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Abstract
Climate change poses a challenge to farming systems worldwide. However, existing
research suggests that farmers and those providing outreach may have different
climate change perspectives, and there is little understanding of how farmers priori-
tize climate change compared with other aspects of their farming system. To compare
how farmers and outreach professionals in northern New England consider climate
change within the context of whole-farming systems, we conducted mental modeling
interviews with 33 farmers and 16 outreach professionals. Despite being primed to
consider climate during the interviews, only 24% of farmers and 25% of outreach
professionals included climate in their mental models. Key differences arose in both
group’s perceptions of weather: outreach professionals focused on connections be-
tween good weather and biophysical factors, while farmers drew additional connec-
tions to factors like quality of life and overall farm success. Social factors including
community well-being, public education, and farm success were significantly more
likely to be included (P < 0.05), and in some cases were more influential, in farmer
models compared to outreach professional models. We conclude that farmer partic-
ipants did not perceive climate to be a central factor of their farming systems, and
valued human and social dimensions more highly than outreach professionals per-
ceived. These factors may warrant special consideration in efforts to make outreach
meaningful to local contexts, along with framing climate change within its broader
relationship to other farming system aspects. Interdisciplinary teams may be helpful
in developing outreach approaches that fully contextualize climate change within
farmers’ complex whole-farm management perspectives.
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1 Introduction

Climate change poses a pressing threat to food security and rural livelihoods worldwide, but
climate impacts and needed responses can be highly region-specific (IPCC 2019). In the New
England region of the United States of America (USA), climate change is already impacting
farming, with increasing rates of precipitation variability and extreme weather events over the
last century (Fernandez et al. 2020; Wolfe et al. 2018). The region is expected to warm more
quickly than most other regions in the USA by 2050 (Karmalkar and Bradley 2017). Many
regional farmers are concerned about these changes: almost 50% of surveyed farmers in
Vermont believed that climate change would negatively impact their farm (Schattman et al.
2018). However, less than 50% of New England farmer respondents reported confidence that
they had the technical, financial, and social capacity to deal with weather-related risks on their
farm (White et al. 2018).

Farmers’ perceived capacity to manage risks on their own farms influences how and
whether they implement strategies to adapt to climate change (Niles et al. 2016). Outreach
approaches that center the role of farmers as co-producers of solutions with outreach profes-
sionals, to ensure agricultural resources are adaptable to local contexts and to help build
farmers’ capacity for addressing risk, are increasingly being called upon (Brown et al. 2018;
Demenois et al. 2020; Kingiri 2020). However, differences in how outreach professionals and
farmers conceptualize climate change and its impact on farming systems could affect outreach
and co-production outcomes.

Considerable research has been done to understand how farmers perceive and respond to
climate change (Chatrchyan et al. 2017; Haden et al. 2012; Findlater et al. 2018a; Findlater
et al. 2018b; Jemison et al. 2014; Niles et al. 2016; White et al. 2018). Farmers in our region
are more likely to believe in climate change than those in some other US regions: 80% of
farmers surveyed in Vermont believed in climate change (Schattman et al. 2018), compared
with 54% of farmers in California and 66% of those in the Midwest (Prokopy et al. 2015).

However, despite the fact that the majority of farmers believe in climate change and
acknowledge its increasing challenges (Chatrchyan et al. 2017), there is little understanding
about how farmers place climate change within their broader farming system as a priority. Yet,
there are two main reasons to suspect that climate change may not be central to a farmer’s
perception of their farming system. First, there is evidence to demonstrate that US farmers
have less climate change belief than the general public (e.g., Gareau et al. 2018; Prokopy et al.
2015). Second, while public opinion polls generally show the majority of the US public
believe in climate change and seek action for dealing with its challenges (e.g., Resources for
the Future 2020), polls also show that climate change usually ranks as a lower priority among
the public compared with other potential issues. For example, in the 2019 Pew Research poll
on US public priorities, climate change ranked 17 out of 18 issues in terms of priority. This
suggests that while people are increasingly concerned about climate change, it continues to be
of lesser priority than other perceived economic or health issues. We expect then that farmers,
with potentially lower climate change belief and concern than the general public, and with the
general public seeing other issues as priorities, will not place climate change as a central issue
to their farming systems.

