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Figure 1. Liquid manure injected into a field of no-till corn can reduce nitrogen emissions, 
the most potent form of greenhouse gases (source: Wisconsin Farm Bureau).
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Introduction
Carbon dioxide, methane, and nitrous oxide are greenhouse gases (GHG) and known causes 
of climate change worldwide. Dairy farming contributes significantly to GHG emissions in 
three ways: through cows’ digestive process called enteric fermentation, where methane is 
emitted to the atmosphere through cows’ belching and exhaling; through soil disturbance 
during crop production; and through manure production, storage, and management. 

Extensive research has looked at the causes and impacts of climate change in the agricultural 
sector, but relatively little data have been collected on how farmers perceive changing 
environmental conditions and how they might adapt to them (Davidson 2016). The information 
presented here is the result of a web-based survey sent to dairy producers in 2017. The survey 
is one component of a large research grant, the Dairy Coordinated Agricultural Project (Dairy 
CAP), that focuses on climate change mitigation and adaptation in dairy production systems 
of the Great Lakes region. 

Researchers were interested in learning more about how dairy farmers in Wisconsin, the 
second-highest milk producing state in the country (USDA 2017), are affected by climate 
change. Researchers were also interested in how those farmers view climate-related risks to 
their operations and how they make decisions about the future of their farms.

Background information
A team of social scientists at the University of Wisconsin-Madison developed an 11-question 
survey using Qualtrics, an online survey tool. A link to the questionnaire was emailed by the 
Professional Dairy Producers (PDPW), a national dairy professional development organization, 
to its 1,550 members in August 2017. Follow-up reminders were sent a month later and 
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Figure 2. The number of cows milked on each farm. In Wisconsin, a CAFO is defined as 1,000 animal units, where one 
mature cow weighs approximately 1,300 pounds. Operations with more than approximately 750 cows fall into the 
CAFO category.

again two weeks after that. All responses  
were submitted anonymously to a Qualtrics 
database. The survey received approximately 
100 responses, a response rate of 6%, although 
not all respondents answered every question. 

The survey was designed to answer the 
following research questions: 

 • How do dairy farmers view climate change?

 • What climate-related issues have these 
farmers experienced? 

 • How do dairy farmers view risks to their 
farms?

 • What adaptive and/or mitigation practices 
are dairy farmers open-to/familiar with?

 • What sources of information influence 
their decision-making?

 • What are their views on what makes a 
good farmer?

The characteristics of those who answered the 
survey and the types of farms they represent are 
presented in Table 1. Figure 2 shows the number 
of milking cows in respondents’ operations.

A majority of respondents (69%) reported milking fewer than 
750 cows. Those with 1,000 animal units, which is about 750 
cows, are considered Confined Animal Feeding Operations 
(CAFOs) and require additional regulatory oversight. Additionally, 
67% of respondents reported milking their cows three times 
per day, and the remainder milk twice per day. 

About 83% of respondents said they grow at least half of 
their feed on their own farm. Only 4.5% of the farmers 
reported sourcing 100% of their feed off-farm. About 91% of 
the respondents said they make between 76-100% of their 
farm’s revenue from dairy or dairy-related activities.
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Characteristics  
of participants

Farmer from Wisconsin  90%

Farmer from another state  10%

Male  86%

Female  14%

Median age (years) 49 

Two or four-year college degree  64%

Range of length of time farming (years) 4-56 

Median length of time farming (years) 28

Percentage of grandparents who farmed  97%

Percentage of parents who farmed  94%

Percentage who are planning to turn the 
farm over to a family member  80%

Type of farm* Range of number of cows milked 25-8,000

Median number of cows milked 400

Family farm  84%

CAFO farm  25%

*Participants could select all characteristics that applied.

Table 1. Characteristics of survey participants and their operations
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Farm losses and concerns
To gauge whether surveyed farmers had experienced losses 
to their operations within the last 5 years, researchers asked 
respondents to select from a list of weather and non-weather 
causes of potential losses. About 72% cited excessive spring 
soil moisture as a significant cause of loss. Other reported 
causes include heat stress to either plants or animals (56%) and 
drought (50%). Only 32% cited flooding and 32% cited reduced 
milk yields due to animal comfort issues as causes of loss.

