Title: Farmers and Climate Change: A Cross-National Comparison of Beliefs and Risk Perceptions in HighIncome Countries
Authors: Linda S. Prokopy1, J. G. Arbuckle2, Andrew P. Barnes3, V. R. Haden4, Anthony Hogan5, Meredith
T. Niles6, John Tyndall7
1

Correponding Author: Linda S. Prokopy, Purdue University, 195 Marsteller Street, West Lafayette, IN
47906, USA; lprokopy@purdue.edu; (tel) +1-765-496-2221; (fax) +1-765-496-2422
2

J.G. Arbuckle, Iowa State University, 303c East Hall, Ames, IA 50011, USA; Arbuckle@iastate.edu

3

Andrew P. Barnes, Scottish Rural College, SRUC Edinburgh Campus, King’s Buildings, West Mains Road,
Edinburgh, EH9 3JG, Scotland; Andrew.barnes@sruc.ac.uk
4

V.R. Haden, The Ohio State University, 1328 Dover Rd., Wooster, OH 44691, USA; haden.9@osu.edu

5

Anthony Hogan, University of Canberra, The Innovation Centre, Building 23, Level B, Canberra,
Australia; Anthony.Hogan@canberra.edu.au
6

Meredith T. Niles, Harvard University, 79 JFK Street, Cambridge, MA 02138, USA;
Meredith_Niles@hks.harvard.edu
7

John Tyndall, Iowa State University, 238 Science II, Ames, IA 50011, USA; jtyndall@iastate.edu

Acknowledgments: The survey of Midwestern corn producers was developed through a collaboration of
two United States Department of Agriculture National Institute for Food and Agriculture (USDA-NIFA)supported projects, Cropping Systems Coordinated Agricultural Project (CAP): Climate Change,
Mitigation, and Adaptation in Corn-based Cropping Systems (Award No. 2011-68002-30190) and Useful
to Usable (U2U): Transforming Climate Variability and Change Information for Cereal Crop Producers
(Award No. 2011-68002-30220). Additional funding was provided by the Iowa Agriculture and Home
Economics Experiment Station, Purdue University College of Agriculture, and the Iowa Natural Resources
Conservation Service. The California Energy Commission (grant # CEC-500-2012-032) provided funding
for the California study and we would like to thank Mark Lubell and Louise Jackson for their insights on
this survey. This survey and research on Scottish dairy farming was supported by the European
Commission Animal Change project (contract no. KBBE-266018) and the Scottish Government Research

Programmes into Food and Economic Adaptation. We would like to thank Luiza Toma for her assistance
on the Scottish questionnaire. Funding for the New Zealand survey and research was provided by
AgResearch, Ltd., the United States National Science Foundation Graduate Research Program and the
United States National Science Foundation Responding to Rapid Environmental Change IGERT program
grant NSF- DGE#0801430. We thank Robyn Dynes and Margaret Brown for their insights on the New
Zealand survey. The Rural Industries Research and Development Corporation, Canberra, Australia
supported the Australian survey.

Title: Farmers and Climate Change: A Cross-National Comparison of Beliefs and Risk Perceptions in HighIncome Countries
Abstract: Climate change has serious implications for the agricultural industry – both in terms of the
need to adapt to a changing climate and to modify practices to mitigate for the impacts of climate
change. In high-income countries where farming tends to be very intensive and large-scale, it is
important to understand farmers’ beliefs and concerns about climate change in order to develop
appropriate policies and communication strategies. Looking across six study sites - Scotland,
Midwestern United States, California, Australia and two locations in New Zealand - this paper finds that
over half of farmers in each location believe that climate change is occurring. However there is a wide
range of beliefs regarding the anthropogenic nature of climate change; only in Australia do a majority of
farmers believe that climate change is anthropogenic. In all locations, a majority of farmers believe that
climate change is not a threat to local agriculture. The different policy contexts and existing impacts
from climate change are discussed as possible reasons for the variation in beliefs. This study compared
varying surveys from the different locations and concludes that survey research on farmers and climate
change in diverse locations should strive to include common questions to facilitate comparisons.
Keywords: climate change; farmers; beliefs; risk perceptions; surveys; agriculture
1. Introduction
Global climate change is widely viewed as one of society’s most significant challenges. There is
substantial evidence that climate change poses a credible and mounting threat to the production of
food, feed, fuel and fiber worldwide (Howden et al. 2007; Brown and Funk 2008; Lobell and Gourdj
2012; Walthall et al. 2012). While the scope and scale of these impacts remain uncertain, efforts to
adapt agricultural practices and policies to shifting climate patterns will be needed to safeguard food
security, enhance the resilience of agroecological systems, and take advantage of new market