Furthermore, studies comparing how farmers and outreach professionals perceive climate
change indicate that these groups may or may not see eye-to-eye (Chatrchyan et al. 2017;
Eitzinger et al. 2018; Hansen et al. 2004). A survey in the Midwest showed that less than half
as many farmers believed climate change was occurring and due mostly to human activities as
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compared with outreach professionals (Prokopy et al. 2015). However, in regard to the
financial, social, and ecological attributes of specific climate adaptation practices, farmers
and outreach professionals in Vermont shared similar perceptions (Schattman et al. 2018).
Personal experience with extreme weather events may influence farmers’ and outreach
professionals’ perceptions of climate change, (Chatrchyan et al. 2017; Haden et al. 2012;
Niles et al. 2019), though not all studies agree (van der Linden 2014; Maas et al. 2020; Marlon
et al. 2019). The diverse perspectives on climate change held by farmers and outreach
professionals may thus be influenced by a number of factors, including individual attitudes
and objectives (Austin et al. 1998; Edwards-Jones 2006; Haden et al. 2012; Halbrendt et al.
2014; Willock et al. 1999), education, and personal experiences (Eitzinger et al. 2018; Haigh
et al. 2015).

A strong understanding of local stakeholder groups and contexts provides a foundation for
knowledge co-production, research, and outreach approaches that are tailored to local contexts
(Meadow et al. 2015). In Maine and Vermont, over 90% of farmers are considered small- and
medium-scale by the United States Department of Agriculture (NASS 2017). At least 30% of
these producers have farmed for 10 years or less (NASS 2017). Beginning farmers are
historically underserved in terms of federal resources and often face greater financial obstacles
than well-established farmers (Ahearn 2011; Ahearn and Newton 2009; GAO 2007). Given
this context, we chose to target small to medium-scale and beginning farmers in northern New
England in the present study. Our purpose was to identify how these stakeholders and outreach
professionals with whom they interact perceive farming systems, how climate change plays a
role in these perceptions, and how this information may inform tailored outreach and com-
munication efforts on climate resilience.

Our specific research questions and hypotheses were:

1) How does climate change fit within the whole-farm management perspectives of small to
medium-scale and beginning farmers and outreach professionals in our region?

H1: Farmers will not place climate change as a central aspect of their mental model.
2) Are there key differences that exist between farmer and outreach professional conceptions

of climate change and/or farming systems?
H2: Farmers and outreach professionals will have different perspectives of climate

change and farming systems, reflected in their mental models.
3) What opportunities exist to improve outreach and communication on climate resilience

for farmers in our region?

To address these questions, we compared mental models (Craik 1943; Özesmi and Özesmi
2004) — the ways in which people think about a system and its structure — of farming
systems from outreach professionals and small to medium-scale and beginning farmers in
Maine and Vermont.

2 Methods

To understand how climate change fits within farmer and outreach professional understanding
of whole-farming systems (research question 1) and explore differences in perspectives
between these groups (research question 2), we conducted mental modeling interviews with
farmers and outreach professionals in Northern New England, USA. Mental models were first
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conceptualized by Craik (1943) and offer an established framework for understanding stake-
holder perceptions and decision-making in complex social-ecological systems (Gray et al.
2012; Halbrendt et al. 2014; Jones et al. 2011; Kosko 1986; Olazabal et al. 2018; Özesmi and
Özesmi 2004), including farming systems (Findlater et al. 2018a; Findlater et al. 2018b;
Halbrendt et al. 2014; Jabbour et al. 2014; Schoell and Binder 2009a; Schoell and Binder
2009b). Through elicitive interviews, facilitators guide participants in identifying concepts in a
system and causal relationships between them (Kosko 1986), which can be represented both
mathematically and through intuitive visual models (Özesmi and Özesmi 2004; see Fig. 1 for
an example).

Recent calls in the literature for greater transparency in reporting participatory modeling
methodologies (LaMere et al. 2020; Gray et al. 2018; Olazabal et al. 2018; Voinov et al. 2016)
prompted us to use an adaptation of Gray et al.’s framework (2018) to break down our
methods into the processes, partnerships, and products of our work.

2.1 Processes: conducting interviews and creating mental models

Mental model interviews were conducted in Maine and Vermont over six months in 2018–
2019. Across states, we conducted 33 farmer interviews and 16 interviews with “outreach
professionals.” We define outreach professionals as those who have a role in sharing climate
change information with farmers, including Extension professionals, climatologists, agricul-
tural advisors and researchers, and government officials working in agriculture and climate
sectors.

Each farmer and outreach professional interview consisted of two parts: a recorded semi-
structured interview conversation, followed by a computer-based mental model exercise. The
process typically took 90 min per interviewee. Participating farmers were compensated $50 for

Fig. 1 Example mental model showing concepts a participant might identify related to work productivity, and
connections illustrating positive (blue) and negative (orange) relationships they might perceive between these
concepts
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their time, as were outreach professionals in Vermont who were able to accept payment. All
participants gave their informed consent to participate, following protocols approved by
University of Maine and University of Vermont’s respective Institutional Review Board
offices. Interviews were conducted by four trained facilitators, who followed shared protocols
and corresponded frequently in order to minimize facilitator effects.

