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Abstract

:

This study explored whether Montana agricultural stakeholders’ perceptions and observations of climate change vary according to four socio-ecological variables: income, political view, agricultural occupation, and production region. A survey including 27 questions was developed into five sections: (1) agricultural background information; (2) perceptions about climate change; (3) observed changes in climate-related variables; (4) adaptation practices and strategies; and (5) demographic information. The survey included Likert-scored responses and multiple-choice questions, and was completed by 452 participants, including conventional and organic farmers and ranchers, extension agents, crop consultants, and researchers. The results indicate that while a notable fraction of agricultural stakeholders are alarmed about climate change and optimistic about the human capacity to reduce climate change, the degree of concern and optimism significantly varies depending on the stakeholder’s political views, production region, and agricultural occupation group. We found that observations of changes in climate, perceptions about climate change, and potential risks to agricultural production are driven mainly by political views. Both perceptions and observations drive the choice of adaptation and mitigation practices. It is thus essential to understand farmers’ socio-ecological characteristics when designing agricultural outreach programs in order to reduce barriers for the adoption of climate-resilient agriculture.
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1. Introduction


Climate change threatens agricultural sustainability and the ability of food systems to provide adequate nutrition for a growing population. While agriculture affects climate, it is also impacted by its changes [1,2] in a cycle that frequently amplifies negative impacts through decreased agricultural production, the disruption of food supply chains, increased food prices, and reduced food quality [3]. In response to these challenges, efforts are being implemented to promote climate resilient agriculture, i.e., systems that are able to cope with or rebound from climate disturbances to a pre-disturbed state [4]. Examples of agricultural strategies to increase climate resiliency include agricultural diversification including mixed crop-livestock systems, varietal substitution, changing harvest calendars, no-tillage management, integrated pest management, and precision agriculture [5].



Climate change has profound implications for the sustainability of United States (U.S.) agriculture, particularly in the semi-arid environments of the Northern Great Plains. In this region, unprecedented warming trends and changes in precipitation patterns [6] pose multiple opportunities and challenges to the well-being of farmers and the provision of ecosystem services, including food and fiber production [7]. While areas of the Northern Great Plains that experience increased precipitation could benefit from enhanced yields, depending on the timing and severity of precipitation events [8], the risk of drought and heat stress are augmented in areas where increased temperatures and reduced moisture co-occur. For example, in addition to a reduction in spring wheat yield, which is a staple crop in the region, increased temperatures have been associated with a decrease in grain volume weight [9] and a reduction in grain protein concentration [10]. These challenges are further enhanced due to barriers of implementing mitigation and adaptation strategies, including increased production costs [11] as well as a lack of farmer buy-in regarding the need for a climate resilient agriculture.



It is increasingly recognized that in order to promote climate-resilient agriculture, including implementing climate mitigation and adaptation strategies, farmers and other agricultural stakeholders must first perceive climate change and its impacts in their agricultural systems [12,13]. Despite the scientific consensus regarding the human influence on the climate trends observed over the past century [14], there is considerable debate among those in the agricultural sector, as well as the general public, about the reality, extent, and causes of these changes. In the United States, 63% of Americans agree that global warming is happening, but county-level estimates range between 43–80% [15]. For example, in rural Idaho, most farmers acknowledge observing changes in precipitation patterns as well as increases in growing season length and temperatures, but fail to relate these patterns to long-term global climate change [16]. In addition, many agricultural producers in the United States disagree that climate change has been scientifically proven [17,18,19], or reject the link between anthropogenic activities and climate change [20]. The lack of consensus regarding causes, attitudes, and perceptions of changes in climate is driven by multiple social variables, such as political, psychological, and cultural practices. These variables are associated with differences in how people relate to the natural environment, including their agricultural practices. Ultimately, these disagreements hinder the successful outcomes of science-based interventions and outreach activities related to climate change mitigation and/or adaptation [21], and the move toward climate resilient agriculture that supports sustainable food systems.



Previous studies conducted in the United States regarding agricultural producers’ perceptions, concerns, and attitudes toward climate change have been conducted in the Midwest [2,20,22], southeast [23,24], and northeast [25,26] regions. However, to our knowledge, no systematic study has been published across the Northern Great Plains region, which is one of the largest expanses of small grain, pulse, and oilseed agriculture, as well as low-intensity livestock production [16]. As a semi-arid area, the Northern Great Plains region is regarded a high-risk region for climate change. With a continental climate characterized by long and cold winters, short and dry summers, large diurnal ranges in temperature, strong winds, high evapotranspiration, and variable and unpredictable precipitation [27], this region’s agriculture is highly sensitive to changes in climatic conditions. In particular, in the driest sections of the Northern Great Plains, crops usually undergo terminal drought after anthesis, which reduces yield and quality [28]. Temperature projections in the Northern Great Plains indicate that evapotranspiration constraints in midsummer will increase [29], further threatening the sustainability of the agricultural enterprise. As a result, this region will be one of four global vulnerability regions for water availability by 2030, where water withdrawals could exceed 40% of resources [30].



As one of the driest and coldest part of the Northern Great Plains, Montana is a compelling case for assessing agricultural stakeholders’ (i.e., farmers, ranchers, county extension agents, and agricultural researchers) perceptions and observations regarding climate change. Montana is home to over 27,000 farms and ranches on over 2.38 × 107 hectares. Its diverse climate supports a range of high-quality food products, including beef, small grains, hay, legume crops, potatoes, sugar beets, oilseed crops, and small fruits [31]. During the 20th century, Montana experienced an overall increase in temperatures, the number of frost-free days, and the number of days with temperatures above 32.2 °C [7,32]. While precipitations have increased in the northeast (NE) region of the state during the last century, there has been a decrease in precipitation across the central and western sections of the state [29]. Climate projections for Montana indicate that by the end of the 21st century, temperatures will further rise between 2.5–3.3 °C, depending on the greenhouse emission scenario; this increase will be observed in all of the geographic locations and seasons. Models also predict a decrease in precipitation during the summer months [7].