opportunities and technological innovation (Smit and Skinner 2002; Adger et al. 2005; IPCC 2007; Lobell
et al. 2008). Agriculture also exacerbates climate change by releasing greenhouse gases (GHGs) into the
atmosphere, with agricultural sources accounting for 10-12% of global anthropogenic emissions each
year (IPCC 2007). Consequently, agriculture offers key opportunities to mitigate the cause of climate
change through agricultural practices and land use decisions that reduce emissions from soil and fossil
fuels or that sequester carbon in soil and plant biomass (Lal et al. 2011). In effect, agriculture is
presented with the dual challenge of learning to cope with consequences of climate change through
adaptation, while also addressing its root cause, GHGs, via mitigation (Smith and Olesen 2010;
Beddington et al. 2012).
Because agriculture is both vulnerable to changes in climate and a significant source of GHGs
(Beddington et al, 2012; IPCC 2007; NRC 2010), calls for coordinated adaptation and mitigation
initiatives are on the rise (e.g., Coumou and Rahmstorf 2012; Howden et al. 2007; McCarl 2010). Given
that the success of these initiatives will require active participation of rural communities and individual
farmers, there is a pressing need to understand how farmers’ beliefs and concerns about climate change
influence their adaptation and mitigation behaviors (Arbuckle et al. 2013; Haden et al. 2012). It is known
that propensity to act in response to potential natural hazards can depend largely on beliefs about the
existence of the hazard and the perceptions of risks associated with it (Nigg and Mileti 2002). A great
deal of work has been undertaken in low-income countries to understand what farmers believe about
climate change and their perceptions of climate risks (see e.g. Deressa et al. 2011; Gwimbi 2009;
Maddison 2007) but less work has been conducted within high-income countries where agricultural
systems can be quite different in scale and scope. Understanding what high-income country farmers
believe about climate change and their risk perceptions will help to inform future mitigation and
adaptation strategies in those regions of the world. In this paper we examine farmers’ beliefs about
climate change, perceived risks, and attitudes towards adaptation and mitigation in six different high-

income locations and examine whether these beliefs are associated with location-specific variables such
as policies and existing impacts from climate change.
A review of the literature on farmers’ beliefs about climate change reveals little work from highincome countries prior to 2010 when our work started to come out in the literature (but see Bryant et
al. 2000 for a review of Canadian studies and Harrington and Lu (2002) with evidence from Kansas,
United States). An emerging number of studies are now appearing (e.g. Gramig et al. 2013; Rejesus et
al. 2013; Wheeler et al. 2013) but these are still limited compared to the numbers of studies in lowincome regions of the world like parts of Asia and Africa. As noted by Brown and Funk (2008), the
impacts of climate change on subsistence farmers is likely to be much more extreme due both to more
immediate and extreme temperature and precipitation changes and due to the lack of infrastructure
and adaptation options in these locations. However, farmers in high-income countries are also
vulnerable to a changing climate as increasing temperatures and changing precipitation patterns
threaten both crop yields and animal welfare. Additionally, farmers in high-income countries control a
large portion of land and can have significant potential to perform climate change mitigation practices.
The food they grow feeds a large portion of the world as well as mediates regional economic
development and successful adaptation is essential for global food security, environmental quality, and
regional economic health (OECD 2013).
2. Study Locations
The survey-based studies reviewed in this synthesis occurred at six different locations (see Table
1). These represent a range of industrialized agricultural systems operating under a variety of support
systems for agricultural production and governance structures with respect to climate change related
policies. Our locations include Scotland, Australia, New Zealand (two unique locations), and California
and the “Midwest” in the United States. While the primary agricultural sector in all of these locations

only provides relatively small contributions to respective national economies, in general the farms are
much larger in scale than in low-income countries where these types of studies are frequently
conducted (see for example Gbetibouo 2009; Gwimbi 2009; Mertz et al. 2008). The farmer surveys were
all conducted for different purposes in these regions but contained similar enough questions that a
comparison is useful and informative. The information analyzed in this review covers farmer
perspectives across a range of production types and markets. Table 1 shows key comparisons between
these locations. Further information about the details of each of the studies is available elsewhere
(Australia – Hogan et al. 2011; California – Haden et al. 2012; Niles et al. 2013a; Midwestern US –
Arbuckle et al. 2013; New Zealand – Niles et al. 2013a; Scotland – Barnes and Toma 2012).
2.1 Agricultural Context
The role of agriculture in each study location’s economy varies (see Table 1). Agricultural Gross
Domestic Product (GDP) is one measure of the impact of agriculture on a country’s economy and
captures percent share of overall GDP that is attributable from this sector. It is lowest in the US and UK
(1.1% and 0.7% of GDP respectively) and highest in Australia and New Zealand (4% and 4.8% of GDP
respectively). While GDP contribution may appear low, all of these locations are significant producers of
food and fiber. The percent of total greenhouse gas emissions from agriculture varies greatly across the
countries. The US is lowest at 6.9% and New Zealand has by far the greatest share of GHG emissions
from agriculture at 47.2%. The area of the US Midwest that was surveyed comprises nearly 51.4 million
hectares of farmland that produces nearly 60 percent of the US corn and soybean crop (USDA NASS
2009). The land area of the California survey covered a total of 265,000 hectares in Yolo County
containing 131,000 hectares of irrigated cropland and 55,000 hectares of rangeland (Haden et al., 2013).
In the two regions in New Zealand, agriculture encompasses 65% percent of total land in the Hawkes
Bay and 49% in Marlborough (Hawkes Bay Regional Council; Marlborough District Council; Statistics New

