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Abstract

While there is very limited information on the cost of production (COP) for the emerging
100% grass-fed organic dairy sector, this study (1) estimates the COP using primary data
collected from on-farm surveys, (2) assesses the correlation between COP and key pro-
duction and management factors, (3) examines how land, feed and labor efficiency, and
production scale affect the COP, and (4) derives recommendations for enhancing the eco-
nomic efficiency of grass-fed organic dairy farms. Data collected via annual surveys in the
Northeastern United States from 2019 to 2022 were analyzed through descriptive statistics,
correlation analysis, hypothesis tests, and regression analysis. At an average cost of USD
45.91 per hundredweight equivalent of milk, the marginal impacts of the cows managed
per full time equivalent labor and milk sold per cow on the COP were —USD 0.166 and
—USD 0.003, respectively. Conversely, the COP increased by USD 1.44 when the crop acres
per cow increased by one unit, and the COP of small farms with less than 45 cows was USD
6.20 higher than other farms. As farms are significantly different in resource endowment
and other factors, the strategies for reducing the COP and improving the economic returns
should be identified for individual farms. However, our analyses highlight the importance
of enhancing labor efficiency in forage production, land management, milking and feeding,
improving herd management and optimizing nutrition and dry matter intake to support
high milk productivity. This study may help existing grass-fed dairy farms improve their
farm management and reduce COP and help prospective farms assess their suitability for
transitioning to grass-fed operation.

Keywords: grass-fed dairy; cost of production (COP); Northeastern United States;
New York; Vermont; correlation analysis; hypothesis tests; regression analysis; survey

1. Introduction

While dairy has been one of the largest agricultural sectors in the United States, many
American dairy farms, especially small and medium-sized farms, are struggling to stay in
business due to increasing production costs and a downward trend in farmgate milk prices
in real terms (i.e., after inflation is adjusted) [1-3]. For example, while the average farmgate
price per hundredweight (cwt) for Class I milk increased moderately from USD 13.77 in
1980 to USD 17.00 in 2023 [4], the real price in 1980 dollars dropped remarkably from USD
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13.77 to USD 4.60 over the period (calculated from the nominal price using the consumer
price index data of the U.S. Bureau of Labor Statistics [5]).

To overcome these challenges and move towards more sustainable development,
the dairy industry is actively seeking innovative strategies in accordance with rapidly
changing consumer preferences and market conditions. Many dairy farms have made great
efforts to change their production practices to differentiate their milk and meet consumer
demand for healthier and more environmentally friendly dairy products such as organic
milk and yogurt [6-10]. For example, the total retail sales of organic milk and cream
in the United States increased from about USD 1.1 billion in 2005 to USD 4.2 billion in
2023 [11,12]. The rapid growth in the organic dairy markets in the United States is also
reflected in the remarkable increase in the number of organic milk cows, from 2265 in
1992 to 352,289 in 2021 [4]. Organic dairy markets have also allowed farmers to capture
price premiums for their products. For example, organic milk price received by farmers in
New York in 2023 averaged USD 37.73 per cwt, while the average price received by dairy
farmers for all milk in the state that year was only USD 21.66 per cwt [13,14]. In addition to
organic operations, an increasing number of dairy farms have switched to 100% grass-fed
organic operations [15]. In 100% grass-fed organic dairy production systems, cows on
certified organic farms are not fed any grain or grain byproducts, and the nutrient needs
of the animals are met with grazed and stored forages, minerals, and limited amounts of
permitted supplemental non-grain energy sources such as molasses [16]. Note that a 100%
grass-based diet is not necessary to be considered organic in the United States. In the rest
of this paper, grass-fed refers to 100% grass-fed organic operations as defined above.