Each interview began with a semi-structured conversation (Online Resource 1) designed to
elucidate participant perspectives on climate change in relation to their farming system. Each
conversation followed the same pattern of questioning on agricultural challenges within the
participant’s state, their climate change perspectives, sources of information on weather and
climate-related challenges, and barriers to adoption of practices that could enhance climate resil-
ience. Participant demographic information including age and gender was also collected
(Online Resource 2). Recorded interviews were transcribed by a professional transcription service.

Following each semi-structured interview conversation, facilitators worked with partici-
pants to create a mental model of a farming system using the software tool “Mental Modeler”
(http://www.mentalmodeler.org), following Özesmi and Özesmi (2004). Farmers were
prompted to define the key components of their farming system, and explain how those
components were connected. Outreach professionals were prompted to do the same for a farm
with which they work or were familiar (Online Resource 1). Some participants readily
understood the process and engaged in the activity with little prompting. Others required more
explanation, which typically included the facilitator demonstrating how to make a simple
model of an unrelated system (Fig. 1), then suggesting to participants a generally applicable
starting point like “purpose of the farm.” To keep mental models at a similar level of detail, we
used 30 min as a target time frame for model completion. This interview format, in which the
mental model exercise directly followed a semi-structured conversation about climate resil-
ience, may have “primed” participants to mention climate change during the mental model
activity when they would not have otherwise.

2.2 Partnerships: recruiting farmer and outreach professional participants

Farmer participants were primarily recruited by email announcements sent through farmer listservs.
Some additional recruitment occurred by word of mouth. We interviewed farmers from a range of
agricultural sectors important to Maine and Vermont (Table 1). Outreach professionals were
selectively invited to participate in order to garner an interview population with a range of expertise
related to climate, agricultural science, and farmer engagement (Table 1).

Recruitment materials specified that we were seeking to interview small- to medium-scale
or beginning farmers and that the purpose of the project was to learn about participant
perspectives on climate change. These materials explicitly encouraged participation from
farmers who were military veterans, women, or people of color, as these groups are often
underrepresented in agricultural research. Women comprised 40% of farmer participants.
Three farmers were military veterans. One farmer identified as multiracial (white and Native
American); all others identified as white. These participant demographics are similar to the
farmer demographics of Maine and Vermont (Online Resource 2).

2.3 Products: data analysis and visualization

Mental models can be considered individually, or aggregated across multiple stakeholders or
groups in order to capture complex community knowledge and perceptions. Either
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individually or in aggregated form, models can be quantitatively and qualitatively compared to
elucidate similarities and differences (Özesmi and Özesmi 2004; Jones et al. 2011; Gray et al.
2012; Olazabal et al. 2018). In this study, we constructed aggregate models of farmers and
outreach professionals, respectively, in order to compare and understand any differences in the
whole-farm management perspectives of these key stakeholder groups (research question 2).

Prior to aggregation and further analysis, concepts in participants’ individual mental models
were standardized following the methods of Olazabal et al. (2018). One interview facilitator
from Vermont and one facilitator from Maine separately coded participants’ original concepts
into broader categories (e.g., the raw concept “carbon sequestration” was ultimately coded as
“environmental stewardship”; see Online Resource 3). Between the two facilitators, 45% of
concepts were coded similarly after the first round of coding. The process was repeated until
full agreement was reached between all facilitators on each standardized term. Raw mental
models and interview notes were consulted to ensure standardized terms represented original
concepts as accurately as possible within the context of each interview. See Online Resource 2
for a glossary of standardized terms.

To determine that the interview sample size was sufficient, we constructed concept
accumulation curves of standardized mental model concepts (Özesmi and Özesmi 2004).

Table 1 Interview participant characteristics. Some farmer participants were included in multiple sectors (e.g., a
fruit and vegetable farmer would be included in both “Fruit” and “Mixed vegetables”)

Type State Sector Participants
(N)

Average
Experience
(years)

Organic
(N)

Farm size
(hectares,
mean±std. error)

Farmers ME Beef 3 9 1 57±23
Other livestocka 5 11 2 14±11
Mixed vegetables 12 9 9 9±1
Fruitb 5 12 4 12±3
Potato 3 17 0 469±81
Other 1 3 0 2

VT Beef 9 15 2 129±7
Other livestock 6 10 2 105±13
Mixed vegetables 4 16 2 136±27
Fruit 2 8 2 168±53
Maple 3 7 0 96±19
Other 3 4 0 76±5

