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ABSTRACT

The change in climate can be felt through warmer temperatures, increased pests and more
extreme precipitation. Because the agriculture sector is particularly vulnerable to variations in
weather patterns, having a keen understanding of what the future holds for agricultural producers
is crucial to reducing the impacts felt through climate change. The purpose of this research study
was to determine Pennsylvania agricultural producers’ perceptions, barriers, and beliefs towards
climate change and how those factors impact adaptation on their farms. This is a descriptive
correlational study to describe the aforementioned factors and how they impact Pennsylvania
agricultural producers’ farm adaptations in response to climate change. A statewide survey,
consisting of six sections was sent to a random sample of 499 Pennsylvania agricultural
producers. A 51.5% response rate for the survey; follow-up with non-respondents supported the
study findings to be generalizable to the entire sample population. The survey examined six
independent variables: agricultural producer demographics, perceptions on environmental
conditions, barriers to adaptations, influencers of farm decisions, preferred delivery methods, and
climate change beliefs. Four of the variables were correlated with the dependent variables, crop
and livestock and adaptations.
Results indicate that Pennsylvania agricultural producers were older males with a high
school education on average. The majority of producers had observed similar environmental
conditions changes in temperature, precipitation and migration of diseases and pests. Despite
recognizing changes in conditions, there were notable barriers to farm adaptations, particularly in
the costs of implementing and maintaining new adaptation practices. Interestingly, despite being
aware of changing environmental conditions, producers rated ‘climate change’ lowest on their list
of farming concerns, as a barrier to adaptation.
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A further examination of farming adaptations found that family, conservation staff, and
online weather resources were top rated influencers in making climate change decisions.
Producers indicated print newsletters and demonstration sites to be both most useful and effective
methods to engage in climate change education. Three questions examined climate change beliefs
and found respondents to be loosely divided between believing in climate change and not feeling
there is enough evidence to know the cause of climate change. These results indicate a divide
between opinions and that outreach efforts should be deliberate in understanding where
stakeholders in their community stand on their beliefs around climate change.
Overall, this study has provided valuable data to make informed decisions about climate
change. Moreover the findings from this study suggest a need to develop, deliver, and evaluate
climate change outreach efforts. Based on the findings and conclusions, recommendations for
further research and Extension programming are suggested.
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Chapter 1
INTRODUCTION
“Human interference with the climate system is occurring, and climate change poses
risks for human and natural systems” (IPCC 2014, p. 4)
In the Northeastern region of the United States, current impacts from climate change are
felt in coastal and river flooding, heat waves, and increased weather variability (Horton et al.,
2014; US-EPA, 2016). Agriculture is a sector that exemplifies the interactions between humans
and their environment. At this intersection, impacts felt from climate change could influence the
future of our food systems. Therefore, understanding effects from climate change is essential to
maintain reliable and affordable food sources in the upcoming decades. Outside of assisting as a
food source for the 64 million people that currently reside in the Northeast (Horton et al., 2014),
the agriculture economy is a major source of income for the population of this region.
According to the 2012 United States Department of Agriculture (USDA) and the National
Agricultural Statistics Services (NASS) census report (2012), U.S. farms were responsible for
$395 billion in agricultural sales (USDA Census of Agriculture 2012; Tobin et al., 2015). In the
Northeast,1 where 20% of the U.S. population resides (U.S. Census Bureau, 2014) with
approximately 175,000 farms (NASS, 2009; Tobin et al. 2015), sales from Northeastern farms
equated to $21 billion dollars (NASS, 2014; Tobin et al., 2015). Understanding the climate
change impacts that will be felt in agriculture in the Northeast is an environmental and economic
concern that cannot be ignored. Understanding where producers stand on climate issues and the
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States in the Northeast consist of Connecticut, Delaware, Massachusetts, Maryland, Maine, New
Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, West Virginia, and Vermont.
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challenges they will face as impacts from climate change increase will assist in mitigating
detrimental impacts felt from climate change.
There has been an increased number of studies in recent years focused on climate change
in the U.S. including the Corn Belt (Arbuckle & Prokopy, 2014), Nevada (Liu, Smith, & Safi,
2014), and California (Niles, Lubell, & Haden, 2013). These three studies report similar findings,
in that temperature and precipitation are the most common observed changes by agricultural
producers. However many producers are reluctant to attribute locally felt weather changes to a
global phenomenon (Liu, Smith, & Safi, 2014).
In response to effects from climate change being felt across the U.S. and in maintaining
with the USDA’s mission of providing leadership to agriculture
using “sound public policy, the best available science, and
efficient management,” (USDA Climate Hubs, 2016), seven
regional climate hubs were established in 2014. The regional
climate hubs are based at agricultural research stations (ARS)
across the nation, with the vision being a: “robust and healthy
agricultural production and natural resources under increasing
climate variability” (USDA Climate Hubs, 2016). The
Northeastern Hub (NE Hub) consists of 12 Northeastern states

Figure 1-1: NE Hub Map

and the District of Columbia. Figure 1-1, shows a map of the NE states with key research
universities in Ithaca (Cornell) and University Park, PA (Penn State), and the Hub’s headquarters
in Durham, NH. Since its inception, the NE Hub has completed a number of assessments, reports,
workbooks, and publications regarding climate change and agriculture, including local and
regional impacts. These publications are now able to be used to assess gaps and next steps in
Northeastern specific needs in managing agriculture climate change impacts.
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A Vulnerability Assessment (Tobin et al., 2015) was conducted by the NE Hub in 2015,
to determine how agriculture in the Northeast was likely to be impacted by climate change. This
report, coupled with Regional Climate Trend assessments (Kunkel et. al, 2013) conducted by the
National Climate Assessment, laid out a description of what is anticipated for the climate in the
Northeast. In the Northeast, two environmental occurrences of temperature and precipitation are
noted for their extremes. In today’s climate, temperature consists of an average range from 35oF45oF in northern Maine, to 50oF-60oF in more southern coastal Northeastern states. With such
variability already impacting the Northeast, changes from the climate could, and have already
begun, to tip the scale to an increase in hard freezes, and an increase in above average
temperatures across the region.
Additional changes in precipitation which have led to an increase in severe precipitation
downpours, ice storms, and flooding causing potential damage to agricultural areas. Together,
temperature and precipitation greatly impact growing season and growing potential. Furthermore,
the Vulnerability Assessment (Tobin et al., 2015) and the Regional Climate Trend Assessment
(Kunkel et al., 2013) indicated regional trends of heavier and more varied precipitation, increased
summer heat intensity, and a need for more strategic planting dates. These changes in regional
trends are affecting agriculture through longer growing seasons, changes in soil, and an increase
in pests and non-native plants. If managed, some of these impacts could prove beneficial, such as
through an increase in crops productivity through a longer growing season. However, if these
changes are not managed well, an increase in pests, for example, could negatively impact crop
productivity and create economic uncertainty.
Specifically focusing on Pennsylvania agriculture, there are 59,309 farms covering
7,704,444 acres of land (USDA Census of Agriculture, 2012a), creating $2.7 billion in crop sales
(USDA-NASS, 2014a) and another $4.6 billion in animal product sales (USDA-NASS, 2014b).
The top crop items (by acreage) in the state consist of forage for hay, corn for grain, soybeans,
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corn for silage, and wheat for grain; the top livestock (by number of individual animals) are
broilers, layers, pullets for laying flock replacement, turkeys, and cattle and calves (USDANASS, 2014c). The top agricultural items by sale, as indicated by the following ranking from
high to low, are: grains, tobacco, cotton, vegetables, tree fruits, nursery/greenhouse, Christmas
trees, poultry, dairy milk, and other livestock (USDA-NASS, 2014c). Much like the states
covered in the regional report, Pennsylvania agriculture is greatly impacted by temperature and
precipitation variabilities. The Vulnerability Assessment (Tobin et al., 2015) indicated that
Pennsylvania is particularly susceptible to impacts from climate change in the following
agricultural areas: field crops, tree fruits, berries and vine fruits, greenhouse/nursery/sod/specialty
products, dairy, poultry, and other livestock. When combined with the USDA-NASS Census of
Agriculture (2012) data, many of the most vulnerable commodities to climate change also
comprise the economic and land use benefits to Pennsylvania producers. It is clear that climate
change adaptation and mitigation efforts in agriculture need to be undertaken in Pennsylvania to
maintain the state’s economic stability.

Need for the Study
Climate change is a globally agreed upon phenomenon that still remains abstract to
general U.S. population. Despite 70% of the American population believing in climate change,
only 40% believe that they will be personally harmed (Leiserowitz et al., 2015). In agriculture,
the effects felt from more variable temperatures and precipitation levels will be acute and have
the potential to be devastating. For example, production costs in the dairy industry is already
slowly increasing in feed crops, energy, and heat stress, all areas that are impacted by changing
temperatures (Calil, Silvester, Stelzl, & Wissel-Tyson, 2012).
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A review conducted in 2012 of three developed countries suggests that through
understanding agricultural producers’ perspectives on climate change, we could gain important
information to determine effective ways to discuss adaptation and mitigation techniques with
farmers (Mase & Prokopy, 2014, p. 59). Specifically in the U.S., previous studies highlight the
need for agricultural producers’ perspectives, with research also showing the need for these
perspectives to be localized to a region or agricultural good as best they can (Prokopy et al.,
2015b p. 501). Bartels et al. (2013) examined a tristate area in the south, emphasizing the need for
adaptation options to be tailored to producers. The authors provide examples from their
‘Adaptation Exchange’ workshop indicating that different constraints apply to producers
depending on factors such as owning or renting land, high resource and low resource producers,
and technologies that are appropriate depending on a producers’ farming system (Bartels et al.,
2013).
Chatrchyan et al., (2017) conducted a literature review on understanding U.S. agricultural
stakeholders’ viewpoints on climate change. Their review revealed that of the 73 articles
examined, the Southeast (32%) and the Midwest (29%) were the best represented regions for
number of articles regarding agricultural producers perspectives on climate change highlighted in
the articles reviewed, while the Northeast (4%) and the Pacific Northwest (1%) were underrepresented. Due to the diverse landscapes, felt impacts from climate change, and varying roles
agriculture plays in those four regions of the U.S., research is necessary to understand the needs
in each region. As past research has been more heavily focused on the Southeast and Midwest,
current work needs to turn its attention towards the Pacific Northwest and the Northeast. Specific
to the Northeast, agriculture makes an impact in the region’s well-being, with climate change
creating unwanted or unknown influences in growing potentials, food security, and economic
stability.
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High concern over future climate impacts exists in Pennsylvania, compelling the state to
pass the Pennsylvania Climate Change Act (Act 70) in 2008. This act guided the Pennsylvania
Department of Environmental Protection towards conducting a study of the potential impacts that
climate change could cause to Pennsylvania in the 21st century. The report, last updated in 2013,
breaks down the impacts of climate change across many of Pennsylvania’s business and social
sectors. Regarding agriculture specifically, the report outlines that higher average temperatures
and precipitation will cause a change in the needs of Pennsylvania’s producers. This will be
shown through necessary heating and cooling adaptations as well as through drainage and water
storage adaptations. Additional concerns that producers did not directly connect with climate
change were lack of control towards the price of agricultural commodities, and a change in yields
for dairy and crop producers. These non-climatic pressures create additional challenges for
producers that can detract farmers from climate change adaptations, despite many of the concerns
being exacerbated by climate change. A potential economic opportunity, through the adoption of
new higher yielding crops, is also indicated if mitigation towards greenhouse gas emissions is
managed effectively (Shortle et al., 2015).
With so much at stake, the need for climate adaptation and mitigation practice is clear.
However, producers are often resistant to change (Prokopy, Towery, & Babin, 2014). U.S.
agricultural producers who are directly affected by climate change impacts are reluctant to
perceive the phenomenon as impacting them on a personal level or through their communities.
While some producers believe in climate change, many also believe the root cause of the global
experience to be caused by natural reasons as opposed to human induced (Haden, Niles, Lubell,
Perlman, & Jackson, 2012).
It is theorized that producers who are more concerned about societal needs and long-term
risks are more likely to be open to mitigation, therefore outreach efforts can use a long-term risk
management to engage with these producers. However, producers that are concerned for local
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impacts from climate change are more receptive to adaptation practices as they are a more
acceptable short-term solution. Producers who are able to connect previous experiences with
climate change impacts and identify them as being connected to climate change are more likely to
act in climate change adaptations. Otherwise, the lure of short-term benefits of climate change are
more receptive to producers when they see individual personal benefit (Haden et al., 2012).
Understanding producers’ perspectives on climate change can assist outreach organizations in
determining the most effective ways to communicate farm climate adaptations. Outreach efforts
that are able to be tailored to the specific audience at hand will likely be able to reach the climate
change needs of producers who might otherwise be reluctant to be engaged in a discussion about
climate change as a broad topic.

Theoretical Framework
The definition of adaptation involves change or adjustment to a situation that has been
imposed on the audience (IPCC, 2007). Nelson, Adger, and Brown (2007) argue that
“environmental or climate adaptation is a necessary response for the management of future
changes in the Earth’s environment” (p. 396). They state three main reasons for the necessity of
actors to be able to adapt to environmental change in a community:
1) “Many future environmental risks are now more apparent and predictable than everdemographic changes, technological shifts, and land-use change are creating risks that are
amenable to adaptation responses.
2) Even when risks are not quantifiable, environmental changes may be hugely significantprojections of future climate change impacts.
3) Environmental change, although often the outcome of multiple drivers, has indisputable
human causes. Thus, adaptation and adaptation assistance are increasingly demanded by
those made vulnerable by increased exposure to risk (Nelson, Adger, & Brown 2007, p.
396)”
As described above, adaptation is a way to manage environmental risks that are known
and unknown to a community. Park et al. (2012) takes adaptation a step further and places it into
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a working model noted as the Adaptation Action Cycle model as seen in Figure1-2. This model
consists of two parts (1) incremental adaptation and (2) transformation adaptation. Incremental
adaptation follows the adaptation cycle that Wheaton and MacIver (1999) developed, and
transformation adaptation stems from transformation and resilience theory. Park et al., (2012)
applied both incremental and transformation adaptation to the context of climate change.

Figure 1-2. Adaptation Action Cycle (Park et al., 2012)

While influenced by the adaptation cycle (Wheaton & MacIver, 1999), the incremental
adaptation cycle has four main themes that are repeated in the transformation adaptation cycle.
The start of the cycle calls for problem structuring and establishing the adaptation cycle that is
most appropriate for the setting. When a community is identifying the problem and the best suited
adaptation method, it is establishing the need for a slow adaptation through incremental
adjustments or a more transformative larger change to their daily lives. In this respect, there are
two main conditions that call for transformation adaptation (1) large vulnerability in certain
regions, populations, or resource systems and (2) severe climate change that threatens to
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overwhelm even robust human– environment systems (Robert, William, & Wilbanks, 2012).
Incremental adaptation, as the name suggests, is an easier alternative for when the two primary
reasons for transformational conditions are not occurring or recognized.
Continuing with the adaptation action cycle, after an initial problem identification occurs,
there are two subsequent stages that are common in many adaptation settings: (1) developing the
agenda, vision, and pathways and (2) implementing actions. Both of these stages allow for the
growth of clear achievable goals that best suit the level of adaptation needed, which can also be
tailored to the specific needs of the group or community. Here, a community dealing with climate
change can determine actionable ways to implement the needed changes. The final stage of
evaluating, monitoring, and learning is important in determining the impact of the plans and
actions. Did the change that was needed occur and/or is more change needed in order to manage
the potential current and future risks of climate change? This last stage is key, as it determines
what is to happen next. As indicated by Figure 1-2, it is after the evaluation phase that the two
adaptation levels diverge based on the needs of the group or community. Depending on the short
and long-term responses, monitoring, and learning outcomes, the final stage can aid a community
in determining if incremental adaptation is sufficient or if they have met the criterion that calls for
transformation. Determining which adaptation cycle is best suited to a community will streamline
the adoption process of developing an agenda, vision, and pathway (stage two), and the
implementation of new adaptation actions (stage three).
While it could be argued that in the United States certain regions or specific communities
qualify under the two conditions for transformation adaptation, generally speaking, the United
States has not yet begun to feel the more damaging impacts from climate change the way in
which oceanic or more impoverished countries do feel the impact (Althor, Watson, & Fuller,
2015; UNFCC, 2005). Therefore, when examining the adaptation action cycle’s framework in the
context of climate change, transformation adaptation is not generally recommended from the
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United States yet, as its level of acceptance might be substantially lower than that of incremental
adaptation.
When considering the Northeastern region of the U.S., which has a large support network
for agricultural communities, incremental adaptation will be more accepted than transformation
adaptation, in that, the need for a transformation, in most communities, is not yet pressing enough
to warrant the larger changes required by transformation adaptation. In the upcoming decades, as
the climate becomes more variable and extreme storms increase in occurrence (NASA, 2017), it
is likely that the criteria for transformation adaptation will be met. However extreme storms are
difficult to be directly linked to climate change, therefore a response to impacts attributed to
climate change have not yet been consistently influential enough for communities to be willing to
participate in transformation adaptation. Additionally, Park et al., (2012) have situated
incremental adaptation to feed into transformation adaptation. Therefore, when the group or
community assesses the need for a change from incremental to transformation adaptation, the
adaptation action model creates a pathway for that change. This pathway allows a community to
incrementally adapt, building up resilience, until the need for transformation is evident i.e. a
climatic event that has been distinct and damaging enough to cause a transformation in the way a
community operates.
According to Park et al., (2012), incremental adaptation operates on the basis of the
adaptation cycle. The adaptation cycle, which is broken down by Wheaton and MacIver, (1999)
uses five questions in a non-spatial and non-linear manner to create the adaptation cycle that is
used in response to climate change. Some of the adaptation questions, including what do they
adapt to and why, how do they adapt, and what impact results, are used to guide the research
instruments for this study. The complete set of questions is presented in (Figure 1-3), while their
connection to this research specifically are discussed in the following chapters, and can be found
in Table 3-1.
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Figure 1-3. Adaptation Cycle (Wheaton & MacIver, 1999)

The adaptation cycle as shown in Figure 1-3 is a series of questions that lead to change or
adaptation. While the questions are presented in a cyclical format, the authors specify that the
questions can be extended through time and space. As a community encounters climate change
issues that call for adaptation, it is able to follow the above model regardless of where it finds
itself in the cycle. The community may start with the initial question of what do they adapt to and
why?, which establishes what the problem for the community is, while the following three
questions address the process, impacts, and evaluation of that adaptation. These three questions
interchange as well, as a group establishes its process (e.g. How do they adapt?), it can
continuously evaluate that adaptation based on the impacts on ecosystems, institutional systems,
and the socioeconomics of that area. This model works well with climate change adaptations, as
the questions are designed for a space and time exchange. This exchange indicates that strictly
following the order of the questions is not necessary, which allows for adaptations to be based on
lived experiences and finding out what “works” and what “doesn’t work,” as opposed to
following a strict guide. The final question, who or what system adapts, opens a group or
community to determining what the next steps or as represented in the cycle what is the next
problem that needs to be analyzed for adaptation.
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The adaptation cycle and its connection to the conceptual framework is discussed in other
chapters (see Table 3-1). Figure 1-4 shows the conceptual framework for this study. This
framework consists of a dependent variable (DV): factors impacting a producers’ farm
adaptation, and four independent variables (IV): (1) Demographic Characteristics, (2)
Perspectives, (3) Non-Climatic Barriers, and (4) Climate Change Beliefs. Each of the independent
variables contain categories specific to the IV in question.
Demographic Characteristics:
(1) Agricultural Producers
(2) Producers' Farms
Perspectives:
(1) Observed Environmental Conditions
(2) Influencers to Decision Making
(3) Usefulness and Effectiveness of
Delivery Methods

Farm Adaptation Plans

Non-climatic Barriers:
(1) Institutional Systems
(2) Farming Concerns
(3) Reasons to Adapt
Climate Change Beliefs:
(1) Influence on farm decisions
(2) Timeline for Pennsylvania
(3) Cause of climate change
Figure 1-4. Conceptual Framework

This research uses incremental adaptation, guided by the adaptation cycle, to inform a
study of Pennsylvania agricultural producers and how their demographic characteristics,
perspectives, and non-climatic barriers play a role in their farm adaptation plans. The specifics
connecting theoretical framework to the variables of this study, such as problem structuring
connected to who adapts connected to the demographic profile or producers and their adaptation
status, are discussed in chapter three and shown in Table 3-1.
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Purpose and Objectives
The purpose of this research study was to determine Pennsylvania agricultural producers’
perceptions, barriers, and beliefs towards climate change and how those factors relate to farm
adaptation plans. This includes an assessment of observed environmental conditions, influencers
to farming decisions, usefulness and effectiveness of delivery methods, non-climatic barriers to
adaptation, climate change beliefs and farm adaptation plans.
The following research objectives guiding this study were:
1) Describe the demographic profile of Pennsylvania agricultural producers.
2) Determine Pennsylvania agricultural producers’ perceptions regarding:
a. Observed Environmental Conditions
b. Influencers on Farming Decisions
c. Usefulness and Effectiveness of Delivery Methods
d. Non-Climatic Barriers
e. Climate Change Beliefs
3) Determine Pennsylvania agricultural producers’ current and future farm adaptation plans
related to crop and livestock production.
4) Determine the relationships between the independent variables of demographic
characteristics and producers’ perceptions (influencers of farming decisions, non-climatic
barriers, and climate change beliefs) and the dependent variable of Pennsylvania
agricultural producers’ farm adaptation plans.
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Assumptions of the Study
The following assumptions were made in conducting the study:
1) Producers in Pennsylvania are experiencing impacts from climate change.

Limitations of the Study
The following describes the limitations of the study:
1) The sample is not generalizable to the greater agricultural population of Pennsylvania.
The sample frame for this study consisted heavily of crops (corn, hay, soybeans, alfalfa,
and wheat) and livestock (dairy, beef cows, beef cattle). While the frame does include
other crops and livestock, it is only generalizable to the populations indicated above.
2) Nearly 50% of the sample population did not return the survey. While non-respondent
follow-up indicated the study to be generalizable to the population, the results should be
interpreted carefully.
3) There are limitations in the data analysis specific to summated scores for the dependent
variables of crop and livestock adaptations. These summated scores should be viewed
with caution as they include both “missing” data responses, and responses from
producers who indicated the adaptation is “not applicable” to them. The rationale for
including these in the data analysis are described in chapter 3.
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Operational Definitions
The following terms specific to this study are defined as follows:
Adaptation: is an adjustment of human systems made to limit or manage the negative effects of
climate change and/or take advantage of opportunities presented by climate change. (USEPA, 2017)
Climate Change: is a significant change in climate (weather conditions including temperature,
precipitation, etc.) that occurs over several decades or longer. (US-EPA, 2017)

Climate Variability: “The way climate fluctuates yearly above or below a long-term average
value” (Dinse, n.d.)
Climate Smart Agriculture: “agriculture conducted in a way that helps guide actions needed to
transform agricultural systems to effectively support development in a changing climate”
(FAO, 2017)
Weather Changes: are changes in the day-to-day weather (wind, temperature, cloudiness,
moisture, pressure etc.) that are out of the normal weather reports for the given season.
(US-EPA, 2017)
Weather Variability: day-to-day weather (wind, temperature, cloudiness, moisture, pressure etc.)
that is subject to variation (Merriam-Webster, 2017).