Research has shown that grass-fed milk has a significantly different nutritional profile
compared to conventional milk [17-23] which may contribute to many human health
benefits, including protecting against oxidative stress, cell damage, inflammation, and
promoting cardiovascular health and immune support [24-28]. Consumer demand for
grass-fed milk has increased significantly in the past decade due to these perceived health
benefits as well as concerns over environmental impacts and sustainability in the industrial
food production. For example, the number of grass-fed dairy farms in the United States
increased about 400% from 2016 to 2019 [29]. As of August 2025, Organic Valley, the
largest grass-fed milk supplier in the United States, had 285 grass-fed dairies across the
United States—a metric that had doubled since 2024 [30]. According to the Verified Market
Research [31], the grass-fed dairy market in the United States was valued at USD 4.64 billion
in 2023 and is projected to grow at a compound annual growth rate of roughly 6% to
reach USD 6.98 billion by 2031. Globally, grass-fed milk market revenue was valued at
USD 12.5 billion in 2024 and is estimated to reach USD 20 billion by 2033, growing at a
compound annual growth rate of 6.5% over the period [32].

Despite interest in both consumption and production of grass-fed milk, economics
may be a restrictive factor for both consumers and producers limiting future industry
growth. Currently retail costs of certified 100% grass-fed milk are between 50% and 100%
higher than certified organic milk and over 200% higher than conventional milk. These
higher retail prices reflect higher production costs which may be related to differences in
milk productivity, feed production costs, land needs, and labor efficiency [33,34].

Understanding the major factors influencing the cost of producing grass-fed milk is
crucial not only for producer economic viability but reducing retail prices to expand con-
sumption. This study focuses on the COP rather than the profit due to three considerations:
First, while COP is determined by many internal and individual factors and revenue is
the result of many external factors, focusing on the COP provides a more direct way for
farmers to analyze their cost components as compared to their peers and identify actionable
ways to reduce their COP with more predictable impacts. Second, although dairy farms
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are significantly different in resource endowment and many other factors, they face very
competitive markets and the variation in their profit is basically determined by their milk
productivity and COP. Third, information on the COP can help consumers understand
why grass-fed milk is more expensive than conventional and organic milk and appreciate
farmers’ efforts.

This study is motivated by the significant development of the grass-fed dairy sector
in the United States and many other countries and the lack of information on the COP of
grass-fed milk and its contributing factors in the existing literature. Specifically, this study
will address the following research questions through empirical analysis of primary data
collected from a farm survey: (1) How do farm management and production practices
influence the COP for grass-fed milk? (2) What are some potential strategies for grass-fed
dairy farms to enhance their production efficiency and economic viability? Answering
these questions is expected to help enhance the economic viability of the existing grass-fed
dairy farms, informing farmers who are considering starting grass-fed operations, and
helping consumers understand and appreciate the reasons behind the higher price of
grass-fed milk.

This paper is organized into four sections. Following this Section 1, Section 2 intro-
duces the data and methods, Section 3 reports the empirical results and discusses the
limitations, and Section 4 summarizes the major conclusions and recommendations.

2. Data and Methods

In 2019, 2020, and 2022, farm financial data were collected from grass-fed dairy farms
in the northeast region, primarily New York and Vermont. Only farms that were 100%
grass-fed organic and selling wholesale milk were selected. Data was collected during
visits to the farms using the Dairy TRANS 20.20 tool [35]. This tool is an Excel-based
workbook developed by Iowa State University Extension that translates farm-level data
inputs into summaries including (1) a balance sheet that provides a snapshot of beginning
and ending values of the farm on a fair market value and/or cost, (2) farm cash incomes
and expenses taken from farmer’s financial records which contain more detail than those
taken directly from the tax form Schedule F, (3) non-farm income, income taxes paid, capital
purchases, and sales, and (4) production data with milk output, number of cows, productive
crop/ pasture acres, opportunity costs of labor and equity, unpaid labor hours, and fulltime
labor equivalents (1 FTE = 3000 h).

To allow for more equal comparisons between farms with different debt loads and
dependence on the dairy enterprise to cover living expenses, the tool assumes several
standardizations: (1) farms’ actual asset (market) value, income, and all expenses other
than interest are included, (2) an unpaid labor charge of USD 40,000 per owner operator and
per additional FTE unpaid is applied, (3) inventory change adjustments to factor in changes
in herd size or equipment inventory and value are included, (4) a 4% charge on the farm'’s
assets is included instead of interest payments, and (5) dairy-related non-milk income
(e.g., crop sales, calf sales, etc.) is converted into an equivalent weight of milk which is then
added to the total weight of milk sold and is referred to as hundredweight equivalents
(cwt eq.). This is performed to account for the expenses associated with producing the
dairy-related non-milk incomes that cannot accurately be separated from the expenses to
produce milk. This tool was selected due to its simultaneous simplicity and comprehensive
assessment of the factors of the total cost of production as well as its suitability for research
applications through the standardizations and familiarity among farmers in the region due
to prior uses.