Zealand 2012). The Australia survey covered the entire country. Within Scotland, the total area
attributed to agricultural holdings is 5.6 million hectares, equating to 73 per cent of Scotland's total land
area (RESAS 2013).
There is a diversity of agriculture in all the studied locations. The focus of each study differed,
however, and this impacted the types of farms and farmers represented in our synthesis. In Australia,
New Zealand and California, all types of agricultural producers were surveyed. As noted in Table 1,
there were dominant farm types in the two regions in New Zealand but this was not the case in Australia
and California. Conversely, in the Midwestern US and Scotland only large-scale corn producers and dairy
farmers, respectively, were surveyed. While these farmers may also conduct other types of agriculture,
they were selected for the surveys based on their level of specialization within these two enterprises.
2.2 Climate Change Impacts
In all the surveyed regions, there are anticipated impacts from global climate change in terms of
both increased temperature and changing precipitation patterns. Concurrent with a changing climate,
however, has been a rapid change in production technology and adaptation management in some of the
study regions; for example cropping and livestock systems are incrementally adapting with new
genetics, diversified rotations, shifts in irrigation, expanded availability of weather/climate information
systems and tools, and broad availability of policy instruments such as private/ public insurance and
conservation programming (e.g., Kingwell 2006; Malcom et al. 2012). Because of these adaptive actions,
regional impacts of climate change induced weather trends on yields and farm management costs have
been variable. Nevertheless, it is clear that climate change is already challenging agriculture in the study
regions, causing small but measureable reductions in the rate of annual yield gains representing
potential loss to farmers (Lobell and Field 2007).

In the Central Valley, where the California survey was conducted, increases in average
temperature have been larger in the winter months than in the summer months and the overall effects
on crop yield and crop selection have not been substantial thus far (Lobell et al. 2007; Jackson et al.
2012). However, this statewide warming trend (0.6-1oC over the last century) has led to a 10% reduction
in average Sierra snowpack and a loss of almost 1.85 billion m3 of snow water storage, which are
beginning to impact the timing and volume of water available for irrigation (Barnett et al. 2008;
California Department of Water Resources 2008). Global climate models also project that mean annual
temperatures in California are likely to increase by 2–6oC by the end of this century (Brekke et al. 2008;
Cayan et al. 2008). Projected changes in precipitation are more uncertain both in the direction and
magnitude of change across the state, but interannual variability and extreme events are already on the
rise and expected to increase further in the coming decades (Cayan et al. 2008, 2010). Several modeling
studies suggest that by the later part of this century changes in temperature and precipitation will
adversely impact the yield of several of California’s high value perennial crops (almonds, walnuts,
avocados, grapes, etc.) and shorten the growing season for livestock forage in rangelands (Lobell et al.
2006; Chaplin-Kramer and George 2013).
In the Midwestern US, annual mean temperatures have been increasing, which has led to a
lengthening of the growing season; this trend is expected to continue. It is expected that this region will
also experience increases in seasonal precipitation extremes, higher intensity rain events, higher stream
flow, increased summer flooding, and more challenging weed and pest dynamics (Walthall et al., 2013).
Such events are expected to negatively impact regional crop yields as well as agricultural revenues
(Malcom et al. 2012; Walthall et al. 2013). However, to date corn yields have overall been increasing due
to changes in technology and so impacts of climate change may not be apparent to producers (Andresen
et al. 2013). That said, experts in the field suggest that, “anticipatory adaptation to climate change is a
highly desirable risk-management strategy (Pryor and Barthelmie 2013, p. 247).”

