Several of the questions provoked a considerable amount of discussion, which could be entirely directed by
the farmer, or semi-directed by the interviewer to elucidate the key messages, where required. Open questions and discussion can
cause analysis issues but when used strategically they generate greater depth and breadth of qualitative understanding (O’ Cathain and
Thomas, 2004). These discussions provided the context to the questions that we present here to understand how farmers consider crop
rotations and might be sensitive to modifying them with future climate change.

Table 1
The presentation of a single climate scenario from a positive viewpoint and a negative viewpoint. These contrasting outlooks were presented to
farmers as two contrasting projections.

Viewpoint of climate change

Positive viewpoint

Negative viewpoint

Summary

Description presented
to French
Farmers

Description presented
to English
farmers

A positive viewpoint based on gaining opportunities from
predicted climate change, e.g. increased yield, decrease in frosts,
new crop opportunities

“Le changement climatique est ici modéré et a un impact plutot
positif sur les rendements de la plupart des cultures. Il y a une
diminution de la fréquence des gelées automnales grace a une
sensible augmentation des températures. De plus, le semis au
printemps se déroule plus tot.

Enfin, le changement climatique permet I’adoption et I’intégration
de nouvelles cultures provenant de zones historiquement plus
chaudes.”

“Climate change is moderate and has a slightly positive impact on
the yield of most crops. There is a decrease in the frequency of early
frosts because of the slight increase in temperature. In addition,
sowing in spring is earlier. Finally, climate change allows the
adoption and integration of new crops from warmer latitudes.”

A negative viewpoint based on reduced opportunities from
predicted climate change, e.g. Extreme weather events, Different
rain patterns, Increased pests and diseases

“Le changement climatique a un impact négatif sur la plupart des
cultures, notamment a cause de catastrophes naturelles plus
fréquentes et plus violentes (sécheresses, vagues de chaleur,
averses de gréle, tempétes, inondations). La pluie est plus
concentrée en hiver, ce qui implique un surplus d’eau en hiver et
un déficit en été. Le changement climatique induit une plus forte
pression des nuisibles (adventices, champignons, insectes,
maladies) et des maladies et invasions plus fréquentes et intenses.”
“Climate change has a negative impact on most crops, because of
extreme weather events that are more frequent and more intense
(e.g. droughts, heat waves, hailstorms, storms, floods). The rain is
more concentrated in winter, inducing a surplus of water in winter
and a deficit in summer. Climate change induces a higher pest
pressure (e.g. weeds, fungi, insects, diseases) and more frequent
and intense diseases and/or invasions.”
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The co-design process resulted in three clear sections within the questionnaire. Section 1 obtained general information about the
farmer, their farm business, land and farming practices, including the crops grown and their current standard rotation(s). The purpose
of this section was to build up a baseline understanding of the diversity of farms in our sample and enable appropriate interpretation of
our main results. Section 2 assessed the current situation, specifically asking whether farmers had already begun to make changes to
their practices, their flexibility of practice and the objectives and constraints in current cropping practice. We define objectives as goals
that the farmer is aiming to achieve through their practices, for example ‘financial independence’ or ‘control over a pest’. Constraints,
on the other hand, are factors that limit the farmer’s ability to practice as they wish, such as government regulation or biotic pressure.
The questions of objectives and constraints were posed twice, once with respect to using rotations and once for individual crops, with
the aim of determining whether farmers plan in terms of crops or rotations. Section 3 of the questionnaire sought to evaluate farmer
responses to climate change.

Section 3 evolved considerably over the course of the co-design with the farmers. Initially we presented climate change as a ’climate
change scenario’, as used by scientists, which described future increases in CO, durations of change and the frequencies and variances
of extreme weather events. Over a series of discussions and reflections it became clear that this form of academic language was not
useful to farmers: they focus on shorter-term forecasts of weather, rather than probabilistic projections of climate. Based on this
feedback we then described a climate change scenario but from two viewpoints: a positive and negative viewpoint (Table 1). The
positive viewpoint focused on opportunities, such as an earlier last-frost dates, while the negative viewpoint focused on impacts that
could reduce opportunities for farmers such as water deficits during summer or elevated probabilities of pest attack (European
Environment Agency, 2019). Each farmer was presented with both viewpoints in the same discussion and asked whether (and how)
they would change their arable rotations in response to each. Comparing the responses to these two different viewpoints allowed us to
determine how sensitive the farmers were to the presentations of climate change impacts. In the final part of section 3, farmers were
asked to self-assess as being optimistic or pessimistic regarding their experience of climate change, the questionnaire, and the in-
formation we gave them.