Financial data was collected by one individual to decrease variability. Farms were
contacted primarily by mail and phone due to the high proportion of Plain community
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farmer participants who do not use computers. Data was collected primarily via in-person
interviews; however, some were collected over the phone once a farm had participated for
several years and was familiar with the process. Data were input directly into the Dairy
-Trans tool as they were collected. Data collected includes the following: (1) a modified
balance sheet for market value of farm assets, feed and cattle inventory, and farm acreage,
(2) quantity of milk, livestock, and crops sold and their respective farm incomes, (3) all
dairy farm expenses except interest payments, and (4) farm labor hours for both paid and
unpaid labor. Farm liability data were not collected.

The production and financial data from the Excel-based DairyTrans 20.20 [35] together
with farm demographic data were analyzed in Stata SE 17.0 and SPSS 29 through descriptive
statistics, correlation analysis and hypothesis tests, and regression analysis.

Descriptive statistics were generated for the whole sample over three years to summa-
rize and describe the key variables of the dataset (e.g., mean, standard deviation, minimum
value, maximum value, frequency, etc.). Such statistics provide a clear and concise overview
of the data. For example, the average values of COP by year, region, and farmer groups and
their variations provide highly needed information for dairy farms, extension specialists,
researchers, policymakers, and other stakeholders of the grass-fed dairy sector. Correlation
analysis and hypothesis tests were conducted to identify potential relationships between
COP and key farm production and management factors as well as farm demographics.
Pearson correlation coefficients were calculated, and alternative hypotheses were tested at
the 0.01, 0.05, and 0.10 significance levels to address several research questions. Regression
analysis was used to identify the major factors affecting the COP and quantify each factor’s
marginal impact on the COP when other factors are controlled. Specifically, the following
linear regression model was estimated to examine the impacts of four groups of factors:
land efficiency, output efficiency, labor efficiency, and farm demographics,

Yij = a + leh-j + bzle‘]‘ +b3X3l‘]‘ +_.,+bnxmj + ejj (1)

where Yj; is the COP per cwt eq. of farm i in year j, Xy;;, Xoi, X3ij, - - ., Xjju are the values
of n independent variables of farm 7 in year j, a is the intercept, by, by, bs, ..., b, are the
corresponding coefficients to be estimated, and e;; is the error term. Alternative speci-
fications of this linear regression model were estimated with different combinations of
independent variables.

While the overall goodness of fit of each estimated regression model was measured by
R-squared and adjusted R-squared and tested via the F-test, each estimated coefficient is
tested for its significance level.

3. Empirical Results

This section first reports the descriptive statistics, including the estimated COP, then
presents the results of correlation analysis and hypothesis tests, and finally reports the
estimated regression models. Note that some interpretation and explanation of the empiri-
cal findings are based on the authors’ field observations and communication with many
grass-fed dairy farms over several years.