New Zealand’s average temperatures have increased by 0.9 °C over the last century and are
expected to continue increasing (Clark et al. 2012; Ministry of Environment 2008). Rainfall patterns are
projected to change at regional levels with a general trend towards decreasing annual rainfall in the
eastern part of the country, including Hawke’s Bay and coastal Marlborough, and increasing rainfall in
the western parts of the country. Hawke’s Bay is expected to see up to a 10% decrease in annual
average rainfall (National Institute of Water and Atmosphere 2008), and droughts are predicted to
increase in both regions (Ministry for Environment 2008). The pastoral animal systems of New Zealand
are likely to be affected by climate change with some net benefits in pasture production, accompanied
by seasonal changes that could impact current management strategies. These shifts could result in
increased variability of feed supplies and shifts in reproduction timing. Horticultural crops are expected
to have various impacts with some crops, like apples, seeing increased yields, while others, including
kiwifruit, may suffer from inadequate winter chill hours and subsequently decrease in yields. Grape
harvests are expected to occur earlier, and extreme high temperature events may affect wine grape
quality and yield (Clark et al. 2012).
Of the locations covered in this analysis, Australia has experienced the most severe impacts
attributable to climate change to date. During the first decade of this century, Australia experienced a
significant drought. Researchers report “drought in many parts of the country is linked to, or at least
exacerbated by, global warming” (Garnaut 2011 p. 108). There are reports that as a result of climate
change, droughts have become hotter, with effects on rainfall, evaporation and runoff, and, more
generally, water availability for human use (Nicholls 2004). Australia has been experiencing an increased
frequency in the number of consecutive hotter days. Temperatures on hot days have been 5-6°C higher,
with the heat waves lasting twice as long (e.g. 14 days rather than 7 days) in the summer.
In Scotland, temperatures are predicted to rise, with Southern Scotland expected to experience
warming at a faster rate than the North of Scotland (Barnett et al. 2006). Dairy farms, in South-Western

Scotland, have experienced a greater frequency of wet winters and warmer temperatures and these
changes are expected to lead to more heat stress related challenges, such as reduced animal weight gain
and milk production as well as a higher prevalence of endemic and exotic pests and diseases (Rowlinson
2008; Thornton et al. 2009).
2.3 Policy Environments
This review of policies centers on climate change-relevant policy at various scales (e.g. national,
state) that can have direct or indirect effects on farmers’ land use behaviors (in both adaptive and
mitigative climate change contexts). In all but one of the study locations, there are currently no national
or state-level laws that regulate or monitor agriculturally based emissions of GHGs, with the exception
being New Zealand. California however, has implemented a cap and trade program that has direct and
indirect farm-level implications within the agricultural industry as a whole (Holt and Shobe 2013). In
New Zealand, the agricultural sector is required to report GHG emissions through the New Zealand
Emissions Trading Scheme (ETS), which became law in September 2008 creating a price-based
mechanism for reducing GHG emissions. However, even in New Zealand, individual farms are not
targeted and these emissions are reported through agricultural processors (e.g. slaughter facilities, dairy
processing facilities, nitrogen fertilizer producers, etc.) and there is no expectation for payment of
emissions (Ministry for Agriculture and Forestry 2011). Initially the ETS was intended to more directly
target agricultural emissions, but the sector is now exempt from ETS compliance until there are
economically viable and practical technologies for biological emission reductions and New Zealand’s
trading partners make more progress on climate change emissions (Climate Change Response
Amendment Act 2012; Ministry for Primary Industries 2013). Notably, costs for agricultural operations
have increased through the ETS due to the inclusion of the fuel and transport sectors in July 2010 (Stuff
New Zealand Business Day 2010); however, farmers can also earn credits through forestry plantings

(Ministry for the Environment 2012b). It is also important to note that New Zealand does not have
agricultural subsidies or incentive programs like all the other study locations.
In California the state legislature passed the Global Warming Solutions Act in 2008. This law
aims to reduce California’s GHG emissions to 1990 levels by 2020 (CARB 2008). As with New Zealand,
large agricultural processing facilities face mandatory reporting and mitigation requirements under the
policy, but farmers and livestock managers are currently exempt (CARB 2008; Niemeier and Rowan
2009). California’s agriculture and forestry sectors may also be permitted to sell carbon offsets in the
statewide cap-and-trade program that is now being implemented by the California Air Resources Board,
provided that rigorous offset protocols can be developed and approved for specific mitigation projects
(Niemeier and Rowan 2009; Haden et al. 2013).
At this time, Scotland does not directly regulate GHG emissions from agriculture. The Scottish
Government has set one of the most ambitious targets for GHG reduction in the world with the 2009
Climate Change Bill, which aims to reduce emissions by 42% of 1990 emission levels by 2020 and by 80%
in 2050. In order to reach these goals, the Minister for Environment and Climate Change set targets on
an annual basis and, while there are no specific targets directed at dairy operations, livestock is
expected to reduce GHG emissions as part of a plan to becoming a low carbon economy (Scottish
Government 2013). Additionally, there are two policies in Scotland which are indirectly leading to GHG
reductions: (1) Scotland ties subsidy payments to preservation of the environment and landscape
features (Dwyer et al., 2008) and (2) farms in Nitrate Vulnerable Zones (NVZs) have strict nitrogen
fertilizer management regulations (Barnes et al. 2009). A recent document from the Scottish
Government aims for a 90% uptake of nitrogen saving measures within Scottish agriculture (Scottish
Government 2013).