Organization of the Thesis
This thesis is organized into five chapters. Chapter 1 provides a brief overview of
agriculture and climate change impacts being felt in the Northeastern region of the U.S., and
impacts that are felt specifically in Pennsylvania. The need for the study, purpose, research
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questions, guiding theoretical framework, assumptions, limitations, and operational definitions,
are also described in Chapter 1. Chapter 2 presents literature in three main themes (1) climate
change, (2) perceptions of climate change, and (3) non-climatic barriers to climate change.
Chapter 3 describes the methodology of the study, including the research design, population and
sample, instrumentation including validity and reliability, data collection and analysis procedures,
and reliability estimates from the pilot study. Chapter 4 presents the results of the study, while
Chapter 5 describes the summary, conclusions, and recommendations for future research.
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Chapter 2

REVIEW OF LITERATURE
The purpose of this study was to analyze factors impacting Pennsylvania producers’
climate change adaptations on their farms. Independent variables included producer perceptions
of environmental conditions, non-climatic factors that present barriers to producers adapting their
farms to climate change, and producers’ beliefs in climate change. This chapter summarizes the
literature relevant to climate change and agricultural producers in the U.S., and is presented under
the following headings and sub-headings:
1) Climate Change: (a) Climate Science and Agriculture, (b) Climate Science and
Perceptions towards Agriculture, (c) Agricultural Adaptations to Climate Change
2) Perceptions of Climate Change: (a) Influencers to Farm Management Decisions, (b)
Delivery Methods of educational material
3) Non-Climatic Barriers to Climate Change
4) Belief in Climate Change
5) Summary of Literature Review

Climate Change (a): Climate Science and Agriculture
Climate change is a global phenomenon, with 97% of the world’s scientists agreeing that
climate change is both occurring and caused by humans at some level (NASA Global Climate
Change: Vital Signs of the Planet, 2017a; IPCC, 2014a; American Meteorological Society, 2012).
The following is a small representation of the international, national, and state literature on
climate change. The Intergovernmental Panel on Climate Change (IPCC) is the leading
international body for assessing climate change. In the IPCC’s latest report, which addresses the
various impacts of global climate change, Working Group I (physical sciences) outlines the
following observed changes: the atmosphere and oceans have warmed, sea level has risen, snow
melts have diminished, and, greenhouse gas concentrations have increased (IPCC, 2014a p. 4). As
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is evident through the work conducted by Working Group I, there are changes in the environment
that currently and will likely continue to have an impact on human life and well-being. The
World Health Organization (WHO) attributes human increase in the use of fossil fuels to the
increase of trapped heat within the atmosphere, causing a shift in weather and climate, creating
direct and indirect impacts on human life. The international organization then goes on to point out
specific weather-related disasters that have greatly impacted human life in the U. S.; one notable
event referenced is Hurricane Katrina, a storm that overwhelmed New Orleans in 2005. While the
WHO does not claim that climate change was the cause of the hurricane, WHO does indicate that
a shift in weather and climate can increase extreme weather occurrences such as Katrina.
WHO states that, “600,000 deaths world-wide have occurred as a result of weatherrelated natural disasters in the 1990s, some 95% of which took place in developing countries”
(World Health Organization, 2017 p. 2). As referenced by Nelson, Adger, and Brown (2007), the
World Bank concludes that one of the reasons behind environmental adaptation is when
environmental change has indisputable human causes. As indicated by WHO, climate change is
attributed to human influence, resulting in weather changes and creating an increase in natural
disasters that directly and indirectly impact human lives. Therefore, adaptation to environmental
change is necessary to manage these changes (WHO, 2017 p. 2).
At the national level, the Environmental Protection Agency (EPA) has stated that the
Earth is warming, specifying that in the past century temperatures in the United State have risen
1.5oF degrees on average, and that temperatures will rise another 0.5 - 8.6oF degrees over the next
century. The EPA also specifies changes that are already being felt, highlighting significant
rainfall that has caused an increase in floods, droughts, intense rain, and more frequent and
impactful heat waves (EPA, 2017). Alongside the EPA, National Aeronautics and Space
Administration (NASA) provides a brief background on Earth’s changing climate and publicly
states that there is scientific consensus on climate change. Further, NASA offers a partial list of
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public statements from the 97% of climate scientists who agree in climate change and have
identified that humans play at least some part in the warming trends of the past century (NASA
Global Climate Change: Vital Signs of the Planet, 2017b).
Finally, in the state-wide context, Pennsylvania has been experiencing the impacts from
climate change for several years. In 2008 the Union of Concerned Scientists collaborated with
independent experts to assess how global warming might affect the climate, economy, and quality
of life in Pennsylvania. Some of the key findings related to agriculture and natural resources from
the report Climate Change in Pennsylvania: Impacts and Solutions for the Keystone State include
a deterioration in air quality, heat stress creating a decline in milk production, a decline in climate
conditions optimal for hardwood species, and substantial changes in bird species’ habitats. This
report continues with outlining the potential ways to meet the challenges of a changing climate: a
reduction of emissions must occur, namely in the areas of electric power, buildings,
transportation, industries and large institutions, and forestry and agriculture. Additionally, the
report highlights the importance of state and federal partnerships, as well as the role of adapting
to current impacts along with current work to reduce emissions. (Union of Concerned Scientists,
2008).
Furthermore, in 2013 the Pennsylvania Department of Environmental Protection
published the Pennsylvania Climate Change Action Plan Update. This plan was mandated by the
Pennsylvania Climate Act in 2008 and initiated to best prepare Pennsylvania for future potential
fluctuations caused by climate change. This update lays out a proposed work-plan to promote
cost-effect deductions in the State’s green-house gas emissions (Pennsylvania Department of
Environmental Protection, 2013).
While it may seem evident that climate change is an agreed-upon phenomenon in the
scientific community, American perceptions of climate change do not reflect the overwhelming
international, national, and even state facts and findings. Currently, it is estimated that 70% of
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Americans believe global warming is happening, but only 53% believe global warming is caused
primarily by human activities (Marlon, Howe, Mildenberger, & Leiserowitz, 2016). Although this
number has shifted up three percentage points since a 2015 study (Leiserowitz, et al., 2015), the
question still remains: is this shift enough to create action?

Climate Change (b): Climate Science and Perceptions towards Agriculture
As seen at the global, national and state levels, climate change is an agreed upon
phenomenon among the majority of scientists across the world. Scientific work has demonstrated
enough consistency and rigor to warrant organizations such as WHO and the Pennsylvania
Department of Environmental Protection to make bold statements and actions towards managing
the effects from climate change. While there is support for climate science in the U.S., there is
still doubt among many stakeholder groups in the reality or severity of the phenomenon. In the
agricultural sector, debates about climate change and its cause have stirred controversial
arguments (Rodriguez, Molnar, Fazio, Sydnor, & Lowe, 2008). One such example is that in the
meat industry, with outcries that meat production is a cause of climate change (Goodland &
Anhang, 2009), causing a negative image to surface regarding producers and their response to
sustainable agriculture and climate change. Additionally, a 2016 Agri-Pulse poll surveyed a
representative sample of producers across the U.S., finding that the majority of respondents were
Republicans (68.7%), and that in regards to their upcoming future issues facing the country, out
of a 16 item list climate change and environmental concerns combined (~2.2%) represented less
than 3% of their concerns for the upcoming year. Meanwhile, other farming and agricultural
related concerns equated to just over one quarter of their responses, including the farm bill
(7.6%), immigration/agricultural labor (13.9%), other ag/farming issues (4.1%) (Agri-Pulse,
2016).
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Despite the greater American population believing in climate change, certain sectors such
as agriculture still holds doubt. Working with agricultural producers to understand their
perspectives and beliefs regarding climate change can be beneficial for agricultural adaptation
and mitigation practices (Bartels et al., 2013). Agriculture, by its nature, is directly impacted by
changes in the climate and weather, and these changes can and do directly and indirectly impact
human lives. Evidence of this impact can be seen in the United Nations Food and Agricultural
Organization (FAO) specifying the impact of environmental changes on agricultural production
as seen through “changing rainfall patterns, drought, flooding and the geographical redistribution
of pests and diseases” (FAO, 2017). Thus, it is imperative that we begin to mitigate this impact
and enter into conversation with key stakeholders.

Climate Change (c): Agricultural Adaptations to Climate Change
Studies addressing adaptation to climate change have repeatedly indicated the need for a
localized approach (Prokopy et al., 2015b; Shivamurthy, Shankara, Radhakrishna, &
Chandrakanth, 2015; Wheeler, Zuo, & Bjornlund, 2012). As noted above, the effects of climate
change depend on local ecosystems, while the ways in which an agricultural community manages
climate change depends on their local environment as well as non-climatic variables ( i.e.
government regulations, infrastructure, societal norms, economics, etc.) (Below, Schmid &
Sieber, 2015). Below et al. (2012) indicated that the most impactful adaptation may not be
accomplished through a series of minor adjustments but instead through one effective change.
This one effective change could percolate within the community and may make a greater
difference in effectively responding to climate change, than smaller more non-significant
modifications. Understanding a community’s abilities and interest towards change in response to
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environmental variations will be necessary to determine if incremental or transformation
adaptation is warranted.
In an agricultural context, working with producers while considering their individual
needs and perspectives based on agricultural goods, farm size, and other factors can aid in a
producer’s actions toward making sufficient adaptations regarding climate change. For example,
Wheeler et al. (2012) described farmers who believed in climate change to be the same
population who would not be expanding their farming operations, likely due to a hesitation
towards the future success of their farms (p. 543). Additionally, the authors found that farmers
who identified a successor were significantly more likely to adapt in the future (p. 544).
Adger et al. (2009) commented on how the barriers and limitations to adaptation only
begin to emerge once adaption goals have been set. Therefore, once an agricultural community –
or individual – establishes what impacts are being felt, they are then better able to assess if
incremental or transformation change is needed. Those impacts can come from a realization that
climate change is the culprit or an understanding that negative impacts from environmental
conditions are occurring and need to be managed. A natural following of establishing goals is
determining a pathway to achieve the newly set goals. As that pathway emerges, challenges at all
levels emerge. In an agricultural setting these challenges could include societal acceptance of
change, institutional system challenges related to insurance or land-ownership, or even time
management as a barrier to achieving incremental or transformational change. Once goals and
their challenges are assessed, a determination of incremental or transformation adaptation can
occur.
In the context of Pennsylvania, agricultural adaptations have been taking place in the
name of economics and what producers deem to be “good” farming (Morton, McGuire, & Cast,
2016). Producers are switching over to the use of cover crops and no-till farming in an effort to
conserve their soils and save money (White, 2014;.O’Connor, 2013; Stewart, 2012). When

23
looking to the future, some adaptations suitable to Pennsylvania producers include expanding
irrigation, shifting harvest and planting dates, and expanding indoor heating and cooling systems
(Tobin et al., 2015). While some of these adaptations might seem easy (shifting harvest dates),
managing the labor and meeting public’s expectations can easily create a challenge for producers.
In the framework that Park et al. (2012) describe, this challenge could be foreseen at the onset of
stage (1) problem structuring. Outreach organizations working with producers, and producers
assisting each other can help stage (2) developing adaptation agendas, visions, and pathways, to
be conducted in a productive and producer focused manner.

Perceptions of Climate Change
While there are studies being conducted on communication with agricultural producers,
there is a growing need for effective information dissemination and education that allows
producers to voluntarily engage in adaptation methods (Hall & Wreford, 2012). Understanding a
producers’ perception toward climate change can allow for information dissemination that is
tailored to the needs of the producers allowing for voluntary engagement around a topic that is
often confrontational. Upon knowing producer’s perceptions, an Extension educator or
agricultural advisor can then adjust the information dissemination process to best suit the
producer’s needs and improve the producer’s level of acceptance (Greiner, Patterson, & Miller,
2009).
Studies examining wide ranges of producer types and regions of the globe support the
argument that the way an agricultural producer perceives climate change can be linked to the
adaptation practices conducted by the producer in response to climate change (Prokopy et al.,
2015a; Hibbs et al., 2014; Banerjee, 2015). Examining agricultural producer perceptions on
climate change is not new, and the need for localized information is apparent in almost every
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study. Several international agricultural producer studies have been conducted. For example, in
Tanzania, adaptation faces challenges due to social concerns, infrastructure, and pre-existing
agricultural systems (Below et al., 2015). While some agricultural adaptation was attempted, not
all was well received within the community. Community members and agricultural producers
expressed frustrations with the outcomes of adaptations, such as the crops tasting different. Labor
lost due to human migrations, and social network loss due to crop seasons changing were other
locally expressed concerns, that have to be addressed before adaptation practices can be cemented
into the community. This provides evidence for the need for a localized understanding of climate
change and its impacts in order to develop the most effective adaptation methods for a localized
area.
An example from India includes a case study conducted in four villages (Banerjee, 2015).
Producers in these four villages responded more to short-term weather variability and conditions
compared to long-term climate changes. Poor infrastructure in two of the four villages caused
more felt impacts from climate change, experiences in temperature variability and rainfall
variability. The effects felt from the poor infrastructure in two of the villages illustrates how
certain climate change adaptation strategies might work for one area, yet not for another with
infrastructure concerns. Wheeler et al. (2013) indicated that literature on farm adaptation behavior
is still needed and that there has been a heavier focus on developing countries than in the United
States. Additionally, Niles, Brown, and Dynes (2016) have emphasized the impact of perception
work related to climate change impacts conducted in developing countries. Studies regarding
developing countries are informative, but there is also a need for further work to be conducted in
developed countries to better understand similarities and differences that emerge in different
contexts.
Studies in various global regions conducted on agricultural producers’ motivations and
perceptions have indicated a connection between producers and their adaptations based on what is
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perceived to motivate them (Hyland et al., 2016; Wheeler, et al., 2013). For example, a study by
Hyland et al. (2016) on beef farmers in Wales, broke producers into four categories: (1) the
productivists; (2) the countryside steward; (3) the environmentalists; and, (4) the dejected. These
four classifications were later connected with motivators (e.g. what motivated a producer to
adapt). For example, the productivists were identified as having a lower sense of environmental
responsibility (p. 27), where farm management decisions were based off of a business model that
just happens to use natural resources. The productivists were then compared to the producers
categorized as the environmentalists, who had a higher perceived risk of climate change and a
much higher sense of environmental responsibility (p. 25). These examples lend weight to our
understanding of how a producers’ perceptions can impact their farm management decisions,
specifically around climate change adaptation.
In the United States, work has been and continues to be conducted on producer
perceptions of climate change. Yet, the need for local information limits the potential of outreach
and extension being conducted across all regions of the U.S. (Prokopy et al. 2015a; Niles et al.
2015; Arbuckle et al. 2014; Niles et al. 2013; and Haden et al. 2012). In recent years, studies in
the U.S. have been on the rise with examples from the Corn Belt (Arbuckle & Prokopy, 2014),
Nevada (Liu, Smith, & Safi, 2014), and California (Niles, Lubell, & Haden, 2013). California
farmers perceived policy environmental changes as one of their greatest risks, and the authors of
the Nevada study indicate that ranchers prefer a dialogue model of discussion rather than a
knowledge sharing model. The study conducted in the Corn Belt recognized the need for
localized information and indicated that important areas of interest to be (a) farmer beliefs about
climate change, (b) influences of agricultural advisors on farm management decisions, and (c)
key regional weather data (Tyndall et al., 2015).
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Perceptions of Climate Change (a): Influencers to Farm Management Decisions
As producers continue to face climatic and non-climatic barriers, communication around
the latest climate research is essential (Prokopy et al., 2015c). Communication between producers
and other agencies has long been a practice within the United States. At the turn of the 19th
century, land-grant universities developed the Cooperative Extension Services (CES), creating a
direct line between scientific research and the public with a particular focus towards needs of
agricultural communities. This relationship has continued to strengthen and expand over the last
century, making Extension one of the primary sources of trusted information for today’s
producers (Prokopy et al., 2015a). Despite being a trusted source for the agricultural community,
Extension is declining as an influential source for that same community. On the rise is
agricultural advisors and broader farming organizations that have more facetime with producers.
While this presents a challenge for Extension to be the source of information to producers, it also
presents an opportunity for Extension to work with the more influential advisors and
organizations as way to share resources and be of maximum use to producers.
As the agency continues to foster relationships with producers, and technology continues
to evolve, the need for updating communication channels has also increased. Because Extension
is trusted by its audience, there is a notable need for Extension to receive updated agricultural
climate information, providing producers the latest information for basing their decisions.
(Brugger & Crimmins, 2015). Identifying delivery methods and scientifically sound climate
information is imperative to assisting trusted Extension personnel with their efforts to identify
adaptation methods that are relevant to their producers’ current and future challenges (Rollins,
Bruening, & Radhakrishna, 1991; Mase & Prokopy, 2014).
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Perceptions of Climate Change (b): Delivery Methods
Studies examining the delivery methods of Extension have cited face-to-face interactions
as the perceived most effective form of communication with producers (Tobin et al., 2015).
While those methods are preferred, they are not always the most commonly practiced due to
logistical and resource constraints. To strengthen these communication lines, further information
into what the preferred delivery methods by producers is needed. As demographic characteristics
of producers and communication technologies change over time, examining the current day
preferred delivery methods is necessary in order to continue providing the latest information
through most well received format (Bardon, Hazel, & Miller, 2007; Iams & Marion, 1991;
Radhakrishna et al., 2003). Cartmell, Orr, and Kelemen (2006) have noted that small-scale
farmers in Oklahoma have a preference for direct mailing as a form of communication while
younger farmers in Florida prefer to receive their information online or through social media
sources (Telg & Barnes, 2012). As demographic characteristics and available technologies shift
with time, new opportunities for information dissemination emerge. Yet, as they blend new
technologies with more traditional forms of communication, it is important to understand the
preferences of the agricultural community in order to best reach them, (Bairstow, Berry, &
Driscoll, 2002; Hobbs, 2004). In terms of decision support tools, Mase and Prokopy (2014),
indicate that having a participatory approach in the development of the tool was likely to increase
producer usability of the decision-support tool (p.58).
Ingram, Dorsey, and Smith (2004) provide practical tips for Extension professionals in
designing informational guides for clientele, specifically underrepresented clientele. Before any
practical tips on written content or graphics are provided, a section on the role of culture sets the
tone of their paper. They share “A key to designing publications for underrepresented audiences
is to consider the culture of the audience…Look for opportunities to talk to individuals from your

28
audience” (p. 1). Here they clearly state that before developing written or graphic work to share
with a particular clientele, there needs to be a discussion with the audience who will receive the
information. In the context of sharing climate change information, understanding their audience,
an Extension educator might find the vocabulary of ‘weather variability’ might be better received
than ‘climate change’.
Kline et al. (2012) conducted an Extension program in Ohio in an area that held a strong
Amish population. The topic at hand was manure management in vegetable gardens, yet the most
challenging concern was determining culturally acceptable ways to communicate information
about manure management. Through working with an Amish intermediary, the Bishops,
Extension was able to translate their culturally unacceptable PowerPoint presentations into
culturally acceptable posters that were then mailed to the Amish clientele. The work that Kline et
al. (2012) exemplifies the need to consider local perspectives to maximize cultural acceptance of
Extension information.

Non-Climatic Barriers to Climate Change
Many studies have suggested non-climatic barriers are equally important when assessing
and understanding what impacts an agricultural producers’ adaptation on their farms (Below et
al., 2015; Kragt, Mugera, & Kolikow, 2013; Niles & Muller, 2016). Kragt, Mugera, and Kolikow,
(2013) indicate that there are institutional, cultural, and social motivators behind an unwillingness
to adapt towards climate change. To best prepare realistic adaptation strategies, understanding
non-climatic barriers and ways to address these barriers can assist in clearing the way to
discussing the many threats of climate change. As certain barriers are not directly related to
impacts felt from climate change, key influencer perspectives on the phenomenon need to be
taken into consideration to better understand farm management decisions and preferred delivery
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methods for educational delivery (Prokopy et al., 2015a; Tobin et al., 2015). Institutional barriers
including market systems, governments, and insurance have also been found to be a consistent
challenge for producers looking to adapt their farms (Walthall et al., 2012).
Many institutional factors (including governments, markets, and credit/insurance)
unknowingly operate as barriers for producers who wish to adapt their farms to new climatesmart practices (Walthall et al., 2012). For example, one of the most challenging barriers to
producers in Africa includes finances and access to credit, particularly when seeking to
implement adaptation techniques (Antwi-Agyei, Dougill, & Stringer 2013; Juana, Kahaka, &
Okurut, 2013). Financial barriers influence a producers’ ability to plant new trees and improved
varieties of crops, diversify their livelihood activities, and change planting times to reflect
variable weather (Antwi-Agyei, Dougill, & Stringer 2013, p. 19).
Gbetibuouo (2009), also found financial barriers to cause impactful limits to producers,
citing that start-up credit and complications with insurance as a barrier in a review of South
African studies. Additional barriers for producers in African nations includes managing
government regulations and market structures, having start-up credit/insurance to cover losses,
paying for transportation, and ensuring secure access to land (Gbetibuouo, 2009; Antwi-Agyei,
Dougill, & Stringer, 2013). While the nature of these barriers may vary depending on geographic
context, many of the barriers nonetheless are relevant to the U.S. context as seen with government
regulation in a California producer study (Niles, Lubell, & Haden, 2013), and the use of insurance
as a safety net allowing producers to avoid adaptive strategies in the U.S. Midwest (Mase,
Gramig, & Prokopy, 2017).
When Jantarasami, Lawler and Thomas (2010) conducted a review of the U.S. National
Park Service (NPS) and United States Forest Service (USFS) employees in the Northwest, the top
three barriers identified in disseminating climate change information included a lack of
information, lack of resources, and perceived public opposition. These findings were comparable
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to findings within the Capacity Discovery report conducted by Tobin et al. (2015). This report
indicated that the key barriers to Extension and research personnel at land-grant universities in the
Northeast were: (1) a lack of funding for faculty and staff (U.S. Northeastern Extension
educators, specialists, and researchers); (2) a lack of localized climate information; and, (3) the
target population perceiving adaptations as too risky. Funding, lack of access to information, and
media perpetuating reasons for the public to be in opposition emphasize the role that institutional
barriers can have in the prevention of climate change adaptations.
Jantarasami, Lawler, and Thomas (2010) also noted five key categories of institutional
barriers: internal inertia to changing traditional ways of thinking, internal operating procedures,
external environmental laws, jurisdiction ownership creating conflict, and partnering
organizations inertia to change. The institutional barriers show internal and external apathy
towards actions needed for effective change. At an organizational level, lack of a clear focus on
climate change adaptation has created barriers for change. Translating this lack of focus towards
agricultural producers who are connected to institutional systems by law or for resources, coupled
with poor direction from these systems, percolates to the producer level causing unintentional
barriers to adaptation for agricultural producers.

Beliefs in Climate Change
In a multi-national study, which included 119 countries, predictors and influences of
climate change on national scales were determined (Lee, et al., 2015). Across the globe, the
strongest predictor of climate change awareness proved to be education levels and belief about
the cause of climate change (p. 1017). The authors specify that “In the USA, the strongest
predictor of climate change risk perceptions are beliefs about the cause of climate change,
perceptions of local temperatures changes, and attitudes towards government efforts for national
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environmental preservation” (p. 1016). In the U.S., many Americans that do not see climate
change as human-caused perceive climate risk as a very low- to non-existent (Lee et al., 2015).
These results indicate that an understanding about climate change beliefs can be a key indicator to
the U.S. population’s response to climate change risks. Determining how farming communities
perceive the cause for climate change could offer guidance to climate-smart farm adaptations.
In terms of American producers’ beliefs, Takahashi et al., (2016) found that New York
producers interviewed (n=11) believed in the existence of climate change; however, there was
disagreement among producers regarding the cause. Of the producers that believed in climate
change, 54% (n=6) thought that the phenomenon was caused by natural causes, and as a result
their perception of risk related to climate change was lower than those producers who saw the
issue as being anthropogenic (p. 950). In some of the responses provided, memory of past
environmental conditions played a role in acceptance, or lack thereof, towards observed climate
changes. For example, one producer noted “I am only 62 years old, but as far back as I can
remember it’s been hot and cold” (Takahashi et al., 2016, p. 951).
Asplund (2016) reviewed literature in the United States and the European Union and
found multiple studies indicating consensus on climate change as a reality. However, this
consensus demonstrated a distinct division surrounding anthropogenic versus naturally occurring
climate change. The author cited Wolf and Moser’s (2011) conclusion that an individual’s climate
change understanding is developed through the information they receive, which is then pertinent
to their personal values and worldviews (p. 562). Specifically looking at farmers, Asplund (2016)
reports two main findings: “(1) that farmers relate to and understand climate change through their
own experience; and, (2) that climate change is understood as a natural process subject to little or
no human influence or as anthropogenic” (p. 565). Understanding producers’ beliefs around
climate change and the causes of climate change can offer direction when working with producers
in accepting adaptations to their farms.
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In the Northeast, few studies have been conducted regarding producers’ beliefs in climate
change. Chatrchyan et al. (2017) study found of a review of 73 articles assessing stakeholder
views on climate change a mere four were dedicated to the Northeastern region of the U.S.,
compared to eight in the Southern Plains, 21 in the Mid-West and 23 in the Southeast. Since then
further studies have been conducted in the Northeast, however regional work is still needed.
A Maine study asked producers their perceptions and adaptations to variable weather
patterns, prompting a discussion around climate change (Jemison, 2013). This study revealed that
certain specialty crops, such as blueberry and apple producers, were inclined to see changes
attributed to global warming (p. 61). These producers describe their experiences in the way that
Asplund (2016) suggested, indicating (1) the Maine producers’ belief in global warming was
directly related to experiences they had, and (2) while there was no prompt to discuss the cause of
global warming/climate change, some producers indicated the cause to be “Mother Nature” (p.
65). While there are studies in Maine (Jemison, 2013) and Vermont (Kuehn, Chase, Sharkey, &
Powers, 2016), few other studies regarding agricultural perceptions towards climate change in the
Northeast exists.