It is important to understand farmers’ attitudes and perceptions regarding climate change, as farmers must first perceive and have knowledge of the causes for the changes in climate and their impact on agricultural systems in order to effectively adapt and have the motivation to do so [12]. The goal of this study was to document the beliefs about the causes and risks (hereafter “perceptions”), observations, and priorities of agricultural stakeholders in Montana regarding climate change by addressing the following research questions: (1) What are Montana’s agricultural stakeholders’ perceptions and observations regarding climate change and its impact on agriculture? (2) Do climate change perceptions and observations vary among agricultural stakeholders, and what demographic factors and socio-ecological characteristics (e.g., political ideologies, income, occupation, and production region) account for this variability? Findings from this study are expected to inform outreach and extension programs regarding climate change and climate-resilient agriculture. Additionally, findings have the potential to elucidate specific demographic factors that may present barriers or opportunities to adopting mitigation and adaptation strategies that support sustainable and resilient agriculture.




2. Materials and Methods


2.1. Survey Development


A structured survey was utilized to assess perceptions (e.g., beliefs and opinions) and observations regarding climate change of agricultural stakeholders. The survey items addressed stakeholders perceptions—including attitudes toward climate change, concerns about the impact of climate change on agricultural production, causes, and seriousness of climate change in time—and observations of changes in climate variables that relate to agricultural production, such as temperature, temperature extremes, length of growing season, and water availability. Demographic information about stakeholders’ agricultural occupation, political views, production region, annual income, and age was also collected.



The survey used in this study was based on previous surveys [5,33], but new items were incorporated or adapted to reflect the socio-ecological factors and practices of the Northern Great Plains stakeholders. The refining process included a two-step process. First, the face validity of the first draft survey was established by a panel of five field experts in agriculture, global change sciences, and sociology. In addition, the survey was pre-tested with 40 participants for further revisions. The resulting survey had a total of 27 questions and was divided into five sections: (1) agricultural background information; (2) perceptions about climate change; (3) observed changes in climate-related variables; (4) adaptation practices and strategies; and (5) demographic information. The survey included Likert-scored responses to address issues of perceptions, and multiple-choice questions for observations of changes in climate variables, mitigation and adaption strategies, and demographic factors.



Human Subject’s Approval


We received the approval of human subjects to participate in this study by the Institutional Review Board (IRB) at Montana State University before administering surveys. Informed consent was obtained from all of the study participants following IRB guidelines before taking the survey.





2.2. Survey Administration


The survey instrument was administered in person in eight agriculture extension meetings that were held across Montana, as well as online. Links to the online survey were posted on the websites of the Montana Farmers Union and the Montana Agro Business Association, and circulated through the listserve of the Montana Organic Association. Although respondents do not represent a truly random sample, it is expected that coverage and non-response error were reduced through the multi-modal nature of the survey, and the extensive network reached through stakeholder organizations and Montana State University’s Extension Service [34]. A total of 452 completed surveys were received between December 2015 and July 2016. However, not all of the participants answered all of the survey questions, so the sample size varied among survey items.




2.3. Survey Sample


The total sample was divided into demographic groups based on participants’ self-reported agricultural occupation group (hereafter agricultural group), production region, annual income, political view, and age (see Table 1). The agricultural group variable included seven categories: (1) Extension specialists; (2) crop consultants; (3) university participants—researchers and students; (4) conventional small grain producers (designated as grain); (5) conventional small grain farmers and ranchers (grain rancher); (6) organic grain and vegetable producers (organic); and (7) ranchers. Seven production regions were considered: (1) north central, where primarily small grains are grown; (2) northeast, where pulse and oil seed crops are grown; (3) central, a region dominated by small grains, vegetables, and ranching; (4) western, characterized by primarily ranching, and fruit and vegetable production; (5) northwest, dominated by small grain and fruit production; (6) southwest, with potatoes, small grain, and ranching production; and (7) southeast, with primarily sugar beets and small grains production. The respondents were grouped into three self-identified political view categories: (1) liberal; (2) moderate; and (3) conservative; and three annual income groups: less than $39,999 year−1 (low income), incomes greater than $40,000 year−1 but less than $99,999 year−1 (medium income), and incomes greater than $100,000 year−1 (high income). Finally, we considered four age range categories: (1) 26 years old or younger; (2) 27 to 40 years old; (3) 41 to 67 years old; and (4) 68 years old or older. The distributions of the survey participants in the aforementioned categories are described in Table 1. Race was not included in the analyses, as the sample included mostly white (79%), and gender was also omitted because it was skewed toward males (64%), with 24% females, 11% no response, and 1% other.



To answer the aforementioned research questions, we conducted descriptive, comparative, correlational, and predictive statistics analyses. Descriptive analyses included frequency distributions, means, and standard deviations of attitudes and perceptions on climate change and impacts according to agricultural group, region, political view, income, and age. To estimate differences in the mean values of variable distributions, we performed non-parametric comparative analyses among groups for each perception variable utilizing the Kruskal–Wallis H-test. If differences were observed (p < 0.05), we performed pairwise group comparisons using Dunn’s (1964) [35] procedure with a Bonferroni correction for multiple comparisons,     (     n     2     )  ,    with n being the number of categories of a demographic variable. Correlation analyses between perceptions and demographic variables were performed using non-parametric bivariate Spearman’s ρ and Kendall’s τb correlation tests, with the latter suitable for multinomial ordinal variables. Predictive analysis included ordinary least square test to predict the amount of variance for perception and observation variables according to the effects of region, income, age, political view, and agricultural group. Two perception variables, “main cause for climate change” and “human capability [to mitigate climate change]” were recoded to fit an ordinal scale for the correlation analysis. The main cause for climate change was recoded in a dichotomous variable (i.e., anthropogenic or other causes), while human capability was recoded in a three-point scale (i.e., 1 = not capable, 2 = uncertain, and 3 = capable). Responses that denied climate change were omitted from the correlation analyses. All of the analyses were performed using IBM® SPSS® Statistics for Windows, Version 24, Armonk, NY, USA software.