Outreach
professionals

ME Extension 4 36 N/A N/A
Agricultural

servicesc
2 44 N/A N/A

Agricultural
research

5 35 N/A N/A

Climatology 2 18 N/A N/A
VT Extension 2 12 N/A N/A

Agricultural
services

1 15 N/A N/A

Agricultural
research

1 13 N/A N/A

Climatology 1 22 N/A N/A
Government 2 11 N/A N/A

a “Other Livestock” includes sheep, poultry, and pork
b “Fruit” includes small fruit and orchards
c “Agricultural services” includes participants who worked as researchers or agricultural advisors outside of
academia
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Accumulation curves show the addition of new concepts per interview when interview order is
shuffled and re-sampled repeatedly using Monte-Carlo techniques. We constructed curves
with 100 random permutations using the vegan package in R (Oksanen et al. 2019), and
observed that curves approached a horizontal asymptote for both participant populations at
approximately 10 interviews (Fig. 2), suggesting that few new concepts were being added
beyond this number of interviews and our sample populations were therefore of sufficient size.

Following concept standardization, aggregated farmer and outreach professional mental
models were created by including all concepts and relationships mentioned by each partici-
pant, with arrows depicting the frequency of relationship mentions (Volpato and King 2019).
We calculated the number of unique mentions of each concept as the number of participants
who included that concept in their individual mental model. The frequency of unique concept
mentions in farmer and outreach professional aggregate models were compared using tests of
equal or given proportions using default settings in R (R Core Team 2019). Centrality scores
for the ten most central concepts in the farmer mental model were compared between farmers
and outreach professionals with a nonparametric Wilcoxon/Kruskal-Wallis test.

For visualization purposes, we simplified the aggregated mental models to only include
concepts and connections that were mentioned by at least 10% of farmers (Fig. 3) or outreach
professionals (Fig. 4). Aggregated matrices with all concepts and connections may be found in
Online Resource 4. Following aggregation, we grouped concepts into five major categories —
Management, Goals & Values, Finances & Economics, Climate & Weather, and Social &
Intellectual Capital — in order to interpret differences between the mental models on a scale
beyond individual concepts. We compared the prevalence of each category in the farmer and
outreach professional models using tests of equal or given proportions in R (R Core Team 2019).

Descriptive statistics for the aggregated and individual mental models (Eden et al. 1992; Hage
and Harary 1983; Özesmi and Özesmi 2004) were calculated using Mental Modeler software,
including total number of concepts; number of driving, receiving, and ordinary concepts; total
number of connections; connections per component; model density; model complexity; and
concept centrality. Calculations were based on themethods of Özesmi and Özesmi (2004). Driving
concepts are defined as those with only outgoing connections, while receiving concepts only have

Fig. 2 Concept accumulation curves for concepts mentioned in (a) farmer and (b) outreach professional
interviews. Graphic produced in: R
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incoming connections. Model complexity is calculated as the ratio of receiving concepts to driving
concepts. Model density is calculated as the number of connections divided by the squared number
of variables, used here to measure the connectivity of the mental models. Concept centrality refers
to the number and strength of connections going into and out of a concept; the more connections a
concept has, the more central it is to the mental model. We considered centrality an indicator of the
influence a concept has on the mental model as a whole (Özesmi and Özesmi 2004).

Fig. 3 Aggregated farmer mental model of the concepts and relationships mentioned by ≥ 10% of farmer
participants (n = 33); “Relationship Mentions” and “Concept Mentions” reflect the percentage of farmers who
included that relationship or concept in their mental model; color indicates the concept category

Fig. 4 Aggregated outreach professional mental model of the concepts and relationships mentioned by ≥ 10% of
outreach professional participants (n = 16); “Relationship Mentions” and “Concept Mentions” reflect the per-
centage of outreach professionals who included that relationship or concept in their mental model; color indicates
the concept category
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To assess the importance of climate change in relation to participants’ whole-farm perspec-
tives (research question 1), we scored how early participants mentioned climate change during
their semi-structured interviews. These mention scores (1–5) refer to which question number
elicited each participant’s first mention of climate change, where questions 1–4 asked about
general agricultural perspectives, and question 5 was the first question asking about climate
change explicitly (Online Resource 1). An ANCOVA model constructed in R (R Core Team
2019) was used to test for effects of the demographic characteristics age, gender, race, and
veteran status on the response variable mention score, and a separate ANCOVA model was
used to test for effects of the farm characteristics years’ experience, acres, organic status, and
nonprofit status on mention score.