Summary of Literature Review
Climate change is a global scientifically agreed upon phenomenon, yet the United States
still indicates strong opposition in certain circles. In the U.S., agricultural producers who are
directly affected by climate change impacts are reluctant to perceive the phenomenon as a high
risk towards themselves and their communities. Those that do believe in climate change believe
the natural reasons to be the primary cause as opposed to being anthropogenic. This belief
impedes farm adaptations in response to impacts felt from climate change. Understanding
producers’ perspectives on climate change can assist outreach organizations in determining the
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most effective ways to communicate farm climate adaptations. Allowing outreach efforts to
specialize their programs based on the level of engagement of their producers, can allow
programs to be tailored in accordance with producers’ beliefs around climate change.
Local producer involvement in determining and implementing adaptations designed to
assist local needs is necessary to execute effective adaptation strategies. Local involvement and
response to impacts from climate change can help determine if incremental or transformational
adaptation is necessary and likely to be adapted by the agricultural community involved.
Including locals in stage two where the agenda, vision, and pathways are constructed, then stage
three involving implementation is much more likely to be effective than if locals were not
included. Excluding locals from these steps creates gaps and misunderstandings that can lead to
poor implementation or adaptation needs not being met.
Additionally, even if producers agreed on climate change as a human caused global
phenomenon, there are non-climatic barriers preventing the implementation of climate adaptation
practices on their farm. Working to understand the institutional and communication barriers that
local producers face can assist outreach efforts in addressing policy, human migration, and credit
challenges, amongst others. Addressing these concerns will assist in farm management decisions
opening up the possibility of farm adaptations in response to climate change impacts.
Figure 2-1 illustrates the conceptual framework including what impacts adaptations on a
Pennsylvania agricultural producers’ farm in the areas of demographics, perspectives, and
barriers. Also illustrated are the interactions between the demographics, perceptions and the
barriers the non-climatic experience individuals experience and farm adaptation plans.
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Demographic Characteristics:
(1) Agricultural Producers
(2) Producers' Farms
Perspectives:
(1) Observed Environmental Conditions
(2) Influencers to Decision Making
(3) Usefulness and Effectiveness of Delivery
Methods
Farm Adaptation Plans
Non-climatic Barriers:
(1) Institutional Systems
(2) Farming Concerns
(3) Reasons to Adapt

Climate Change Beliefs:
(1) Influence on farm decisions
(2) Timeline for Pennsylvania
(3) Cause of climate change
Figure 2-1. Conceptual Framework
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Chapter 3
PROCEDURES

Procedures of the Study
This chapter describes the procedures used in this study. It includes the following: the
purpose and objectives; theoretical framework; population and sample for the study; the research
design; instrument development, data collection and data analysis procedures.

Purpose and Objectives
The purpose of this research study was to determine Pennsylvania agricultural producers’
perceptions, barriers, and beliefs towards climate change and how those factors relate to farm
adaptation plans. This includes an assessment of observed environmental conditions, influencers
to farming decisions, usefulness and effectiveness of delivery methods, non-climatic barriers to
adaptation, climate change beliefs and farm adaptation plans.
The following research objectives guiding this study were:
1) Describe the demographic profile of Pennsylvania agricultural producers.
2) Determine Pennsylvania agricultural producers’ perceptions regarding:
a. Observed Environmental Conditions
b. Influencers on Farming Decisions
c. Usefulness and Effectiveness of Delivery Methods
d. Non-Climatic Barriers
e. Climate Change Beliefs
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3) Determine Pennsylvania agricultural producers’ current and future farm adaptation plans
related to crop and livestock production.
4) Determine the relationships between the independent variables of demographic
characteristics and producers’ perceptions (influencers of farming decisions, non-climatic
barriers, and climate change beliefs) and the dependent variable of Pennsylvania
agricultural producers’ farm adaptation plans.

IRB Approval
This study was submitted to the Institutional Review Board (IRB) of the The
Pennsylvania State University for approval in fall of 2015. After minor adjustments to the survey
and protocol, approval was granted in December of 2015 (IRB # STUDY00003928). In the fall of
2016, a request was sent to the IRB to determine if modifications were needed for the updated
survey. Approval was granted to use the updated survey and protocol. See Appendix A for
correspondence of the approval.

Theoretical Framework
The adaptation action cycles framework (Park et al., 2012), was used to guide this study.
The adaptation action cycle incorporates four main stages in either (a) transformation or (b)
incremental adaptation cycles form. As indicated in chapter one, incremental adaptation cycle
was used in this study, as transformation adaptation is not an appropriate fit. The four stages of
incremental adaptation include: (1) problem structuring, (2) developing adaptation agenda, vision,
and pathways, (3) implementing actions, and (4) evaluating, monitoring, and learning. The
framework for these stages are reviewed in Figure 3-1. The first three stages of incremental
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adaptation guide the study through the use of the adaptation cycle (Wheaton & MacIver, 1999),
as indicated by Park et al., (2012).

Figure 3-1. Adaptation Action Cycle (Park et al., 2012)

Used to guide incremental adaptation, Park et al., (2012), use the adaptation cycle. The
adaptation cycle consists of five guiding questions: (1) what do they adapt to and why, (2) how do
they adapt, (3) what impacts results, (4) how well do they adapt, and (5) who or what system
adapts. See the framework in more detail in Figure 3-2.

Figure 3-2. Adaptation Cycle (Wheaton & MacIver, 1999)

The fourth stage in the incremental adaptation cycle and the fourth and fifth questions in
the adaptation cycle are not measured in this study. A longitudinal study would be more
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appropriate to answer the questions of evaluation, monitoring, and learning from adaptation
practices. The linkage between theoretical framework, measurement tools, and statistical analyses
are shown in Table 3-1.
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Table 3-1 Theoretical Sequencing

Incremental Adaptation (IA)
Cycle (Park et al., 2012)
Problem structuring and
establishing the IA arena

Adaptation Cycle
(Wheaton & MacIver, 1999)
Who or what system adapts?

Research Objectives

Measurement Tool

RO 1: Demographic Profile
RO 3: Farm Adaptations Plans

Survey: Q1-7, Q20-30

Problem structuring and
establishing the IA arena

What do they adapt to and why?

RO 2: Perceptions

Survey: Q8-9, Q17-Q19

What impacts results?
Implementing IA actions
Developing the IA agenda,
vision, and pathways

How do they adapt?

RO3: Farm Adaptation Plans

Survey: Q10-11

Implementing IA actions

What impacts results?

RO 2: Non-Climatic Barriers
Influences
Delivery methods
Climate Change Beliefs

Survey: Q12-14
Q15, Q16, Q17

All of the Above

All of the Above

RO 4:
Demographics, Non-climatic
Barriers, Influencers, Climate
Change Beliefs, and how they
relate to farm adaptation status

All of the Above

40

Research Design
This study used a descriptive-correlational survey design. Creswell (2014)
describes correlational design as “measure(ing) the degree or association (or relationship)
between two or more variables or sets of scores” (p. 41). This research aims to (1)
describe the independent variable of demographic characteristics of Pennsylvania
agricultural producers and their farms, (2) describe the perceptions, non-climatic barriers,
and climate change beliefs of Pennsylvania agricultural producers, (3) describe the status
of crop adaptations and livestock adaptations of producers, and then (4) determine the
relationship between demographic characteristics, non-climatic barriers, and climate
change beliefs, as they related to crop adaptations as a whole and livestock adaptations as
a whole.
Quantitative data were collected through a survey in the spring of 2017. Certain
survey questions included data from two producer focus groups collected in 2016, these
are specified later in Instrument Development section.

Study Location
The study location was specific to the state of Pennsylvania. As stated by
Chatrchyan et al. (2017), there is a need to document agricultural producer perspectives
of climate change in the Northeast. The limited work that has been conducted in the

Northeast has not yet included Pennsylvania. Due to the need to better understand
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producers’ perspectives, the economic importance of agriculture in Pennsylvania, and the
shortage of previous work conducted in Pennsylvania, this study fills an important
research gap.

Population and Sample
A survey was designed, examining the observed environmental conditions,
adaptation statuses, barriers, influencers to farm decisions, delivery methods, and climate
change beliefs of Pennsylvania producers. The survey was sent to a random sample of
499 agricultural producers, including dairy, grain, fruit, and others in Pennsylvania.
The population for this study consisted of agricultural producers throughout
Pennsylvania. According to the USDA NASS 2016 State Agricultural Overview report,
the target population consisted of 59,309 agricultural producers located in Pennsylvania.
The sampling frame was developed through working with a major agricultural journal
that collects information on producers throughout the country in exchange for producers’
contact information. In compliance with a confidentiality agreement, the journal name
will not be provided or discussed in this report. The journal had telephone and physical
mailing contact information on 14,461 agricultural producers in Pennsylvania. The
researchers then requested that each participant have telephone, physical mailing and email address contact information. The final frame that fit those criteria consisted of 3,860
producers. The breakdown of producer types is available in Appendix B. Following
Krejcie and Morgan’s (1970) sampling procedures. the final sample needed to be 357 for
a 95% confidence interval and 5% margin of error. To compensate for limitations in the
sampling frame, the researchers oversampled to 500. One producer was then removed
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from this list during frame cleaning, as this producer had participated in the pilot test. In
total, 499 Pennsylvania agricultural producers were randomly selected and mailed a
survey.

Instrument Development

Instrumentation
A six-section survey was developed for use in this study. The background,
sources, and description for each of the six sections are described below. It is important
to note a vocabulary decision the research team made. To maintain a higher response rate,
the title and focus of the survey uses the vocabulary ‘weather changes’ as opposed to
‘climate change.’ An operational definition was provided in a cover letter sent to all
participants. For section five of the survey, a statement was provided allowing for
participants to see a deliberate shift from ‘weather changes’ to ‘climate change.’ Climate
change is also operationally defined for participants. The complete survey is presented in
Appendix D.

Section One: Farming Practices/Operations
Many studies use demographic characteristics as a baseline to compare further
findings of the study (Shivamurthy et al., (2015); Jeminson Jr., Hall, Welcomer, &
Haskel, 2014). Section one of the questionnaire consisted of seven questions, asking
participants farm demographic characteristic questions in a nominal and ratio format.
Demographic characteristics addressed include: primary farming practice, top five
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agricultural goods produced that generated income, size of farm operation, number of
livestock in operation, and description of farming practice. Question two was open-ended
and asked producers the number of years they had been farming. The final question (Q7)
refers to ownership status of the land being farmed. Arbuckle and Prokopy’s (2014)
survey noted a relationship between land ownership and adaptation/mitigation methods
conducted, whereas Wheeler, Zuo, and Bjornland (2013) described producers’
unwillingness to expand their land if they observed impacts from climate change. Survey
questions can be found in Appendix D- section one.

Section Two: Observed Weather Changes
Questions in this section measured observed changes that producers had seen or
were concerned about. Section two consisted of two questions (Q8 and Q9). Question
eight asked participants to indicate what environmental changes they had observed in the
past ten years. Question nine asked about concerns towards environmental changes for
the upcoming ten years. Both questions used the same 14-item lists of environmental
changes, where participants were asked to respond with “yes,” “no,” or “unsure.” Survey
questions can be found in Appendix D- section two.

Section Three: Adaptations and Influences
This section had three sub-sections: (1) adaptations, (2) barriers, and (3)
influences. Adaptation questions provide the baseline for what adaptations a producer
currently had implemented and which, if any, adaptations they anticipated implementing
in the future. The first two questions on this section include crop adaptations (Q12, 8-
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items), and livestock adaptations (Q13, 12-items). Both questions measured which
adaptations participants are (a) ‘not doing and don’t plan to do,’ (b) ‘not doing but plan to
do,’ (c) ‘already doing this,’ or (d) ‘not applicable.’
Sub-section two pertained to barriers addressing the climatic and non-climatic
challenges producers face in their daily farm management decisions regarding climate
change. Non-climatic barriers were addressed in the survey questionnaire in Q12, Q13,
and Q14. All three questions used a five-point Likert-type scale, with Q12 and Q13 using
a range of ‘Strongly Agree’ (5) – ‘Strongly Disagree’ (1). Question 12 asked participants
to rate reasons why they would not adapt their farm to changing weather conditions, and
Q13 asks participants to rate reasons why they would implement a new practice. Question
14 used a five-point Likert-type scale using a range of ”Extremely Concerned” (5) to
”Not at all Concerned” (1) regarding a list of varying non-climatic farming concerns they
may have including “changing market demands,” “labor shortage,” and “public
perception of farming.” Variables in this section were derived from the focus group data.
Guided by Prokopy et al. (2015a), the third sub-section n consisted of one
question (Q15) that asked participants to identify the level of influence different groups
had on their farming decisions. The question was measured on a five-point Likert scale
that ranged from ‘High Influence’(3) to ‘No Influence’ (1) and were grouped into four
categories (a) ‘community,’ (b) ‘business,’ (c) ‘government/other,’ and (d) ‘online
weather resources.’ Variables in this question were derived from focus group responses.
Survey questions can be found in Appendix D- section three.
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Section Four: Delivery Methods
Section four in the survey instrument consist of one question, Q16 (12-items),
which asked participants to identify both the usefulness and effectiveness of various
delivery methods. Usefulness was measured on a Likert-type scale ranging from (1) “Not
at all Useful” to (5) “Very Useful.” Effectiveness used the same format, a Likert-type
scare ranging from (1) “Not at all Effective” to (5) “Very Effective”. These survey
questions can be found in Appendix D- section four.

Section Five: Climate Change Beliefs
In the survey instrument questions 17, 18, and 19 asked participants to shift their
thinking about ‘weather changes’ to thinking about ‘climate change.’ Question 17 used a
Likert-type scale to address how influential climate change has been during farm
management decisions. The scale ranged from (5) ”Strongly Agree” to (1) “Strongly
Disagree.” Questions18 and 19 asked participants to indicate when climate change will
start to impact Pennsylvania (Q18) and what they believed is the cause of climate change
(Q19). Survey questions can be found in Appendix D- section five.

Section Six: Demographic Characteristics
The final section of the survey consisted of ten questions (Q20-Q29), with a final
open-ended comment question (Q30) at the end. These questions asked about
respondents’ family histories of farming, retirement and successor plans, as well as their
gender, education, income, off-farm income, age, county location of farm, and political
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party affiliation. Questions discussing generations of farming and retirement were
supported by focus group responses. Survey questions can be found in Appendix Dsection six.

Instrument Validity and Reliability
The six-section survey was reviewed by a panel of experts, field tested, and pilot
tested to ensure validity and reliability. The panel of experts consisted of key participants
from the NE Hub including US Foresters and specialists from the USDA and Natural
Resource Conservation Services (NRCS). Their reviews and comments were taken into
consideration by the research team and many adjustments were made. During the field
test, a working draft version of the survey was shared with agricultural producers who
participated in the focus groups the previous year. Participants both commented on the
survey before returning it to the researchers. Their responses were taken into
consideration and the survey was revised.
The pilot test frame was retrieved through an Extension educator and consisted of
a large list (19,000) of Pennsylvania individuals who held a pesticide license. To prevent
frame error, a random sample of 30 was drawn from which data were analyzed to
determine whom from the list were more likely to be producers. Despite best efforts, the
pilot test produced a low response rate (n=6). To supplement the data, graduate students
from the College of Agricultural Sciences at Penn State were also asked to complete the
survey. The rationale for adding this population was that graduate students in the College
of Agricultural Sciences would have a working background of farming practices and/or
concerns, nine responses were collected from students. A final pilot data collection of
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local producers occurred. This was a convenience sample that consisted of four
agricultural producers from the State College, PA area.
To assure reliability, Cronbach’s alpha was run on three key questions in the
survey instrument: Q12- reasons to not adapt the farm, Q13- reasons to adapt the farm,
and Q17- influence of climate change on farm management decisions. Table 3-3 shows
the Cronbach’s alpha scores for each of the sub-groups from the pilot test. The final
column in Table 3-2, shows the Cronbach’s alpha for the study sample. Alpha scores
were slightly higher than those in the pilot test. Additionally, the final study sample
coefficients indicated a high reliability with all alpha coefficients being 0.80 or higher.

Table 3-2 Reliability of Key Questions
Question in Survey
Pilot Study
(Number of Items)
(Producers only)

Pilot Study
(Students only)

n=10
n=9
Q12 Barriers (8)
.883
.840
Q13 Adaptations (12) .810
.664
Q17 Beliefs (4)
.952
.642
*number of valid cases out of total surveys received

Pilot Study
(Producers
& Students)
n=19
.901
.732
.911

Final study

n=244*
.872
.805
.965

Data Collection
As described in the population and sample section, the population frame
consisted of 3,860 producers. Researchers followed Krejcie and Mogran’s (1970)
sampling procedures, allowing for 500 participants to be randomly selected from the
3,860 available contacts; one producer was then removed due to having participated in
the pilot test. In total, 499 participants were contacted for this study. As surveys were
received, eight individuals indicated they no longer fit the criteria for analysis, and two
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were found to be deceased, therefore ten individuals were removed from the sample. As
shown in Table 3-3, after cleaning, the final sample for analysis was 489 participants.
Table 3-3: description of Sample Frame
Description of Frame
Original sample frame
Cleaned sample frame
Surveys discarded: not eligible criteria
Surveys discarded: deceased
Final count of sample

Sample Numbers
500
499
8
2
489

Following Dillman’s five-point, Tailored Design Method (Dillman, Smyth, &
Christian, 2014), five mailings occurred over an eight-week period. On March 6, 2017, a
pre-notification was mailed to all 499 participants. An example of the postcard can be
found in Appendix E. One week later, on March 13, a survey packet was mailed to all
499 participants. The survey packet consisted of an opening letter, cover letter,
(Appendix F) survey, and prepaid return envelope. Approximately two weeks later, on
March 28th, an additional reminder/thank you postcard was sent to non-respondents. At
the end of the first mailing (postcard reminder), a total of 192 participants had responded.
Due to failing to fit the sampling criteria of being an agricultural producers, ten of the
these participants were removed during analysis leaving 182 (37.2%) as early responders.
On April 5, a second mailing of the survey packet was sent to the remaining participants,
with another reminder/thank you postcard sent out on April 13th. Data collection ended on
April 28th with 70 additional (14.3%) surveys returned. Those who responded after the
second mailing were deemed as late respondents. Throughout the first two weeks of May
25, a total of 27 non-respondents were contacted via phone and 8 (1.6% of population)
responded to specific questions. Table 3-4 provides a layout of the dates for mailing. In
total 252 surveys (51.5%) out of a clean data sample of 489 participants, was used for
analysis.
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Table 3-4 Date and Description of Sample Population Mailings
Date and Description of Mailings
Agricultural Producers
n
%
First Mailing: March 13-April 4
192
37.2%
Second Mailing: April 5-April 28
70
14.3%
Total surveys received
252
51.53%
Follow-up with Non-Respondents: May 1-May 10
8

Early, late, and non-respondents were compared on three key variables Q12,
Q13, and Q17. These questions were measured on a five-point Likert-type scale.
Question 12 consisted of eight items measuring barriers to adaptation, while Q13
contained 13 items which examined reasons for adaptation, and Q17 consisted of four
items that measured participants’ beliefs in climate change. Analysis of variance tests
were conducted to determine the differences between early, late, and non-respondents. As
shown in Table 3-5, no significant differences were found between the three groups of
respondents and the three variables, Q12, Q13, and Q17. Based on this analysis, we
concluded that responses of the 252 returned surveys are generalizable to the entire
population of 3,860 (Miller & Smith, 1983; Radhakrishna & Doamekpor, 2008).
Table 3-5 Early, Late and Non-respondent Comparisons on Key Variables
Respondents
n
M
SD
F
Early
169
18.71
5.21
Q12: Barriers
Late
65
18.92
4.33
.609
Non
8
16.87
3.83
Q13: Adaptations
Early
174
48.90
5.53
.170
Late
62
48.58
5.38
Non
8
48.00
4.14
Q17: Beliefs
Early
180
10.87
4.41
.675
Late
65
11.55
4.42
Non
8
10.37
1.76
* p >.05

p Value
.545

.844

.510
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Data Analysis
Survey data were analyzed based on the five research questions. Data were
cleaned, and descriptive and inferential statistics were used to analyze the data, as well
as correlations. Table 3-7 shows the sequencing from the objectives to the analytical
methods used.
The final research objective (4) examined the relationships between the
independent variables and each of two dependent variables of crop adaptation (Q10) and
livestock adaptation (Q11). The dependent variables of crop adaptations (Q10) and
livestock adaptations (Q11) were summated creating a score that was used for analysis
with certain independent variables. The thought process behind the summation of crop
and livestock adaptations were as follows:
Both crop and livestock adaptations consisted of 11 items, with respondents
being able to identify their adaptation status based on each individual item. The scale
used to measure the 11 items are listed below in Table 3-6.
Table 3-6: Scale of measurement used for Crop Adaptations and Livestock Adaptations
Available option for respondent
Value assigned
“not doing and don’t plan to do it (adaptation)”
1
“not doing but plan to do it (adaptation)”
2
“already doing this (adaptation)”
3
“not applicable”
0
The 11 items were then summated to create mean scores for both crop and livestock
adaptations. This process was consulted with a statistical expert. Details of the
computation of the summated scores described below:
1) Due to hesitation around the implications of respondents indicating “not applicable,” all
respondents who indicated “not applicable” or who had missing data were removed from
the dataset. At this point, the number of respondents went down from 252 to 111. Using
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this reduced number of respondents, the researcher ran t-tests, ANOVA, and correlations.
However, the analysis did not yield any usable data because of removing so many
respondents created a void of variation in responses. Therefore, this analysis was not
completed.
2) The researcher then examined individual items for both crop and livestock adaptations,
assessing for a trend that suggested an individual item be removed to allow for variation.
There were not incidents where respondents indicating “not applicable” for 50% or more
for individual items. Therefore, the researcher did not remove any single item to allow for
variance in the analysis.
3) The researcher then created a cut-off point for 50% of the responses. For example, for
crop adaptations, if a respondent indicated “not applicable” or there was missing data for
five or more items (50% or higher), then that respondent was removed from the analysis.
The researcher did this in an attempt to remove respondents who found the question to be
largely not applicable to them.
4) To ensure consistency, separate datasets were created for crop adaptations and livestock
adaptations. Respondents who indicated five or more “not applicable” or missing data for
both crop and livestock adaptations were This newly created dataset was used to analyze
research objective four that determined relationships between crop adaptations and
livestock adaptations (DV) and independent variables. Analysis for research objective
four reflect results for crop and livestock adaptations.
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Table 3-7 Sequencing of Survey Development and Analysis
Study Objectives
Independent
Questions in
Variables
Measurement tools
Farm & Farmer
Survey: Q1-7,
RO 1:
Demographics
Q20-30
Demographic Profile

Scale of
Measurement
Nominal
Ordinal
Interval/ Ratio
Ordinal

RO 2a:
Perceptions

Perception on
observed conditions

Survey: Q8-9

RO 2b:
Non-climatic Barriers

Non-climatic
Barriers

Survey: Q12-14, &
Q16

Ordinal

RO 2c: Influences on
Decisions

Perceptions

Survey: Q15

Ordinal

RO 2d: Preferred
Delivery Methods

Perceptions

Survey: Q16

Nominal

RO 2e:
Climate Change Beliefs

Climate Change
Beliefs

Survey: Q17-19

Ordinal
Nominal

RO 3: Crop and
Livestock Adaptation

Adaptation Plans
(DV)

Survey: Q10 &
Q11

Ordinal

RO 4:
Demographics,
Non-Climatic Barriers,
& Beliefs

Demographics, NonClimatic Barriers,
and Beliefs
compared to
Adaptation Plans

All of the Above

All of the
Above

Analysis Method
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Descriptive Statistics:
Frequencies, percent,
mean, SD
Inferential Statistics:
Pearson’s correlation, ttest, ANOVA
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Chapter 4
RESULTS
The results of this study are organized by the research objectives. The purpose and
research objectives for this study were reviewed followed by presentation of results for each of
the research objectives.

Purpose and Research Objectives
The purpose of this research study was to determine Pennsylvania agricultural producers’
perceptions, barriers, and beliefs towards climate change and how those factors relate to farm
adaptation plans. This includes an assessment of observed environmental conditions, influencers
to farming decisions, usefulness and effectiveness of delivery methods, non-climatic barriers to
adaptation, climate change beliefs and farm adaptation plans.
The following research objectives guiding this study were:
1) Describe the demographic profile of Pennsylvania agricultural producers.
2) Determine Pennsylvania agricultural producers’ perceptions regarding:
a. Observed Environmental Conditions
b. Influencers on Farming Decisions
c. Usefulness and Effectiveness of Delivery Methods
d. Non-Climatic Barriers
e. Climate Change Beliefs
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3) Determine Pennsylvania agricultural producers’ current and future farm adaptation plans
related to crop and livestock production.
4) Determine the relationships between the independent variables of demographic
characteristics and producers’ perceptions (influencers of farming decisions, non-climatic
barriers, and climate change beliefs) and the dependent variable of Pennsylvania
agricultural producers’ farm adaptation plans.