3. Results


3.1. Agricultural Stakeholders Perceptions on Climate Change


The majority of respondents at least recognized the existence of climate change (86.9%, see Table 2). Nearly half of respondents (48.3%) reported being concerned or alarmed about climate change, while 86.7% reported being somewhat to very concerned about the impacts of climate change on agricultural production. Accordingly, 51.8%; of respondents recognized that climate change is a serious issue now, and will continue to be into the future (Table 2).



Perceptions regarding the causes of climate change varied among study participants. The percentage of respondents that agreed with the concept that anthropogenic activities are the principal drivers of climate change was similar to the those who considered natural causes as the main cause for climate change (36.6% and 37.4%, respectively; see Table 2). While 41.2% of respondents believed that humans are capable of reducing changes in climate, 23.7% of participants did not think that humans are capable of reducing climate changes, and 21% of participants were uncertain (Table 2). There was a strong correlation between participants who considered anthropogenic activities as the main cause of climate change and those who considered humans to have the capability to reduce climate change (correlation coefficient r = 0.58, n = 400, p < 0.01), and between the attribution of climate change to human activity and a high degree of concern about climate change (r = 0.57, n = 377, p < 0.01).



Agricultural stakeholders reported observing changes in multiple climate variables, with 42% of respondents reporting observing an increment in temperature. Similarly, 40.9% of respondents reported observing an increase in the length of the growing season, while 32.7% reported otherwise (see Table 2). A similar proportion of respondents reported observing either no change in or an increase of extreme temperature fluctuations (36.3% and 34.3%, respectively). There was a moderate correlation between the reported observations of an increase in the length of the growing season and an increase in temperature (r = 0.32, n = 297, p < 0.01); and a weak correlation between the reported observations of an increase in the length of the growing season and extreme temperature fluctuations (r = 0.14, n = 321, p < 0.01).



Participant responses concerning observed changes in precipitation and water availability were variable, with most reporting that it has continued to be relatively dry or has gotten drier. Most of the agricultural stakeholders reported that water supply and rainfall have remained the same (39.4% and 37.4%, respectively; see Table 2), while the percentage who reported observing a decline in rainfall (26.3%) and water supplies (29.2%) was about two to five times the percentage who reported observing an increase in rainfall and water supplies. Nearly half (48.2%) of the respondents reported observing a decrease in snowfall during their time in the agricultural sector in Montana, while 25.2% reported no change. Findings show a moderate correlation between reported observations of changes in snowfall and changes in rainfall (r = 0.40, n = 336, p < 0.01).




3.2. Comparison of Perceptions by Demographic Group


Comparisons of stakeholder perceptions toward climate change according to three demographic variables are presented in Figure 1, including political views (ranging from liberal to conservative; Figure 1a), production region (Figure 1b), and agricultural group (Figure 1c). The polygons’ vertices of the radar graphs in Figure 1 correspond to response mean-values. These graphs allow a quick estimation of differences in perceptions between demographic categories; for example, the more irregular the polygon, the higher the variation of the mean values among the demographic categories.



The significance of the differences in perceptions according to groups of socio-ecological factors was obtained from non-parametric comparative analyses of the perception variables of the following demographic groups: political view, region, agricultural group, income, and age. Results for income and age are not included here (Table 3), because the distributions of the climate perception variables were not significantly different across the categories of income and age. Comparisons of perceptions of climate according to political view categories indicated that agricultural stakeholders with conservative views were less alarmed by the impact of climate change and its seriousness over time, and less confident in the capability of humans to reduce changes in climate when compared with the perceptions of participants with more liberal political views. Participants with liberal views were significantly more likely to be alarmed about climate change and see it as a serious issue in the present and future compared with moderates and conservatives (χ2 statistics and difference in mean values of perceptions are shown in Table 3). Liberals were significantly more likely to be concerned about the impact of climate change on agricultural production than conservatives, and they were more optimistic of humans’ capability to reduce the changes in climate than moderates and conservatives.



Significant differences in some perceptions related to climate change were found among production regions (χ2 statistics and difference in mean values of perceptions are shown in Table 3). It is noteworthy that stakeholders from all of the regions were similarly concerned regarding the impact of climate change on agricultural production and the seriousness of changes in climate over time. The average level of concern about the impact of climate change on agricultural production was “somewhat concerned”, with 2.21 out of a scale of 3; while the average perception about the seriousness of climate change in time was that it will be serious in the lifetime of next generations, with 3.17 out of a scale of 4.



Levels of alarm about climate change and belief in human capacity to reduce its impacts varied among regions, with the western regions being more concerned than the eastern regions (see Table 3). Participants from the southwest region (production of potatoes, small grain, and ranching) were more likely to be alarmed about climate change than participants from northeast (pulse and oil seed crops), central (small grain, vegetables, and ranching) and southeast (sugar beets and small grain), but were less likely to be alarmed than participants from the northwest region (small grain and fruit production). Additionally, participants from the western region (ranching, fruit, and vegetables) were more likely to be alarmed than participants from the northeast. Survey participants from Montana’s northeast region were less optimistic about the capability of humans to reduce changes in climate than participants from the western and southwest regions (see Table 3).



Significant differences in respondents’ attitudes towards climate change (Figure 1b) were found among production regions (χ2 statistics and difference in mean values of perceptions are shown in Table 3). While perceptions about the capability of humans to reduce climate change were similar for stakeholders of different regions, as depicted by the almost regular polygon in Figure 1b, its low variability was accounted by significant differences of only two region pairs (Table 3).



Differences in responses related to attitudes towards climate change, the seriousness of climate change over time, and the capability of humans to reduce the changes in climate were found for participants of different agricultural group categories (χ2 statistics and difference in the mean values of perceptions are shown in Table 3). Organic farmers and university participants (researchers and students) were more likely to be alarmed about climate change than crop consultants, grain growers–ranchers, and ranchers. Additionally, university participants were more likely to be concerned about climate change than extension agents. Organic producers were more likely to be concerned about climate change than traditional grain growers. Organic producers and extension agents perceived climate change as being a serious issue in the present and future to a greater extent than traditional grain growers and ranchers. Organic producers and university participants were more likely to be optimistic about the capability of humans to reduce changes in climate than grain growers and grain grower–ranchers. Organic producers had the highest mean value for alarmed attitude toward climate change as well as perceptions of seriousness of climate change over time, while they were also the most optimistic group regarding human capability to reduce climate change. Extension agents were the group that most considered climate change a serious issue over time compared with the other groups. It is noteworthy that no significant differences regarding concerns of the impact of climate change on agricultural production were found based on agricultural group. The average level of concern about the impact of climate change on agricultural production was high: 2.97 out of a scale of 3.