3.1. Descriptive Statistics

While the primary data collected from the surveys were recorded in Excel and then
processed in STATA for statistical analysis, the descriptive statistics for numerical variables
and categorical variables are reported in Tables 1 and 2, respectively.
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Table 1. Descriptive statistics of the dataset.
Variable Definition N Mean SD Min. Max.
Cost of production (USD/cwt eq.) 64 45.91 13.30 25.50 92.38
Land per cow (acres/cow) 64 5.52 2.45 1.71 11.65
Fuel cost (USD/cwt eq.) 64 1.83 1.21 0.65 8.75
Insurance cost (USD/cwt eq.) 64 0.90 0.95 0.00 3.86
Cost of supplies (USD/cwt eq.) 64 2.64 1.75 0.47 10.95
Repair cost (USD/cwt eq.) 64 2.96 2.08 0.00 10.30
Seed and fertilizer expense (USD/acre) 64 25.80 33.90 0.00 201.28
Cost of molasses (USD/cwt eq.) 64 0.63 1.19 0.00 4.81
Milk sold (cwt/cow) 64 84.65 21.25 44.85 149.91
Cows per FTE (cows/worker) 64 28.24 12.12 9.70 66.10
Milk sold per FTE (cwt/worker) 64 2369.94 1077.24 629.45 5764.49
Labor earnings (USD/h) 64 6.24 9.33 —13.55 34.88
Total cash expense (USD/cow) 64 459.28 773.00 1130.00 4668.06
Total cash expense (USD/cwt eq.) 64 25.95 7.50 11.70 49.50
Average price (USD/cwt eq.) 64 38.80 3.61 27.46 46.17
Yearly milk sales (USD1000) 64 200.71 112.06 54.33 729.60
Number of cows 64 62.00 32.54 23.00 220.00
Number of acres 64 345.65 221.62 69.00 870.00
Yearly milk sales (cwt) 64 5239.40 3029.85 1491.80 19,195.43
Table 2. Farm demographic and management information.
Variable Frequency Percentage
Plain vs. English
Plain 25 39.06
English 39 60.94
Daily milking frequency
Twice a day 49 79.03
Three times in two days 3 4.84
Once a day 10 16.13
Calf rearing
Raising extra animals 29 46.03
Matching cull rate 34 53.97
Seasonality
Year-round 45 70.30
Seasonal 19 29.70

The overall COP per cwt eq. averaged USD 45.91, with a wide range from USD 25.51 to
USD 92.38. Farms managed, on average, 346 acres for pasture and stored forage production
with an average herd size of 62 cows, resulting in an average of 5.5 acres per mature
cow. While the acres per cow varied greatly from 1.71 to 11.65, this large range indicates
different production models: some farms were managing very small land bases of primarily
pasture and purchasing all their stored forage needs while other farms were managing both
pasture and hay land to produce stored forage. Similarly, some farms opted to purchase
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supplementary energy in the form of molasses, while other farms relied only on forages to
meet cow energy requirements. This is also evidenced by the wide range in molasses costs
from USD 0 to USD 4.81 per cwt eq.

As Snider et al. [15] indicated, a substantial proportion of grass-fed dairy producers
(64%) nationally identify as Plain sect community members (e.g., Amish, Mennonite, etc.).
Because these religious beliefs can influence management practices and access to informa-
tion, this information was collected in the survey. This dataset hosts a smaller proportion
(39.06%) of Plain sect community farmers than that of Snider et al. [15]. The term English is
used to distinguish farmers who do not identify as Plain sect community members. While
most participating farms (70.31%) milked year-round, there were some fully seasonal herds
(29.70%). Additionally, most farms (79.03%) milked twice daily while few herds milked
once per day (16.13%) or three times every two days (4.84%).

While COP varied significantly among the farms in the dataset, Figure 1 reports COP
by five groups defined by their percentiles of COP, from the 15% with the lowest COP to
the 15% with the highest COP. While the average COP for the lowest group and the highest
group were, respectively, USD 31.70 per cwt eq. and USD 67.30 per cwt eq., the majority
(70% or 45 farms) had a COP between USD 38.00 and USD 50.00 per cwt eq.

Lowest group (15%) Low group (20%) Middle group (30%)  High group (20%) Highest group (15%)

Figure 1. Distribution of farms by their COP.

3.2. Correlation Analysis and Hypothesis Tests

Correlation analysis was conducted to identify potential relationships between COP
and key farm production and management factors. This allows for the identification of
management or other factors that are highly associated with increasing or decreasing COP.
As reported in Table Al in the Appendix A, positive correlations were identified between
COP and land per cow (r = 0.3751, p = 0.0021), fuel expense (r = 0.6365, p < 0.0001), supply
expense (r = 0.3422, p = 0.0053), repair expense (r = 0.4642, p = 0.0001), and molasses expense
(r =0.6107, p = 0.0002). These indicate that increasing acreage and expenses relating to
forage production and energy supplementation significantly increase production costs in
grass-fed dairy operations.