For purpose of clarity, Figure 4-1 shows the conceptual framework used in the study. The
dependent and independent variables are shown in relation to the research objectives.
Demographic Characteristics:
(1) Agricultural Producers
(2) Producers' Farms
Perspectives:
(1) Observed Environmental Conditions
(2) Influencers to Decision Making
(3) Usefulness and Effectiveness of Delivery
Methods
Farm Adaptation Plans
Non-climatic Barriers:
(1) Institutional Systems
(2) Farming Concerns
(3) Reasons to Adapt
Climate Change Beliefs:
(1) Influence on farm decisions
(2) Timeline for Pennsylvania
(3) Cause of climate change
Figure 4-1: Conceptual Framework
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Research Objective 1: Describe demographic profile of Pennsylvania agricultural producers
This section describes the demographic profile of Pennsylvania agricultural producers as
well as the farm characteristics they operate.

Agricultural Producers’ Demographics: Age and Gender
Table 4-1 summarizes age and gender of respondents. Producers’ average age was 59
years old, with the youngest being 22 years and the oldest being 90 years. When categorized, the
majority of the producers (61.6%) were in the age range of 51-70 years, followed by those 50
years and younger (22.8%), and those that were 71-90 years (15.6%). The overwhelming majority
of respondents (95%) were male, while the remaining 5% were female/other.
Table 4-1: Age and Gender of Respondents
Age
n
%
20-30
3
1.2
31-40
21
8.4
41-50
33
13.2
51-60
66
26.4
61-70
88
35.2
71-80
31
12.4
81-90
8
3.2
Total
250
100.0
Gender
Female
Male
Other
Total

n
11
240
1
252

M
59.24

SD
12.75

Low
22

High
90

%
4.4
95.2
0.4
100.0

Agricultural Producers’ Demographics: Education, Income, and Political Affiliation
The education variable consisted of nine response options, allowing respondents to
choose from “some high school” to “doctorate degree.” Due to the spread of responses, these nine
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response options were categorized into three levels: (1) high school, which combined response
options from “8th grade” to “high school graduate,” (2) undergraduate/professional, which
included “some college” through “4-year degree,” “professional,” and “trade schools,” and (3)
graduate, included “master’s” and “doctoral” degrees.
Over one-half of the respondents indicated some level of “high school” as their highest
education (54.4%), followed by “undergraduate” or “professional” degree (40.8%).
Approximately 5% (4.4%) indicated a “graduate level” education. The majority of the
respondents’ (58.3%) income levels were in one of the three main categories. Approximately
23% reported an net annual income of “$25,000-$49,999” followed by 18.5% of respondents
reporting a net annual income of “$0.00-$24,999” and 17.2% indicating an annual net income of
“$50,000-$74.999.”
The results are shown in Table 4-2. In regards to political affiliation, the majority of
respondents identified with the Republican Party (67.8%), while 18.4% affiliated with the
Democratic Party and 10% indicated no political affiliation.
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Table 4-2: Education, Income and Political Affiliation of Respondents
Education
n
High School
136
Undergraduate/Professional
102
Graduate
11
Other
1
Total
250

%
54.4
40.8
4.4
0.4
100.0

Income
$0.00-$24,999
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,999
$150,000-$199,999
$200,000+
Total

n
42
52
39
19
30
17
28
227

%
18.5
22.9
17.2
8.4
13.2
7.5
12.3
100.0

Political Affiliation
Democrat
Republican
Not Affiliated
Other
Total

n
44
162
24
9
239

%
18.4
67.8
10.0
3.8
100.0

Agricultural Producer Demographics: Farming Lineage
As shown in Table 4-3, a little more than half of the respondents (51.6%) indicated they
are fourth-generation farmers. Less than 10% indicated they were a first-generation farmer
(6.3%). Despite the average age being 59 years, the majority of respondents (53.0%) were not
planning to retire in the next five years. An additional 29.7% of respondents were unsure of their
retirement plans.
When asked if respondents had a successor in place when they retired, regardless of when
they planned to retire, their responses varied. A little over one-third of the respondents (37.8%)
indicated that they did have a successor in place when they retire. However, 32.3% indicated they
did not have a successor in place when they retired, demonstrating a difference of just 5.5% or 14
respondents (Table 4-3).
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Table 4-3: Generation of Farming, Retirement and Successor Status of Respondents
Generation of Farming
n
%
First
16
6.3
Second
31
12.3
Third
75
29.8
Fourth or more
130
51.6
Total
252
100.0
Plan to Retire in Next Five Years
Yes
No
Maybe
Don’t Know
Total

n
43
132
49
25
249

%
17.3
53.0
19.7
10.0
100.0

Successor in Place
Yes
No
Maybe
Don’t Know
Total

n
95
81
50
25
251

%
37.8
32.3
19.9
10.0
100.0

Farm Demographics: Land Tenure and Years Farming
A little over two-thirds of the respondents (67.5%) indicated they “own portions of their
land, rent portions of their land from someone else, and are the primary operator” (Table 4-4). Of
the remaining 32.5% producers, more than one-half (24.2%) indicated they are the “farm owner
and the primary operator.” On average, respondents have been farming for 39 years with five
years being the lowest and 75 years being the highest (Table 4-4).
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Table 4-4: Land Tenure and Number of Years Farming
Land Tenure
I own portions of my land, rent portions of my land from someone else, and
am the primary operator
I am the farm owner and the primary operator of the farm
I am the farm owner and I rent out the farm to another primary operator
I rent the farm from someone else and I am the primary operator
I rent the farm from someone else and I am not the primary operator
I rent the farm from someone else and participate in a sharecrop
Other
Total
Number of Years Farming
0-10 years
11-20 years
21-30 years
31-40 years
41-50 years
51-60 years
61-70 years
71-75 years
Total

n
9
27
36
65
67
27
6
2
239

% M
3.8 38.32
11.3
15.1
27.2
28.1
11.2
2.5
0.8
100.0

SD
14.28

n
162

%
67.5
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4
9
2
0
5
240

24.2
1.7
3.8
0.8
0.0
2.1
100.0

Low
5

High
75

Farm Demographics: Farming Practice Characteristics
An overwhelming majority of respondents (76.7%) indicated they farmed both plants and
animals, while 19.8% only produced plants, and 0.4% indicated they farmed only animals (Table
4-5). When asked how they would best describe their farming practice, 72.1% of respondents
indicated they had a sustainable practice while 45.4% indicated their practice was conventional.
Respondents were able to check multiple answers for this question representing different aspects
of their farm. Only 2.0% of respondents indicated their farms were certified organic. See Table 45.
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Table 4-5: Primary Farming Practice and Farming Practice Used on Farm
Farming Practice
n
Plants only
51
Animals only
1
Plants and Animals
197
Total
249
Farming Practices Used on Farm*
Certified Organic
Conventional
Sustainable
*Respondents were able to select more than one response

n
5
114
181

%
20.5
0.4
79.1
100.0
%
2.0
45.4
72.1

Farm Demographics: Crops and Livestock
In terms of what agricultural goods and products generate income on farms in
Pennsylvania, respondents were able to select up to five responses and were ranked based on
frequency count. Results are shown in Table 4-6. “Grains (corn, wheat, oats, barley, etc.)” were
ranked the highest with 82.1% of respondents indicating grains as part of their agricultural
income, followed by “Forage/Pastures (alfalfa, other hays, silage corn, etc.),” with 66.7% of
respondents receiving income from this agricultural good. The following three agricultural goods
were the next most common agricultural goods respondents received income from, “Beef Cattle”
(45.2%), “Dairy” (40.1%), and “Timber” (17.5%).
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Table 4-6 Agricultural Goods Produced by Respondents
Agricultural Goods
Grains: (corn, wheat, oats, barley, etc.)
Forage/Pastures: (alfalfa, other hays, silage corn, etc.)
Beef Cattle
Dairy
Timber
Swine
Vegetables
Poultry for Meat
Eggs
Horses
Berries and Vine Fruits
Tobacco
Tree Fruits
Aquaculture
Flowers
Mushrooms
*Respondents were able to select up to five goods

n*
207
168
114
101
44
27
26
14
10
6
4
3
2
1
1
1

%
82.1
66.7
45.2
40.1
17.5
10.7
10.3
5.6
4.0
2.4
1.6
1.2
0.8
0.4
0.4
0.4

Research Objective 2a: Determine Pennsylvania agricultural producers’ perceptions
toward observed environmental conditions
Two questions on the survey asked about perceptions Pennsylvania agricultural producers
have towards obsereved environmental conditions. The first question (Q8 on the survey) asked
respondents to indicate if they had observed environmental conditions changing over the past ten
years, while the second question (Q9 on the survey) asked what environmental conditions
respondents have concern for in the upcoming ten years. Table 4-7 shows the ranking of observed
environmental conditions from the past 10 years. Ranking is from highest to lowest in terms of
respondents indicating that they had observed changes in the past ten years. Not every respondent
answered each condition, therefore the number of respondents differ. Frequencies and
percentages were provided based on the number of respondents for that particular observed
environmental condition. Respondents (62.2%) indicated “warmer winter temperatures” as the
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most frequently observed condition in the past 10 years, followed by “abnormal precipitation
events” (54.6%) and “late frosts” (41.7 %).
Further, a little over a third of respondents indicated that they have observed the
following environmental conditions: “warmer summer temperatures” (39.2%), “excessive winds”
(38.3%), “longer growing season” (38.5%), “drought” (36.1%), “increased pests” (36.3%), and
“increased diseases” (28.6%). In considering what respondents did not frequently observe, the
three lowest observed environmental conditions were “early frosts” (9.4%), “colder winter
temperatures” (12.8%) and “colder summer temperatures” (14.9%).
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Table 4-7: Environmental Conditions Observed by Respondents in the Last 10 Years
n
Yes
No
Unsure
Environmental Conditions
Warmer winter temperatures
233
145
75
13
Abnormal precipitation events

229

Late frosts

228

Warmer summer temperatures

227

Excessive winds

230

Longer growing season

226

Drought

227

Increased pests

223

Increased diseases

226

Increased parasites

224

Increased flooding

224

Colder summer temperatures

222

Colder winter temperatures

226

Early frosts

223

62.2%
125
54.6%
95
41.7%
89
39.2%
88
38.3%
87
38.5%
82
36.1%
81
36.3%
65
28.8%
41
18.3%
40
17.8%
33
14.9%
29
12.9%
21
9.4%

32.2%
90
39.3%
116
50.8%
111
48.9%
112
48.7%
103
45.6%
121
53.3%
120
53.8%
137
60.6%
146
65.2%
165
73.7%
160
72.2%
170
75.2%
191
85.7%

5.6%
14
6.1%
17
7.5%
27
11.9%
30
13.0%
36
15.9%
24
10.6%
22
9.9%
24
10.6%
37
16.5%
19
8.5%
33
14.9%
27
11.9%
11
4.9%

Agricultural producers were also asked to indicate the environmental conditions they are
most concerned for in the upcoming 10 years. Table 4-8 shows what environmental conditions
respondents are concerned about in the upcoming ten years. “Drought” and “abnormal
precipitation events” were viewed as the top future environmental conditions likely to occur, with
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respondents indicating 62.0% and 57.2% respectively. Additionally, 51.8% of respondents
indicated concern for future environmental conditions of “increased pests”, followed by
“increased diseases” (46.7%), “excessive winds” (39.8%) and “warmer winter temperatures”
(35.8%). Respondents indicated less concern for environmental conditions relative to “longer
growing season” (14.7%), “colder winter temperatures” (17.9%), and “colder summer
temperatures” (19.4%).
Table 4-8: Observed Environmental Conditions that Respondents Concern for Future
Environmental Conditions
n
Yes
No
Unsure
Environmental Conditions
Drought
229
142
74
13
62.0%
32.3%
5.7%
Abnormal precipitation events
229
131
86
12
57.2%
37.6%
5.2%
Increased pests
226
117
88
21
51.8%
38.9%
9.3%
Increased diseases
229
107
101
21
46.7%
44.1%
9.2%
Excessive winds
226
90
115
21
39.8%
50.9%
9.3%
Warmer winter temperatures
229
82
131
16
35.8%
57.2%
7.0%
Warmer summer temperatures
227
79
124
24
34.8%
54.6%
10.6%
Increased parasites
225
75
120
30
33.3%
53.4%
13.3%
Increased flooding
225
65
137
23
28.9%
60.9%
10.2%
Early frosts
226
53
152
21
23.5%
67.3%
9.2%
Late frosts
225
44
159
22
19.6%
70.6%
9.8%
Colder summer temperatures
227
44
163
20
19.4%
71.8%
8.8%
Colder winter temperatures
229
41
167
21
17.9%
72.9%
9.2%
Longer growing season
225
33
159
33
14.7%
70.7%
14.6%
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Research Objective 2b: Determine Pennsylvania agricultural producers’ perceptions of
non-climatic barriers
Three survey questions addressed the barriers producers’ face when adapting their farms
to changes in weather conditions. The first of these three questions (Q12 on the survey) consisted
of eight statements that asked producers to respond regarding reasons they would not adapt their
farms, an additional ninth open-ended option of “other” was provided for all three barrier
questions. The eight statements were measured on a five-point Likert scale that ranged from
“strongly disagree” (1) to “strongly agree” (5). Table 4-9 displays the responses, ranked in order
of highest mean score to lowest mean score.
The three statements that had identical highest mean scores were, “the adaptation was too
costly to implement” (M=3.97), “the adaptation was too costly to maintain” (M=3.97), and “the
adaptation was affected by regulations” (M=3.97). Not every respondent answered each
statement, therefore the number of respondents differ across items; frequencies and percentages
were provided based on the number of respondents for that particular statement along with means
and standard deviations for each statement.
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Table 4-9: Mean, Standard Deviation for Producers’ Reasons to Not Adapt to Environmental Conditions
Barriers to Adaptation: I
I would not adapt my farm to changing weather
SD
D
N
A
conditions if:
(1)
(2)
(3)
(4)
The adaptation was too costly to implement
1
11
52
108
0.4%
4.6%
21.6% 44.8%
The adaptation was too costly to maintain
2
12
48
108
0.8%
5.0%
20.0% 45.0%
The adaptation was affected by regulations
1
12
62
84
0.4%
5.0%
25.8% 35.0%
The adaptation didn’t have enough information on how to 2
12
68
116
adapt to my farm
0.8%
5.0%
28.1% 47.9%
The adaptation required too much labor
2
22
72
103
0.8%
9.2%
30.1% 43.1%
The adaptation took up too much time to maintain
0
29
75
104
0.0%
12.0%
31.0% 43.0%
The adaptation took up too much time to implement
0
34
90
93
0.0%
14.1%
37.3% 38.6%
Few of my peers accepted the adaptation
10
53
116
51
4.2%
22.1%
48.3% 21.3%
*Scale ranged from Strongly Disagree (1) to Strongly Agree (5)

SA
(5)
69
28.6%
70
29.2%
81
33.8%
44
18.2%
40
16.8%
34
14.0%
24
10.0%
10
4.1%

n

M*

SD

241

3.97

.851

240

3.97

.877

240

3.97

.914

242

3.78

.830

239

3.66

.893

242

3.59

.875

241

3.44

.855

240

3.00

.877
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Respondents used a five-point Likert scale ranging from “strongly disagree” (1) to
“strongly agree” (5) to respond to reasons they would implement a new practice (Q13) (Table 4 –
10). Not every respondent answered each statement. Therefore, the number of respondents differ
across items; frequencies and percentages were provided based on the number of respondents for
that particular statement along with means and standard deviations for each statement. Table 4-10
displays the mean rankings from highest (strongly agree) to the lowest (strongly disagree). In
answering to the prompt, I would implement a new practice if it, “increased production on my
farm” (M=4.42) followed by the statement, “improved the land I farm” (M=4.39), and “saved me
time” (M=4.21). The lowest mean score was for the statement, “had only short-term economic
benefits” (M=3.09), followed by practices “suggested by my community members” (M=3.16),
and make them “eligible for subsidies” (M=3.22). It is interesting to note that respondents were
neutral to the statement, “practices proposed by my family,” with a mean score of 3.51.
Reasons to adapt (Q13 on the survey) were grouped into three sub-categories: economics,
environment, and community (See also Table 4-22). The sub-category of economics, included five
statements (1) “had only long-term benefits,” (2) “had only short-term benefits,” (3) “made me
eligible for subsidies,” (4) “saved me time,” and (5) “was an easy change to make.” The second
sub-category, environment, consisted of four items, (1) “improved the land I farm,” (2) “increased
production on my farm”, (3) “protected me from variable weather,” and (4) “protected me from
extreme weather events.” The final sub-category Community consisted of four items, (1) “was
observed on neighboring farms,” (2) was suggested by my community members,” (3) “was
informed by a reliable source,” and (4) “was proposed by my family.”
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Table 4-10: Mean, Standard Deviation for Producers’ Reasons to Implement a New Practice
Barriers to adaptation: II
I would implement a new practice if it:

D (2)

N (3)

A (4)

SA (5)

0
1
0.0%
0.4%
0
2
Improved the land I farm
0.0%
0.8%
0
3
Saved me time
0.0%
1.2%
0
8
Was an easy change to make
0.0%
3.3%
2
5
Protected me from extreme weather
events
0.8%
2.0%
2
6
Protected me from weather variability
0.8%
2.4%
2
17
Had only long-term economic benefits
0.8%
6.9%
Was informed by an external reliable
6
7
source
2.4%
2.8%
1
9
Was proposed by my family
0.4%
3.6%
6
20
Was observed on neighboring farms
2.4%
8.0%
20
37
Made me eligible for subsidies
8.1%
14.9%
Was suggested by my community
9
23
members
3.6%
9.3%
6
57
Had only short-term economic benefits
2.5%
23.4%
*Scale ranged from Strongly Disagree (1) to Strongly Agree (5)

12
4.8%
9
3.6%
21
8.5%
29
11.8%
41
16.6%
42
17.0%
53
21.4%
92
37.1%
110
45.3%
118
47.4%
77
31.0%
137
55.5%
97
39.8%

118
47.2%
128
51.4%
146
58.8%
143
58.4%
131
53.0%
130
52.7%
134
54.0%
130
52.4%
112
46.1%
92
36.9%
96
38.7%
76
30.8%
76
31.1%

119
47.6%
110
44.2%
78
31.5%
65
26.5%
68
27.6%
67
27.1%
42
16.9%
13
5.3%
11
4.5%
13
5.3%
18
7.3%
2
0.8%
8
3.2%

Increased production on my farm

SD (1)

n

M*

SD

250

4.42

.604

249

4.39

.600

248

4.21

.638

245

4.08

.714

247

4.04

.772

247

4.03

.783

248

3.79

.831

248

3.55

.746

243

3.51

.664

249

3.35

.799

248

3.22

1.05

247

3.16

.746

244

3.09

.877
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The third survey question addressing producers’ barriers to adaptation asked producers to
rate 14 statements regarding their level of concern towards non-climatic barriers (Q14) using a
five-point Likert-type scale that ranged from “not concerned” (1) to “extremely concerned” (5).
Table 4-11 provides the mean and standard deviations for each of the 14 statements. Not every
respondent answered each item. Therefore, the number of respondents differ across items;
frequencies and percentages were provided based on the number of respondents for that particular
statement along with means and standard deviations for each statement. Of the 14 statements,
eight were rated 4.0 or above, indicating a higher level of concern. The highest concern was for
the statement, “low income from farm products” (M=4.49), followed by “farm profitability”
(M=4.46), “high production costs” (M=4.42), and “environmental regulations” (M=4.30). The
lowest mean score, and therefore lowest level of concern was for the statement, “climate change”
with a mean score of 2.90, indicating not very concerned or learning towards unsure.
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Table 4-11 Level of Concern Regarding Non-Climatic Factors as Perceived by Respondents
Barriers to adaptation: III
Farming Concerns
Low income from farm
products

NC (1)
NVC (2)
U (3)
2
8
4
0.8%
3.2%
1.6%
1
9
10
Farm profitability
0.4%
3.6%
4.0%
0
7
8
High production costs
0.0%
2.8%
3.2%
1
9
19
Environmental regulations
0.4%
3.6%
7.7%
0
14
23
Market variability
0.0%
5.6%
9.3%
1
20
10
Changing market demands
0.4%
8.0%
4.0%
Public Perception of
7
18
17
Farming Practices
2.8%
7.2%
6.8%
1
23
24
Increased fuel costs
0.4%
9.2%
9.6%
5
34
26
Food safety regulations
2.0%
13.8%
10.5%
16
54
34
Labor shortage
6.4%
21.6%
13.6%
10
50
35
Weather Variability
4.0%
20.2%
14.1%
9
53
35
Farm transition planning
3.6%
21.5%
14.2%
11
65
49
Uncertain Planting Times
4.5%
26.3%
19.8%
37
74
30
Climate change
15.0%
30.0%
12.1%
*Scale ranged from Not at all Concerned (1) to Extremely Concerned (5)

SC (4)
87
34.9%
83
33.2%
107
42.8%
105
42.5%
120
48.4%
129
51.8%
109
43.8%
112
44.8%
120
48.6%
84
33.6%
120
48.4%
113
45.7%
99
40.1%
89
36.0%

EC (5)
148
59.5%
147
58.8%
128
51.2%
113
45.8%
91
36.7%
89
35.8%
98
39.4%
90
36.0%
62
25.1%
62
24.8%
33
13.3%
37
15.0%
23
9.3%
17
6.9%

n

M*

SD

249

4.49

.757

250

4.46

.771

250

4.42

.691

247

4.30

.795

248

4.16

.814

249

4.14

.859

249

4.00

.999

250

4.00

.927

247

3.81

1.028

250

3.49

1.252

248

3.47

1.079

247

3.47

1.096

247

3.23

1.079

247

2.90

1.237
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Summated Scores for the Three Barrier Questions
Table 4-12 shows the summated scores for the three barrier questions (Q12, Q13, and
Q14). For all the three barrier questions, the summated mean scores were above the theoretical
midpoint, indicating in general, that respondents agreed and/or concerned with most of the
statements. The mean statement scores ranged from a low of 3.67 (barriers to adaptation) to a
high of 4.06 (reasons to adapt) (Table 4-12).
Table 4-12: Summated Scores for Barriers to Adaptation
Cumulative Sums: Barriers
Barrier Questions

n

Q12 (8-40)*
Q13 (13-65)
Q14: (14-70)

244
244
243

Summated
Mean
Score
29.37
48.79
54.49

Theoretical
Midpoint
24
39
42

Standard
Deviation
5.003
5.442
7.695

Mean
Statement
Score
3.67a
4.06a
3.89b

Mean
Statement
SD
.625
.454
.550

*Numbers in parenthesis indicate possible range of scores for each question
a
The scale for these questions ranged from Strongly Disagree (1) to Strongly Agree (5)
b
The scale for this question ranged from Not at all Concerned (1) to Extremely Concerned (5)

Research Objective 2c: Determine factors influencing farm adaptation decisions of
Pennsylvania agricultural producers
Agricultural producers were asked to indicate the level of influence certain factors have
on their farm adaptation plans. The factors considered were: (1) community, (2) business, (3)
government/other, and (4) online weather resources. The level of influence was measured on a
scale ranging from “no influence” (0) to “high influence” (3). Table 4-13 shows the frequencies,
percentages, means, and standard deviations for each factor. Factors were ranked based on the
mean score from highest (most influential) to lowest (least influential).
In community, the most influential factor was “family” with a mean score of 1.62. For
business, the most influential factor was “crop/livestock consultant/advisors” with a mean score
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of 1.70, and in government/other, the most influential factor was “conservation district staff” with
a mean score of 1.49. For these first three subgroups the mean scores indicated low to medium
level of influence. For the final subgroup, online weather resources, the most influential factor
was “1-7 day forecasts” with a mean score of 2.39 indicating a “medium” to “high influence”.
Table 4-13: Factors Influencing Farm Adaptation Decisions of Respondents
Influences from four sub-groups
Community
n
M*
Family
245
1.62
Other farmers
243
1.23
Neighbors
244
0.97
Landlord(s)
245
0.85
Non-farming friends
244
0.50

SD
1.06
.875
.843
.944
.694

Business
Crop/livestock consultant/advisors
Farm chemical dealers
Seed dealers
Farm organizations (Farm Bureau, Corn Growers)
Bankers, insurance agents, lawyers

n
244
244
245
245
244

M*
1.70
1.57
1.58
1.35
1.02

SD
.980
.929
.905
.891
.927

Government/Other
Conservation District Staff
NRCS (Natural Resource Conservation Service)
FSA (Farm Service Agency)
Pennsylvania Department of Agriculture
University Extension
State Climatologists

n
244
244
244
243
244
244

M*
1.49
1.41
1.38
1.25
1.21
0.77

SD
.958
.991
.968
.904
.952
.798

Online Weather Resources
1-7 day forecasts
8-14 day forecasts
Monthly or seasonal outlooks
Historical weather trends
Annual outlooks
Weather data for the past 12 months
*Scale range from No Influence (0) to High Influence (3)

n
244
242
244
244
244
243

M*
2.39
1.81
1.17
1.13
1.11
0.88

SD
.893
.942
.861
.884
.833
.817
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Research Objective 2d: Determine Pennsylvania agricultural producers’ perceptions
toward the usefulness and effectiveness of delivery methods
Research objective 2d, asked agricultural producers about usefulness and effectiveness of
delivery methods for receiving educational information regarding weather changes (Q16 on the
survey). This question measured two key concepts: the usefulness of a delivery method and the
effectiveness of that delivery method. Respondents used a five-point Likert-type scale for both
concepts. For usefulness, the scale ranged from “not at all useful” (1) to “very useful” (5); a
similar range was used for effectiveness, “not at all effective” (1) to “very effective” (5). Table 414 provides the means and standard deviations for usefulness and effectiveness for each delivery
method. Not every respondent answered each delivery method therefore the number of
respondents differs across items.
As shown in Table 4-14, respondents indicated “print newsletters” to be useful with a
mean score of 3.50, followed by “demonstration projects” (M=3.48), and “workshops” (M=3.30).
“Social media” was shown to have the lowest mean score of 2.26, indicating that respondents
found “social media” to be not very useful. Regarding the effectiveness of a delivery method,
producer’s responses were similar to the usefulness of a delivery method. While the mean scores
varied, the rank order of each of the delivery methods remained the same for both usefulness and
effectiveness. For effectiveness, “print newsletters” had a mean score of 3.44 indicating a slight
lean towards unsure when compared to the mean score of “print newsletter” for usefulness
(M=3.50). The lowest score for effectiveness was “social media,” with a mean score of 2.24,
indicating not very effective.
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Table 4-14: Usefulness and Effectiveness of Preferred Delivery Methods A

n
230
229
230
231
229
230
230
230
224
231
225
226

Usefulness
M*
3.50
3.48
3.30
3.05
3.04
2.91
2.87
2.77
2.70
2.52
2.44
2.26

SD
1.09
1.15
1.21
1.28
1.10
1.16
1.22
1.14
1.26
1.21
1.15
1.17

Delivery Methods
Print newsletters
Demonstration projects
Workshops
Websites
Informal courses
Formal courses
Electronic newsletters
Electronic factsheets
Short videos
Radio programs
Webinars
Social media

n
226
225
225
226
223
225
225
225
219
224
223
225

Effectiveness
M**
3.44
3.39
3.32
3.07
3.04
2.99
2.80
2.77
2.73
2.54
2.48
2.24

SD
3.44
3.39
3.32
3.07
3.04
2.99
2.80
2.77
2.73
2.54
2.48
2.24

* Responses ranged from: 1= Not at all Useful to 5= Very Useful
** Responses ranged from: 1= Not at all Effective to 5= Very Effective
A
The rank order for both the usefulness and effectiveness is the same, despite the means for each
item being different.