A multiple regression (ordinary least squares, or OLS) was run to predict “attitudes” [alarmed attitudes towards climate change], “concern” [of the impact of climate change on agricultural production], “seriousness” [of climate change over time], and “human capability” [to mitigate the effects of climate change] according to political view, region, agricultural group, income, and age. The regression model predicted “attitudes”, F(16,236) = 11.078, p < 0.0005, adjusted R2 = 0.39; with political view and region (south central region with production of small grain and vegetables, and northeast with production of pulse and oil seeds) added statistically significant coefficients to the predictive model (see Table 4). The model that best predicted “concern” included three socio-ecological independent variables: region, income, and political view, F(8290) = 2.127, p = 0.033, adjusted R2 = 0.029; only political view added a statistically significant coefficient to the predictive model (see Table 4). The regression model predicted “seriousness”, F(16,221) = 2.364, p < 0.003, adjusted R2 = 0.084; only political view added a statistically significant coefficient to the predictive model (see Table 4). The regression model predicted “capability”, F(16,233) = 3.913, p < 0.0005, adjusted R2 = 0.158; political view and region (south central region with production of small grain and veggies) added statistically significant coefficients to the predictive model (see Table 4). Regression coefficients and standard errors are reported in Table 4 below.



Based on the multiple regression models, an increase of one degree in liberal political view produces a 0.48 increment in the amount of alarmed attitude towards climate change, a 0.17 increment in the amount of concern about the impacts of climate change on agricultural production, a 0.26 increment on the notion that climate change always will be serious, and a 0.31 increment on the idea that humans have the capability to mitigate the effects of climate change. Stakeholders from the northeast and south central regions demonstrated a decrease in alarmed attitudes about climate change by a factor of 0.19 and 0.16, respectively. Additionally, south central stakeholders are less confident that humans can mitigate the effects of climate change by a factor of 0.17. Categories of the other socio-ecological variables such as income, age, and agricultural group did not add to the regression models of the perception variables.




3.3. Comparisons of Observations by Demographic Factor Group


Comparisons of participant observations of climate variables (length of the growing season, temperature increase, extreme temperature fluctuations, rainfall, snowfall, and water supply) by demographic categories of political view, income, agricultural group, and production region, are presented in Figure 2a–d, respectively. Observations of these variables significantly differed among demographic categories, as is shown by the results of non-parametric comparative analyses (Table 4).



According to survey respondents’ political views (Figure 2a), observations of changes in temperature, extreme temperature fluctuations, and length of the growing season decreased with increasing conservative views. At the same time, the mean values for observations of changes in rainfall, snowfall, and water supply increased with conservative political views. Respondents with liberal political views were more likely than participants with conservative views to observe an increase in the length of the growing season and extreme temperature fluctuations, and a decline in snowfall and water supply. Liberal participants were also more likely than moderates to report an increase in temperature and extreme temperature fluctuations, and a decline in rainfall and water supply (χ2 statistics and differences in the mean values of observation variables are shown in Table 5).



Responses of stakeholders from different production regions are similar for observations of temperature increase, but differ for observations in changes in the length of the growing season (Figure 2b). The response mean value distributions by production region are irregular and similar for observed changes in rainfall and the availability of the water supply (Figure 2b). Stakeholders of the central region observed an increase in the growing season to a greater extent than stakeholders from the north central, northeast, west, and southeast regions (Table 5). Respondents in the northeast were more likely to report an increase in rainfall and a decrease in water supply than stakeholders from the western and southwestern regions. Participants from the southwest region were less likely than those in the central region to report a decrease in the water supply. No significant differences between regions were found for observations of extreme temperature fluctuations and snowfall (see Table 5).



Participants from different agricultural group categories reported different observations of some climate-related variables. The mean value of observations of temperature increase is similar among categories, with the exception of organic producers and university participants, who reported an increase in temperature more than the other groups did (Figure 2b). Organic producers were significantly more likely than traditional grain growers and grain growers–ranchers to observe an increase in temperature, and university participants were also significantly more likely than grain growers to report an increase in temperature (Table 5). Similarly, organic producers observed a decrease in rainfall, snowfall, and water supply to a greater extent than other agricultural groups (Figure 2b). Organic producers were significantly more likely to report a decline in rainfall than traditional grain growers, grain growers–ranchers, and extension agents. Traditional grain growers were also significantly more likely than ranchers to see a decline in rainfall. Organic producers were more likely than consultants and grain growers–ranchers to report a decline in snowfall, and more likely than grain growers, grain growers–ranchers, ranchers, and consultants to report a decline in the water supply (χ2 statistics and difference in mean values of the observation variables are shown in Table 5).



Mean values of observations of changes in the length of the growing season decrease with stakeholder income, with a higher difference between low and medium-income stakeholders than for medium and high income (Figure 2d). However, reported observations of changes in temperature, extreme temperature fluctuations, rainfall, snowfall, and water supply were similar among income categories (Table 5).