Researchers then presented respondents with a list of problems 
that may have impacted their agricultural operations over 
the last few years and asked, “How concerned are you about 
these problems on your farm operation?” About 40% said they 
are very or extremely concerned about increased heat stress 
on livestock. Slightly fewer (29-37%) said they are concerned 
about increased rainfall and its consequences, including: 
increased soil erosion; more frequent extreme rains; longer periods 
of saturated soils and ponded water; and increased loss of nutrients 
into waterways. Fewer showed a high level of concern about 
longer dry periods and drought (29%), increased livestock 

disease (21%), increased heat stress on crops (19%) or incidence 
of crop pests and disease (16%). Only 8% reported concern 
about increased flooding. Figure 3 shows the levels of concerns 
about climate-related problems.

Risks and the ability to adapt
Researchers wanted to gain a better understanding of producers’ 
views of potential risks that could harm their operations in the 
next 5 years and their confidence in their ability to adapt to 
those risks, including a variety of climate and non-climate 
related risks. As summarized in Table 2, more than 85% of the 
respondents were very concerned about milk prices, followed 
by 80% who cited regulatory changes as a great risk and 76% 
who identified challenges with finding laborers. Other risks 
identified as concerns by more than half of the respondents 
included input prices for feed and fertilizers, access to land 
due to issues of renting or taxes and declining demand for 
their product.

Significantly fewer respondents (13-20%) reported concern 
that climate-related issues such as increased drought or 
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Figure 3. Farmers' concerns relative to climate-related impacts on their operations.

Types of risks you may confront in the 
in the next 5 years

Level of concern Ability to adapt

Not at all 
or only 
somewhat 
concerned

Neither 
highly 
concerned 
nor uncon-
cerned

Very  
concerned

Not at all 
able to 
adapt

Neither 
confident 
nor uncon-
fident

Very confi-
dent ability 
to adapt

Milk prices  9%  6%  85%  27%  33%  40%

Regulatory changes  5%  15%  80%  37%  29%  34%

Challenges finding labor  12%  12%  76%  44%  26%  30%

Input prices (feed, fertilizers, etc.)  10%  22%  68%  15%  34%  51%

Table 2. Farmers' concerns about potential risks harming their operations in the next 5 years and their perceived ability to adapt

(Table continued)
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flooding would harm their operation in the next 5 years. About 
half of the respondents indicated that issues related to soil 
quality, including soil erosion and soil nutrient deficiencies, 
were not at all or only somewhat concerning.

Researchers then asked respondents about their ability to 
adapt to perceived risks. Nearly half (44%) reported not feeling 
confident that they would be able to adapt to the challenge 
of finding laborers, and more than one-third (37%) felt it would 
be difficult to adapt to regulatory changes. About 40% felt very 
confident that they could adapt to increased drought and 
extreme rains, as well as to volatility in milk prices and reduced 
access to land. Between 50-60% reported confidence in handling 
increased flooding on more land, a lack of a succession plan, 
soil nutrient deficiencies, input prices, and soil erosion.  

Beneficial management practices to reduce 
greenhouse gas emissions

The researchers were interested in whether farmers were currently 
using any best management practices (BMPs) recommended 
by other scientists, the industry or conservation organizations 
to improve milk yield, water quality or other environ mental 
outcomes. Some of these practices have the added advantage 
of reducing GHG emissions. The survey presented a list of BMPs 
and asked producers to identify which practices they are 
currently using, which they are considering, and which they 
are neither considering nor currently using (Figure 4).

Almost all respondents (98%) reported already using improved 
cow genetics to improve milk yield. Between half and 

Types of risks you may confront 
in the next 5 years

Level of concern Ability to adapt

Not at all 
or only 
somewhat 
concerned

Neither 
highly 
concerned 
nor uncon-
cerned

Very  
concerned

Not at all 
able to 
adapt

Neither 
confident 
nor uncon-
fident

Very confi-
dent ability 
to adapt

Access to land (rent, taxes, etc.)  16%  24%  59%  17%  44%  39%

Product substitutes/declining demand  20%  27%  54%  26%  37%  38%

Market pressures from sustainability 
initiatives  28%  32%  40%  26%  34%  38%

Lack of a succession plan  59%  13%  28%  20%  28%  52%

Loss of water rights  56%  16%  28% N/A N/A N/A

Livestock diseases  51%  26%  23% N/A N/A N/A

Soil erosion  56%  21%  23%  12%  30%  57%

Soil nutrient deficiencies  57%  23%  20%  17%  24%  59%

Increased drought  54%  27%  20%  26%  34%  40%

Increased flooding  65%  22%  13%  24%  21%  55%

Extreme rains N/A N/A N/A  29%  30%  40%

Table 2 contd.