Research Objective 2e: Determine Pennsylvania agricultural producers’ perceptions toward
climate change beliefs
Research objective 2e used three survey questions, the influence of climate change (Q17:
Climate Change Beliefs I), when climate change will start to impact Pennsylvania (Q18: Climate
Change Beliefs II), and the primary cause of climate change (Q19: Climate Change Beliefs III),
to address agricultural producers’ beliefs in climate change. At the on-set of these three questions,
the survey had a heading providing participants with the information that the survey will go from
discussing weather changes to specifically climate change. Question 17 consisted of four
statements, measured on a five-point Likert scale asking producers their level of agreement
towards climate change. Table 4-15 shows producers’ responses to the four statements. Not every
respondent answered each statement. Therefore the number of respondents’ values differs across
items. Frequencies and percentages were provided based on the number of responses for that
particular statement along with means and standard deviations for each statement.
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In examining the mean scores between the four statements for the influences of climate
change (Q17), there was only a slight difference of 0.15 from highest to lowest, indicating a
similar response across all four statements. The mean scores of ~2.70 indicates slight
disagreement with the climate change statements.
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Table 4-15: Influence of Climate Change on Farming Decisions
Climate Change Beliefs I
Climate Change:
SD (1)
D (2)
Is influencing my short-term (within the next five
years) farming decisions

N (3)

A (4)

SA (5)

43

50

66

74

12

17.6%

20.4%

26.9%

30.2%

4.9%

44
55
18.0%
22.5%
Is influencing my medium-term (five to ten
46
48
years) farming decisions
18.7%
19.6%
Is influencing my long-term (eleven years and
51
45
more) farming decisions
20.8%
18.4%
*Scale ranged from Strongly Disagree (1) to Strongly Agree (5)

78
31.8%
82
33.5%
91
37.1%

51
20.8%
58
23.7%
45
18.4%

17
6.9%
11
4.5%
13
5.3%

Has influenced my previous farming decisions

n

M*

SD

245

2.84

1.177

245

2.76

1.174

245

2.76

1.144

245

2.69

1.150
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Respondents were asked about their beliefs regarding the cause of climate change (Q18:
Climate Change Beliefs II). Responses are provided in Table 4-16 with frequencies and
percentages. Thirty-nine percent of the respondents think that climate change is “occurring and
caused by both human and natural reasons,” while 30.4% believed that there is “not enough
evidence to know the cause of climate change” and 4.9% of respondents think that “climate
change is not occurring.”
Responses for the question regarding when climate change will start to impact
Pennsylvania (Q19: Climate Change Beliefs III) are shown in Table 4-16. Forty-three percent
(43.4%) of the producers indicated that climate change is “already” happening, while 5.5% of
respondents think that climate change will impact Pennsylvania in “100+ years.” On the other
hand, a little over 25% of the respondents think that climate change will never impact
Pennsylvania.
Table 4-16: Beliefs Regarding when Climate Change will Impact Pennsylvania
Climate Change Beliefs: II
Climate change is occurring and caused by both humans and nature
Not enough evidence to know the cause of climate change
Cause of
Climate change is occurring and is caused by nature
climate
Climate change is occurring and is caused by humans
change:
Climate change is not occurring
Total

n
97
75
48
15
12
247

%
39.2
30.4
19.4
6.1
4.9
100.0

Climate Change Beliefs: III
Climate change is already impacting PA
When climate Climate change will never impact PA
change will
Climate change will impact PA in 25 years
impact
Climate change will impact PA in 10 years
Pennsylvania: Climate change will impact PA in 50 years
Climate change will impact PA in 100+
Total

n
102
64
20
19
17
13
235

%
43.4
27.2
8.5
8.1
7.2
5.6
100.0
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Research Objective 3: Determine Pennsylvania agricultural producers current and future
farm adaptation status.
Research objective three used two questions to determine current and future farm
adaptations status regarding crop and livestock (Q8 and Q9 on the survey). Question eight asked
respondents to describe their current plans around 11 practices relative to crop adaptations.
Respondents answered one of four response options: not doing and don’t plan to (adapt) (1), not
doing but plan to (adapt) (2), already doing (the adaptation) (3), and not applicable (0). A mean
score of 2.0 or higher likely indicates leaning towards planning or actually partaking in a crop
adaptation. The two highest mean scores were for the practice “experiment with new varieties”
(M=2.70) and “increase plantings of cover crops” (M=2.68). The two lowest means, and therefore
the least common applicable adaptations or respondents were not planning on adapting were
“increase production of inside area” (M=0.84), “expand irrigation” (M=0.98), and closely
following “shift production away from frost-prone areas” (M=0.99). Frequencies, means, and
standard deviations for the 11 crop adaptation practices are provided in Table 4-17.
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Table 4-17: Means and Standard Deviations for Crop Adaptations
Crop Adaptations

N/A
Not doing and
(0)
don’t plan to (1)
Experiment with new varieties
5
15
2.1%
6.4%
Increase plantings of cover crops 6
15
2.5%
6.3%
Use energy efficient methods
16
22
6.9%
9.4%
Implement new IPM practices
19
27
8.6%
12.2%
Expand Drainage
7
97
3.0%
41.8%
Shift planting dates
17
108
7.3%
46.6%
Shift harvest dates
17
114
7.3%
48.9%
Shift production away
61
115
from flood-prone areas
26.3%
49.6%
Shift production away from
60
140
frost-prone areas
25.6%
59.8%
Expand Irrigation
38
167
16.5%
72.3%
Increase production inside
74
134
protected areas
31.8%
57.5%
Scale ranged from “Not Applicable” (0) to “Already Doing” (3)

Not doing
but plan to (2)
26
11.0%
29
12.1%
30
12.9%
39
17.6%
35
15.1%
24
10.3%
26
11.2%
11
4.8%
10
4.3%
18
7.7%
14
6.0%

Already doing (3)

n

M*

SD

190
80.5%
189
79.1%
165
70.8%
136
61.6%
93
40.1%
83
35.8%
76
32.6%
44
19.0%
24
10.3%
8
3.5%
11
4.7%

236

2.70

.68

239

2.68

.71

233

2.48

.92

221

2.32

.99

232

1.92

.97

232

1.75

1.03

233

1.69

1.01

232

1.21

1.21

234

.99

.84

231

.98

.62

233

.84

.74
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Question nine asked respondents to describe their current plans around 11 livestock
adaptations. Respondents answered the same four response options of not doing and don’t plan to
(adapt) (1), not doing but plan to (adapt) (2), already doing (the adaptation) (3), and not
applicable (0). A mean score of 2.0 or higher likely indicates leaning towards planning or
actually partaking in a livestock adaptation. The top two livestock adaptations that were more
likely to be planned or implemented included “improve feed management” (M=2.19) and
“improve disease monitoring” (M=2.07). The two livestock adaptations with the lowest mean
scores were “providing more heating in pastures” (M=0.67), and “providing more cooling in
pastures” (M=0.92), followed by “expand heating systems” (M=0.95). Frequencies, percentages,
means, and standard deviations for the 11 livestock adaptations are provided in Table 4-18.
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Table 4-18: Means and Standard Deviations for Livestock Adaptations
Livestock Adaptations
N/A
Not doing and
Not doing but
(0)
don’t plan to (1) plan to (2)
Improve feed management

53
12
21.7%
4.9%
Improve disease monitoring
50
24
20.7%
10.0%
Improve ventilation in livestock
61
26
stalls
25.3%
10.8%
Expand cooling systems
58
68
23.9%
28.0%
Follow best practices in
90
26
flood-prone areas
37.5%
10.8%
Improve disease quarantine
69
55
29.1%
23.2%
Increase rotational grazing
79
73
33.1%
30.5%
Follow best practices in
100
60
frost-prone areas
42.4%
25.4%
Expand heating systems
70
135
28.8%
55.6%
Provide more cooling in pastures
90
102
37.8%
42.9%
Provide more heating in pastures
99
128
41.4%
53.6%
*Scale ranged from “Not Applicable” (0) to “Already Doing” (3)

15
6.1%
27
11.2%
17
7.1%
26
10.7%
18
7.5%
39
16.5%
20
8.4%
11
4.7%
18
7.4%
20
8.4%
4
1.7%

Already doing (3)

n

M*

SD

164
67.3%
140
58.1%
137
56.8%
91
37.4%
106
44.2%
74
31.2%
67
28.0%
65
27.5%
20
8.2%
26
10.9%
8
3.3%

244

2.19

1.25

241

2.07

1.23

241

1.95

1.30

243

1.62

1.21

240

1.58

1.37

237

1.50

1.21

239

1.31

1.20

236

1.17

1.24

243

.95

.83

238

.92

.95

239

.67

.68
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Research Objective 4: Determine the relationships between demographic characteristics,
non-climatic barriers, climate change beliefs and Pennsylvania agricultural producers’
farm adaptations status.
The following concepts are used to inform this section: crop and livestock adaptations,
and (1) demographic characteristics, (2) non-climatic barriers, (3) influencers to farming
decisions and (4) climate change beliefs. To answer research objective four, two tables are
presented for each of the four independent variables, one for the dependent variable measuring
crop adaptations and a second one for the dependent variable measuring livestock adaptations.
For further details see the Data Analysis section.

Relationships between Demographic Characteristics and Farm Adaptations
Crop Adaptations
In considering the ways in which demographic characteristics relate to crop adaptations,
t-test and ANOVA statistics were computed to determine differences between demographic
characteristics with the summated response of crop adaptations (Q10) and livestock adaptations
(Q11). The range for the mean scores ranged from 0-33, with the theoretical midpoint being 16.5.
Table 4-19 shows the scores for crop adaptations and demographic characteristics with many of
the mean scores being 20 and above. A higher mean score means that producers are more likely
to be planning or already implementing crop adaptations. No relationships existed with any of the
eight demographic characteristics and crop adaptations.
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Table 4-19: Relationships between Demographic Characteristics and Crop Adaptations
Q10 Crop Adaptations
n
M* SD
F
T
Q7
Own/rent and Primary Operator
148 20.02 4.02
1.422
Land Status Own and Primary Operator/Other
64 19.14 4.37
Q20
Generation

1st and 2nd Generation
3rd Generation
4th Generation or more

38
63
117

19.63
19.15
20.28

4.58
4.01
4.01

Q21
Retirement

Yes
No
Maybe/Don’t Know

31
119
65

19.35
20.28
19.08

4.73
4.34
3.24

Q22
Successor

Yes
No
Maybe
Don’t Know

80
72
45
20

20.06
20.01
19.67
18.65

3.99
4.79
2.95
4.49

118
98

19.60
20.22

4.12
4.09

35
43
34
18
29
14
25

19.71
19.88
20.18
19.72
19.45
21.29
20.40

4.99
4.46
4.49
2.72
3.72
2.89
4.27

Q25
Education

8th Grade/High School
Undergraduate/Professional/
Graduate

Q26
Annual
Income

$0-$24,999
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,000
$150,000-$199,999
$200,000+

Sig
.16

1.673

.19

1.994

.14

.696

.56

-1.109

.391

Q27
Yes
111 19.69 4.34
-.576
Off-Farm
103 20.02 3.86
No
Income
Q28
Democrat/Not Affiliated
58 19.83 4.12
-.279
Politics
Republican
141 20.01 4.14
*Summated range from “Not Applicable” (0) to “Already doing an adaptation” (33)

.27

.88

.57
.78

Livestock Adaptations

The mean scores of livestock adaptation (Q11) ranged from 0-33, with a theoretical
midpoint of 16.5. Table 4-20 shows the scores for livestock adaptations and their relationships
with demographic characteristics with many of the mean scores being 20 and above. A higher
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mean score means that producers are more likely to be planning or already implementing a
specific livestock adaptation. As shown in Table 4-20, no statistically significant differences
existed between eight demographic characteristics and livestock adaptations. However, one
variable, net annual income was approaching statistical significance (p= .054). Producers with a
net annual income level of $150,000 to $199,000 are more likely to adapt livestock adaptations
than any other income groups.
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Table 4-20: Relationships between Demographic Characteristics and Livestock Adaptations
Q11 Livestock Adaptations
n
M*
SD
F
T
Sig
Q7
Own/rent and Primary Operator
100 20.78 4.46
Land Status Own and Primary Operator/Other
47 20.89 4.43
.023 -.144
.89
Q20
Generation

1st and 2nd Generation
3rd Generation
4th Generation or more

30
46
83

20.10
21.39
20.81

4.08
3.49
4.87

Q21
Retirement

Yes
No
Maybe/Don’t Know

19
94
44

22.26
20.65
20.59

4.96
4.47
3.85

Q22
Successor

Yes
No
Maybe
Don’t Know

66
47
30
15

21.14
20.59
20.57
21.13

4.50
4.59
3.88
4.30

Q25
Education

8th Grade/High School
Undergraduate/Professional/
Graduate

86
72

21.02
20.76

3.99
4.70

Q26
Annual
Income

$0-$24,999
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000-$149,000
$150,000-$199,999
$200,000+

28
35
20
11
18
8
23

19.71
22.22
20.90
21.36
21.11
24.75
20.21

4.84
4.55
3.27
2.34
2.87
2.54
5.25

.798

.45

1.167

.31

.207

.89

2.134

.375

2.124

Q27
Yes
81 21.31 4.29
Off-Farm
No
74 20.79 4.10
.334 .757
Income
Q28
Democrat/Not Affiliated
42 20.88 4.40
.329 -.548
Politics
Republican
101 21.31 4.16
*Summated range from “Not Applicable” (0) to “Already doing an adaptation” (33)

.71

.05

.45
.59
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Relationship between Barriers and Reasons to Adapt, and Farm Adaptations
Crop Adaptations
Relationships between perceived barriers to adaptation (Q12) and crop adaptations (Q10)
are shown in Table 4-21. To determine the relationships, summated scores were calculated for
each variable. Reasons to not adapt (Q12) consisted of eight items measured on a five-point,
Likert scale ranging from “Strongly Disagree” (1) to “Strongly Agree” (5). Therefore, the
summated score for Q12 could range from 8-40 with a theoretical midpoint of 24. To determine
the summated score for crop adaptations (Q10), the 11-item question was calculated using the
scale of “Not Applicable” (0) to “Already adopted” (3). This created a summated range of 0-33,
with a theoretical midpoint of 16.5. Table 4-21 shows the Pearson correlation for barriers to
adaptation (Q12) and crop adaptations (Q10). As shown in Table 4-21, no statistically significant
relationships were found between perceived barriers and crop adaptations.
Future farming concerns (Q14) were also summated and correlated with the summated
score of crop adaptations (Q10). Future farming concerns (Q14) consisted of 14 items measured
on a five-point, Likert-type scale ranging from “Not at all Concerned” (1) to “Extremely
Concerned” (5), creating a score range from 14-70, with a midpoint of 42. Pearson correlation
statistic was computed to determine the relationships. As shown in Table 4-21, no statistically
significant relationships existed between the two variables and crop adaptations.
Table 4-21: Relationship between Barriers to Adaptation and Crop Adaptation
Barrier to adaptation
n
r
Q12 Barriers
207
.011
Q14 Farming Concerns
215
.090

p
.872
.191
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Question 13 examined reasons as to why agricultural producers might adapt to a new
farming practice. This question consisted of 13 statements measured on a five-point Likert scale
that ranged from “Strongly Disagree” (1) to “Strongly Agree” (5). The possible scores for the
summated scale could range from 13-65, with a midpoint of 39. The 13 statements were further
grouped into three categories of economics, environment, and community. Summated scores were
also computed for each of the three sub-categories.
For the sub-category of economics, five statements: (1) “had only long-term benefits,” (2)
“had only short-term benefits,” (3) “made me eligible for subsidies,” (4) “saved me time,” and (5)
“was an easy change to make,” were combined to create a summated score that could range from
5-25 with a midpoint of 15. The second sub-category, environment, consisted of four statements,
(1) “improved the land I farm,” (2) “increased production on my farm” (3) “protected me from
variable weather,” and (4) “protected me from extreme weather events.” The range of scores for
this sub-category was 4-20, with a midpoint of 12. The final sub-category was that of community.
Community consisted of four items, (1) “was observed on neighboring farms,” (2) “was suggested
by my community members,” (3) “was informed by a reliable source,” and (4) “was proposed by
my family,” the range for this sub-category was 4-20, with a midpoint of 12. Relationships
between summated scores for the three sub-categories, reasons to adapt (Q13) as a whole, and
summated score of crop adaptations were analyzed using Pearson correlation. As shown in Table
4-22, no statistically significant relationships existed between reasons to adapt (Q13) the three
sub-categories, or reasons to adapt and crop adaptations (Q10).
Table 4-22: Relationships between Reasons to Adapt and Crop Adaptations
Q13 Reasons to adapt
n
r
Part 1: Economics
212
.074
Part 2: Environment
218
.104
Part 3: Community
214
.031
Collective Q13: Reasons
209
.071

P
.285
.124
.650
.306
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Livestock Adaptations
The relationships between perceived barriers to adaptations (Q12) and livestock
adaptations (Q11) are shown in Table 4-23. To determine the relationships, summated scores
were calculated for each variable. The barriers to adaptation (Q12) variable was summated as
described above, with a range from 8-40 and a midpoint of 24. To determine the summated score
for livestock adaptations (Q11), the 11-item question was measured on a scale “Not Applicable”
(0) to “Already adopted” (3). The summated range for adaptation was of 0-33, with a theoretical
midpoint of 16.5. Table 4-23 shows that no significant relationship existed between reasons to not
adapt (Q12) and livestock adaptations (Q11).
Future farming concerns (Q14), were also summated and correlated with the summated
score of livestock adaptations (Q11). Future farming concerns (Q14) consisted of 14 items with a
score range14-70 and a midpoint of 42. This summated score was used to compute Pearson
correlation to determine relationships with livestock adaptations. As shown in Table 4-23, a low
positive, significant relationship existed between livestock adaptations and farming concerns
(r=.171, p<.05). This indicates that there is a relationship between the farming concerns that
producers have and the livestock adaptations that producers are currently adapting or are planning
to adapt.
Table 4-23: Relationships between Barriers to Adaptation and Livestock Adaptation
Barrier to adaptation
n
r
P
Q12 Barriers
158
.029
.722
Q14 Farming Concerns
163
.171*
.033
*p< .05
Question 13 examined reasons as to why agricultural producers might adapt to a new
farming practice. This question consisted of 13 items that was further broken into three categories
of economics, environment, and community. This question was summated as a whole and
summated scores were computed for each of the sub-categories, as described above. As a whole,
the summated scores for reasons to adapt (Q13) could range from 13-65, with a midpoint of 39.
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The sub-category of economics consisted of five items (described above) with a range from 5-25
and a theoretical midpoint of 15. The remaining sub-categories of environment and community
consisted of four items (described above), with a range from 4-20, and theoretical midpoints of
12. As shown in Table 4-24, there was a low positive, significant relationship between economics
sub-category and livestock adaptations (r=.163, p<.05).
Table 4-24: Relationships between Reasons to Adapt and Livestock Adaptations
Q13 Reasons to adapt
n
r
Part 1: Economics
161
.163*
Part 2: Environment
166
.041
Part 3: Community
164
.040
Collective Q13: Reasons
159
.091
*p< .05

P
.042
.606
.620
.263

Relationships between Influencer Factors and Farm Adaptations
Crop Adaptation
Pearson correlation was computed to determine the relationship between influencer
groups (Q15) and crop adaptations (Q10). Question 15, influencers of producers’ farm adaptation
decisions in response to weather changes, was categorized four ways: (1) community, (2)
business, (3) government/other, and (4) online weather resources. The categories of community
and business each consisted of five items measured on a scale of “no influence” (0) to “highly
influential” (3). The summated score for these two groups could range from 0-15 with a
theoretical midpoint of 7.5. The factors of government/other and online weather resources each
consisted of six items measured on a scale of “no influence” (0) to “highly influential” (3). The
summated scores for these two factors could range from 0-18 with a theoretical midpoint of 9.
Table 4-25 shows the r values for each category. All four influencer groups showed low
positive, significant (p<.05), relationships with crop adaptations. The r values ranged from a low
of .190 (government /other) to a high of .209 (business).
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Table 4-25: Relationships between Influencer Groups and Crop Adaptations
Influencers
n
r
Community
212
.208*
Business
214
.209*
Government/Other
212
.190*
Online Weather Resources
210
.193*
*p< .05

p
.002
.002
.006
.005

Livestock Adaptations
For examining the relationship between influencer groups (Q15) and livestock adaptation
(Q11), Pearson correlation was used to determine the relationship between influencer groups and
livestock adaptations. Low positive, significant relationships were found between the influencer
group, community and livestock adaptations (r=.167, p <.05) and government/other and livestock
adaptations (r=.170, p <.05). No relationships existed between business and online weather
influencer factors. Results are shown in Table 4-26.
Table 4-26: Relationship between Influencer Groups and Livestock Adaptations
Influencers
n
r
Community
160
.167*
Business
162
.134
Government/Other
161
.170*
Online Weather Resources
160
.104
*p< .05

p
.039
.097
.036
.204

Relationships between Climate Change Beliefs and Farm Adaptations
Crop Adaptations
The relationship between climate change beliefs and crop adaptation was determined
through three questions. The first question (Climate Change Beliefs I) examined the influence
that climate change has made on farming decisions (Q17), consisted of four statements measured
on a five-point Likert scale ranging from “Strongly Disagree” (1) to “Strongly Agree” (5) the four
statements were computed to create a summated score with a range from 4-20 and a theoretical
midpoint of 12. The summated score of influence on farm decisions (Q17) was correlated with
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the summated score for crop adaptations (Q10). Pearson correlation was computed to describe the
relationship between the two variables. See Table 4-27. No significant relationships existed
between the two variables.
Table 4-27: Relationships between Climate Change Beliefs I and Crop Adaptation
Climate Change Beliefs: I
n
r
Influence on farming decisions
210
.064