2.2. Delivery of questionnaire

We selected 4 distinct regions (three in France and one in the UK) that formed a latitudinal gradient (Fig. 1). The current impacts of
climate change were expected to be more negative and more severe further south along the gradient (European Environment Agency,
2019). The questionnaire was translated from French to English, with minor changes to adapt it for the UK farming situation (both
versions are available as Supplementary Material).

The semi-structured interviews were held in three regions across France during 2018. In the Occitanie in the southwest, the 13
farmers were contacted via an existing network managed by Solagro (a non-governmental organization working on food, agroeco-
logical and energy transitions). In the Bourgogne-Franche-Comté in the central-east, the 22 farmers were recruited via an established
network on the Zone Atelier de Fenay and personal contact from the network. In the Hauts-de-France in the north, a network of 12
farmers were contacted though an acknowledged farmer contact. In the UK, the semi-structured interviews were held during 2019. A
total of 28 farmers were invited via a network of existing contacts from the UK Centre for Ecology & Hydrology, through word-of-
mouth and by advertising the study in a blog post on the Agricology website. The farms were all located in the south of the UK:
two in South Wales and 26 in southern England.

Interviews were carried out by Geoffroy Oudoire in France and by Miranda Bane in the UK. All farmers were provided with in-
formation about the research, opted in to give fully informed consent and were able to opt out at any stage in the process. Agro-
ParisTech granted ethics approval to carry out this research.

We acknowledge that our sample of farmers was not necessarily representative because they were self-selecting as being willing to
engage in research and discuss their agricultural practices and views on climate change. Many farmers belonged to the same agri-
cultural network within each region and would have shared similar geographical and meteorological conditions. However, this should
not negatively impact the relevance of the study because we did not aim to survey a random group of farmers but rather to gain a
detailed insight from a sample of farmers in each region willing to discuss their views in depth. This approach enabled us to gain an
understanding of the range of factors influencing farmer decision-making.

2.3. Interpretation and analysis

Open discussion questions in the questionnaire were summarized in writing during the interview and later codified to enable
comparative analysis across the 4 regions. Coding is a way of undertaking content analysis by categorizing meanings from narrative
(Young et al. 2017) by capturing the key points and the diversity of responses. For example, when asked to openly discuss crop rotation
objectives, references to making more money for the farm were codified under the code ‘Maximize income/profit’. Coding took place
after all the interviews were complete and comprised initial, unsupervised coding followed by focused coding to standardize the
categories and ensure that they were harmonized between the English and French interviews (Young et al., 2018). Coding was carried
out by the authors with discussion to ensure consistency. Other parts of the questionnaire asked farmers to rate or select options from a
list produced in the co-design; these responses could be analyzed without the need for coding. To aid our interpretation of the results,
we discussed these results with farmers from Occitanie and Bourgogne-Franche-Comté during continued engagement with them by our
organizations. We present summary figures of our main findings, providing detail and discussion based on the content of the interviews
and subsequent engagement with farmers.
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3. Results and discussion

We present data from a total of 75 farmer interviews. The farms were either arable only (61%) or a combination of arable crops and
livestock (39%). All farmers used arable rotations. Across all regions, >70% of farmers stated that they ‘use rotations to achieve
particular objectives’ (UK = 100%, HdF = 82%, Bgn = 73%, Oct = 92%). The objectives identified in open discussion were broadly
similar across the four regions, with weed control, maximizing profit/income, optimizing crop distribution, and improving the soil
quality being most commonly raised. From the interviews it was clear that the farmers in our study balance the environmental (crop
diversity, weeds, and soil) and economic (income and profit) sustainability of the farm in their planning. No single factor drives their
planning alone. Only a small proportion of farmers raised ‘responding to climate and weather’ as an objective in open discussion, and
only in the UK and Occitanie (both <20%). This suggests that responding to climate change is not an imperative at the forefront of
planning for farmers, regardless of any potential climate impacts in their region. The other factors, in combination, appear to be more
pressing.