Conversely, negative correlations were identified between COP and labor earnings
(r = —0.6473, p = 0.0000), milk sold per cow (r = —0.5545, p = 0.0000), herd size (r = —0.2710,
p = 0.0201), and cows managed per FTE (r = —0.2912, p = 0.0186). The inverse relationships
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between COP, milk sold per cow, and herd size suggest that enhanced milk production
efficiency per cow and increased herd size are linked with diminished production costs,
thereby emphasizing the benefits of increased productivity per animal and per farm on
cost reduction. However, it should be recognized that milk sold does not equate to milk
production. A large portion of milk produced may be utilized to raise youngstock on
the farm and therefore may contribute to lower milk sales. Additional information on
milk diverted to youngstock rearing was not available for all years in this dataset and
therefore cannot be fully explored here. However, preliminary data from 2023 show that,
on average, grass-fed farms fed 24.07 cwt of milk per calf and raised an average of 17 calves
per farm per year with an average milking herd size of 62. Therefore, while milk sold per
cow averaged 84.65 cwt, total milk produced per cow averaged 92.50 cwt. While future
data collection of this nature will allow for a more robust analysis of these factors, animal
production efficiency is clearly a critical factor in lowering farm COP. In addition, the
negative relationships between COP, cows managed per FTE, and labor earnings per hour
indicate that labor efficiency is a critical determinant of COP and profitability on grass-fed
dairy farms.

One-tailed t-tests were conducted to investigate the difference in COP and other
variables between groups of farms utilizing different management practices in terms of
buying forage vs. producing forage, supplementing energy or not, and year-round twice
daily milking vs. alternative milking schedules. First, since fuel costs and other cash
expenses related to forage production were highly correlated to COP, a comparison was
made between farms that were producing most of their stored forages and farms that
were buying most of their stored forages. This was determined by the purchased forage
expense per cow where farms spending less than USD 30 per cow were assigned to the
‘producing forage’ group. Upon conducting a one-tailed ¢-test between these groups, the
results, reported in Table 3, are statistically significant for all variables included in the
table, which are indicative of operational and economic aspects of farming practices. The
variables in Table 3 were selected due to their association with producing stored forages
and their influence on COP.

Table 3. t-test of the mean difference for producing forage vs. buying forage.

Variable Producing Forage Buying Forage Difference p-Value

Cost of production (USD/cwt eq.) 51.57 42.73 8.84 0.0005
Land per cow (acres/cow) 7.05 4.67 2.38 0.0003
Labor earnings (USD/h) 1.66 8.99 —7.33 0.0000
Milk sold (cwt/cow) 77.55 88.63 —11.08 0.0213
Supplies (USD/cwt eq.) 3.30 227 1.03 0.0121

Fuel cost (USD/cwt eq.) 2.50 1.45 1.05 0.0000
Repair (USD/cwt eq.) 3.95 241 1.54 0.0002

Farms producing most of their stored forage needs managed 2.38 more acres per
cow and incurred higher production costs than farms purchasing most of their forage
needs. Similarly, individual expense categories related to making forage were higher for the
‘producing forage” group including supplies, fuel, and repairs. These indicate substantial
production cost differences between these two management paradigms. Like many other
agricultural sectors, specialization in forage production may provide economies of scale, es-
pecially relative to labor. Reliance on more resource-efficient equipment and specialization
of labor could be contributing to generally lower forage prices on the market compared to
realized feed production costs on grass-fed dairy farms. Furthermore, differences in quality
of the forages made on-farm or purchased off-farm could also impact milk production and
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thus sales which is highly negatively correlated to COP. In addition, “producing forage”
farms earned less per hour influenced by their lower milk productivity. As these differ-
ences could reflect variations in labor economics, scales of operation, herd management,
feeding practices, forage quality, or genetic selection, more information is needed to fully
understand the underlying causes of these differences.