P
.355

To supplement the correlation between climate change beliefs (Q17) and crop adaptations
(Q10), two additional questions were examined to determine the relationship between the two
variables. The primary cause of climate change (Q18: Climate Change Beliefs II) consisted of
five items. Analysis of variance was computed with the summated score of crop adaptation
(Q10). No significant difference was noted, see Table 4-32. Additionally, respondents were asked
when they felt climate change was going to impact Pennsylvania (Q19: Climate Change Beliefs
III), six item questions were also examined using ANOVA and the summated score of crop
adaptations (Q10). No significant difference was found (Table 4-28). Although no significant
differences existed, it is interesting to note that producers who are planning/ or already
implementing crop adaptations believe more that the cause of climate change is occurring and
caused by humans (M=21.33) than any other climate change beliefs [mean scores ranged from a
18.33 (climate change is not occurring) to a high of 20.07 (not enough evidence to know the
cause of climate change)].
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Table 4-28: Relationship between Climate Change Beliefs II and III and Crop Adaptations
Climate Change Beliefs: II
n
Climate change is occurring and is caused by nature
45
Climate change is occurring and is caused by humans
15
Cause of
Climate change is occurring and caused by both humans and nature
85
climate change: Climate change is not occurring
12
Not enough evidence to know the cause of climate change
58
Total
215

MA
19.96
21.33
19.44
18.33
20.07
19.79

SD
3.77
3.99
3.77
3.79
4.86
4.11

Climate Change Beliefs: III
n
M
Climate Change is already impacting PA
91
20.43
Climate Change will impact PA in 25 years
17
19.88
When climate
Climate Change will impact PA in 100+
13
17.54
change will
Climate Change will impact PA in 10 years
18
18.67
impact
Climate Change will impact PA in 50 years
14
19.07
Pennsylvania:
Climate Change will never impact PA
51
19.84
Total
204
19.80
A
Summated scale ranged from “Not Applicable” (0) to “Already Doing” (33), with a midpoint at 16.5

SD
3.83
3.82
4.63
3.99
3.29
6.69
4.13

F

1.150

Sig

.334

F

Sig

1.586

.166
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Livestock Adaptations
The relationship between climate change beliefs and livestock adaptations was
determined through three questions. The first question, examined the influence that climate
change has made on farming decisions (Q17: Climate Change Beliefs I), consisted of four items
means and on five-point Likert scale ranging from “Strongly Disagree” (1) to “Strongly Agree”
(5). The summated score could range from 4-20 with a midpoint of 12. Pearson’s correlation was
used to determine relationships between the two variables. See Table 4-29. No significant
relationship examined between the two variables.
Table 4-29: Relationships between Climate Change Beliefs I and Livestock Adaptations
Climate Change Beliefs: I
n
r
P
Q17: Influence of CC
163
.051
.532

To supplement the correlation between climate change beliefs (Q17) and livestock
adaptations (Q11), two additional questions were examined to determine the relationship between
the two variables. The primary cause of climate change (Q18: Climate Change Beliefs II)
consisted of five items. ANOVA was used to comparing this question with the summated score of
livestock adaptation (Q11). As shown in Table 4-30, no significant relationships were found
between the two variables.
Although no significant relationships existed, it is interesting to note that producers who
are planning or already implementing livestock adaptations believe more that the cause of climate
change is occurring and caused by humans (M=21.40). This statement was followed closely by
the belief that the climate change is occurring and is caused by both humans and nature
(M=21.12). Additionally, respondents were asked when they felt climate change was going to
impact Pennsylvania (Q19: Climate Change Beliefs III). This question consisted of six-items and
was also analyzed using an ANOVA and the summated score of livestock adaptations (Q11). As
shown in Table 4-34, no significant differences were found between the two variables. However,
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there was a notable mean score difference between the statements “climate change will impact
PA in 25 years” (M=21.69) and “climate change will impact PA inn 50 years” (M=18.75), this
indicates that livestock adaptation plans align more with climate change impacting Pennsylvania
in 25 years opposed to 50 years.
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Table 4-30: Relationships between Climate Change Beliefs II and III, and Livestock Adaptations
Climate Change Beliefs: II
n
Climate change is occurring and is caused by nature
33
Climate change is occurring and is caused by humans
10
Climate change is occurring and caused by both humans and nature
59
Cause of climate
change
Climate change is not occurring
9
Not enough evidence to know the cause of climate change
45
Total
156
Climate Change Beliefs: III
n
Climate Change is already impacting PA
58
Climate Change will impact PA in 25 years
16
10
When climate change Climate Change will impact PA in 100+
will impact
Climate Change will impact PA in 10 years
9
Pennsylvania
Climate Change will impact PA in 50 years
12
Climate Change will never impact PA
43
Total
148
A
Summated range from “Not Applicable” (0) to “Already Doing” (33), with a midpoint at 16.5

MA
21.12
21.40
21.27
19.11
20.31
20.84

SD
4.07
5.33
4.00
3.33
4.97
3.36

M
21.34
21.69
19.30
21.11
18.75
20.72
20.84

SD
4.21
5.57
3.56
5.25
4.86
3.92
4.38

F

Sig

.733

.571

F

Sig

1.083

.372
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Chapter 5

CONCLUSIONS

This chapter presents the summary of findings, conclusions, and recommendations.
Included in this chapter are the purpose and objectives, the procedures used for the study,
summary of findings, discussion, conclusions, and recommendations for further study.

Purpose and Objectives
The purpose of this research study was to determine Pennsylvania agricultural producers’
perceptions, barriers, and beliefs towards climate change and how those factors relate to farm
adaptation plans. This includes an assessment of observed environmental conditions, influencers
to farm adaptation decisions, usefulness and effectiveness of delivery methods, non-climatic
barriers to adaptation, climate change beliefs and farm adaptation plans.
The research objectives guiding this study were:
1) Describe the demographic profile of Pennsylvania agricultural producers.
2) Determine Pennsylvania agricultural producers’ perceptions regarding:
a. Observed Environmental Conditions
b. Influencers on Farming Decisions
c. Usefulness and Effectiveness of Delivery Methods
d. Non-Climatic Barriers
e. Climate Change Beliefs
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3) Determine Pennsylvania agricultural producers’ current and future farm adaptation plans.
4) Determine the relationships between the independent variables of demographic
characteristics and producers’ perceptions (influencers of farming decisions, non-climatic
barriers, and climate change beliefs) and the dependent variable of Pennsylvania
agricultural producers’ farm adaptation plans.

Procedures
The target population for this study was Pennsylvania agricultural producers. A random
sample of 499 agricultural producers were selected to reflect on 5% sampling error. The
population frame was obtained from a prominent agricultural journal, and the survey instrument
was developed through an extensive literature review and responses from focus group sessions.
The theoretical framework guiding this study was the adaptation cycle (Wheaton & MacIver,
1999) used within the adaptation action cycles framework (Park et al., 2012). Concepts from the
framework used were: (1) problem structuring; (2) developing the adaptation agenda, vision, and
pathways; and, (3) implementing actions.
The survey instrument consisted of six sections examining six independent variables:(1)
demographics; (2) perceptions of environment changes; (3) perceptions of non-climatic barriers;
(4) perceptions of influencers of farm decision making; (5) perceptions of preferred delivery
methods of educational material; and, (6) perceptions of climate change beliefs. These six
variables were analyzed and compared with two dependent variables: (Q10) crop adaptation plans
and (Q11) livestock adaptation plans.
The survey instrument was reviewed for face and content validity by a panel of experts,
field tested, and pilot tested before being administered to 499 Pennsylvania agricultural
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producers. The reliability for three questions on the survey was established using a pilot test. The
three questions had acceptable reliability of 0.8 or higher.

After the establishment of reliability and making revisions to the survey based on field
test and reliability analysis, Dillman’s five-point Tailored Design Method (Dillman, Smyth, &
Christian, 2014) was used to collect data from producers. This procedure included an introductory
pre-notification postcard, a survey packet that included an opening letter and a cover letter, the
eight-page survey, and a pre-paid return envelope sent to each of the 499 participants. Following
these initial materials, a reminder postcard, follow-up packet, and a final reminder postcard were
also sent to each of the remaining participants. After data cleaning, the sample was reduced to
489 participants.
In total, 252 of 489 useable responses were returned for a response rate of 51.5%. Survey
data were analyzed using the Statistical Package for the Social Sciences Version 24. Descriptive
statistics included: frequencies, means, percentages, and standard deviations. Inferential statistics
included ANOVA, t-test, and Pearson correlation. For each question, appropriate statistical
measures were used based on the scale of measurement.

Summary of Findings
The following describes a summary of the findings and is organized by research
objectives.
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Demographic Profile of Agricultural Producers
Eight variables were considered to describe producer demographics, and a summary of
results are described below. The overwhelming majority of respondents were male (95%), with
the average age of participants being 59 years old within a reported age range of 22-90 years. The
education variable was categorized into one of two groups based on the number of responses,
with the majority of respondents (54.9%) indicating that their education level as some level of
“high school.” The second education category consisted of 45.1% of respondents who identified
their education as “undergraduate/professional/ graduate/other.” Just over two thirds of
respondents (67.7%) indicated that their political affiliation was “Republican,” with only 18.3%
of respondents identifying as “Democrat,” and 14.0% of respondents indicating they were “not
affiliated” or “other.” In terms of annual net income, the highest number of respondents (40.8%)
indicated an income of “$0-$49,999,” followed by “$100,000-$200,000+” (33.2%), and
“$50,000-$99,999” (26.0%).
Three additional questions examined producers’ preparation towards the future of their
farm. Regarding farm heritage, producers were asked to indicate how many generations of their
family had farmed. Over one-half of respondents (52.0%) indicated that their families had been
farming for “four generations or more,” while 29.4% of respondents responded they were “third
generation,” and the remaining respondents indicated they were first or second generation
farmers. In regards to respondents’ retirement plans, the majority (53.5%) indicated they did not
have plans to retire, results were less decisive for producers’ plans for a successor to the farm. A
little over a third of respondents (37.2%) indicated that “they did have a successor in place, while
32.5% indicated that they did not have a successor in place.
Considering farm demographics, the majority of respondents (67.4%) indicated that they
“own portions of their land, rent portions of their land from someone else, and are the primary
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operator.” Additionally, the reported range of number of years farming was from a low of 5 years
to a high of 75 years. However, when grouped, 55.2% of producers identified as farming for the
past “31-50 years,” with 30.7% of producers having farmed for “0-30 years,” while the remaining
14.6% had farmed for more than 50 years. The top agricultural goods chosen by producers for
annual income (up to five goods could be selected) were: “grains” (82.3%), “forage/pastures”
(66.5%), “beef cattle” (45.6%), “dairy” (40.3%), and “timber” (17.5%).

Perceptions of Observed Environmental Conditions
Over one-half of respondents indicated that they had observed the environmental
conditions of “warmer winter temperatures” (62.0%) and “abnormal precipitation events”
(53.8%) over the past ten years. Less than one-half of respondents observed other environmental
conditions over the past ten years with the lowest observed condition being “early frosts” (9.1%).
When looking at the next ten years, just over two-thirds of respondents indicated concern
for the environmental conditions of “drought” (62.2%), “abnormal precipitation events” (57.3%),
and “increased pests” (51.4%). The least likely concern for future conditions was “longer
growing season” (14.9%). Table 5-2 shows a comparison between the top three concerns between
past and future environmental conditions, as well as the three lowest concerns for past and future
changes.

Influencers
When asked how influential various factors or groups were when making a farm
adaptation decision, producers responded to four sub categories of influencers. Scores could
range from no influence (0) to high influence (3). The most influential groups from each category
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were: community- “family” (M=1.61); business- “crop/livestock consultant/advisor” (M=1.70);
government/other- “conservation district staff” (1.50); and, online weather resources- “1-7 day
forecasts” (M=2.39). Scores ranging from 1-2 indicate a low to medium influence on farm
adaptation decisions. The highest mean score was in the category of online weather resources
with a mean score of 2.39 indicating medium to high influence.

Delivery Methods
Understanding the usefulness and effectiveness of delivery methods of producers can
assist outreach efforts to best reach their audience. Using a five point Likert-type scale, question
16 asked respondents to rate the usefulness and the effectiveness of a list of 12 delivery methods.
While the mean scores for both usefulness and effectiveness varied, the rank order of items
remained the same. Overall useful delivery methods that respondents indicated were, “print
newsletters,” “demonstration projects,” and “workshops” with the mean scores ranging from 3.38
to 3.49. This indicated that respondents were ‘unsure’ as to the usefulness and effectiveness of the
delivery methods.

Perceptions of Non-Climatic Barriers
When asked about the reasons a producer would choose to not to adapt (Q12), producers
were “neutral” or leaning towards “agree” with all eight statements in the list. The top three
statements that nearly all producers “agreed” were: “the adaptation was too costly to implement”
(M=3.97); “the adaptation was too costly to maintain” (M=3.97); and “the adaptation was
affected by regulation” (M=3.97). The lowest rated statement was “few of my peers accepted the
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adaptation” (M=3.00). Table 5-1 shows the highest three and lowest three statements to not to
adapt based on mean scores.
When asked for reasons why agricultural producers would adapt their farms to changes in
weather (Q13), producers were provided with a list of 13 practices to indicate their level of
agreement. The highest level of agreement was for the statement “increased production on my
farm” (M=4.40), followed by “saved me time” (M=4.21), and “improved the land I farm”
(M=3.39). The lowest level of agreement was for the statement, “had only short-term economic
benefits” (M=3.00). Table 5-1 shows the highest three and lowest three practices to adapt based
on mean scores.
The final question regarding barriers to adaptation asked about producers’ level of
concern towards common non-climatic barriers (Q14). The top three statements that were rated as
“somewhat concerned” leaning towards “extremely concerned” were: “low income from farm
products” (M= 4.49), “farm profitability” (M=4.46), and “high production costs” (M= 4.42). The
lowest rated statement was “climate change” (M= 2.90) indicating “not very concerned” or
leaning towards “unsure.” Table 5-1 shows the highest three and lowest three non-climatic
concern statements based on mean scores.
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Table 5-1: Mean Scores and Rank of Barriers to Adaptation, and Reasons to Adapt
Rank*
I would not adapt my farm to changing weather conditions if:
1
The adaptation was too costly to implement
2
The adaptation was too costly to maintain
3
The adaptation was affected by regulations
…
6
The adaptation took up too much time to maintain
7
The adaptation took up too much time to implement
8
Few of my peers accepted the adaptation
Rank
1
2
3
11
12
13

I would implement a new practice if it:
Increased production on my farm
Improved the land I farm
Saved me time
…
Made me eligible for subsidies
Was suggested by my community members
Had only short-term economic benefits

Rank
1
2
3

Farming Concerns:
Low income from farm products
Farm profitability
High production costs
…
12
Farm transition planning
13
Uncertain Planting Times
14
Climate change
*For purposes of space, only the top three and the lowest three for each question are shown

Climate Change Beliefs
To better determine Pennsylvania agricultural producers’ climate change beliefs, three
questions were asked. The first question asked producers their level of agreement with four
statements regarding the influence that climate change has had on their farming decisions (Q17).
The mean scores for all four statements were approximately the same, indicating slight
disagreement regarding the influence of climate change on their beliefs.
The two remaining questions asked producers about the cause of climate change (Q18),
and when would climate change impact Pennsylvania (Q19). In regards to the cause of climate
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change, the majority of respondents (39.3%) thought that “climate change is occurring and is
caused by both humans and nature.” This was followed by 30.4% of respondents indicating that
there is “not enough evidence to know the cause of climate change.” Only 4.9% of respondents
indicated that “climate change in not occurring.” When asked when climate change would begin
to impact Pennsylvania (Q19), the majority of respondents (43.3%) indicated that “climate
change is already impacting PA,” followed by “climate change will never impact PA” (27.2%).
Only 5.5% of respondents indicated that “climate change will impact PA in 100+ years.”

Crop Adaptations and Livestock Adaptations
In regards to producers’ current crop adaptation plans, an 11-item list of farm adaptation
practices with a range of “Not Applicable” (0) to “Already Doing” (3) was provided. The highest
mean scores was for the practice, “experiment with new varieties” (M= 2.70), followed by
“increase plantings of cover crops” (M= 2.68). The lowest mean score was for the practice
“increase production of inside protected areas” (M= 0.84), indicating that the adaptation practice
is not applicable to them or they are not planning on adopting this practice.
When looking specifically at livestock adaptations, “improve feed management” (M=
2.19) and “improve disease monitoring” (M= 2.07), were the two statements with highest mean
scores indicating that it is a current practice among producers or have a plan to adapt this practice.
The lowest two mean scores that indicated that these practices were not applicable or that
producers were not planning to adapt, were “provide more cooling in pastures” (M= 0.92) and
“provide more heating in pastures” (M= 0.67).
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Relationships between Independent Variables and Farm Adaptation Plans
The final research question examined the relationships between the five independent
variables and farm adaptation plans. No statistically significant relationships were found between
the demographic characteristics and crop or livestock adaptations. Additionally, there were no
statistically significant relationships existed between non-climatic barriers and crop adaptations.
However, there was low positive, significant relationship at the .05 level between livestock
adaptations and the non-climatic barriers regarding farming concerns (Q14). Furthermore, there
was a low positive, significant relationship (p<.05) between reasons to adapt (Q13), specifically
economic reasons to adapt and livestock adaptations.
Statistically significant relationship was found between influencers of decision making
and crop and livestock adaptations. For crop adaptations, all four sub-categories of community,
business, government/other, and online weather resources were significant (p<.01) indicating a
positive, low to moderate relationship between each influencer group and crop adaptations. For
livestock adaptations, only community and government/other sub categories were statistically
significant (p<.05) indicating a low positive relationship between these two influencer categories
and livestock adaptations. No statistically significant relationships were found between climate
change beliefs and crop adaptations or livestock adaptations.

Discussion and Theory
Park et al. (2012) utilized the Adaptation Action Cycle framework as a way to guide the
understanding of adaptations in the context of climate change. The researcher incorporated
Wheaton and MacIver’s (1999) adaptation cycle to better understand the specifics of adaptation.
Not all parts of the Adaptation Action Cycle framework or the Adaptation Cycle framework were
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used in this study examining Pennsylvania producers, however the questions and stages used are
discussed in conjunction with the results below.
The initial starting point of incremental adaptation includes the concept of problem
structuring and establishing the incremental adaptation arena. For this study, problem
structuring is further broken down into the question of who or what system adapts from the
Adaptation Cycle. In the context of this study, the who is Pennsylvania agricultural producers,
with the characteristics as follows. In general, Pennsylvania agricultural producers who
responded to this survey were older males with a high school education. Most respondents were
at least a fourth-generation farmer with a potential income to be $0.00-$49,999. The majority of
producers were not planning to retire within the next five years, and many (37.2%) indicated they
had a successor in place for when they did retire. Wheeler et al. (2013) found that farmers who
identified a successor were significantly more likely to adapt in the future (p. 544). While many
of the producers in this study indicated having a successor in place, but the majority (62.8%)
indicated uncertainty or they had no plans for a successor. Additionally the authors describe
farmers who believed in climate change to be the same population who would not be expanding
their farms. A lack of expansion indicates uncertainty towards the future viability of producers’
farms.
The results from this study regarding Pennsylvania producers, indicate that there is hesitation
around future farm planning. More than one-half of the respondents (53.0%) indicated they had
no plans to retire in the next five years, despite being of retirement age. Additionally, just over
one-third (37.2%) indicated having a successor in place despite that more than half (52.0%) of
respondents indicated being 4th generation or more. This suggests a dissonance between previous
generations’ regard for the future of farming. This finding supports Wheeler et al. (2013)
conclusion that low adaptation for those who are uncertain of the future of their farm.
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Further examination into who and what system adapts from the adaptation cycle, over
two-thirds of respondents to this study indicated that they owned portions of their land and rented
portions while remaining the primary operator. Additionally, the majority of producers had been
farming for 31-50 years and likely farmed grains, forage/pastures, beef cattle, or dairy cattle.
Compared to the national average for agricultural producers in the U.S., the respondents from this
study were approximately in the same age groups, commodity groups, and have comparable
income brackets as reported in the 2012 census for the state of Pennsylvania (USDA, 2014c).
Jemison Jr. et al., (2014) assert that certain Maine producers perceived climate change differently
depending on the needs of their agricultural goods, and the impacts felt towards their particular
agricultural good. For example, vegetable growers felt the impacts from weather changes more
directly and in different ways than beef producers.
In accordance with the Adaptation Action Cycle’s, problem structuring is beginning to be
answered through the Adaptation Cycle question who adapts. The demographic characteristics of
respondents have been established with an indication towards their land ownership and what that
could mean for their future interest in climate change adaptations. The second question to be
addressed in problem structuring is asking what do they adapt to and why. Understanding what
producers are addressing during the adaptation practice can assist outreach in developing tools
and programs that address the same concerns as producers. To understand what environmental
conditions producers adapt to, this survey asked about their observations and future concerns
towards environmental conditions.
Producer’s perceptions towards environmental change indicated an interesting finding, in
that past environmental conditions were not aligned with future concerns towards the same
environmental conditions. Table 5-2 shows the ranking for the environmental conditions that
producers observed over the past ten years and the rank order for the same conditions for the
upcoming ten years. For future concerns, the top five ranked items are indicated in bold. Notable
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differences can be found in “drought,” “increased pests,” and “increased diseases.” These three
conditions were ranked in the middle of past observed conditions (7th, 8th, and 9th respectively),
yet they were ranked in the top five for future concerns (1st, 3rd, and 4th respectively). Considering
the reverse, “late frosts” was ranked as the third most observed condition over the past ten years,
yet it is considered low (10th) on the list of future concerns. Interestingly, producers in this survey
indicated similar concern for future environmental conditions as what the FAO has indicated
including “changing rainfall patterns, drought, flooding and the geographical redistribution of
pests and diseases” (FAO, 2017). This suggests that Pennsylvania producers are aware of the
same global environmental conditions as the FAO, despite a reluctance to address the cause of the
change in these conditions. In terms of outreach efforts, while producers are resistant around the
cause of climate change they are aware of future environmental conditions that they will likely be
managing on farms. Outreach can use this awareness and develop programs specific to future
environmental conditions that producers are rightly concerned about such as drought and
increases in pests. Programs centered on the future conditions that producers have concerns
about, might create a larger audience for outreach efforts to reach, than if the outreach program
focus was specific to climate change.
A further question at hand is why is there such a difference between past observed
changes and future concerns for the same environmental conditions. A potential answer could be
related to the findings observed in the concept of barriers to adaptation. The top barrier was
shown to be economically related, indicating economic concerns driving producers’ adaptation
decisions as well as their farm management decisions. In regards to future environmental
conditions, the ways in which a producer manages the impacts felt from such changes as
“drought,” “abnormal precipitation,” “increased pests,” and “increased diseases” might be more
economically stressful than such conditions as “late frosts” or a “longer growing season.” As
producers are often reactionary, environmental conditions that create a more immediate negative
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impact could cause more stress than those impacts that occur over a longer period of time
(Janowiak et al., 2016).
Table 5-2: Rank Order of Observed Past Environmental Conditions and Future Concerns
Past ten years: observed changes
Future ten years: concerns
Ranked
List of environmental conditions
Ranked
1
Warmer winter temperatures
6
2
Abnormal precipitation events
2
3
Late frosts
11
4
Warmer summer temperatures
7
5
Excessive winds
5
6
Longer growing season
14
7
Drought
1
8
Increased pests
3
9
Increased diseases
4
10
Increased parasites
8
11
Increased flooding
9
12
Colder summer temperatures
12
13
Colder winter temperatures
13
14
Early frosts
10
*Rank based on mean scores for observed environmental changes in the past ten years (Q8)
**Rank based on mean scores for environmental concerns for the future ten years (Q9)