3.1. Is planning driven by objectives or constraints, and does this depend on whether farmers think in terms of crops or rotation?

When asked to respond to a set of objectives and constraints generated during co-design, we found that all farmers more frequently
rated objectives as important, compared to constraints (Figs. 2 and 3). This was true both for planning rotations and for planning which
crops to grow. The objectives considered most important by the majority of farmers were securing/diversifying income and improving
the soil quality. These results align with the objectives raised by farmers in open discussion about whether they use rotations to achieve
particular objectives. This would suggest that finance and a healthy arable environment are key to farmers planning, irrespective of the
region (and associated variables) concerned. In discussion, many farmers described a balancing act between finance and improving the
arable environment, wanting to achieve positive outcomes for both objectives despite them not always being aligned. Finance plays a
role in the adoption of practices that benefit the arable environment, for example there are financial constraints on reducing pesticide
use (Cheze et al., 2020). For those farmers with livestock (39%), livestock feed autonomy was considered particularly important. This
highlights that arable farming done in combination with livestock farming, can lead to a different hierarchy of priorities. Reduction of
working time and equipment independence were least likely to be considered to be important in all regions. The farmers we inter-
viewed were self-selected, and within the different regions some were connected by family, social and/or commercial ties, as well as
sharing agroecological contexts. Thus, the sample can be criticized as not being representative of all farmers doing arable agriculture.
Nonetheless, we note that our findings align with other studies such as Chongtham et al. (2017) which support soil quality and weed

Rotations Crops

Livestock feed autonomy - ° o °
Secure diversify income - ° ® 0| 1 ® ®
Improve soil quality o e» 1 © ®0
Limit operating costs - D e 1 o0
Limit environmental impact © eow®@ B © e °
Maximise income | e o O 4 el o 3
Use own infrastructure - ® C ] - [ JoN
Distribute working time - © ce @ B [ JolC ]

Objectives

Financial independence ) L] B 0 e
Equipment independence - e 0 1 o 1) I:l UK

Reduce working time - oee R e
|| HdF

Weed pressure * 1 o & o - Bgn
Soil Quality » B *0 @
Frequency of key crop * > * O 4 * * - Oct
Market and demand - L IR
Regulations | L R 1
Finance *
Soil water reserve o .
Disease pressure | 4 @ L 2 4 < L 2
Climate | <
Invertebrate pressure -{ @
Equipment 1 & o ¢ < =i d < 2
3
4

Constraints

Irrigation Capacity |
Vertebrate pressure

» 1. % *

2 04 06 08 10 00 02 04 06 08 10
Proportion of farmers

Fig. 2. The proportion of farmers that agreed each Objective (top panel) or Constraint (bottom panel) was considered when planning their Rotations
(left) and Crops (right). Farmers are grouped by region (see key). There were no substantial differences between regions. The vertical line at 0.5 is
added for reference.



M.S. Bane et al. Climate Risk Management 34 (2021) 100356

Objectives Constraints

N NS
N 2
N g
. o O o(\“)
O, XY
5 £
€
More than 50% of farmers
[ ]k
More important More important |:| HdF
for crops for rotations
I Ben
I oct

Less than 50% of farmers

Fig. 3. Overview of proportions of farmers from Fig. 2. For both plots, refer to key plot below: points that sit above the horizontal line indicate that
more than half of the farmers questioned considered the objective (left) or constraint (right) in question to be important in their planning. Points
that sit exactly on the vertical line in each plot indicate that the objective or constraint in question was considered the same in the context of crops
and rotations. Variation from the vertical indicates the objective or constraint was considered to have different importance to crops vs rotation.
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Fig. 4. The flexibility (a) and means of flexibility (b) of farmers. a) Likert plot showing how farmers in each region that responded when asked how
flexible they are in their planning. The percentage of farmers is normalized for each region by the number of farmers (n). b) Factors driving
flexibility, as raised in discussion by the farmers in each region. The color scale indicates the percentage of farmers from each region that raised each
factor. Twenty-eight distinct factors were codified from open discussion.
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control being important in decision making, feed production being critical for farmers with livestock, and weed pressures and
financial/market forces having the greatest influence on practices. We also note that farmers from across all four regions, having no
shared ties, showed similar responses suggesting that there is a generic conception of arable farming objectives and their relative
importance (Figs. 2 and 3). This may be due to consensus on core farming practices in this part of Europe.