Not using nor considering Considering Already use it

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Reduced tillage

Improved genetics

Cover cropping

No-till

Sealed manure storage

On-farm energy production

Anaerobic digestion

Figure 4. Farmers’ use of specific beneficial management practices.
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three-quarters reported using no-till cropping, cover cropping 
or reduced tillage. All three practices provide soil health and 
water quality benefits. Specific manure manage ment practices 
that also reduce GHG emissions are used less frequently, 
according to survey responses. 

A few respondents said they use other manure manage ment 
practices not included in the survey (e.g., manure irrigation; 
manure separation and bio-filtration of lagoon water; and 
injecting manure to all fields). A few respondents also reported 
using practices that were not listed such as water conser vation 
practices; use of water catchments and diversions; switching 
from spring alfalfa seeding to fall seeding; genomic testing; 
or getting into dairy beef production and rotational grazing. 

Farmers’ use and perceptions of specific BMPs 
examined by Dairy CAP researchers
Dairy CAP researchers used field measurements and computer 
models to identify where in the cycle of milk production 
GHGs are produced and how BMPs can be used to reduce 
GHGs and ammonia (Veltman et al. 2018). While ammonia is 
not a GHG, it is generated from manure and can transform 
into nitrous oxide, an especially potent GHG. The models used 
data specific to 150- and 1,500-cow operations considered 
typical in Wisconsin and New York, respectively. 

Model results showed that the greatest reductions in the 
carbon footprint per unit of milk are from manure manage-
ment investments, followed by dietary manipulations. Field 
management practices have a modest effect, according to the 
models, although improving field management signficantly 
reduces phosphorus and nitrogen runoff. 

This survey incorporated the modelers’ selective BMPs into 
several questions to find out if the surveyed farmers were 
familiar with these practices, if they were using them or 

considering using them, and what might limit their ability to 
use that practice. The simplified list of practices incorporated 
into the survey includes:

 • Field interventions: no-till farming with manure 
injection; 

 • Manure management interventions: sealed manure 
storage with biogas;

 • Dietary manipulations: feeding low-forage rations  
(i.e., 50% dry mass) to lactating cows.

Survey results are shown in Table 3 along with additional 
information about the BMPs and their relationships to GHGs. 
Some of these practices are very new to farmers.  

Figure 5. About 98% of respondents used genetics to improve 
milk yield. The heifers on this CAFO are no exception. They are 
eating feed grown on the farm (source: Carolyn Betz).

BMP

What is reduced 150-cow 
operation

1,500-cow 
operation 

Farmers 
using 
this 

practice

Farmers 
familiar with 
practice but 
not using it

Farmers 
willing to 

try this 
practice

Biggest impediment to using 
this practice

No-till  
farming with  
manure  
injection

Ammonia volatilization  -65%  -44%  19%  36%  50% • Lack of equipment (53%)
• Cost (32%)
• Features of property (30%)

Carbon footprint  0%  0%

Sealed manure  
storage with 
biogas flaring

Methane from storage  -99%  -99%  5%  15%  17% • Cost (80%)
• Lack of equipment (60%)
• Features of property (50%)
• Don’t know how (27%)

Carbon footprint  -12%  -19%

Feeding 
low-forage 
(50% dry 
mass) rations 
to lactating 
cows

Absolute enteric  
methane

 -19%  -19%  5%  80%  12% • Insufficient proof of benefit (43%)

• Risk to milk quality (25%)

• Cost (24%)
Carbon footprint  -12%  -9%

Table 3. Modeled reductions achieved through BMPs applied to 150- and 1,500-cow operations and use of or willingness to  
use each practice (source: Veltman et al. 2018)
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Only 19% of the respondents were presently using no-till with 
manure injection. About 36% were familiar with the practice 
but were not using it. About half were willing to try no-till 
with manure injection or continue using it. The remainder 
were only somewhat familiar with the practice or had never 
heard of it. Farmers reported that the factors contributing 
most significantly to their decision not to try this practice 
include a lack of equipment (53%), the practice’s associated 
costs (32%), and the perceived difficulty of executing the 
practice within their property or farm system (30%).