The third and final component of problem structuring within the Adaptation Action
Cycle is asking the question why do they adapt. One question from the survey addressed this
angle of the Adaptation Cycle. Question 13 in the survey asked producers why they would
implement a new adaptation, and the results were related to primary environmental and economic
concerns. With the top three reasons to adapt being “increased production on my farm,”
“improved the land I farm,” and “saved me time.” When parsed out into three categories of
economic, environmental, and community, and then correlated with adaptation plans, the
relationships between livestock adaptations and economic reasons to adapt had a significant
statistical relationship. Reasons for a significant relationship between economic reasons to adapt
and livestock adaptations as compared to a lack of significance when considering crop
adaptations, could be due to current economic challenges in the dairy and beef industries. For
example, while the number of dairy farms in Pennsylvania is declining, the demand for the
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product is increasing at a rate that older dairy farm infrastructures are struggling with. This
complication, coupled with an increase in overseas competition and a weakening U.S. dollar, has
created a significant economic challenge for the dairy industry, of which Pennsylvania is ranked
6th in the nation (Center for Dairy Excellence, 2012). This suggests that producers are most
concerned about economic decisions, with additional indication that producers will be less likely
to increase their environmental concern if economics continue to be a rising strain on their farms.
When looking at other sources that examine why producers adapt, Jemison et al., (2013),
found that Maine agricultural producers were optimistic about the public’s growing interest in
local foods, the availability of affordable land and water to farm, and the large potential markets
with a day’s drive of Maine. All three of these expressed optimistic future statements are relevant
to the local community in Maine. While there is a connection between the Maine study and this
study in improving land access and farmed land itself, there are notable differences. The Maine
study indicates that producers are working with a more local population with a strong community
connection, whereas the Pennsylvania producers indicate a desire to improve their economic
capacity. Despite the differences, both studies support the need to have a local understanding of
what producers need and what motivates them to adapt in the future.
Determining the agricultural goods of producers and how those likely influence climate
change beliefs, can improve outreach efforts to create effective information strategies that are
develop for producer specific climate change programs. This study of Pennsylvania producers
examined differences between crop and livestock farm adaptation plans, and determined that
producers’ partaking in livestock adaptations have a stronger relationship to farming concerns
such as low income from farm products, farm profitability, and high production costs. This
relationship is stronger than that of crop adaptations and farming concerns, therefore
understanding why a producer should adapt, this study indicates that livestock producers might be
more economically motivated than crop producers. Programming efforts should examine and
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address specific economic farming concerns as they relate to livestock adaptations more-so than
adaptations specific to crops.
Following problem structuring in the Adaptation Action Cycle is the stage of developing
an agenda, vision and pathway for incremental adaptation. This is accomplished through the
Adaptation Cycle’s question of what impacts results. The survey used multiple questions to
address various components of what might impact a producers’ adaptation.
Starting with barriers to adaptation, reasons to not adapt (Q12) and farming concerns
(Q14), were two questions that indicated stressors preventing the adoption of adaptation practices.
Listed in the top three highest agreement and highest concerns were topics related to the
economics and regulations impacting producers’ farming decisions. Kragt and Kolikow (2013)
cited institutional barriers in Australia to include technological limits, financial barriers,
knowledge barriers, and social barriers (p. 597). More specifically, they cite market access and
uncertainty about the upcoming weather to be more noteworthy barriers, they go on to describe
the need for “integrated research…to adequately address the limits and barriers to climate change
adaptation” (p. 598). Additionally, Jantarasami, Lawer, and Thomas (2010) in a review of NPS
and USFS employees in the U.S., found that a lack of information and a lack of resources were
key deterrents to disseminating climate change information to their audiences.
Jemison et al., (2013) asked Maine producers what concerns them about the future, many
focused on future concerns of regulations and rising energy costs. Other concerns such as the
growing sizes of farms, and the loss of support and infrastructure were additionally expressed.
The three studies mentioned above and this Pennsylvania producers study, indicates a need to
address the economic viability of adaptations. Without addressing the economic component of
farm adaptations, the likelihood of producers’ adoption of adaptation practices appears to be very
slim.
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The final variable being described was that of climate change beliefs. Producers’
responses were informative in that many had decisive views on climate change. Particularly for
the question regarding belief about the cause of climate change (Q18), top responses were split
between “climate change is occurring and caused by both humans and nature” (which had only a
9% lead) and “there is not enough information to know the cause of climate change.” A similar
divide occurred when producers’ were asked about their thoughts on how Pennsylvania would be
impacted by climate change. The two largest categories were that climate change is: “already
impacting PA” and “will never impact PA.” Lee et al. (2015) specify that “In the USA, the
strongest predictor of climate change risk perceptions are beliefs about the cause of climate
change, perceptions of local temperatures changes, and attitudes towards government efforts for
national environmental preservation” (p. 1016). Furthermore, Asplund (2016) in his review of
studies in the United States and the European Union found consensus on climate change as a
reality. However, there was a notable division surrounding the cause of climate change being
anthropogenic vs. naturally occurring. Asplund goes on to report two main findings: “(1) that
farmers relate to and understand climate change through their own experience; and, (2) that
climate change is understood as a natural process subject to little or no human influence or as
anthropogenic” (p. 565).
Prokopy et al. (2015a) examined agricultural advisors’ beliefs on climate change within
the Corn Belt and found that “over 40% of the educators believe there is too much uncertainty
about climate change to justify advising others to change their practices” (p. 267). The results
from this study support the above arguments, in that while some producers felt the cause and
impact was already occurring, an almost equal number of respondents directly disagreed with
those sentiments. While these results are not new, they are relevant in determining the best ways
to go about developing program and outreach materials. Programming and outreach materials that
incorporate multiple angles of ways to discuss climate change will be most receptive to an
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audience that has proven itself to be divided on the topic or issue. If the audience is receptive to
the global phenomenon, than a shift in education materials that include climate change is
appropriate, however if the audience is not receptive, then it is necessary to develop programming
and outreach materials so that they are receptive to an audience that has proven itself to be
divided. Engaging in impacts felt from climate change will likely be more effective than engaging
about climate change itself. Ultimately Extension educators and outreach organizations need to
have the resources available to engage audiences of different beliefs.
After identifying barriers to adaptation and climate change beliefs, the third stage of the
Adaptation Action Cycle and the final stage used to guide this study is implementing incremental
adaptation. This is done through continuing with examining what impacts results from the
Adaptation Cycle, with an implementation lens. As a way to identify what impacts, the results
from the survey shifted into asking producers’ as the influencers for their farm management
decisions. Identifying the influencers provides researchers with an influencer group that can assist
or be a detriment to adaptation process therefore impacting the results of the adaptation.
Below et al. (2012) indicated that the most impactful adaptation may not be accomplished
through a series of minor adjustments but instead through one effective change. This one
effective change could percolate within the community and may make a greater difference in
effectively responding to climate change. Utilizing key influencers in a community could be a
key way in implementing a more impactful change. Prokopy et al. (2015a) found that Corn Belt
producers were influenced by farming organizations and advisors, all while their trust was placed
in more traditional actors, such as Extension and family (p. 265). This study, involving
Pennsylvania producers, indicated that over the past ten years the top influencer to farm
adaptation decisions was that of “1-7 day forecasts.” With a mean score indicating medium to
high influence to adaptations, “1-7 day forecasts” was the only item identified in that range. Table
5-3 shows the top ten (out of 22) items ranked with their associated subcategory. While online
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weather resources were indicated as the top ranked influencers, business and government/other
had a larger frequency count than the remaining two subgroups. It is clear from this list that
community is a low influencer on farm adaptation decisions in response to weather changes, with
the slight exception of family. Mase and Prokopy’s (2014) finding of farming organizations and
advisors being key influencers of farm adaptations is supported in this study.
Outreach groups that are engaging producers need to work with farming organizations
and advisors to participate in climate change education. In the context of land-grant universities,
Extension is the primary vehicle for outreach to rural areas, therefore to enhance Extension’s
capacity for reaching its audience, Extension educators need to foster relationships with farming
organizations and advisors.
Table 5-3: Rank and Associated Subcategories for Influence Factors to Farm Adaptation
Decisions
Ranked*
Item
Subcategory
1
1-7 day forecast
Online weather resources
2
8-14 day forecasts
Online weather resources
3
Crop/livestock consultant/advisors
Business
4
Family
Community
5
Farm chemical dealers
Business
6
Seed dealers
Business
7
Conservation District Staff
Government/other
8
NRCS (Natural Resource Conservation Service)
Government/other
9
FSA (Farm Service Agency)
Government/other
10
Farm organizations (Farm Bureau, Corn Growers)
Government/other
*ranking based on highest received mean score overall

The final question examining what impacts results with the mindset of implementation is
that of delivery methods. Understanding how producers best receive information regarding
climate science can inform outreach organizations the best ways to deliver new programs or new
adaptations.
When examining usefulness of delivery methods, “print media,” “demonstration
projects,” and “workshops” were determined to be the top three most useful and effective methods
for producers to receive educational information. Four out of the top six highest ranked delivery
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methods were categorized as face-to-face interactions (see Table 5-4). These results reaffirm
Tobin et al.’s (2015) findings of face-to-face interactions as number one form of communication
with producers among researchers and Extension personnel at land-grant universities in the
Northeast. As producers’ needs shift due to technology changes and changes in farming and
demographic characteristics, Extension and other outreach efforts need to uphold the most
effective delivery methods for programming (Bardon, Hazel, & Miller, 2007; Iams & Marion,
1991; Radhakrishna et al., 2003). As technology and resources shift, eXtension is an upcoming
market for land-grant universities Extension outreach (eXtension, 2017). While this method has
the potential to reach a greater audience, it is also in direct conflict with what respondents in this
study identify as the most useful and effective delivery methods. When looking at the rankorder
for both usefulness and effectiveness of delivery methods, electronic newsletters, electronic
factsheets, webinars, and social media were all ranked below the top five methods. Future work
with Extension is needed to ensure that modern technology can be developed and accessed
through eXtension while also not losing the reported most useful and most effective methods of
print newsletters, demonstration projects, and workshops.
Furthermore, Tobin et al., (2015) describes what Extension educators, specialists, and
research faculty in the Northeast perceived to be the most effective delivery methods. These
delivery methods are comparable to what producers perceived as the most effective and can
establish the best communication methods that educators and producers need. This finding is both
encouraging for, and gives credence to, the need to support these more resource intensive
methods as producers and educators indicated that they are the most useful and effective. In other
words, both deliverers and recipients of information agree on the same delivery methods to be
useful and effective, good prerequisite for planning programs.
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Table 5-4: Rank Order and Associated Subcategories of Preferred Delivery Methods*
Rank
Delivery Methods
Subcategory
1
Print newsletters
Traditional written/media publication
2
Demonstration projects
Face-to-face
3
Workshops
Face-to-face
4
Websites
Electronic Media
5
Informal courses
Face-to-face
6
Formal courses
Face-to-face
7
Electronic newsletters
Electronic Media
8
Electronic factsheets
Electronic Media
9
Short videos
Traditional written/media publication
10
Radio programs
Traditional written/media publication
11
Webinars
Electronic Media
12
Social media
Electronic Media
*The rank order for both the usefulness and effectiveness is the same

Conclusions
Overall, this study has provided valuable data to make informed decisions about climate
change. Additionally the findings from this study suggest a need to develop, deliver, and evaluate
climate change outreach efforts.
Understanding producers’ observed environmental changes and future concerns are
important to outreach programming, as a way to engage producers in the future environmental
concerns they are aware of. As shown in this study, the difference in observed environmental
conditions in the past 10 years and to the next 10 years informs that climate change is not a
constant phenomenon. Producers, on one hand are aware of the conditions, but at the same time,
not sure how to address or prepare for the changes in these changing environmental conditions.
Extension educators, research faculty, and state, federal, and local agencies should be proactive in
their efforts and develop educational programs and other information materials for producers to
use. Such efforts will go a long way in adapting climate change practices. Additionally, these
groups need to work with each other and other key influencer groups including agricultural
organizations and advisors to make informed decisions about climate change science.

117
Specific to livestock adaptations a number of practices producers indicate that they will
not do or planning on doing it. For example, many producers have already adopted practices such
as “improve feed management,” “improve disease monitoring,” and “improve ventilation in
livestock stalls,” all of which require a lower amount of resources and management capabilities.
When considering the reverse, producers do not plan on adapting methods such as “expand
heating systems,” “provide more cooling in pastures,” and “provide more heating in pastures,”
which require more resource and management intensive practices, thus becoming costly to adapt.
A closer examination of the livestock adaptation practices that were mentioned above,
suggests that they all pertain to economics/profitability, risks etc. Perhaps producers are very
concerned about the livestock viability of their operations as it relates to economics. Furthermore,
some of these practices are costly to implement and return on investments to combat climate
change impacts takes long. This calls for collaborative efforts where agricultural economists,
farm management specialists, research faculty, and extension specialists to identify strategies to
alleviate this concern expressed by producers. Case studies and demonstration projects that
address economic aspects and risks associated with climate change should be developed.
Regarding non-climatic barriers, study results reveal that barriers were mostly focused
around economics, such as costs to implement and maintain adaptations, and the regulations
impacting farming decision. Educators and specialists currently engaged in climate change work
should consider these barriers seriously as they develop programs. One suggestion is to include
agricultural economists and sociologists to provide assistance in program development, as to
address the economic barriers identified by producers in this study. Educators, crop/livestock
advisors, and economists working together will go a long way in reaching all stakeholders and at
the same time addressing the economic constraints. Specifically, agricultural economists could
work with climate scientists to create examples or case studies exemplifying the economic
aspects of climate change adaptations on the farm.
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In-depth awareness of key influencer groups is critical for removing the negative
perceptions that producers have and for successfully implementing climate change adaptations.
Understanding a farming community could greatly help when seeking to collaborate with partner
organizations that producers consider to be high influencers in their decision-making process. For
example, producers identified family, conservation staff, online weather resources as most
influencing groups. Involvement of these influencer groups and collaboration with crop/livestock
consultants, farm organizations, or government affiliates could increase not only acceptance of
new adaptation practices but also the implementation of said practices in ways that are
economically and socially beneficial to the producers.
Producers in this study indicate that Cooperative Extension as least/somewhat influential
in helping producers make farm adaptation decisions in response to weather changes. Extension is
the established outreach organization to rural areas within the land-grant university system, and
has been identified as the most trusted source for climate information (Prokopy et al., 2015a).
This begs to question why Cooperative Extension is not viewed as influential. This calls for a
general review of climate science programing in Pennsylvania by land grant universities. First an
informal needs assessment on this topic should be conducted that will shed light on 1) who are
involved, 2) resources available for programming, 3) expertise available and more importantly, is
climate science a priority of land grants in PA. Results from this needs assessment will help craft
a research agenda for stakeholders engaged in educational programming in climate science for the
next 5-10 years.
Producers in this study viewed print newsletters and demonstration projects as the most
‘useful’ and ‘effective’ methods to communicate information relating to climate change
education. Time and again, it has been found that face-to-face delivery methods are not only
preferred but are also the most useful and effective. Educators and specialists should consider this
finding when developing education materials for all stakeholders. As the traditional form of
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Extension transition into an increased online platform in the form of eXtension, educators can use
the findings from this study to be reminded of the preferences that producers have in the forms of
traditional media and face-to-face interactions. At the same time they should also solidify the
need for the more resource intensive methods. Perhaps an experimental study should be
conducted to examine the effectiveness of different delivery methods or combination of delivery
methods for adapting practices.
Regarding climate change beliefs, uncertainty still exists. The majority of producers in
this study believe that climate change is already impacting Pennsylvania and that it is also caused
by both humans and nature. On the other hand, a little more than 25% of the producers view that
climate change will never impact Pennsylvania, and that there is not enough evidence to know the
cause of climate change. Outreach efforts should emphasize climate change beliefs in public
forums and facilitate community discussions that consider the beliefs of producers as they
develop programs and decision support tools.
Furthermore, outreach organizations that modify their programs to encompass the
expressed non-climatic barriers, may be able to better reach their target audience. Dissemination
of information through the useful delivery methods of print newsletters or demonstration sites,
could be a stronger way to convey the best adaptation practices including ways to manage the
high cost for implementation and the high costs of maintenance. As an example, drought
management, a top future concern, could be addressed through irrigation, a low scoring
adaptation method, but this practice needs to be approached from an economic angle.
Additionally, public forums involving the target audiences can be used to determine how
producers might be enticed into adopting a new practice, such as an increase in farm production,
improvement to their farmland, or even a time saving practice.
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Recommendations
Based on the findings and conclusions of this study, the following recommendations are
made for outreach efforts with Pennsylvania agricultural producers.

1) The findings of this study indicate that a primary barrier to agricultural producers’
adoption of adaption practices are economic factors. This result is specifically true in the
areas of implementation and maintenance of new adaptation practices. Other concerns
that act as barriers to adaptation are also economically driven, as seen in high concern
over low income from farm products, farm profitability, and high production costs.
Outreach efforts looking to increase adaptation practices will likely have better success if
the economic factor is addressed alongside the adoption of a new practice. Ways for
outreach efforts to encourage adaptation are seen through the producers’ interest in
increasing production on their farms, improving the land they farm, and saving time.
Producers were less inclined to implement a new practice if that practice only provided
short-term economic benefits. Outreach can use these results to help producers identify
long-term economic benefits that improve production on a healthy land and save time.
2) This study has established that certain influencer groups have a stronger relationship with
different types of agricultural adaptations in relation to climate change. Producers
partaking in crop adaptations are likely to be more receptive to adaptation suggestions if
done through community, business, government, and online weather resources. Producers
partaking in livestock adaptations are more likely to be receptive to adaptation
suggestions if done through a community or government resource. As Extension is the
land-grant universities outreach organization, Extension educators need to work with
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farm organizations and farm advisors in order to maximize the influence and resources
available.
3) Regarding delivery methods, developing demonstration projects that employ some of
these practices to show case the value of the practices and perhaps even identify risks
associated with it. As indicated earlier, producers in this study identify to face-to-face
delivery method and demonstration projects as most useful and effective methods to
receive climate change education information/programs. Furthermore, application of
Rogers Diffusion of Innovation theory further adds to the understanding of why
producers adapt and what factors influence such adaptations.
4) The findings of this study indicate that producers lean towards an acceptance of climate
change, but only just so. Educators working with a community should employ the use of
public forums and facilitate community discussions around climate change beliefs, to
understand stakeholders’ views of the climate change phenomenon both at the local and
global level.
5) A final recommendation would be to increase communication between (1) key influencer
groups; (2) the latest research being produced regarding climate change; (3) the best
agricultural adaptation practices adopted by producers; and 4) coordination between
climate scientists and social scientists.

Recommendations for Future Research
Areas of future research could include:
1) This study focused on two main types of agriculture, crops and livestock. Future
work in determining the perspectives of specialty crops specific to Pennsylvania is
needed. Understanding both the producer characteristics and agricultural goods, can
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assist in determining if there is a difference in how those producers participate in
adaptations compared to crop and livestock producers. Such understanding will go a
long way in making strategic and informed decisions on climate change
programming.
2) Research and program development work is needed to assist in ways for outreach to
address the economic and regulation constraints with climate change adaptations.
Need exists for coordinated efforts between research and Extension, especially
climate science specialists and social scientists to develop programs that address
economic and regulatory constraints to adaptations. Such coordinated efforts should
focus on developing decision support tools that includes economic/profitability
aspects for specific locations or commodities.
3) Although this descriptive correlation study has yielded extensive and valuable data to
climate change in PA, need exists to better understand various factors and their
association with adaptation and mitigation efforts. As found in this study,
relationships between key variables and adaptation were either very low or not
significant. However, the low significant relationships found in this study do provide
insight into the interplay of various factors in the adaptation process. It is
suggested/recommended that further research is needed to use multivariate analysis
and logistic regression within the variables of this study consisting of perspectives,
barriers, influencers, delivery methods, beliefs, and adaptation plans. Such analysis
will help better understand the linkage between various factors and adaptation
processes. For example, the interplay of political affiliation, farming generation,
retirement plan, and off farm income in relation to the adaptation practices will be
valuable in designing education programs that are specific or applicable at the farm,
local, and regional levels.
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4) Considerable discussion has occurred relative to the adaptation and mitigation
continuum (Haden et al., 2012). The question is, are producers more inclined toward
adaptation as opposed to mitigation. Further research is needed to examine this
continuum. Key questions that needs answers include 1) are there effects of
adaptation carried over to mitigation? 2) are adaptations most costly and time
consuming to implement and vice versa? and 3) are there decision tools specific for
adaptation and/or mitigation? Case studies on demonstration projects on specific
climate issues needs to be developed, implemented, and evaluated to really
understand the ripple effects of the adaptation- mitigation continuum. Such
understanding will strengthen educational programming efforts and help develop
coordinated efforts with research faculty and social scientists.
5) Future efforts should also focus on using all the resources available in the land grant
colleges and universities for developing solutions to climate change problems. For
example, need exists for colleges of agriculture to work collaboratively with other
colleges to create educational resources and programs.
6) Findings of this study should be shared with all stakeholders to identify program
priorities for climate science in the next five years. Taking proactive measures based
on the findings of this study will help position both Extension and research entities to
make strategic decisions relative to climate change efforts.
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Appendix B

Survey Frame Profile Report

PROFILE REPORT
CROPS*
Corn
Soybeans
Sorghum
Alfalfa
Hay
Cotton
Wheat-All
Tobacco
Oats
Barley
Rice
Sunflowers
Total Records

Clients
3,975
3,024
276
2,148
2,853
5
2,296
35
1,731
879
3
27
4,630

%
86%
65%
6%
46%
62%
0%
50%
1%
37%
19%
0%
1%

LIVESTOCK*
Clients
Hogs and Pigs
374
Sows
175
Milk Cows (owned)
2,241
Dairy Heifers (grown for others)
144
Dairy Heifers (owned)
1,446
Dairy-Total
2,331
Beef Cows (owned)
1,665
Calves Backgrounded (sold annually)
719
Fed Cattle (sold annually)
1,283
Horses
424
Total Records
4,630
*producers selected more than one agricultural good

%
8%
4%
48%
3%
31%
50%
36%
16%
28%
9%
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Appendix C

Focus Group Interview Guides

Tree Fruit Producers
Semi-Structured Pennsylvania Producers Focus Group Interview Guide
Moderator Introduction: (0:00) Hello, my name is (introduce self and present
team members). Thank you for attending the Focus Group meeting today. We are
researchers from Cornell University and we're interested in learning more about how
farmers in New York make decisions on their farm related to extreme weather and
climate variability. With this in mind, we'd like to talk to you today about some unusual
weather events, how they may have impacted your operations, and how you may have
already changed or might change your farming practices in response. Please feel free to
speak openly and freely about your experiences, but we would also ask you to be
respectful of everyone in the group. Since we have limited time, I will try to keep the
conversation on track as much as possible and make sure that we have a chance to hear
from everyone. Before we proceed, I'd like to take a minute to go over the consent form
that's in front of you that we would like to ask you to review and sign.
(REVIEW CONSENT FORM, REITERATE THAT PARTICIPATION IS
VOLUNTARY AND THAT PARTIPANTS MAY LEAVE AT ANY TIME).
Participant Introduction: Let’s start by going around and having everyone
quickly share 3 things about yourself: Your name, what type of farming you practice,
and where you farm is located.
1) (0:15, 10 minutes) Pennsylvania has experienced a number of unusual weather events
or changes over the past ten years, such as extreme precipitation, late freeze events,
heat waves, and increases in pest and disease pressure. As a farmer, have you
experienced events similar to these? If so, what were they?
a. Briefly tell us about a memorable event or impact you recall. How did this affect your
farm?
GOAL: IDENTIFY FARMER CONCERNS AROUND EXTREME WEATHER &
INCREASED CLIMATE VARIABILITY, AND HOW IT RELATES TO FARM
DECISION MAKING. SHOULD LEAD TO DISCUSSION OF POTENTIAL ADAPTIVE
MEASURES.
2) (0:25, 10 minutes) Have you made any changes to your operation (infrastructure
investments, management practices, etc.) because of any of the events and impacts we
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just talked about?
a. Sometimes farmers make such changes to their operation or practices because it’s
economically smart, or more socially or environmentally responsible. What were your
main motivations in making those changes?
b. Do you feel that you’re well prepared for similar events in the future? Why or why not?
GOAL: IDENTIFY FARMER VALUES AND CHANGES IN PRACTICES
ALREADY MADE TO ADAPT TO CLIMATE CHANGE AND HOW THIS RELATES
TO FARM DECISION MAKING.
3) (0:35, 10 minutes) What do you feel are the most significant risks to your operation
over the next five years? How do weather and climate concerns compare or fit in with
these risks?
a. In the next five years, what do you feel are the most significant risks to your operation
related to extreme weather and climate variability?
b. We talked about steps some of you have already taken to reduce your risk in a previous
question. What steps do you plan to take, or would you like to take, to reduce these
risks in the future?
c. What are the main obstacles to you making these changes on your farm or in your
practices?
GOAL: UNDERSTAND FARMER PERCEPTIONS OF RISK AND RISK
PRIORITIZATION, WILLINGNESS TO ADAPT AROUND INCREASED CLIMATE
VARIABILITY IN THE FUTURE.
4) (0:45, 10 minutes) How well prepared do you feel you are to handle any future climate
change risks? And how do you think your preparedness compares to your neighboring
farms or peers?
a. Are there any changes your peers have put in place that you would like to adopt?
b. What actions, if any, have they have taken that you feel were a mistake or unjustified?
GOAL: LEARN HOW FARMERS VIEW THEIR DECISIONS AS REFLECTED
THROUGH THE DECISIONS OF THEIR PEERS. LEARN ABOUT THE ROLE OF
PEER NETWORKS IN DISSEMINATING INFORMATION.
5) (0:55, 10 minutes) When looking at the next five to ten years, what type of information,
tools or training, do you need to help you respond to increasing climate risk on your
farm?
GOAL: UNDERSTAND FARMER INFORMATION & TECHNOLOGY NEEDS.
6) (1:05, 5 minutes) Where do you currently turn for information or training that would
help you address extreme weather and climate change concerns?
a. Peers? University researchers, seed producers, Cooperative Extension, federal agencies,
state agencies, farm advocates (i.e. Farm Bureau, others)?
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GOAL: UNDERSTAND FARMER INFORMATION SOURCES RELATED TO
CLIMATE CHANGE.
7) (1:10, 10 minutes) Most scientists believe that human activities are causing increased
changes to the Earth’s climate. What role, if any, do you believe agriculture has in (a)
driving and (b) reducing the impact of human activities on the climate?
GOAL: OPEN A DISCUSSION OF CLIMATE CHANGE AND ITS
RELATIONSHIP TO AGRICULTURE. SEE HOW PRODUCERS REACT BOTH TO
THE QUESTION AND TO EACH OTHER’S RESPONSES, AND BY EXTENSION
HOW OPEN THEY ARE TO DISCUSSIONS AND QUESTIONS BASED AROUND
CLIMATE SCIENCE.
Closure:
8) (1:20, 10 minutes) As we prepare to conclude this session, is there anything that we
missed that you would like to mention?
(1:30) Thank you very much for coming this morning. Your time is very much
appreciated and your comments have been very helpful.