3 Results

3.1 Aggregate farmer mental model

The aggregate farmer mental model contained 27 total concepts; 24% of farmers (n = 8)
explicitly included climate in their mental model, while 45% included good weather (n = 15)
(Table 2). Over 50% of farmers mentioned the concepts markets (n = 22), yield & quality (n =
21), adequate labor (n = 18), economic viability (n = 18), and community well-being (n = 18).
Of the major categories we identified, Management was the largest category in the farmer
model, containing 42% of the total number of concepts mentioned by farmers (Table 2).
Climate & Weather was the smallest category with 6% of concepts. The two most frequently
mentioned relationships in the farmer mental model were from soils to yield & quality (n = 9)
and from good weather to yield & quality (n = 9) (Fig. 3).

3.2 Aggregate outreach professional mental model

The aggregate outreach professional model included 17 total concepts; 25% of outreach
professionals included climate in their mental model (n = 4), while 44% included good weather
(n = 7) (Table 2). Over 50% of outreach professionals mentioned the concepts markets (n =
12), yield & quality (n = 12), soils (n = 10), adequate labor (n = 9), economic viability (n = 9),
and field management (n = 9). Management was the largest category in the outreach profes-
sional model and Climate & Weather was the smallest (Table 2). The most frequently
mentioned relationship in the aggregate outreach professional mental model (Fig. 4) was from
soils to yield & quality (n = 7).

3.3 Model comparisons

In the aggregated farmer mental model, climate was solely a direct driver of good weather,
which was in turn a driver of yield & quality, farm success, and quality of life (Fig. 3). In
contrast, the aggregated outreach professional mental model included a direct relationship
between climate and yield & quality (Fig. 4). Good weather was also a driver of yield &
quality, as well as soils and water in the outreach professional model.

The proportion of mental model concepts grouped under the Goals & Values category was
greater in the aggregate farmer model than the aggregate outreach professional model
(P < 0.05) (Table 2). The proportion of farmers who mentioned the standardized concepts
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Table 2 Categories and concepts mentioned in the farmer and outreach professional aggregated mental models
(MM). Concepts are organized by category

Concept categories Unique concept mentions

Category Concepts in farmer
MM (%)a

Concepts in
outreach
professional
MM (%)

Concepts Farmers
(%)b

Outreach
professionals (%)

Management 42 50 Yield & quality 64 75
Field management 48 56
Soils 42 63
Farm inputs 42 38
Infrastructure

& land
36 50

Pests &
management

33 44

Livestock
management

33 13

Diversity 30 25
Water 27 44
General

management
27 19

Farm planning 27 13
Postharvest

management
21 6

Time management 21 6
Technology 9 6
Nutrient

management
6 25

Finances &
Economics

21 24 Markets 67 69
Economic viability 55 56
Expenses 33 6
Marketing 30 13
Income capital 27 13
Pro-ag policy

& regulation
18 31

External forces 3* 38
Goals & Values 20* 8 Community

well-being
55* 19

Quality of life 45 25
Environmental

stewardship
39 19

Farm success 36* 0
Feeding people 27 13
Sustainability 21 25

Social &
Intellectual
Capital

11 8 Adequate labor 55 56
Education &

resources
39 25

Public education 30* 0
Climate & Weather 6 7 Good weather 45 44

Climate 24 25

a Percent of total concepts in each aggregated mental model that belong to each category
b Percent of participants who mentioned each concept in their own mental model

* = P < 0.05
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community well-being (P = 0.04), farm success (P = 0.02), and public education (P = 0.04) in
their mental models was also greater than the proportion of outreach professionals (Table 2). In
contrast, more outreach professionals mentioned external forces (P = 0.01) in their mental
models than farmers. Among the 10 most central concepts in the aggregated farmer mental
model, four had significantly higher centrality scores than in the outreach professional mental
model (Fig. 5): community well-being (P < 0.05), environmental stewardship (P < 0.05),
quality of life (P < 0.05), and farm success (P < 0.05).

Farmers had a greater number of concepts in their aggregated mental model (27) than outreach
professionals (17), but included fewer connections between them overall, with a model density of
0.07 compared to 0.15 for outreach professionals (Table 3). Both aggregate models had only one
true receiver concept (feeding people in the farmer model, sustainability in the outreach profes-
sional model). The farmer model had 11 driver concepts while the outreach professional model
had 5 drivers, leading farmers to have a lower overall complexity score (0.09). Climate,
infrastructure & land, and education & resources were drivers in both the farmer and outreach
professional models. Additional outreach professional model drivers were adequate labor and
good weather.Additional farmer model drivers were expenses, farm planning, field management,
marketing, pest management, public education, time management, and water.