The similarity of responses for crops and rotations (Fig. 3), and discussion with farmers around this, showed that crop choice is
integrated with planning rotations, rather than independent from it. In several cases, farmers stated that crops and rotations were
inseparable and scored them identically. So, while individual crops contribute to the achievement of farming objectives, they do this as
part of coherent crop rotations, supporting our prior expectation. This shows the importance of taking a rotation-based approach in
research and agronomic planning for the future.

3.2. Are farmers flexible in their planning and what drives flexibility?

The majority of famers in the UK (75%) considered themselves to be quite or very flexible in their planning. This figure is lower in
France (33-62%) but increases from north to south (Fig. 4a). This may be due to differences between the two countries in past national
planning, regulations, and economic decision making for agriculture. France has a strong tradition of national planning, e.g. pro-
duction of sugar beet in the Hauts-de-France and use of a standard ‘wheat — oilseed rape — barley’ rotation in Bourgogne-Franche-
Comté (agreste HAUTS-DE-FRANCE, 2020; Boizard et al., 2012; Meynard et al., 2018). It is possible that greater exposure to climate
impacts to date in the south (Ceglar et al., 2019) elicits flexibility out of necessity.

The factors that drive flexibility differed quite substantially for the farmers in the four regions although the key factors were those
linked to economic opportunities and market demand (Fig. 4b), confirming the previously found importance of finance in planning
(Fig. 2). Current and future weather conditions were cited by several farmers, from all regions except the Haut-de-France, as driving
the need for flexibility. We have no clear explanation for this difference in the Haut-de-France. It might result from a combination of
past and current exposure to climate change; regional, geographical and meteorological factors (e.g. topology); and governmental
regulation for the local types of crops grown. In this region, rotations are structured around sugar beet with past economic decision-
making and government support for this pattern of cropping (agreste HAUTS-DE-FRANCE 2020; Meynard et al. 2018). Such regulation
of cropping, via governmental support, may affect farmer flexibility due to their perception of the control over the choice of crops that
they have (Doran et al. 2020).

3.3. Have farmers been impacted by climate change?

Farmers overwhelmingly agreed that they have experienced the impacts of climate change during their lifetime. Only in the UK did
a small proportion of farmers (21%) say that they had not experienced impacts of climate change (Fig. 5). These results are in keeping
with our expectation that in more northern latitudes farmers are less likely to have direct personal experience of climate change.

The majority of farmers (up to 83% in the Hauts-de-France region) said that experience of climate change had led them to make
changes to their farming practices (Fig. 5), although the proportion was lowest in both the northern and southern-most regions. These
results strongly confirm that climate change has already had an impact on arable farming practices, and that farmers are actively

Responses: . No Unsure . Yes

UK | 21% 79% | n=28
HdF 0% 100% n=12
Bgn 0% 100% n=22
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Fig. 5. The proportion of farmers from each region who said they had experienced changes in the climate during their working lifetime (top)
compared to the proportion of farmers who said they had made a change(s) to their practices in response to, or in order to mitigate, these
changes (bottom).
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responding to this issue, although more farmers say they have experienced the impacts, than have responded by adapting to the
impacts of climate change. This may be linked to a number of potential explanations found elsewhere in the questionnaire, including: i)
some farmers being inflexible in their planning (Fig. 4); ii) that many other objectives and constraints play a role in planning (Fig. 2);
and, as discussed below, iii) variation in the outlook of the farmers. Our post-interview discussions with the co-design group of farmers
on the interpretation of these results also suggested that climate change might have already impacted the southern end of the gradient
for a considerable period of time, so farmers there are habituated to the changing climate and now integrate it as part of their normal
experience of variation in weather. This aligns with Wheeler et al. (2021) who found that farmers accepted climate change over time as
a new normal, which impacted their response to it.