A multiple regression (OLS) was run to predict “temperature” [change], “warm days” [number of warm days], “rainfall”, and “Extreme-temperature” [extreme temperature fluctuations], according to political view, region, agricultural group, income, and age. The regression model statistically significantly predicted “temperature”, F(16,183) = 2.827, p < 0.0005, adjusted R2 = 0.128; with political view, region (north central region with production of small grain, and southeast with production of beets and potatoes), and agricultural group (crop consultant and small grain traditional producer) added significantly statistically coefficients to the predictive model (see Table 6). The regression model “warm days”, F(16,186) = 2.529, p = 0.002, adjusted R2 = 0.108; with political view and region (northeast region with production of pulse and oil seeds, and south central with production of small grain and vegetables) added statistically significant coefficients to the predictive model (see Table 6). The regression model predicted “rainfall”, F(16,179) = 3.025, p < 0.0005, adjusted R2 = 0.142; with age, region (north central region with production of small grain, west central with production of fruits and vegetables, northwest with production of small fruits, and southwest with production of ranching, potatoes, and small grain) added statistically significant coefficients to the predictive model (see Table 6). The regression model for “Extreme-temperature” that resulted statistically significant included all of the aforementioned socio-ecological variables but age; F(16,223) = 2.369, p = 0.003, adjusted R2 = 0.079; with political view and agricultural group (crop consultant and rancher) added statistically significant coefficients to the predictive model (see Table 6). Regression coefficients and standard errors are reported in Table 6 below.



Based on the multiple regression models, an increase of one degree in liberal political view produced an increment in the observation of temperature change by a factor of 0.14, a 0.25 increment in the observation of number of warm days, and a 0.25 increment in the observation of extreme temperature fluctuations. Stakeholders from the north central region increased the tendency to observe a temperature change by a factor 0.20, and a decrease in rainfall by a factor of 0.20. Similarly, stakeholders from the north central, northwest, and southwest regions decreased the observations of rainfall by a factor of 0.22, 0.15, and 0.17, respectively. Additionally, southeast stakeholders increased the observation of a change in temperature by a factor of 0.15. Crop consultants decreased the observation of changes in temperature and extreme temperature fluctuations by a factor of 0.22 and 0.16, respectively; while small grain producers reduced the observation of temperature change by a factor of 0.28. Finally, older people decreased the observation of rainfall by a 0.19 factor. Categories of the income variable did not add to the regression models of the observation variables.





4. Discussion and Conclusions


Understanding climate perceptions and the observations of agricultural stakeholders is critical in designing effective outreach on climate resilient agriculture. This study demonstrates that the majority of Montana’s agricultural stakeholders who participated in this survey acknowledged the existence of climate change, yet there is disagreement regarding its causes, as well as a lack of consensus of observations on changes in climate variables. This variation can be accounted on the basis of stakeholders’ demographic characteristics, pointing to the importance of considering stakeholders’ characteristics when designing agricultural outreach programs to facilitate the adoption of climate resilient agricultural practices.



Findings from this study are in agreement with previous results that show that the majority of agricultural stakeholders in various regions of the United States recognize the existence of climate change [36], which is in agreement with the perceptions of 67% of Americans, who think that climate change is happening [37]. The difference in the responses regarding the causes of climate change that were found in this study is in agreement with previous findings on agricultural stakeholder perceptions in various regions of the United States [36], but shy from the over half (53%) of the American public and over 97% of scientists who think that human-caused climate change is happening [37]. Producer perceptions of the causes of climate change have notable implications for sustainability given the recognized links between climate perceptions and producer decisions to implement climate mitigation and adaptation strategies [12,20]. Previous research has demonstrated that producers in the upper Midwest of the United States who believe that human activity is a driver of climate change were more positive toward adaptive and mitigation activities [20]. Alternatively, producers who do not think that human-driven climate change has been scientifically proven [17,18] make management decisions to mitigate risks based on perceptions that are aligned with their values, oblivious to the consensus of the scientific community [38]. Past studies have further shown that Iowa farmers who were not concerned about climate change tended to be overly confident in the capability of humans to control the effects of climate change, and were thus optimistic about “human ingenuity” for overcoming natural constrains [39,40]. Our findings in the state of Montana, along with those in the literature, more broadly point to the need for outreach efforts and stakeholder dialogues regarding evidence and perceptions on the causes of climate change.



The discrepancy between the relatively high consensus of participant perceptions regarding the existence of climate change and low consensus of the reported observations of changes in climate variables suggest that agricultural stakeholders’ perceptions of climate change are influenced by other factors in addition to observations. The discrepancy in the observations of changes in climate variables further deviate from some previous studies that show a high degree of consensus among farmer observations [12]. The discrepancy of observations found in this study is likely due to differences in the demographic characteristics of our study participants, as previous case studies have shown that farmers’ perceptions of climate risks in agricultural systems are driven by observations of local climate trends along with demographic factors such as farm acreage, income, age, and market diversification [22,40,41,42,43].



This study found significant differences regarding climate change perceptions and observations between agricultural stakeholders on the basis of socio-ecological characteristics. Although about 87% of participants were very concerned or somewhat concerned about the impact of climate change on agricultural production, differences in concern were accounted by stakeholders’ political view, with liberals being more likely to be concerned than conservatives. The mean values for all of the climate observations (length of the growing season, increase in temperature, rainfall, snowfall, and water supply) depended on stakeholders’ agricultural group, production region, and political views. Additionally, observations of the length of the growing season were associated with participants’ annual income, while all of the other observations of climate variables were similar among stakeholders’ annual income. Observations of extreme temperature fluctuations were associated with political view and production region, but did not depend on other demographic factors.



Findings from this study on significant differences in climate perceptions based on political views are in agreement with previous studies that highlight that the perceptions of the risks posed by climate change are predicted by factors related to the views of the social groups to which people belong [16,38,42]. In addition, disagreement regarding the anthropogenic causes of climate change based on political views support the political polarization regarding climate change in the general public of the United States [43,44], as well as in other countries around the world [45]. Past studies have indicated that stakeholders’ concerns about climate change differ because of their political views rather than their production region. This political divide with respect to climate change beliefs and concerns has been found predominantly in the U.S., and to a lesser extent in the European Union (EU) [46,47].