Corn Growers:
Semi-Structured Pennsylvania Producers Focus Group Interview Guide
Moderator Introduction: (0:00) Hello, my name is (introduce self and present
team members). Thank you for attending the Focus Group meeting today. We are
researchers from the Pennsylvania State University and we're interested in learning
more about how farmers in Pennsylvania make decisions on their farm related to
extreme weather and climate variability. With this in mind, we'd like to talk to you
today about some unusual weather events, how they may have impacted your
operations, and how you may have already changed or might change your farming
practices in response. Please feel free to speak openly and freely about your
experiences, but we would also ask you to be respectful of everyone in the group. Since
we have limited time, I will try to keep the conversation on track as much as possible
and make sure that we have a chance to hear from everyone. Before we proceed, I'd like
to take a minute to go over the consent form that's in front of you that we would like to
ask you to review and sign.
(REVIEW CONSENT FORM, REITERATE THAT PARTICIPATION IS
VOLUNTARY AND THAT PARTIPANTS MAY LEAVE AT ANY TIME).
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Participant Introduction: Let’s start by going around and having everyone
quickly share 3 things about yourself: Your name, what type of farming you practice,
and where you farm is located.
3) (0:15, 10 minutes) Pennsylvania has experienced a number of unusual weather events
or changes over the past ten years, such as extreme precipitation, late freeze events,
heat waves, and increases in pest and disease pressure. As a farmer, have you
experienced events similar to these? If so, what were they?
a. Briefly tell us about a memorable event or impact you recall. How did this affect your
farm?
GOAL: IDENTIFY FARMER CONCERNS AROUND EXTREME WEATHER &
INCREASED CLIMATE VARIABILITY, AND HOW IT RELATES TO FARM
DECISION MAKING. SHOULD LEAD TO DISCUSSION OF POTENTIAL ADAPTIVE
MEASURES.
4) (0:25, 10 minutes) Have you made any changes to your operation (infrastructure
investments, management practices, etc.) because of any of the events and impacts we
just talked about?
a. Sometimes farmers make such changes to their operation or practices because it’s
economically smart, or more socially or environmentally responsible. What were your
main motivations in making those changes?
b. Do you feel that you’re well prepared for similar events in the future? Why or why not?
GOAL: IDENTIFY FARMER VALUES AND CHANGES IN PRACTICES
ALREADY MADE TO ADAPT TO CLIMATE CHANGE AND HOW THIS RELATES
TO FARM DECISION MAKING.
9) (0:35, 10 minutes) What do you feel are the most significant risks to your operation
over the next five years? How do weather and climate concerns compare or fit in with
these risks?
d. In the next five years, what do you feel are the most significant risks to your operation
related to extreme weather and climate variability?
e. We talked about steps some of you have already taken to reduce your risk in a previous
question. What steps do you plan to take, or would you like to take, to reduce these
risks in the future?
f. What are the main obstacles to you making these changes on your farm or in your
practices?
GOAL: UNDERSTAND FARMER PERCEPTIONS OF RISK AND RISK
PRIORITIZATION, WILLINGNESS TO ADAPT AROUND INCREASED CLIMATE
VARIABILITY IN THE FUTURE.
10) (0:45, 10 minutes) How well prepared do you feel you are to handle any future climate
change risks? And how do you think your preparedness compares to your neighboring
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farms or peers?
c. Are there any changes your peers have put in place that you would like to adopt?
d. What actions, if any, have they have taken that you feel were a mistake or unjustified?
GOAL: LEARN HOW FARMERS VIEW THEIR DECISIONS AS REFLECTED
THROUGH THE DECISIONS OF THEIR PEERS. LEARN ABOUT THE ROLE OF
PEER NETWORKS IN DISSEMINATING INFORMATION.
11) (0:55, 10 minutes) When looking at the next five to ten years, what type of information,
tools or training, do you need to help you respond to increasing climate risk on your
farm?
GOAL: UNDERSTAND FARMER INFORMATION & TECHNOLOGY NEEDS.
12) (1:05, 5 minutes) Where do you currently turn for information or training that would
help you address extreme weather and climate change concerns?
a. Peers? University researchers, seed producers, Cooperative Extension, federal agencies,
state agencies, farm advocates (i.e. Farm Bureau, others)?
GOAL: UNDERSTAND FARMER INFORMATION SOURCES RELATED TO
CLIMATE CHANGE.
13) (1:10, 10 minutes) Most scientists believe that human activities are causing increased
changes to the Earth’s climate. What role, if any, do you believe agriculture has in (a)
driving and (b) reducing the impact of human activities on the climate?
GOAL: OPEN A DISCUSSION OF CLIMATE CHANGE AND ITS
RELATIONSHIP TO AGRICULTURE. SEE HOW PRODUCERS REACT BOTH TO
THE QUESTION AND TO EACH OTHER’S RESPONSES, AND BY EXTENSION
HOW OPEN THEY ARE TO DISCUSSIONS AND QUESTIONS BASED AROUND
CLIMATE SCIENCE.
Closure:
14) (1:20, 10 minutes) As we prepare to conclude this session, is there anything that we
missed that you would like to mention?
(1:30) Thank you very much for coming this afternoon. Your time is very much
appreciated and your comments have been very helpful.
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Appendix D

Survey Instrument

Weather Changes and Agriculture in Pennsylvania
Section I: Farming Practices/Operations
Listed below are questions that focus on your farm operations. Please use the directions indicated
to answer each of the following questions.
1) Which category best describes your primary farming practice currently? Check one.
☐ Farmer of plants only
☐ Farmer of plants and animals
☐ Farmer of animals only
☐ I do not operate a farm
2) How many years have you been farming? _____________ years
3) Select up to the top five agricultural goods, products, or services that generate income
from your farm by checking the appropriate boxes below. (Check no more than five.)
☐ Aquaculture
☐ Beef Cattle
☐ Berries and Vine Fruits
☐ Dairy

☐ Forage/Pastures
(alfalfa, other hays, silage corn, etc.)

☐ Poultry for Meat

☐ Grains
(corn, wheat, oats, barley, etc.)

☐ Timber

☐ Eggs
☐ Horses
☐ Flowers
☐ Mushrooms
☐ Other _________________________________________

☐ Swine
☐ Tree Fruits
☐ Tobacco
☐ Vegetables

4) What is the size of your farm operation in terms of:
Crop production land: ___________ acres
Land used for all types of livestock: ___________ acres
Forested land: ___________ acres
Total land: ___________ acres
5) Fill in the total number of animals that you have for each type of livestock listed. If you
do not operate with livestock, please check N/A.
Beef Cattle: ___________
Poultry for eggs: ___________
Other: _____________
Dairy Cattle: ___________
Poultry for meat: ___________
___________________
Goats: ___________
Sheep: _______________
☐ N/A
Horses: ___________

Swine: _______________

6) What farming practice best describes your farm? Check all that apply.
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☐
☐
☐
☐

Certified organic
Conventional
Sustainable (no-till, non-certified organic, IPM practices, etc.)
Other, please describe _________________________________________

7) Which of the following best describes the current status of the land you farm? Check
one.
☐ I own portions of my land, rent portions of my land from someone else, and
am the primary operator
☐ I am the farm owner and the primary operator of the farm
☐ I am the farm owner and I rent out the farm to another primary operator
☐ I rent the farm from someone else and I am the primary operator
☐ I rent the farm from someone else and I am not the primary operator
☐ I rent the farm from someone else and participate in a sharecrop
☐ Other, please describe: _________________________________________
Section II: Observed Weather Changes
This section of the survey asks about weather changes that you have observed.
8) Have you observed the following changing conditions on your farm in the past 10 years
when compared to 20 years ago? Check Yes, No, or Unsure for each condition.
Yes

No

Unsure

☐

☐

☐

Colder summer temperatures

☐

☐

☐

Colder winter temperatures

☐

☐

☐

Warmer summer temperatures

☐

☐

☐

Warmer winter temperatures

☐

☐

☐

Drought

☐

☐

☐

Excessive winds

☐

☐

☐

Increased diseases

☐

☐

☐

Increased flooding

☐

☐

☐

Increased parasites

☐

☐

☐

Increased pests

☐

☐

☐

Early frosts

☐

☐

☐

Late frosts

☐

☐

☐

Longer growing season

☐

☐

☐

Conditions
Abnormal precipitation events

Other: _______________________________________

9) When thinking about the next 10 years, please share with us if you are concerned about the
following conditions on your farming operation. Check Yes, No, or Unsure for each
condition.
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Conditions
Abnormal precipitation events
Colder summer temperatures
Colder winter temperatures
Warmer summer temperatures
Warmer winter temperatures
Drought
Excessive winds
Increased diseases
Increased flooding
Increased parasites
Increased pests
Early frosts
Late frosts
Longer growing season
Other: _______________________________________

Yes
☐
☐
☐

No
☐
☐
☐

Unsure
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Section III: Adaptations and Influences
This section of the survey asks about current and future adaptations on your farm, your concerns
about adapting your farming practices, as well as groups that influence your farm management
decisions.
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10) Listed below are various adaptation practices related to crop management. Please check
the box that best describes your current plans to undertake these activities. Check one
response for each activity. If you do not farm crops, check N/A.

Crop Adaptation Practices
Expand drainage
Expand irrigation
Experiment with new varieties
Implement new IPM practices
Increase plantings of cover crops
Increase production of inside protected
areas (hoop houses, high tunnels, etc.)
Shift harvest dates
Shift planting dates
Shift production away from flood-prone
areas
Shift production away from frost-prone
areas
Use energy efficient methods
Other: __________________________

Not doing and
don’t plan to
do it
☐
☐
☐
☐
☐

Not doing
but plan to
do it
☐
☐
☐
☐
☐

Already
doing
this
☐
☐
☐
☐
☐

☐

☐

☐

☐

☐
☐

☐
☐

☐
☐

☐
☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

N/A
☐
☐
☐
☐
☐

Listed below are various adaptation practices related to livestock management.
Please check the box that best describes your current plan to undertake these activities.
Check one response for each activity. If you do not farm livestock check N/A.
11)

Livestock Adaptation Practices

Not doing and
don’t plan to do it
☐
☐

Expand cooling systems indoors
Expand heating systems indoors
Follow best practices in flood-prone
areas
Follow best practices in frost-prone areas
Improve disease monitoring
Improve disease quarantine abilities
Improve feeding management

Improve ventilation in livestock stalls
Increase use of rotational grazing
Provide more heating opportunities in
pastures
Provide more cooling opportunities in
pastures
Other:____________________________

Not doing but
plan to do it
☐
☐

Already
doing this
☐
☐

N/A
☐
☐

☐

☐

☐

☐

☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐

☐

☐

☐

☐

☐

☐

☐

☐
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12) Some farmers face barriers when adapting their farms to changing weather conditions.
Please indicate your level of agreement with the following statements. Check one response
for each.
I would not adapt my farm to changing
weather conditions if:
The adaptation took up too much time to
implement
The adaptation took up too much time to
maintain
The adaptation didn’t have enough
information on how to adapt to my farm

Strongly
Agree
☐

The adaptation required too much labor
The adaptation was too costly to implement
The adaptation was too costly to maintain
The adaptation was affected by regulations
Few of my peers accepted the adaptation
Other: ______________________________

Agree

Neutral

Disagree

☐

☐

☐

Strongly
Disagree
☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐

☐

☐

☐

☐

13) Listed below are reasons that farmers might adopt a new farming practice. Please
indicate your level of agreement with the following reasons to implement a new practice
on your farm. Check one response for each practice.
I would implement a new practice if it:
Had only long-term economic benefits
Had only short-term economic benefits
Made me eligible for subsidies
Saved me time
Was an easy change to make
Improved the land I farm
Increased production on my farm
Protected me from weather variability
Protected me from extreme weather events
Was observed on neighboring farms
Was suggested by my community members
Was informed by an external reliable source
(Extension, consultant, government, etc.)
Was proposed by my family
Other: ______________________________

Strongly
Agree
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Agree

Neutral

Disagree

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Strongly
Disagree
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐

☐

☐

☐
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14) Please indicate which of the following best describes your level of concern about the
upcoming season. Please note that the concerns listed for this question are not only
about weather. Check one response for each concern.
Farming Concerns

Extremely
Concerned
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Somewhat
Concerned
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐
☐
☐

Climate change
Changing market demands
Environmental regulations
Farm transition planning
Farm profitability
Food safety regulations
High production costs
Increased fuel costs
Labor shortage
Low income from farm products
Market variability
Public perception of farming
practices (GMO, pesticide use, etc.)
Uncertain planting times
Weather variability
Other: __________________________

☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Not Very
Concerned
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Not at all
Concerned
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

☐

☐

☐

☐

☐
☐

☐
☐

☐
☐

☐
☐

Unsure
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15) In the past 10 years, please indicate how influential the following groups have been to
you when you have made farm adaptation decisions in response to weather changes.
Please indicate the level of influence of each group by checking the appropriate box.
Community
Family
Landlord(s)
Other farmers
Neighbors
Non-farming friends

Business
Bankers, insurance agents, lawyers
Crop/livestock consultant/advisors
Farm chemical dealers
Farm organizations (Farm Bureau, Corn
Growers)
Seed dealers

Government/Other
Conservation District Staff
FSA (Farm Service Agency)
NRCS (Natural Resource Conservation
Service)
Pennsylvania Department of Agriculture
State Climatologists
University Extension

Online Weather Resources

High
Influence
☐
☐
☐
☐
☐

Medium
Influence
☐
☐
☐
☐
☐

Low
Influence
☐
☐
☐
☐
☐

No
Influence
☐
☐
☐
☐
☐

High
Influence
☐
☐
☐
☐

Medium
Influence
☐
☐
☐
☐

Low
Influence
☐
☐
☐
☐

No
Influence
☐
☐
☐
☐

☐

☐

☐

☐

High
Influence
☐
☐
☐

Medium
Influence
☐
☐
☐

Low
Influence
☐
☐
☐

No
Influence
☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

High
Influence
☐
☐
☐
☐
☐
☐

Medium
Influence
☐
☐
☐
☐
☐
☐

Low
Influence
☐
☐
☐
☐
☐
☐

No
Influence
☐
☐
☐
☐
☐
☐

1-7 day forecasts
8-14 day forecasts
Annual outlooks
Historical weather trends
Monthly or seasonal outlooks
Weather data for the past 12 months
Any Other Influential Resources:
____________________________________________________________________________
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Section IV: Delivery Methods
This section of the survey asks about delivery methods for when you receive educational information.
16) When thinking about weather changes that impact your farm, how useful and effective
do you find the following delivery methods to receive educational information? Please
check a box for the usefulness of the delivery method (left column) and indicate the
effectiveness of the same delivery method with a response on the right column. Use the
following scale to indicate your response.
Usefulness:
1= No at all Useful 2= Not Very Useful
3= Unsure 4= Useful 5= Very Useful

1
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Usefulness
2
3
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Effectiveness:
1= Not at all Effective 2= Not Very
Effective 3= Unsure 4= Effective 5= Very
Effective

Delivery Method
4
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

5
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Demonstration projects
Electronic factsheets
Electronic newsletters
Formal courses
Informal courses
Print newsletters
Radio programs
Short videos (YouTube, etc.)
Social media
Webinars
Websites
Workshops

1
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Effectiveness
2
3
4
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

5
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Section V: Climate Change Beliefs
Up to this point in the survey, the questions have asked you about weather changes. We are also
interested in understanding your beliefs about climate change and whether they impact your farming
decisions. Please answer the following questions considering climate change specifically.
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17) When thinking of climate change overall, please indicate your level of agreement with
the following statements. Check one box for each statement.
Climate Change:
Has influenced my previous farming
decisions
Is influencing my short-term (within
the next five years) farming decisions
Is influencing my medium-term (five
to ten years) farming decisions
Is influencing my long-term (eleven
years and more) farming decisions

Agree

Neutral

Disagree

Strongly
Disagree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

Strongly
Agree
☐

18) When do you think climate change will start to impact farms in Pennsylvania? Check
one.
☐ Climate change is already having an impact
☐ In 10 years
☐ In 25 years
☐ In 50 years
☐ 100 + years
☐ Never
19) There is increasing discussion about climate change and its potential impacts. Please
check the response that best reflects your belief about climate change.
☐ Climate change is occurring, and it is caused mostly by natural changes in the
environment.
☐ Climate change is occurring, and it is caused mostly by human activities.
☐ Climate change is occurring, and it is caused more or less equally by natural
changes in the environment and human activities.
☐ Climate change is not occurring.
☐ There is not sufficient evidence to know with certainty whether climate
change is occurring or not.

Section VI: Demographics
This section of the survey asks about you as a farmer. Please select the answer that best fits your
response.
20) Including you, how many generations of your family have farmed?
☐1
☐2
☐3
☐ 4 or more
21) Do you plan to retire from farming in the next five years?
☐ Yes
☐ No
☐ Maybe
☐ Don’t know
22) Do you have a successor in place when you choose to retire from farming?
☐ Yes
☐ No
☐ Maybe
☐ Don’t know or prefer not to answer
23) What is your age? ____________ years old
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24) What is your gender?
☐ Female
☐ Male

☐ Other

25) What is your level of formal education? Check one.
☐ Some High School
☐ High School graduate ☐ Some college
☐ 4-year degree
☐ Professional degree
☐ Master’s degree
☐ Other __________________________
26) What is your annual net income from your farm?
☐ $0-$24,999
☐ $50,000-$74,999 ☐ $100,000-$149,999
☐ $25,000- $49,999
☐ $75,000-$99,999 ☐ $150,000-$199,999

☐ 2-year degree
☐ Doctorate degree

☐ $200,000+

27) Do you or someone in your household have off-farm income?
☐ Yes
☐ No
28) If you are registered with a political party, what is your party affiliation?
☐ Democrat ☐ Republican ☐ Not with a political party
☐ Other _________________
29) What county is your farm in?
☐ _____________

☐ _____________ (If more than one county)

30) Any additional comments or concerns you may have:
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________

Thank you for taking the time and effort to complete this survey.
Please return your complete survey in the pre-paid self-addressed envelope.
Code:
#_________
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Appendix E

Postcard Notification

March 27, 2017
Dear Pennsylvania Producer:
Two weeks ago, we sent a survey about Pennsylvania agricultural producers.
In completing this survey you’re assisting the Penn State University and the USDA
Northeast Climate Hub, as well as my graduate student to complete her thesis. So far we
have not received your completed survey.
If you have already completed and returned the survey, please accept our sincere thanks.
If not, please do so today. Your input is very important to the future direction of
Pennsylvania producers.
We truly appreciate your assistance in this important study. We look forward to
receiving your completed surveys.
Thanks again and best wishes.
Sincerely,
Rama Radhakrishna
Associate Professor
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Appendix F

Survey Opening Letter and Cover Letter

Dear
Date:
My name is Kaila Thorn, and I am a graduate student in Agricultural and
Extension Education at the Pennsylvania State University.
I am conducting a study on Pennsylvania farmers’ perceptions toward weather
changes experienced in Pennsylvania as a part of my masters’ thesis. In order for this
research to be a success and be useful to Pennsylvania farmers, I will need your help!
Your responses are essential for us to identify priorities among farmers in response to
weather changes.
The purpose of the survey is to determine:
a) Pennsylvania farmers’ perceptions of observed weather changes impacting their
farms and farming practices, and
b) How information sources and various risks affect farmers’ decision-making related
to weather changes.

I invite you to participate in this study by completing the included survey as part of
our pilot study. Please return the survey by Wednesday, April 19, 2017, in the enclosed
pre-addressed envelope.
Your answers will be anonymous and will be kept confidential. Further information
on confidentiality and your procedures for the study are attached.
Thank you for taking the time and consideration in participating in this research.
Sincerely,
Kaila Thorn,
Masters Candidate _______________________________________
Dr. Rama Radhakrishna
Academic Advisor
Professor and Assistant Dean _______________________________________
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Weather Change and Agriculture in Pennsylvania
Purpose of the study: Is to determine a) Pennsylvania farmers’ perceptions of observed
weather changes impacting their farms and farming practices, and b) how information
sources and various risks affect farmers’ decision-making related to weather changes.
This study is being spearheaded by Penn State University in collaboration with the
USDA Northeast Climate Hub. Your responses are essential for us to identify priorities
among farmers so that relevant programs, decision-making tools, and other resources
related to how to respond to weather changes can be developed and disseminated to
farmers in Pennsylvania.
Procedure to be followed: You will be asked to complete a print survey about your
current farming practices, your beliefs, and the barriers and risks that you face when
making on-farm decisions related to weather changes.
Benefits: Your participation in this survey will help to identify specific techniques and
tools that would be beneficial to Pennsylvania farmers to better manage the impacts felt
from changing weather patterns. The results of the survey will be used to focus Extension
programs, educational activities, and research goals for PA farmers.
Duration/Time: The survey will take approximately 20-30 minutes to complete.
Statement of Confidentiality: Your participation in this survey is confidential. Personal
identifying information will be removed from data being analyzed and replaced with
codes. The electronic data will be password protected. All available techniques will be
employed to ensure your confidentiality. Results from this research will not identify any
personal information.
Right to Ask Questions: Please contact Dr. Rama Radhakrishna at (814) 863-7420 with
questions, complaints, or concerns about this research.
Voluntary Participation: Your decision to participate in this research is purely
voluntary and you can stop at any time. You do not have to answer any questions you do
not want to answer. All data collected will be handled confidentially in accordance with
the Penn State Institutional Review Board. If you have concerns about your rights as a
research participant, you may contact the IRB administrator at 814-865-1775. You must
be 18 years of age or older to take part in this research study. Completion and return of
the survey implies that you have read the information in this form and consent to take
part in the research.
Principal Investigator:
Rama Radhakrishna, PhD
Department of Agricultural Economics, Sociology and Education
Penn State University
Email: brr100@psu.edu
Phone: 814-863-7420
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Other Investigators: Kaila Thorn, Graduate Student Researcher, Penn State University,
Dr. Dan Tobin, Research Associate, Penn State University.
We appreciate you completing the survey and returning it in the enclosed, pre-paid,
return-addressed envelope. Please return your completed survey by (insert date here)
Definition of Key Terms
As you respond to the survey questions, please use the following definitions:

Abnormal precipitation events are instances where the amount of rain or snow
experienced in a location substantially exceeds what is the apparent normal pattern.
Adaptation is an adjustment in your farming practices in response to weather changes
and/or climate change.
Climate Change is a significant change in climate (weather conditions including
temperature, precipitation, etc.) that occurs over several decades or longer.
Crops are agricultural plants farmed for profit or consumption including field crops,
fruits, vegetables, berries and vine fruit. This also includes specialty products such as
mushrooms and ornamental plants.
Integrated Pest Management (IPM) is an approach to pest control that focuses on pest
prevention by eliminating the root causes of pest problems. Methods may include:
physical, cultural, genetic, biological, chemical, and regulatory.
Some examples include: physical (using barriers, traps), genetic (using pest-resistant
plant varieties), and cultural (planting plants that are adopted to your growing
conditions).
Livestock are farm animals kept for use and profit including poultry and poultry
products, dairy products, cattle and calves, sheep, lambs, and wool, swine, and other
animals and animal products.
Weather Changes are changes in the day-to-day weather (wind, temperature, cloudiness,
moisture, pressure etc.) that are out of the normal weather reports for the given season.