3.4. How do farmers respond to positive and negative viewpoints of climate change?

We discovered from the initial co-design of the questionnaire that farmers responded best when climate change impacts were
presented as narrative viewpoints, rather than as academic projections. We found that across all regions, farmers were more likely to
diversity or lengthen rotations than shorten them in response to the climate change scenarios, irrespective of the viewpoint (Fig. 6).
Crucially however, we found consistent differences in the responses of each farmer to the positive and negative viewpoint; farmers
were more likely to adapt by proposing longer or more diverse rotations in response to positive viewpoints. The majority of farmers
would diversify (mean across regions = 79%) and lengthen (67%) rotations when presented with a positive viewpoint of climate
change, whereas only half (diversify = 53%; lengthen = 49%) would do so when presented with a negative viewpoint. Similarly, few
farmers (mean across regions = 4%) would shorten rotations when presented with the positive viewpoint, but more (20%) would
shorten them when presented with the negative viewpoint of climate change. Clearly the communication of the impacts of climate
change is important (Spence and Pidgeon, 2010), as shown here in the way in which farmer predict that they will respond to climate
change.

The language around climate change is often framed negatively (Sorvali, Kaseva and Peltonen-Sainio, 2021) and our co-design
group of farmers stated that it was often received in this way. Our results confirm that the framing of the impacts of climate
change in communications affects the receiver’s response (Morton et al., 2011). In our study, presenting both positive and negative
viewpoints helped farmers to consider the future opportunities as well as constraints. This approach appears to have elicited greater
flexibility and adaptation in their conception of future rotations, which aligns with other environmental benefits for ecosystem services
from arable diversification that are supported, for example by the European Union (European Environment Agency, 2019). From open
discussion, farmers viewed diversifying and lengthening rotations as positive and desirable due to the associated benefits to the soil
and the potential for diversified income. Longer and more diverse rotations are a feature of organic agriculture, for these reasons
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Fig. 6. The responses of farmers in the 4 regions to the two climate projections (positive and negative) in terms of whether they would diversify,
lengthen, or shorten their rotations.
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(Barbieri et al., 2017). From a research perspective, longer and more diverse rotations are two strategies to adapt to and mitigate
climate change, by improving the health of the arable environment and increasing biodiversity (Tiemann et al., 2015). This is sup-
ported by the European Union in reforms of the Common Agricultural Policy (European Environment Agency, 2019). Conversely,
farmers were consistently more likely to respond to a negative climate scenario with shorter and less diverse rotations, despite them
acknowledging that these were less good for the environment and income opportunities. This could be due to risk aversion. Despite
consistently opposing responses to the positive and negative viewpoints, many farmers explicitly stated both that the climate pro-
jections did not give enough detail for them to make precise predictions of their responses to climate change, and that there were many
other factors, such as economics, which would have to be considered in each region. Future research should explicitly address these
issues to understand the complexity of motivations and factors that play a role in responses to differently framed scenarios.

The farmer responses to the two climate change viewpoints (positive and negative) individually were more limited than the re-
sponses to both together. This has important implications for future agricultural planning because presenting multiple, evidence-based
projections of impacts appears to allow consideration of a wider range of responses and, potentially greater flexibility when under-
taking planning. This also appears to be a benefit of using narrative viewpoints rather than single, probabilistic academic scenarios of
climate change, which the co-design farmers stated could not be easily translated into their practice and were typically interpreted as
constraints. The co-design process of the questionnaire and our results led us to conclude that communicating the impact of climate
change needs to be framed in a context that is more applicable to (operational for) farmers. Climate change scenarios used for
communication should have clear examples of impacts on local weather events, pests and diseases through agro-climatic indicators (e.
g. the number of days higher than 25 °C in June and July for wheat). Adopting language, framing and indicators that are farmer-
orientated could help to highlight the vulnerability of the farm and the farming practices whilst providing conceptual tools to inno-
vate new rotational practice.