Furthermore, the political divide with respect to climate change is indicative of the larger distrust of science based on political affiliation, which has increased as of late in the United States. A longitudinal study from 1974 to 2010 regarding public trust in science found that conservatives in the United States have become increasingly distrustful of science [43]. Specifically, Gauchat (2012) [43] demonstrated that in 1974, conservatives had greater trust in science compared with liberals and moderates. However, by 2010, conservatives had the lowest trust in science relative to liberals and moderates [43]. Gauchat (2012) [43] further shows variation in trust for science based on social class, ethnicity, gender, church attendance, and region. McCright et al. (2013) [48] highlighted that the variation in trust in science based on political affiliation is related to the type of science and its use in policy making. They differentiate between production science, which provides new inventions or innovations for economic production, and impact science, which identifies environmental and public health issues derived from economic production and anthropogenic activities [48]. McCright et al. (2013) [48] demonstrated that while liberals report greater trust in scientists and support the use of science in policy-making compared with conservatives, the latter actually have greater trust in production scientists that provide new inventions or innovations for economic production compared with their liberal counterparts. Our work aligns with McCright et al. (2013) [48,49] regarding the lack of effect of income on views about science, and is in contrast to previous studies regarding the variation of perceptions and observations about climate based on income [42]. Specifically, we found few differences amongst income categories, although medium-income stakeholders were more likely than those with lower incomes to report increases in the length of the growing season.



Our finding about organic producers’ greater concern regarding the impacts of climate change compared with other producers deviates from a previous study in Yoyo county, California, where organic producers and traditional farmers were equally concerned about climate change [50]. The results from our study regarding the greater concern of organic producers toward climate change compared with traditional grain growers, while being the most optimistic group regarding the human capability to reduce climate change, can suggest that this group may also be most likely to adopt climate resilient agriculture, including mitigation and adaption strategies.



Overall, this study highlights that while a notable fraction of agricultural stakeholders in Montana are alarmed about climate change and optimistic about the human capacity to reduce the changes in climate, the degree of concern and optimism significantly varies depending on stakeholder’s political views, production region, and agricultural occupation group. We found that not only perceptions, but also the causes and potential risks of climate change to agricultural production are driven by both political views and stakeholders’ observations of climate variables. Both perceptions and observations drive the choice of adaptation and mitigation practices. It is thus essential to understand farmer demographics and socio-ecological characteristics when designing agricultural outreach programs in order to reduce barriers for the adoption of climate resilient agriculture.
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Figure 1. Radar graphs with distributions of response mean values of perception variables by groups of demographic factors. Blue polygon: attitudes, red polygon: concern, green polygon: seriousness, and purple polygon: human capability. Clockwise: (a) responses by political view; (b) income bracket; (c) region; and (d) agricultural group. 
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Figure 2. Radar graphs with distributions of response mean values of observed changes variables by groups of demographic and geographical factors. Blue trace: changes in temperature; red: fluctuations of extreme temperature; green: rainfall; purple: snowfall; aqua: length of growing season; orange: water supply. Clockwise: (a) responses by political view; (b) income bracket; (c) agricultural group; and (d) region. 
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Table 1. Distribution of the demographic factors of the survey sample. All of the quantities are in percentages.
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Agricultural Group

	
Extension

	
Consultant

	
University

	
Grain

	
Grain-Rancher

	
Organic

	
Rancher




	
NR = 11.6

	
10.9

	
10.4

	
12.2

	
20.1

	
9.7

	
9.8

	
15.3




	
Production Region

	
NC

	
NE

	
C

	
W

	
NW

	
SW

	
SE




	
NR = 6.3

	
14.6

	
24.3

	
8.0

	
12.6

	
2.4

	
27.2

	
4.6




	
Political View

	
Liberal

	
Moderate

	
Conservative




	
NR = 16.4

	
11.1

	
51.3

	
21.2




	
Annual Income

	
<$39,999 year−1

	
$40,000 year−1 < x < $99,999 year−1

	
>$100,000 year−1




	
NR = 10.9

	
31.2

	
37.3

	
20.6




	
Age (years)

	
≤26

	
27–40

	
41–67

	
68≥




	
NR = 22.9

	
4.0

	
19.7

	
45.4

	
8.0








NR = non-responses. NC: North Central, NE: Northeast, C: Central, W: West, NW: Northwest, SW: Southwest, SE: Southeast.
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Table 2. Distribution of responses to perception and observation survey items. All of the quantities are in percentages.






Table 2. Distribution of responses to perception and observation survey items. All of the quantities are in percentages.





	
Perceptions about Climate Change






	
Attitudes toward climate change

	
alarmed

	
concerned

	
recognized

	
no change

	
no response




	
12.8

	
35.4

	
38.7

	
10.8

	
2.3




	
Concern about agricultural production

	
very

	
somehow

	
not concerned

	

	




	
30.3

	
56.4

	
10.8

	

	
2.5




	
Seriousness of climate change in time

	
always

	
in future

	
in my lifetime

	
never

	




	
51.8

	
17.7

	
6.4

	
15.0

	
9.1




	
Main cause of climate change

	
man-made

	
terrestrial

	
extra-terrestrial

	
non-physical

	




	
36.5

	
34.3

	
3.1

	
4.4

	
21.7




	
Human capability to reduce the change in climate

	
no

	
uncertain

	
yes

	

	




	
23.7

	
21.0

	
41.2

	

	
14.1




	
Observations of Changes in Climate-Related Variables




	
Temperature

	
decreased

	
same

	
increased

	
—

	
no response




	
3.8

	
30.5

	
42.0

	

	
23.7




	
Extreme temperature fluctuations

	
4.6

	
36.3

	
34.3

	

	
24.8




	
Water supplies

	
29.2

	
39.4

	
5.8

	

	
25.6




	
Rainfall

	
26.3

	
37.4

	
12.6

	

	
24.7




	
Snowfall

	
48.2

	
25.2

	
3.5

	

	
23.1




	
Length of growing season

	
3.1

	
29.6

	
40.9

	

	
26.4
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Table 3. Comparative analysis between demographic factor groups for perception variables.
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Factor

	
Perception Variables

	
χ2-Statistic (N)

	
Significant Different Groups and Mean Differences (G1-G2)






	
Political View

(df = 2)

	
Alarmed attitudes towards climate change

	
114.6 **

(N = 373)

	
Liberals > Conservatives (1.65)

Liberals > Moderates (1.05)

Moderates > Conservatives (0.60)




	
Concerns on the impacts on agricultural production

	
6.86 *

(N = 371)

	
Liberals > Conservatives (0.28)