Second, as reported in Table 4, the farms that supplemented energy were significantly
different from their counterparties in terms of COP and several other variables. Supplying
additional energy to the animals would be expected to increase milk productivity, therefore
COP and milk sold per cow were the primary variables investigated in this comparison.
Farms feeding supplemental energy had substantially higher production costs with no
statistical difference in milk sold per cow. It is possible that differences in the quality of
forages fed in the two groups could explain the lack of increase in milk sales. Reliance
on poorer quality forages and energy supplementation at the levels used by these farms
may represent a smaller increase in milk sales than feeding higher quality forages without
supplemental energy. Without information on the quality of forages or quantity of molasses
fed, this cannot be elucidated. It is also possible that farms supplementing energy produced
more milk, but the additional milk was diverted to feed youngstock and therefore is not
reflected in milk sales. Information on youngstock rearing would be needed to further
explore this possibility. Regardless, energy supplementation appears to be a significant
driver of COP for grass-fed dairy farms, and more information on the economics of feeding
supplemental energy is needed to aid producer decision-making.

Table 4. t-test of the mean difference for supplementing energy vs. not supplementing energy.

Variable Supplementing Energy Not Supplementing Energy Difference p-Value
Cost of production (USD/cwt eq.) 52.59 41.34 11.25 0.0003
Milk sold (cwt/cow) 80.36 87.58 —7.22 0.0939

Third, while most grass-fed dairy farms milk twice daily and calve year-round [15],
some grass-fed farms are interested in milking less than twice daily or seasonally calving
to control labor costs and other on-farm resources. Since altering milking frequency can
impact milk production and expenses, these variables were selected along with COP in
this comparison. In this dataset, the overall cost of producing milk and cash expenditures
per cow did not differ statistically between farms utilizing a typical year-round calving
twice daily milking schedule and those using an alternative schedule (Table 5). While farms
using alternative schedules were significantly more labor efficient, managing 10 cows per
FTE more than the traditional schedule farms, labor earnings per hour were numerically
different but statistically similar between the two groups. This is likely due to the alternative
schedule farms selling significantly less milk per cow and potential variation in milk price.

Table 5. t-test of the mean difference for year-round 2X vs. other schedules.

Variable Year-Round 2X Other Schedules Difference  p-Value
Cost of production (USD/cwt eq.) 45.03 47.11 —2.08 0.2709
Land per cow (acre/cow) 5.56 5.47 0.09 0.4500
Labor earnings (USD/hour) 4.96 8.51 —3.55 0.1018
Milk sold (cwt./cow) 88.35 79.57 8.78 0.0515
Cash expense (USD/cow) 2472.00 2442.00 30.00 0.4408
Herd Size (number of cows) 60.95 63.51 —2.56 0.1300

Cows per FTE (cows/worker) 24.01 34.02 —10.01 0.0004
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3.3. Regression Results

While the correlation analysis and hypothesis tests reported in the previous subsection
provided important information on how the selected variables are correlated in terms of
both the direction and degree of correlation, regression analysis provides information on
the causality relation as well as the impact of each independent variable on the dependent
variable (COP) while holding other variables constant. In our analysis, two regression
models are estimated to identify the factors that determine the COP and quantify the
marginal impact of each factor while other factors are controlled or held constant. While
Model 1 includes four major variables addressing three factor groups as previous discussed,
Model 2 includes those variables plus three dummy variables for demographic factors
including English vs. Plain status and production scale (herd size). For the four major
variables, the land per cow and seed and fertilizer expense per acre represent land utiliza-
tion efficiency, excluding forage value variations due to purchase differences; the cows
per FTE reflects labor efficiency, with its inclusion aimed at isolating its impact on costs
while accounting for factors such as experience and community identity in further analyses;
and milk sold per cow serves as a direct indicator of output efficiency, allowing for the
assessment of cost influences attributable to animal productivity alone, while controlling
for additional variables like purchased energy and milking frequency in extended analysis.
The estimation results of the two regression models are reported in Table 6.

Table 6. Estimation results of two regression models.