How early farmers and outreach professionals mentioned climate change in their interviews
was not predicted by participant age, gender, race, or veteran status (R2 = 0.12, F = 0.70, P =
0.60), nor by the farm-related characteristics acres, years of experience, organic status, or
nonprofit status (R2 = 0.18, F = 0.68, P = 0.62).

4 Discussion

This study compared mental models created with small to medium-scale and beginning
farmers in Maine and Vermont to those of outreach professionals. Our goals were to

Fig. 5 Centrality score (the measure of influence a concept has on the mental model) comparison between
farmers and outreach professionals for the ten most central concepts in the aggregated farmer mental model; * =
P < 0.05
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understand how climate change fits within the whole-farm management perspectives of these
stakeholder groups, identify any key differences between farmer and outreach professional
conceptions of climate change or farming systems, and use this information to suggest
opportunities to improve outreach on climate resilience for farmers.

4.1 Climate change and whole-farm management perspectives

We hypothesized that climate would not be central to farmer mental models (H1). Despite
being primed to think about climate change during the semi-structured interview conversa-
tions, less than one-quarter of farmers included a direct mention of climate change, or climate
itself, in their mental models, in line with H1. Notably, all participants indicated a belief that
the climate is changing, and all participants mentioned experiencing effects of climate change
on their farm. That only a minority included the concept in their mental models suggests that
participants may have perceived climate change to have little direct impact on the key
components and processes within their farming systems compared to more specific weather-
related problems (see Online Resource 3 for coding of weather vs climate). This is in keeping
with the findings of Jones et al. (2017) that climate change is often perceived as “psycholog-
ically distant” in ways that diminish its perceived relevance to daily life. Farmer participants
may have also felt less certain about the impacts of climate change compared to short-term
weather impacts on their farm, as found in a previous study among Maine farmers (Jemison
et al. 2014). During the semi-structured interviews, one farmer noted,

“When we’re looking at something like climate change. . . we know that it exists and it’s
real, but we don’t know what that means and what it’s gonna do.”

4.2 Key differences between farmer and outreach professional perspectives

Differences in how farmers and outreach professionals included human and social components
in their mental models provided a key distinction between the two groups’ perspectives,
consistent with H2. Where outreach professionals perceived that changes in weather would
mainly impact biophysical farm management factors (Fig. 4), farmers also perceived direct
connections between weather, their quality of life, and their ability to achieve success on their
farm (Fig. 3). Here, quality of life includes mentions of physical and mental well-being,
providing some support for the recent finding that weather variability is among the four most

Table 3 Descriptive statistics summary of the farmer and outreach professional mental models

Aggregate modela Individual modelsb

Farmers Outreach Prof. Farmers Outreach Prof.

Total concepts 27 17 11 (5–22) 10 (6–13)
Total connections 52 41 17 (4–40) 15 (1–29)
Density 0.07 0.15 0.15 (0.07–0.28) 0.2 (0.02–0.97)
Drivers 11 5 4 (0–10) 3 (0–7)
Receivers 1 1 1 (0–4) 1 (0–2)
Complexity score 0.09 0.2 0.5 (0–4) 0.45 (0–1)

a After removing concepts and connections mentioned by fewer than 10% of participants
b Individual summary lists mean and range of all respondents
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influential factors affecting farmer mental health in the USA (Daghagh Yazd et al. 2019). Farm
success included concepts farmers mentioned as critical goals or missions of their farm, such
as providing for themselves, their families, or preserving the farm for future generations
(Online Resource 3).

Differences in key concepts between the models further indicate that sociocultural factors
play a larger role in farmers’ perceptions of their farming systems than outreach professionals’.
Among concept categories, Goals & Values showed the greatest difference between models
(Table 2); 20% of concepts in the aggregate farmer model belonged to this category, compared
to 8% of concepts in the aggregate outreach professional model. Within Goals & Values,
community well-being and quality of life were mentioned by the most farmers (Table 2).
Farmers also perceived community well-being, quality of life, environmental stewardship, and
farm success as having higher influence on their farming system than outreach professionals
did, indicated by each concept’s centrality score (Fig. 5). Alternatively, while not a statistically
significant difference, outreach professionals generally perceived markets and economic
viability as largely more influential concepts than farmers (Fig. 5), indicating a further
difference in perceived priorities between the groups.

In one interview before the mental modeling exercise, a farmer noted the following in
regard to community well-being:

“I do think there’s potential for us to feed our communities and to help each other out. . .
I think that the strength and comradery in our communities of different scales is really
impressive and something I’m proud of and continually working on maintaining along
with a lot of other people.”