In the remaining study locations (Australia and US Midwest), there are federal and state policies
that can influence agricultural markets and/or otherwise incentivize farm-scale land use and
management that can mitigate GHG emissions and influence the adaptation of farm systems to climate
change mediated weather patterns. In Australia, there are government policies to cut GHG emissions by
initially putting a fixed price for carbon emissions (which was changed to a market price in 2013) for
industries that significantly contributed to carbon emissions (Clean Energy Future 2012); agriculture was
exempt from this system. Australia has a voluntary Carbon Farming Initiative scheme (Department of
Industry, Innovation, Climate Change, Science, Research and Tertiary Education 2013). The Initiative
‘allows farmers and land managers to earn carbon credits by storing carbon or reducing greenhouse gas
emissions on the land. These credits can then be sold to people and businesses wishing to offset their
emissions’.
Some of the federal bills that indirectly influence GHG emissions from agriculture in the United
Sates include the US Energy Bill (through Renewable Fuel Standard (RFS2)), the Farm Bill, and state
Renewable Portfolio Standards (RPS). The RFS2 has an impact on the number of total acres planted to
corn and dedication of acres for perennial vegetation (Schnepf and Yacobucci 2013). The Biomass Crop
Assistance Program (BCAP) in the Farm Bill incentivizes planting of perennial vegetation (Stubbs 2010);
currently there are just over 20,000 hectares of farmland enrolled to produce dedicated energy crops
(USDA FSA 2013). Conservation Programs through the Farm Bill incentivize adoption of conservation
practices that can help farmers adapt to and mitigate the impacts of climate change. Currently there are
30 states (including District of Columbia) with RPSs that provide financial support for electricity
production from direct and co-fired biomass combustion however to date they have had only minor
effect on agricultural land use (White et al. 2013). In the Midwestern US, there are no state level policies
beyond the RPSs. An additional consideration, however, in the US is the role of federally-supported crop
insurance that buffers the impacts of weather/climate change on agriculture and may reduce impetus to

adapt. This crop insurance does not apply to the majority of producers in Yolo County (California) as it is
not available for specialty crops.
3. Methods
This project involved the comparison of survey data on farmers’ responses to climate change in
Scotland, Iowa, California, New Zealand (two sites) and Australia. Survey questionnaires were reviewed
by the research team, where the purpose of the review was to identify questions which tapped into
similar concepts. Four distinct themes were identified by the research team: (1) belief that climate
change is occurring, (2) belief that climate change is caused by humans, (3) perceived risk from climate
change, and (4) support for adaptation and/or mitigation initiatives. All the questionnaires used a five
point scale but the questions and the response categories varied somewhat across questionnaires.
Missing data were coded to system missing. In addition to allowing for a score of 1 to 5, some
questionnaires allowed for a “don’t know” response. While a legitimate response in itself, the don’t
know option was not available in all questions. Since the purpose of this study was to establish the
comparison of attitudes across countries, responses recorded as don’t know were also coded to system
missing. Basic descriptive analyses were conducted on the four sets of questions. The exact wording of
survey questions, answer options and the percent agreement with each question can be seen in Table 2.
4. Results and Discussion
Moving into the results section, it is important to stress that, as can be noted in Table 2, except
in New Zealand and California, the survey questions asked in the different locations were not identical.
The results are included in Table 2 and Figure 1.
4.1 Beliefs about climate change and its causation
Each survey contained a question about basic belief in climate change. Everywhere but
Scotland, the question was a factual question about whether the climate was changing. In Scotland, the