Fewer than 5% of the 
respondents reported using 
sealed manure storage with  
a biogas flare. About 80% of 
respondents said they are 
either only somewhat 
familiar with the 
practice or have never 
heard of it, and about 
17% reported a 
willingness to try it. 
Almost 80% of the 
respondents said that 
cost is the limiting 
factor to using this 
practice, and 60% 
indicated the lack of 
equipment. About 50% 
said that the features 
of their property or 
their farming systems 
make it extremely or 

somewhat difficult to use. More than one-quarter did 
not know how to use this practice.

When asked about feeding low-forage (50% dry mass) 
rations to lactating cows, fewer than 5% of the 
respondents said they are currently using this practice. 
The vast majority (over 80%) were only somewhat 
familiar with or had never heard of this practice. 
Twelve percent expressed willingness to try it. Fewer 
than half (43%) thought there is insufficient proof of 
benefit to feed low-forage rations to lactating cows. 
About one-quarter considered it risky for product 
quality or considered cost a limitation.

What do farmers think makes a  
good farmer?
To understand what motivates their actions and how 
to communicate with dairy farmers about climate and 
risk reduction issues, respondents were asked what 
they think makes a good farmer (McGuire, Morton, and 
Cast 2013). The survey presented a list of characteristics 
and asked the producers how important each 
characteristic is to their perception of what makes a 
good farmer (Table 4). More than 90% of respondents 
identified these characteristics as traits of a good 
farmer: maximizes milk quality; manages manure to 

minimize nutrient loss and nutrient runoff into waterways; 
considers the health of streams that run through or alongside 
their land to be their responsibility; and minimizes soil 
erosion. 

More than 80% of respondents said that a good farmer 
maintains or increases soil organic matter and is willing to try 
new practices. More than 70% said that a good farmer gets 
the highest profit per acre and is active in the community. 

More than half of respondents felt that a good farmer minimizes 
antibiotic use; is a community leader; uses cover crops between 
harvest and planting; is active in farm organizations; and keeps 
his or her livestock contained. Less important for the responding 
farmers are things like having up-to-date equipment, or sharing 
equipment with friends or neighbors.

Table 4. Characteristics of a good farmer

Characteristic Very important

Maximizes milk quality  96%

Manages manure to minimize nutrient loss  96%

Minimizes nutrient runoff into waterways  95%

Has healthy looking livestock  95%

Considers the health of streams that run through 
or along their land to be their responsibility  94%

Minimizes soil erosion  91%

Maintains or increases soil organic matter  89%

Is willing to try new practices and approaches  84%

Reduces income volatility  83%

Has the highest profit per acre  74%

Is active in their community  73%

Minimizes antibiotic use  68%

Is a leader in their community  61%

Uses cover crops between harvest and planting  60%

Is active in farm organizations  59%

Keeps livestock contained  50%

Has highest productivity per cow  48%

Has the highest yields per acre  44%

Uses the latest seed and chemical technology  44%

Maintains habitat for wildlife  38%

Shares equipment with friends and neighbors  34%

Avoids fall tillage  23%

Maximizes government payments  10%

Has the most up to date equipment  9%

Allows livestock to free range in pastures  5%

Figure 6. A methane flare 
can reduce emissions coming 
from a covered lagoon to 
reduce GHG emissions 
(source: Dan Hofstetter).
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Making decisions about agricultural practices 
and strategies
The researchers were also interested in farmers’ trusted sources 
when making decisions related to their operations. More than 
60% said their first go-to source is their crop advisor, livestock 
consultant or other advisor. Approximately half as many (34%) 
said other farmers and family are their most-trusted advisors. 
About 20% of producers said they turn to their Natural Resources 
Conservation Service, Soil and Water Conservation District staff, 
custom operator or seed dealers for advice. Between 11-16% 
of respondents use a farm organization, farm magazine, 
University Extension or farm chemical dealer as information 
sources. Very few reported using other sources like their banker, 
FSA office, state department of agriculture or conservation 
non-governmental organization (NGO) staff for advice.

Climate change beliefs
Given the Dairy CAP focus on dairy GHG reduction and 
implications associated with climate change, the survey 
presented a list of statements about climate change and asked 
respondents how much they agreed with each statement 
(Figure 7). The largest segment (45%) said they believe that 
climate change is occurring, and that it is caused more or less 
equally by natural changes in the environment and human 
activities. Only about 10% said they believe that climate 
change is caused mostly by human activities. About 23% said 
they believe that climate change is occurring and is caused 
by natural changes in the environment. Nineteen percent said 
that there is insufficient evidence to know whether climate 
change is occurring or not. Fewer than 3% said they do not 
believe that the climate is changing.