Community well-being was also present in mental models of sustainable agriculture among
wine grape growers in California, USA, but at much lower frequencies relative to the mental
models in this study (Hoffman et al. 2014). Many factors could play a role in the different
influences these concepts have in different farmer’s mental models, and outreach work should
not assume that important concepts for one group of farmers will be similarly important for
another. However, our findings do reinforce the claim that values and goals influence farmer
decision-making; specifically, that when faced with a problem, farmers may evaluate how
potential solutions align with their values or help them achieve their on-farm goals (Ohlmer
et al. 1997).

Structural characteristics of the aggregated mental models also revealed key differences
between participant groups (Table 3). The outreach professional mental model had more
relationships per concept than the farmer mental model, leading to a higher density score,
and fewer true driving concepts, resulting in a higher complexity score (Table 3). These
structural differences suggest that the outreach professional group may see more opportunities
for change within farming systems (Özesmi and Özesmi 2004), as evidenced by the higher
number of perceived causal relationships. These results are consistent with Halbrendt et al.’s
(2014) findings that aggregated scientific expert models had higher densities and complexities
than aggregated farmer mental models. Notably, individual farmer mental models had a
slightly greater mean complexity than individual outreach professionals’ in our study
(Table 3), highlighting the potential for changes in mental model structure between individual
and aggregated models. This could also have implications for incorporating systems thinking
into outreach approaches, as farmers who displayed greater levels of systems thinking and
perceived more interconnections within their farming systems were also more likely to have
adopted cover cropping practices in one study (Church et al. 2020).
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4.3 Implications for climate change outreach

Understanding opportunities for improved outreach and communication related to climate
change was a key goal of this study (research question 3), and our two key findings highlight
many potential opportunities for climate outreach. First, that only a minority of farmers
included climate in their mental models of their farm systems, despite all of them believing
in climate change, suggests that farmers are similar to the general public in that climate change
is a priority, but does not rank as highly as other priorities in the day-to-day thinking of
farming systems. In practice, this suggests that climate change outreach may best be delivered
not specifically as “climate change materials” or interventions, but rather that climate change
should be integrated across outreach and technical assistance efforts in all aspects of farming
systems, including economic, social, and environmental farm management concerns. In
addition, clarifying the connections between climate and more variable weather could help
build farmers’ understanding that weather-related challenges will likely become more frequent
and severe in the future (see Wolfe et al. 2018). Delivering this information among agricultural
advisors who farmers most trust, may also be impactful in this space (Arbuckle et al. 2015).

Second, the emphasis on community, personal, and environmental well-being expressed by
farmers in our interviews has implications for how agricultural outreach, including outreach on
climate adaptation and resilience, is presented by researchers and advisors. Framing outreach
to build clear connections between climate adaptive practices and factors that farmers perceive
to help them achieve success on their farm, such as their quality of life or community
relationships, could be an opportunity to improve adoption (Jew et al. 2020). Research as to
how quality of life, community well-being, and sense of environmental stewardship may
interact with farmers’ perceived capacity to implement new practices, a strong influence on
actual practice adoption (Niles et al. 2016; Doran et al. 2020), could provide valuable insights
for professionals seeking to strengthen farmer outreach. We propose potential action steps to
incorporate these social and human dimensions into agricultural climate change outreach and
communication, presented in Table 4.

The relationships between farmers and the communities around them are also an important
facet of farming systems highlighted in our results (Fig. 3). In our semi-structured interviews,
multiple farmers stressed the importance of public education to their farm success and quality
of life, stating that they would feel better supported by their communities — both financially
and socially— if consumers better understood the cost of producing food on small to medium-
scale operations like theirs. One farmer summarized:

“We need to throw back the curtain on the real cost of food. . . People need to be
educated.”

We suggest that broadening the scope of agricultural outreach to explicitly include social
sustainability (WCED 1987; Vallance et al. 2011) as a goal to work towards with farmers,
alongside economic and environmental sustainability, should be a priority shared by outreach
providers, institutions, and funding agencies alike (Tobin et al. 2017; Birthisel et al. 2020),
with specific examples suggested in Table 4.

The direct relationships farmers perceived between weather and both biophysical and
human-dimensions components of their farming systems support a need for interdisciplinary
climate outreach teams (Table 4). Collaborating with rural sociologists, for example, could
help technical outreach professionals build connections between their areas of expertise and
complex sociocultural issues, such as quality of life and community well-being, in farmer
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outreach (Tanaka and Bhavsar 2008). Further, interdisciplinarity is a key principle of co-
producing knowledge and resources between scientists and stakeholders (Meadow et al. 2015),
exemplified by the recent “Useful to Useable” climate information co-production project
between farmers and outreach professionals across multiple disciplines (Prokopy et al. 2017).