	
Seriousness in time

	
33.09 **

(N = 352)

	
Liberals > Conservatives (1.12)

Liberals > Moderates (0.45)

Moderates > Conservatives (0.67)




	
Human capability to mitigate effects of climate change

	
56.61 **

(N = 368)

	
Liberals > Conservatives (1.27)

Liberals > Moderates (0.72)

Moderates > Conservatives (0.55)




	
Region

(df = 6)

	
Alarmed attitudes towards climate change

	
45.37 **

(N = 427)

	
W > NE (0.46)

SW > NE, Central, SE (0.67, 0.56, 0.54)

SW < NW (‒0.26)




	
Concerns on the impacts on agricultural production

	
6.18

(N = 426)

	
Similar among groups




	
Seriousness in time

	
9.97

(N = 397)

	
Similar among groups




	
Human capability to mitigate effects of climate change

	
27.57 **

(N = 392)

	
NE < W & SW (‒0.54, ‒0.48)




	
Agricultural Group

(df = 6)

	
Alarmed attitudes towards climate change

	
60.34 **

(N = 441)

	
Extension > Grain (0.47)

Organic > Grain, Consultant (0.96, 0.94)

Organic > Grain-rancher, Rancher (0.93, 0.89)

University > Extension, Consultant (0.25, 0.71)

University > Grain-rancher, Rancher (0.70, 0.66)




	
Concerns on the impacts on agricultural production

	
3.12

(N = 373)

	
Similar among groups




	
Seriousness in time

	
25.19 **

(N = 344)

	
Organic > Grain, Rancher (0.81, 0.71)

Extension > Grain, Rancher (0.87, 0.77)




	
Human capability to mitigate effects of climate change

	
33.54 **

(N = 343)

	
Organic > Grain, Grain-rancher (0.71, 0.95)

University > Grain, Grain-rancher (0.61, 0.85)








* Significance 0.001 ≤ p < 0.05. ** Significance p < 0.001.
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Table 4. Multiple regression analysis model coefficients for perception variables.
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Attitudes

	
Concern

	
Seriousness

	
Capability




	
Variable

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta






	
Intercept

	
1.533

	
0.278

	

	
1.985

	
0.169

	

	
2.264

	
0.455

	

	
2.543

	
0.364

	




	
Political view

	
0.692

	
0.077

	
0.482 *

	
0.175

	
0.058

	
0.175 *

	
0.476

	
0.124

	
0.260 *

	
0.495

	
0.100

	
0.311 *




	
Income

	
0.085

	
0.064

	
0.067

	
−0.053

	
0.051

	
−0.060

	
0.005

	
0.103

	
0.003

	
0.001

	
0.084

	
0.001




	
Age

	
−0.004

	
0.003

	
−0.061

	
—

	
—

	
—

	
0.004

	
0.005

	
0.051

	
−0.002

	
0.004

	
−0.029




	
NC region

	
0.007

	
0.151

	
0.003

	
0.057

	
0.111

	
0.34

	
0.061

	
0.234

	
0.019

	
−0.003

	
0.196

	
−0.001




	
NE region

	
−0.381

	
0.129

	
−0.190 *

	
−0.103

	
0.100

	
−0.071

	
−0.149

	
0.292

	
−0.36

	
−0.195

	
0.168

	
−0.088




	
SC region

	
−0.510

	
0.178

	
−0.159 *

	
−0.224

	
0.139

	
−0.101

	
0.024

	
0.253

	
0.008

	
−0.623

	
0.235

	
−0.173 *




	
WC region

	
−0.155

	
0.149

	
−0.063

	
0.026

	
0.116

	
0.015

	
−0.119

	
0.412

	
−0.19

	
0.069

	
0.194

	
0.025




	
NW region

	
0.194

	
0.258

	
0.039

	
0.053

	
0.203

	
0.015

	
−0.168

	
0.212

	
−0.067

	
0.109

	
0.335

	
0.020




	
SE region

	
−0.110

	
0.170

	
−0.037

	
0.119

	
0.142

	
0.053

	
−0.058

	
0.277

	
−0.015

	
−0.060

	
0.220

	
−0.018




	
Extension

	
0.113

	
0.180

	
0.036

	
—

	
—

	
—

	
0.248

	
0.289

	
0.062

	
−0.017

	
0.234

	
−0.005




	
Crop consult

	
−0.380

	
0.163

	
−0.143

	
—

	
—

	
—

	
−0.208

	
0.261

	
−0.063

	
−0.410

	
0.212

	
−0.144




	
University

	
0.090

	
0.173

	
0.031

	
—

	
—

	
—

	
0.116

	
0.289

	
0.031

	
0.098

	
0.224

	
0.031




	
Small grain

	
−0.296

	
0.154

	
−0.136

	
—

	
—

	
—

	
−0.404

	
0.248

	
−0.145

	
−0.262

	
0.200

	
−0.109




	
Smlgr + ranch

	
−0.104

	
0.187

	
−0.034

	
—

	
—

	
—

	
−0.444

	
0.310

	
−0.109

	
−0.462

	
0.243

	
−0.137




	
Organic

	
0.246

	
0.172

	
0.084

	
—

	
—

	
—

	
0.281

	
0.285

	
0.073

	
−0.46

	
0.224

	
−0.014




	
Rancher

	
−0.205

	
0.147

	
−0.086

	
—

	
—

	
—

	
−0.308

	
0.237

	
−0.103

	
−0.159

	
0.193

	
−0.060








* Significance, p < 0.05.