question was whether climate change was an important environmental issue. It should be noted that a
survey respondent could believe the climate was changing but not consider it to be an important
environmental issue. The highest level of belief was in Australia and the lowest level was in New
Zealand. Interestingly, the two regions of the US were quite different with 66% of surveyed Midwestern
farmers believing in climate change and only 54% of California farmers indicating belief.
Drilling down a little deeper, the surveys asked about the cause of climate change. Again, the
question asked in Scotland was different in nature than the questions asked in the other locations. In
Scotland, beliefs about humans’ role in climate change were measured through dairy farmers’
agreement or disagreement with the statement, “dairy farming contributes to climate change.” Perhaps
for this reason, belief in anthropogenic climate change is lowest among Scottish farmers who did not see
themselves as producers of something negative. As with general belief in climate change, the Australian
farmers were also more likely to believe in anthropogenic climate change than the other farmers. The
higher levels of belief encountered in Australian farmers is perhaps due to the fact that Australia has
suffered the most from climate change to date. Unsurprisingly, belief in the anthropogenic nature of
climate change was lower everywhere than overall belief in climate change.
It is useful to consider how the varying climate change policies within these regions could be
associated with overall belief in climate change among farmers within the regions. It is notable that the
two regions that have actual climate change policies (California and New Zealand) are also the regions
with the lowest overall belief in climate change. While a number of studies have found that climate
change belief influences individual support for climate change policies (Krosnick 2006; Leiserowitz 2006)
it is worth considering that the reverse may be true. Recent analysis of the California survey data by
Niles et al. (2013a), showed that farmers’ negative perceptions of environmental policies were a larger
driver of their (dis)belief in climate change than their actual experiences with climate change. The

implementation of these policies within New Zealand and California did not occur within a vacuum; in
both cases it drew national attention to climate change and for many farmers brought fear about the
potential increase in regulations associated with such policies. In fact, in both of these regions, farmers
indicated that climate change policies were more concerning to them than biophysical climate change
risks associated with temperature and water changes (Niles et al. 2013a, 2013b). By denying climate
change, many farmers may feel they are safeguarding their businesses from the potential legislation that
could emerge if climate change were to be recognized as a viable threat. However, only the New
Zealand and California surveys were expressly written to test this hypothesis and it is not possible to say
if these findings hold true for the other locations.
4.2 Perceived Risks from Climate Change and Support for Adaptation
Scottish farmers are most concerned about threats from climate change, with 45% of them
agreeing that “climate change will lead to increasing productivity losses due to diseases and pests.”
Midwestern farmers are the least concerned with only 22% of them thinking their farm operation will be
harmed by climate change. It is interesting that so few Midwestern farmers are concerned about risks
from climate change despite the relatively high percentage who believe that climate change is occurring.
It is possible that this lack of concern in this region is linked to crop insurance which can distort risk
signals and remove incentives to invest in adaptation (Olmstead and Kleinschmit 2011 but see Weinberg
2013 for an alternative perspective). New Zealand farmers’ risk perceptions varied substantially
between sites; 41% of Hawkes bay respondents agreed that climate change poses more risks than
benefits to agriculture compared to 32% of Marlborough farmers. We find across regions that farmer’s
perceptions of climate change risk are lower than their belief in climate change. This is in line with
recent work on climate change perceptions that finds that people often perceive it to be a distant
problem (Spence et al. 2012; Niles et al. 2015).

There was substantial support for adaptation across regions. Farmers in the Midwest are more
supportive of adaptation strategies than farmers in other regions. Among California farmers only 29%
said that “climate change posed more risks than benefits to agriculture” in their region. Despite the
relatively low risk perceptions, 48% of respondents expressed willingness to participate in government
incentive programs for climate change adaptation and mitigation. In New Zealand there was a unique
pattern that the concern for local climate impacts in Marlborough was not proportional to support for
adaptation measures. Forty-one percent of farmers in Hawke’s Bay indicated concern for local climate
change impacts to agriculture compared with 32% in Marlborough; however, Marlborough farmers were
more likely to support adaptation/mitigation measures with 49% indicating they would participate in a
government incentive program compared with only 42% in Hawke’s Bay. This difference in
Marlborough might be explained by the large number of surveyed farmers working in the wine industry,
which tends to have an overall higher rate of adoption of climate-related practices and participation in
sustainability programs.
There was no question from the Australian survey that could be compared for attitudes towards
adaptation and mitigation. For the remaining locations, the Midwestern US was most likely to agree
that changing practices would be important for long-term success. Note, however, that this question
asked about “climate variability” not “climate change” which may well have influenced respondents’
answers. Scottish farmers were least likely to plan to adapt although this question was asked more
narrowly than those in other locations and focused solely on re-assessing business objectives.
5.