While there are many more ways in which outreach professionals may incorporate social
dimensions of farming in their work, building trusted relationships between farmers, commu-
nity members, and researchers is an important foundation (Takemura et al. 2014; Tanaka and
Bhavsar 2008). Scientist and stakeholder co-production of climate adaptation solutions is one
potential pathway for building these relationships, and is growing in use as a process for climate
resilience research (Bremer and Meisch 2017; Prokopy et al. 2017; Meadow et al. 2015).
Understanding stakeholder perceptions, and how they may differ from outreach professionals’
(Halbrendt et al. 2014), can pave the way for effective communication as outreach professionals
and stakeholders work together to produce effective adaptation solutions (Meadow et al. 2015.;
Bremer and Meisch 2017; Ranjan et al. 2019; Birthisel et al. 2020; Kingiri 2020). Our findings
suggest that framing climate communication in terms of impacts to community, environmental,
and personal well-being may facilitate climate adaptation outreach for small to medium-scale
farmers in northern New England. We hope this study will provide insights for future research
to move beyond consulting farmers to partnering with farmers (Arnstein 1969) in co-
developing resources and strategies to build agricultural climate resilience.

4.4 Limitations of study

Our sample size (33 farmers and 16 outreach professionals) was sufficient to construct and
compare mental models (Fig. 2) but was too small to allow robust subpopulation analyses
based on participant demographics. Thus, the inferences we could draw related to

Table 4 Avenues for incorporating social dimensions into agricultural outreach by individual providers,
institutions, and funding agencies

Outreach group Recommended action steps Potential examples

Individual outreach
professionals

Explicitly outline the social dimensions of
research and demonstration projects
during planning and implementation
phases (Takemura et al. 2014).

A project on introducing a new crop variety
utilizes farmer-to-farmer training events
to share new information among the lo-
cal agricultural community, helping
build social capital and leadership
among participants (Taylor and Bhasme
2018).

Institutions &
organizations

providing outreach
services

• Provide training for providers to help
farmers identify and work towards their
own goals for their farm (Knook et al.
2020).

• Hire professionals with relevant
sociocultural expertise to join outreach
teams (Tanaka & Bhavar 2008).

Outreach professionals are provided with a
step-by-step toolkit, such as Supporting
Relationships for Farm Success
(Forstadt 2019), on communicating with
farmers about their goals.

Funding agencies Require social dimension considerations in
agricultural outreach and research grant
proposals, and establish a formal
category for evaluating the social
impacts of a proposal during grant
reviews (Tanaka & Bhavar 2008).

Funding agency evaluates a proposal’s
impact on quality of life within the
relevant community by developing a set
of quality of life measures, such as those
developed by Tanaka and Bhavar (2008)
that include trust, collaboration,
leadership, and entrepreneurship.
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demographic and farm characteristics— such as age, gender, ethnicity, experience, farm acres,
organic status, and whether the farm was a nonprofit— were limited and more work is needed
to determine how these factors relate to stakeholder and outreach professional mental models.

5 Conclusion

We used mental modeling interviews to understand how farmers and outreach professionals view
climate change within the context of whole-farming systems in northern New England. Key
takeaways of this study include (1) despite being interviewed about climate change and agriculture
prior to mental model elicitation, a minority of farmers and outreach professionals included climate
directly in their mental models, (2) farmers perceived that good weather would impact farm
management as well as their quality of life and overall success of their farm, while outreach
professionals only perceived relationships between weather and biophysical farm management
factors, (3) significantly more farmers included community well-being, public education, and farm
success in their mental models than did outreach professionals, and (4) within their mental models,
farmers perceived community well-being, quality of life, achieving their own definition of farm
success, and environmental stewardship as having more influence on their farming system than
outreach professionals did. Overall, we conclude that small to medium-scale and beginning farmers
in New England valued the human and social dimensions of farming systems more highly than
outreach professionals perceived, and that this difference should be incorporated into future climate
outreach. Further, these findings support that climate change outreach and technical assistance may
best be delivered by embedding it into other aspects of farming system planning that farmersmay be
more likely to prioritize as compared to climate change, such as weather-related challenges, yield
changes, or overall quality of life. Finally, the interconnectedness of climate and weather with
environmental, financial, and social factors in the farmer mental model suggests that interdisciplin-
ary outreach teams may aid in successfully addressing farmers’ needs and concerns regarding
climate adaptation and building climate resilience.
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