Variable Model 1 Model 2
Land per cow (acres/cow) 0.9873 * 1.4381 *
(0.5730) (0.7820)
Cows per FTE (cows/worker) —0.3630 *** —0.1660
(0.1110) (0.1410)
Milk sold (cwt/cow) —0.0033 *** —0.0029 ***
(0.0006) (0.0006)
Seed and fertilizer expense
(USD/acre) 0.0193 0.0236
(0.0407) (0.0393)
English vs. Plain (English = 1) 1.1870
(3.7170)
Large farm (>70 cows) —5.8920
(—3.7190)
Small farm (<45 cows) 6.1960 **
(—2.9810)
Constant 78.1200 *** 66.1427 ***
(8.2770) (9.3925)
Observations 64 64
R-squared 0.4493 0.5190
Adj. R-squared 0.4126 0.4599
F-statistic 12.2400 8.7900
p-value 0.0000 0.0000

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

The empirical results suggest four major findings: First, the estimated models fit the
relatively small dataset well and explain 41.4% of the variation in COP in Model 1 and
45.8% of the variation in COP in Model 2. The F-statistic and its p-value for the two models
also suggest that we are 99% confident that the variation in the COP is affected by the
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independent variables included in the models. Second, regarding the estimated coefficients
and their significance levels for the four major independent variables, milk sold per cow
showed a negative and significant impact on the COP at the 0.01 significance level in both
models; land per cow had a positive impact on the COP at the 0.10 significance level; per
acre seed and fertilizer expense showed a positive but insignificant impact; and cows per
FTE had a negative impact but was only significant in Model 1. Third, for the two dummy
variables for farm size, while small farms (<45 cows) had significantly higher COP at the
0.05 significance level, large farms (>70 cows) had lower COP but it was not statistically
significant at the 0.10 significance level. Regarding the dummy variable for English farms,
they had higher COP as compared to the COP of Plain farms, but the difference was not
statistically significant at the 0.10 significance level. Fourth, the relatively small absolute
values of the estimated coefficients of the independent variables suggest that the COP is
determined by this set of variables together and the marginal impact of each individual
variable is small when other variables are controlled. For example, when the land per cow
increases by one acre, the COP is expected to increase by only USD 0.987 according to Model
1 and USD 1.43 according to Model 2, when other variables in each model are held constant.
The relatively small marginal impacts of the independent variables suggest that, while
each factor influences COP, their individual impacts are relatively small compared to their
combined effect when controlling for other factors. In application, this finding suggests
that farms need to pay attention to all the factors simultaneously to control their COP.
Like many other empirical studies, this study is limited by the small dataset with only
64 observations (22 from 2019, 21 from 2020, and 21 from 2022) and the empirical results
from the data analysis should be interpreted with caution. Additionally, the methods
used to calculate COP were chosen to facilitate comparisons across farms with differing
debt loads, family living draws, and other external factors that influence COP but are not
directly related to farm management. While this allows for investigation into management
factors’ influences on COP generally, the COP values presented here may not reflect the
true experience of some farmers and therefore should be used with caution outside of
this context. Another limitation is that some potentially important variables affecting
the COP were not included in the regression analysis due to the lack of available data or
multicollinearity concerns. Finally, there is the inherent challenge in standardizing farms
for comparison. All farms are uniquely different, and while DairyTrans was a necessary
tool for creating comparability, the standardization process can never fully account for all
farm-level differences. Since there are very limited studies on grass-fed dairy, as it is a
relatively new sector in the literature, it is a challenge to compare and validate findings from
this study or to discuss to what extent the findings from this can be applied to other regions.

4. Conclusions and Recommendations

As one of the first empirical studies on the COP of grass-fed dairy in the Northeastern
United States, this study suggests three major conclusions. First, COP varies widely from
USD 25.51 to USD 92.38 with an average of USD 45.91. The cost to produce grass-fed milk
appears to be substantially higher than that of conventional and organic production models.
Second, COP is highly positively correlated with acres per cow and key expense categories
including fuel, supplies, repairs, and supplemental energy. COP is negatively correlated
with the quantity of milk sold per cow, cows managed per FTE, and labor earnings per hour.
Farms producing their own stored forages had significantly higher COP, acres per cow, and
expenses related to forage production including fuel, supplies, and repairs. Farms feeding
supplemental energy also had significantly higher COP and did not sell more milk. Farms
using alternative milking strategies were more labor efficient but had similar COP due to
lower milk sales. These suggest that farm acreage, herd size, cow production efficiency, and
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labor efficiency highly influence COP. This was further supported by regression analyses
that found that over 45% of the variation in COP can be explained by these factors.