Conclusions
While there are a number of differences in results between the six locations, several similarities

point to conclusions with global implications for farming and climate change policy. Although a majority
of farmers in all the locations believed that climate change is occurring, the percentages relative to the

total population were still quite low. And far fewer farmers believed that climate change is
anthropogenic. Fewer still perceived climate change to be a threat to agriculture, and a minority of
farmers express support for adaptation or mitigation actions. There may be many reasons for this
particularly as noted earlier that near-term effects of climate change can be masked by incremental
changes in technology, policy as well as by market adjustments. Thus there could well be a lag in any
remedial pressure that farmers may experience. Still, given that the survey sites represent a substantial
proportion of global agricultural production, these findings may be cause for concern.
In all the studied locations, there may be some climate change related benefits (e.g. warmer
temperatures in higher latitudes conceivably benefit yields) to agricultural production. However, as
discussed earlier, the scientific literature regarding the effects of climate change point to an overall
negative impact on agriculture in the regions in question. Our assessment of the data suggests that highincome country farmers are under-prepared to mitigate risk and/or actual yield loss or be positioned to
efficiently take advantage of any advantages associated with the predicted impacts of climate change.
The findings of this work suggest that such information needs to be better disseminated to the
agricultural community to induce and guide adaptive measures. Additionally the consistent findings of
these studies that belief in the anthropogenic nature of climate change is lower than overall belief in
climate change suggests that exchanges around the need to adapt will be easier to have than
conversations about the need to mitigate in all locations.
It seems likely that that climate change impacts and policies can influence farmers’ beliefs about
climate change. For example, in Australia where climate change impacts have been the greatest,
farmers are more likely to believe in both climate change and the anthropogenic nature of climate
change. In the Midwestern United States where crop insurance provides a financial buffer against
weather hazards for large-scale corn producers, farmers are not overly concerned about risks from

climate change. This result suggests that these climate change impact signals in some regions could be
moderated by technology, policy, and market related drivers. In New Zealand and California where
there are actual policies addressing climate change, farmers are least likely to believe that climate
change is occurring. Further study is still warranted, however, to clearly determine a link between the
influence of policy and climate change impacts on farmers’ beliefs.
There are a couple of ways that comparative studies like this might be improved in the future.
Clearly, there should be more location-specific information concerning risk perceptions, which address
attitudes towards adaptation strategies. These strategies will be location specific but can be generalized
across countries with similar agricultural conditions as the highly industrialized systems presented here.
Secondly, there would be some mileage in exploring the influence and ‘feedback’ mechanisms of climate
change beliefs in policy makers and how these shape the ‘cultural’ aspects of climate change within
these different locations.
Finally, this paper has attempted to collate the results from a number of questionnaires
representing different regions. It is clear that conclusions would be stronger if the same questions had
been asked in each survey, which is challenging to undertake. For instance, in order to develop a
consistent set of questions, localized cultural norms would have to be considered. However, this
process had already been applied between the California and New Zealand case studies showing
significant similarities across both regions. Accordingly, we believe that implementing a core set of
questions across different regions would increase our understanding of how farmers across high-income
countries perceive climate change. These core questions should cover general beliefs and risk
perceptions towards farming and climate change, as well as responsibility towards practices which may
mitigate greenhouse gas emission.
6.
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Table 1. Comparison of Study Locations across Key Variables
Survey conducted (year)
Number of Respondents
Geographic Scope of survey
Type of Production System Surveyed

Climate Regime
Agricultural Systems
Percent of GDP from agriculture1
Percent of total national or state
GHG emissions from
agriculture2
Climate Policy Instruments
Regulation-based
Compliant with Kyoto
Protocol
GHG reporting for farmers
GHG reporting for agricultural
processors
Economic & Market-based
Govt. incentive programs
Farm subsidies
Market-based climate mitigation
program
1

2

US - California
2011
162
County
All (including
grain and field,
vegetable,
orchards,
vineyards and
horticulture)
Mediterranean

US - Midwest
2012
4,778
Regional
Corn producers with
greater than 80 acres of
corn production and
minimum of US$100,000
gross sales

NZ - Marlborough
2012
177
Regional
All (majority wine)

NZ – Hawkes Bay
2012
313
Regional
All (majority sheep, beef,
deer)

Australia
2008
3,993
Nationally representative
All (including row crop,
livestock and specialty
crops)

Scotland
2009
551
Farming
Dairy

Temperate

Temperate

Temperate

Temperate

US – 1.1%
CA - 7.2%
US - 6.9%

US – 1.1%
US - 6.9%

NZ - 4.8%
NZ - 47.2%

NZ - 4.8%
NZ - 47.2%

Very mixed
Yes
Aust. - 4%
Aust. – 16^

US – No
CA - Yes

No

Yes

No
No

Yes at date of survey, but
did not renew as of
12/2012
No
Yes

Yes

No
Yes

Yes at date of survey, but
did not renew as of
12/2012
No
Yes

No
No

No
Yes

Yes
Yes
Yes

Yes
Yes
No

No
No
No, but emissions trading
scheme

No
No
No, but emissions trading
scheme

Yes

Yes

No

No

UK - 0.7%
UK - 12%

Agricultural GDP data is for 2012. Source: CIA Factbook: https://www.cia.gov/library/publications/the-world-factbook/
Sources of information for GHG emissions: USEPA 2013; CARB 2013, http://www.arb.ca.gov/cc/inventory/data/tables/ghg_inventory_scopingplan_00-11_2013-08-01.pdf;