3.5. Are farmers generally optimistic or pessimistic about future climate impacts on agriculture?

Farmer outlook, based on experience and awareness of climate change and the climate viewpoints presented in the questionnaire,
varied across the regions with a clear trend from greatest optimism in the UK and greatest pessimism in the south of France (Fig. 7).
This trend fits with our expectation that those farmers facing imminent, and perhaps more extreme, climate change would be more
pessimistic, while benefits from longer growing periods and novel crops will be experienced more towards the north of Europe (Eu-
ropean Environment Agency, 2019). Given that farmers towards the south of the transect had a higher likelihood of having experi-
enced climate change (Ceglar et al., 2019) our results suggests that current exposure to climate change impacts was more likely to lead
to a pessimistic outlook about the future. People view climate change based on their lived experience (Akter et al., 2012; O’Connor
etal., 1999), so our results could also indicate that there is higher ‘risk skepticism’ in the north, because farmers reduced experience of
climate change leads to greater confidence that any risks can be dealt with (Islam et al., 2013). Additional considerations such a
regional attitudes, tradition and politics may also play a role in pessimism; nearly all UK farmers suggested uncertainty around the UK
leaving the European Union impacted their outlook.

4. Conclusion

This work contributes to the overall aim of bridging the communication gap between researchers and farmers in order to better
work with farmers and represent farmers’ opinions in climate research. By working directly with farmers, we identified several
characteristics that should influence communication of researchers and decision-makers with farmers.

The arable farmers we spoke to made it clear that they think and plan in terms of rotations. This is important for communication
with farmers because most agricultural climate change research has considered climate change in terms of impacts on individual crops,
and adaptation through breeding, crop varieties and intercropping. The rotational system is primarily driven by positive objectives,
especially financial opportunities and soil health, but is also determined by constraints. Future research and interventions from policy
makers should explicitly consider arable farming as rotations, not individual crops, to better meet the needs of farmers.

We found that the way in which climate change is presented affects farmer decision-making and hence could have multiple benefits
for economic resilience, environmental sustainability, and ecosystem services. In the face of contrasted climate projections, farmers
across all regions respond similarly to a perspective that highlighted future opportunities; they proposed that they were likely to
diversify or lengthen their rotations. In contrast, the negative viewpoint of climate change led to a restricted perception and a higher
uptake of shorter rotations across all regions. A more diverse and well-informed range of farmers responses, developed through
communicating diverse narratives around climate change impacts, may safeguard their business and help to mitigate climate impacts
in the future.

We also found that the context and attitude of the farmers matters, even within western Europe. It was notable that even from south
of France (suffering negative effects of climate change) to southern England (gaining some benefits e.g. from new crops being grown)
there was little evidence that current rotational practices and planning are affected by the latitudinal gradient; possibly as a result of
Common Agricultural Policy within the European Union and because farmers are working towards broadly similar goals of economic
sustainability. This finding is encouraging for policymaking and research because it suggests that there a broadly common basis for
developing interventions and incentives in this type of arable farming. Nonetheless, nearly all farmers in our study believed they had
personal experience of climate change and have made changes to their practices as a consequence. However, our results show that
farmers became progressively more pessimistic towards the south of our latitudinal gradient. So, we found no evidence of a latitudinal
gradient on current practice and flexibility, but there was a trend based on farmer experience and their outlook on climate change
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Fig. 7. The proportion of farmers in each region who identified as being ‘Pessimistic’, ‘Optimistic, ‘Neither’ or ‘Both’ (combined) in their outlook on
climate change, based on the experience and awareness, and having just discussed the climate viewpoints in the questionnaire.

impacts. This decoupling of experience/outlook and current practice validates the use of latitude as a variable for studying climate
change impacts on the attitudes of farmers. Our findings suggest a disconnect between farmer sentiment and farming practice to date.
Our findings suggest that farmers with either optimistic or pessimistic outlooks might be differentially disposed to adopting rotational
change in response to their perception of future climate. This should be explored further as understanding how a positive or negative
mindset impacts farmer decision-making could contribute to the development of agricultural policy and regulation.

Arable farming is a complex process built upon many diverse objectives and constraints, and climate change is an additional factor.
Diversified rotational farming practices have proven agronomic and environmental impacts. Including farmer knowledge, experience
and sentiment towards climate change will be vital for progress in developing future rotational management practice. We propose
there is an opportunity for farmer adaptation to climate change to be aligned with incentives and interventions at the policy level
eliciting beneficial outcomes for farmers and the environment. Ultimately, communicating in a way that is clear and useful to both
researchers and farmers is vital for this alignment to be realized.
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