Analysis
The results of this survey are not considered statistically 
representative of the broader dairy farmer population due to 
the low number of responses and small response rate. Given 
the small sample size of quantitative surveys like this one, the 
findings need to be interpreted with care. However, the results 
provide insights into those farmers’ views about issues related 
to climate change and risk management, and our decades-long 
work with farmers allow us to value their opinions. Additionally, 

six focus groups were conducted on the same topic in New 
York and Wisconsin during the same time period as this survey, 
and the results from those discussions substantiated the 
findings of this survey (Lane et al. in preparation). 

While the majority of our respondents agreed that climate 
change is occurring, they did not agree on its causes. These 
conflicted opinions about the causes of climate change are 
similar to another survey of grain farmers in the Great Lakes 
region of the U.S. as part of the Corn CAP grant (Gardezi and 
Arbuckle 2013).

It is curious to note that although a majority of respondents 
said they have experienced weather-related losses to their 
operations, citing excessive spring soil moisture as the lead 
reason, only about half as many dairy farmers (34%) said that 
saturated soils and ponded water are of concern. This suggests 
that these respondents do not believe that what they have 
witnessed on their farms are issues of ongoing concern even 
though climate scientists agree that the Great Lakes region will 
experience increased precipitation, increased temperatures, 
and more extreme events in the future (Kunkel et al. 2013). 

About 56% of respondents cited heat stress on animals and 
crops as reasons for losses, yet fewer (35%) said they are 
concerned or very concerned about heat stress on livestock, 
and fewer still said they are concerned or very concerned about 
heat stress on crops (19%) and longer dry periods or drought 
(29%). It seems that even when farmers have experienced 
personal losses to their operations, many do not find the 
causes of those losses to be concerning. Our respondents did 
not rank most of weather-related risks to be as concerning as 
milk prices, regulations, and labor issues. 

Climate change and associated adaptation and mitigation 
strategies are not presently high priorities for the dairy farmers 
surveyed. Adaptation strategies, such as improving soil health 
to reduce crop vulnerability during excessive moisture or 
drought, can reduce the risks to an operation in the long-run. 
However, those actions require upfront investments and 
profitability, and farmers appear to be less worried about the 
relative magnitude of those risks compared to others potentially 
impacting their operations. 

0%

Climate change is occuring, and it is caused more or less equally by
natural changes in the environment and human activities

10% 20% 30% 40% 50%

Climate change is occuring, and it is caused mostly by
natural changes in the environment

There is not su�cient evidence to know with certainty
whether climate change is occuring or not

Climate change is occuring, and it is caused
mostly by human activities

Climate change is not occuring

Figure 7. Responding farmers’ beliefs about climate change.
7



Acknowledgement 
This material is based upon work that is supported by the National Institute 
of Food and Agriculture, U.S. Department of Agriculture, under award number 
2013-68002-20525. Any opinions, findings, conclusions or recommendations 
expressed in this publication are those of the author(s) and do not necessarily 
reflect the view of the U.S. Department of Agriculture. The authors wish to 
thank PDPW and their members for participating in the survey.

Most of our respondents were also unfamiliar with or not using 
the climate mitigation BMPs presented to them in this survey, 
but some of the practices were somewhat obscure because 
they were drawn from preliminary results of modeling exercises. 
Significant outreach efforts would be needed to better inform 
farmers of these practices. Those interested in promoting 
climate change mitigation or adaptation practices may 
benefit from working with agricultural advisors rather than 
individual farmers, based on the results of who they trust for 
advice. New messages should recognize farmer challenges 
and be relevant to farmers’ existing concerns about their 
production systems. 

It is interesting to note that the vast majority (96%) of surveyed 
farmers perceived a “good farmer” as one who implements 
water quality improvement strategies and other practices 
that take many years to reach broad rates of adoption in 
midwestern dairy systems (McGuire, Morton and Cast 2013). 
This is reason for optimism, that over time the use of climate 
change mitigation and adaptation BMPs might be adopted 
incrementally by producers to reduce GHGs and build 
resiliency in their farming operations. 

The Dairy CAP research provided the opportunity for scientists 
with disparate areas of expertise to work together for the first 
time. As BMPs continue to be refined, it is recommended that 
additional collaborations between those who recommend the 
practices and those who work with farming communities occur 
to successfully allow for improved resiliency in the future. 
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