New Zealand Greenhouse Gas Inventory 1990-2011. Ministry for the Environment, http://www.mfe.govt.nz/publications/climate/greenhouse-gas-inventory-2013/; CSIRO,
http://www.csiro.au/science/Carbon-Australian-agriculture

Table 2: Survey Questions and Results

Country
Australia
New Zealand – HB
New Zealand – M
Scotland
U.S. – California
U.S. – Midwest

Australia
New Zealand – HB
New Zealand – M
Scotland
U.S. – California
U.S. – Midwest

Question

Answer Options

Climate change is occurring
Climate patterns really are changing.
5 point scale: false – true.
The global climate is changing.
5 point scale: strongly disagree – strongly
agree. Don’t know option.
Same as NZ-HB
Climate change is an important environmental
5 point scale: strongly disagree – strongly
issue.
agree. Don’t know option.
Same as NZ-HB
There is increasing discussion about climate
5 options. Percent presented here include
change and its potential impacts. Please select
farmers who answered either: (1) climate
the statement that best reflects your beliefs
change is occurring, and it is caused mostly
about climate change.
by natural changes in the environment, (2)
climate change is occurring, and it is caused
mostly by human activities, (3) climate
change is occurring, and it is caused more
or less equally by natural changes in the
environment and human activities.
Climate change is anthropogenic
Carbon emissions worsen the effects of natural
5 point scale: false - true
climate cycles.
Human activities such as fossil fuel use are an
5 point scale: strongly disagree – strongly
important cause of climate change.
agree. Don’t know option.
Same as NZ-HB
Dairy farming contributes to climate change.
5 point scale: strongly disagree – strongly
agree. Don’t know option.
Same as NZ-HB
There is increasing discussion about climate
5 options. Percent presented here include
change and its potential impacts. Please select
farmers who answered either: (2) climate
the statement that best reflects your beliefs
change is occurring, and it is caused mostly

Percent
agreement
68%
51%
53%
58%
54%
66%

59%
37%
46%
25%
35%
41%

about climate change.

Australia
New Zealand – Hawkes
Bay
New Zealand –
Marlborough
Scotland
U.S. – California
U.S. – Midwest

Australia
New Zealand – Hawkes
Bay
New Zealand –
Marlborough
Scotland
U.S. – California
U.S. – Midwest

by human activities, (3) climate change is
occurring, and it is caused more or less
equally by natural changes in the
environment and human activities.
Climate change is a threat to agriculture
Climate change is threatening the viability of my
5 point scale: false – true.
property.
Climate change poses more risks than benefits to 5 point scale: strongly disagree – strongly
agriculture in Hawkes Bay.
agree. Don’t know option.
Climate change poses more risks than benefits to 5 point scale: strongly disagree – strongly
agriculture in Marlborough.
agree. Don’t know option.
Climate change will lead to increasing
5 point scale: strongly disagree – strongly
productivity losses due to diseases and pests.
agree. Don’t know option.
Climate change poses more risks than benefits to 5 point scale: strongly disagree – strongly
agriculture in Yolo County.
agree. Don’t know option.
My farm operation will likely be harmed by
5 point scale: strongly disagree – strongly
climate change.
agree.
Support for Adaptation/Mitigation
NA
I would participate in government incentive
5 point scale: strongly disagree – strongly
programs for climate change mitigation or
agree. Don’t know option.
adaptation.
Same as NZ-HB
The threat from climate change forces me to reassess my business objectives.
Same as NZ-HB
(Adaptation) Changing my practices to cope with
increasing climate variability is important for the
long-run success of my farm.
(Mitigation) Government should do more to
reduce greenhouse gas emissions and other

5 point scale: strongly disagree – strongly
agree. Don’t know option.
5 point scale: strongly disagree – strongly
agree. Don’t know option.
5 point scale: strongly disagree – strongly
agree.

40%
41%
32%
45%
29%
22%

42%

49%
20%
48%
(adaptation) 53%
(mitigation) 23%

potential sources of climate change.

Figure 1: Radar Graphs Displaying Differences between Regions

This figure illustrates the differences in percentages of farmers who believe : (a) climate change is occurring – represented by a blue line, (b)
climate change is anthropogenic – represented by a red line, and (c) climate change is a threat to agriculture – represented by a green line. (d)
combines all these beliefs onto one radar graph. Aus = Australia; USMW = Midwestern United States; Scot = Scotland; USCA = California USA;
NZM = Marlborough, New Zealand; NZHB = Hawkes Bay, New Zealand.