While many grass-fed dairy farms are actively searching for information and strategies
to enhance their production efficiency and economic viability, this study suggests four
major recommendations based on the data analyses as well as field observations of grass-
fed farm operations and communication with many farms: (1) optimize the number of
replacements being raised to maximize milk sales from milk produced, (2) enhance milk
productivity per cow by optimizing cow nutrition, reproductive performance, comfort,
and health to aid in maximizing milk sales, (3) invest in labor efficiency enhancements in
milking, feeding, and other aspects of farm management to maximize output relative to
labor resources, and (4) optimize acreage to balance high-quality forage production with
available economic, labor, and other resources. Future COP studies will collect additional
management data to better elucidate the impacts of specific farm management factors
and practices on COP and farm profitability. In addition, existing grass-fed farmers need
access to technical assistance to help calculate their own farms” COP to inform management
decisions that enhance farm viability. Furthermore, prospective grass-fed dairy farmers
need access to technical assistance to understand whether they are able to transition to this
production model successfully and if it will support farm viability.
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Appendix A
Table A1l. Correlation matrix.
P Cost o.f Land per Seed and Fertilizer Labor Earning Milk per Cow Cost of Cost (.)f Fuel Cost Repair Cost Total Cash Expense  Herd Size Cows
roduction Cow Expense (USD/hour) (cwt eq./cow) Molasses Supplies (USD/cwt eq.) (USD/cwt eq.) (USD/cow) (cows) er FTE
(USD/cwt eq.) (acres/cow) (USD/acre) a (USD/cwt eq.) (USD/cwt eq.) @ £ P
Cost of production 1
(USD/cwt eq.)
Land per cow 0.3751 ** 1
(acres/cow) (0.1178)
Seed :)r(\seif:sr;ilizer 01509 02672 % )
(USD/acre) (0.1254) (0.1228)
Labor earning —0.6473 *** —0.3010 ** —0.0400 1
(USD/hour) (0.0980) (0.1211) (0.1268)
Milk per cow —0.5545 *** —0.3335 *** 0.1224 0.2234 *** 1
(cwt eq./cow) (0.1052) (0.1197) (0.1260) (0.1238)
Molasses cost 0.6107 *** 0.3482 *** 0.1062 —0.4501 *** —0.3480 *** 1
(USD/cwt eq.) (0.1008) (0.1190) (0.1263) (0.1134) (0.1191)
Supply cost 0.3422 *** 0.3253 *** —0.1165 —0.2887 ** —0.3196 ** 0.4333 ** 1
(USD/cwt eq.) (0.1193) (0.1201) (0.1261) (0.1216) (0.1203) (0.1144)
Fuel cost 0.6365 *** 0.4559 *** —0.1542 —0.3200 *** —0.3260 *** 0.4063 ** 0.2204 * 1
(USD/cwt eq.) (0.0981) (0.1130) (0.1254) (0.1203) (0.1201) (0.1160) (0.1239)
Repair cost 0.4642 *** 0.3681 *** 0.0782 —0.3973 *** —0.4826 *** 0.5021 *** 0.3408 ** 0.2918 ** 1
(USD/cwt eq.) (0.1138) (0.1181) (0.1266) (0.1165) (0.1112) (0.1098) (0.1194) (0.1215)
Total cash expense 0.0178 —0.0706 0.2305 * —0.2702 ** 0.5300 *** 0.1715 0.0987 —0.0363 0. 0675 1
(USD/ cow) (0.1269) (0.1267) (0.1236) (0.1222) (0.1069) (0.1251) (0.1263) (0.1269) (0.1267)
Herd size —0.2710 ** 0.0300 0.4104 *** 0.1402 —0.0095 —0.0523 —0.0223 —0.0808 0.0943 0. 0203 (0.1269) 1
(cows) (0.1222) (0.1269) (0.1154) (0.1256) (0.1269) (0.1268) (0.1269) (0.1265) (0.1263) : :
—0.2912 ** —0.0913 0.2630 ** 0.4140 *** —0.0841 —0.0746 0.0200 —0.1316 0.0520 0.6812 ***
Cows per FTE (0.1220) (0.1265) (0.1225) (0.1156) (0.1266) (0.1266) (0.1269) (0.1259) (0.1268) —0. 0001 (0.1269) (0.0925) 1

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
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