[image: Table] 





Table 5. Comparative analysis between demographic factor groups for observation variables.
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Factor

	
Observation Variables

	
χ2-Statistic (N)

	
Significant Different Groups and Mean Differences (G1–G2)






	
Political view

(df = 2)

	
Temperature

	
21.61 **

(N = 300)

	
Liberals > Conservatives (0.50)

Liberals > Moderates (0.31)

Moderates > Conservatives (0.19)




	
X-temperature

	
17.86 **

(N = 294)

	
Liberals > Conservatives (0.47)

Liberals > Moderates (0.35)




	
Rainfall

	
7.63 *

(N = 298)

	
Liberals < Moderates (−0.33)




	
Snowfall

	
10.74 *

(N = 302)

	
Liberals < Conservatives (−0.37)




	
Warm days

	
19.27 **

(N = 303)

	
Liberals > Conservatives (0.47)

Liberals > Moderates (0.33)




	
Water supply

	
17.43 **

(N = 289)

	
Liberals < Conservatives (−0.46)

Liberals < Moderates (−0.31)




	
Region

(df = 6)

	
Temperature

	
24.76 **

(N = 337)

	
NE < SW (−0.32)




	
X-temperature

	
9.44

(N = 332)

	
Similar among groups




	
Rainfall

	
28.02 **

(N = 337)

	
NE > W, SW (0.58, 0.37)

SW < Central (−0.18)




	
Snowfall

	
7.67

(N = 342)

	
Similar among groups




	
Warm days

	
18.85 *

(N = 343)

	
NE < SW (0.34)




	
Water supply

	
26.46 **

(N = 329)

	
NE > W, SW, NC (0.44, 0.28, 0.34)

SW < Central (−0.24)




	
Agricultural group

(df = 6)

	
Temperature

	
25.74 **

(N = 344)

	
Organic > Grain and Grain–rancher (0.47, 0.52)

University > Grain–rancher (0.37)




	
Extreme-temp

	
11.00

(N = 340)

	
Similar among groups




	
Rainfall

	
27.38 **

(N = 344)

	
Organic < Grain, Grain–rancher, Extension (−0.63, −0.56, −0.58)

Grain > Rancher (0.40)




	
Snowfall

	
22.01 *

(N = 347)

	
Organic < Consultant and Grain–rancher (−0.52, −0.52)




	
Warm days

	
21.20 *

(N = 349)

	
Organic > Grain (0.36)




	
Water supply

	
28.59 **

(N = 335)

	
Organic < Grain, Grain–rancher, Rancher, Consultant (−0.62, −0.60, −0.49, −0.58)








* Significance 0.001 ≤ p < 0.05. ** Significance p < 0.001.
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Table 6. Multiple regression analysis model coefficients for observation variables.
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Temperature

	
Warm days

	
Rainfall

	
Extreme-temp




	
Variable

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta

	
B

	
SEB

	
Beta






	
Intercept

	
2.191

	
0.258

	

	
2.257

	
0.252

	

	
2.739

	
0.294

	

	
2.200

	
0.214

	




	
Political view

	
0.135

	
0.069

	
0.143 *

	
0.232

	
0.068

	
0.253 *

	
−0.116

	
0.077

	
−0.108

	
0.239

	
0.066

	
0.246 *




	
Income

	
−0.055

	
0.057

	
−0.067

	
0.030

	
0.057

	
0.037

	
−0.021

	
0.064

	
−0.023

	
0.005

	
0.056

	
0.005




	
Age

	
0.004

	
0.003

	
0.104

	
−0.001

	
0.003

	
−0.019

	
−0.009

	
0.003

	
−0.195 *

	
—

	
—

	
—




	
NC region

	
0.327

	
0.17

	
0.200 *

	
−0.078

	
0.137

	
−0.048

	
−0.371

	
0.145

	
−0.198 *

	
0.095

	
0.128

	
0.060




	
NE region

	
—

	
—

	
—

	
−0.271

	
0.122

	
−0.204 *

	
—

	
—

	
—

	
−0.185

	
0.119

	
−0.130




	
SC region

	
−0.131

	
0.155

	
−0.066

	
−0.453

	
0.154

	
−0.229

	
−0.154

	
0.177

	
−0.067

	
−0.011

	
0.57

	
−0.005




	
WC region

	
−0.006

	
0.142

	
−0.004

	
−0.124

	
0.132

	
−0.082

	
−0.405

	
0.161

	
−0.223 *

	
−0.098

	
0.138

	
−0.057




	
NW region

	
0.400

	
0.242

	
0.117

	
0.047

	
0.261

	
0.013

	
−0.509

	
0.250

	
−0.147 *

	
0.240

	
0.229

	
0.072




	
SW region

	
0.181

	
0.125

	
0.129

	
—

	
—

	
—

	
−0.266

	
0.136

	
−0.171 *

	
—

	
—

	
—




	
SE region

	
0.300

	
0.149

	
0.154 *

	
−0.055

	
0.147

	
−0.029

	
−0.229

	
0.159

	
−0.112

	
−0.012

	
0.152

	
−0.006




	
Extension

	
0.031

	
0.167

	
0.014

	
0.180

	
0.162

	
0.088

	
0.073

	
0.177

	
0.034

	
0.120

	
0.156

	
0.058




	
Crop consult

	
−0.410

	
0.159

	
−0.220 *

	
−0.260

	
0.157

	
−0.143

	
0.183

	
0.192

	
0.078

	
−0.320

	
0.153

	
−0.162 *




	
University

	
0.044

	
0.163

	
0.023

	
−0.092

	
0.162

	
−0.049

	
0.196

	
0.182

	
0.090

	
−0.280

	
0.146

	
−0.149




	
Small grain

	
−0.387

	
0.140

	
−0.279 *

	
−0.139

	
0.140

	
−0.103

	
0.163

	
0.155

	
0.108

	
−0.198

	
0.135

	
−0.137




	
Smlgr+ranch

	
−0.248

	
0.169

	
−0.125

	
0.237

	
0.167

	
0.122

	
−0.006

	
0.192

	
−0.003

	
−0.122

	
0.164

	
−0.057




	
Organic

	
0.060

	
0.164

	
0.030

	
0.016

	
0.157

	
0.009

	
−0.258

	
0.179

	
−0.116

	
−0.262

	
0.156

	
−0.123




	
Rancher

	
−0.139

	
0.136

	
−0.089

	
−0.044

	
0.132

	
−0.029

	
−0.286

	
0.148

	
−0.170

	
−0.303

	
0.128

	
−0.188 *








* Significance, p < 0.05. NC: north central region; NE: northeast region; SC: south central region; WC: western region; NW: northwest region; SW: southwest region; SE: southeast region.
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