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Abstract

The number of licensed U.S. dairy herds fell by more than half between 2002 and 2019, with
an accelerating rate of decline in 2018 and 2019, even as milk production continued to grow.
As a result, production has been shifting to much larger but fewer farms. Larger operations
realize lower costs of production, on average, and those advantages persist. This structural
change also features shifts in the location of dairy farming and in the production practices
used on farms. This report, following upon two earlier ERS reports on the subject, details how
the dairy sector has been transformed, and assesses the financial and productive factors behind
that transformation.
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What Is the Issue?

Dairy farm closures have attracted widespread news coverage in recent years. Small and
midsized dairy farms have been facing significant financial challenges. During 2018, milk
prices fell, and the gap between milk prices and feed costs narrowed. As a wave of farm
closures in the industry hit many traditional dairy States in the Northeast and Midwest, the
number of dairy farms licensed to sell milk fell by 15 percent between 2017 and 2019.

In response to these financial challenges, Congress expanded support for dairy farms in 2018,
with a primary focus on smaller operations. In the Bipartisan Budget Act of 2018, and later in
the 2018 Agriculture Improvement Act, Congress restructured premiums charged to farmers
and extended coverage of a major Federal dairy support program, renamed the Dairy Margin
Coverage (DMC), and made adjustments to other dairy-related programs. These changes are
expected to substantially increase Federal expenditures in support of dairy producers.

This report details the continuing structural and geographic transformation of U.S. dairy
farming, identifies the financial and productive factors that have driven those structural and
geographic shifts, and evaluates prospects for further consolidation.

What Did the Study Find?

e In 1987, half of all milk cows in the United States were in herds of 80 or more, and half
were in herds of 80 or fewer. Since that time, the midpoint size has risen consistently; by
2017, the midpoint was 1,300 cows. The pace of consolidation in dairy far exceeds the
pace of consolidation seen in most of U.S. agriculture.

* The 2017 Census of Agriculture counted 54,599 farms with milk cows. Of those farms,
30,373 were small commercial farms, with 10—-199 cows. The number of small commer-
cial dairy farms has fallen substantially over time, from 47,873 a decade before (in
2007), and 146,685 three decades before (in 1987).

* By 2017, nearly 2,000 farms had herds of at least 1,000 milk cows, and those farms
milked over half of U.S. cows. Twenty-five years earlier, there were just over 500 such
farms, and they milked less than 10 percent of cows. Over time, production has shifted
toward much larger farms, often with 5,000 or more cows.

www.ers.usda.gov
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* There are powerful cost incentives behind farm consolidation. Larger dairy farms have substantially
lower costs of production, on average, than smaller farms. This cost advantage appears to extend across
a wide range of larger sizes, with farms with 2,000 cows realizing lower costs than farms with 1,000
cows, which in turn realize lower costs than farms with 500 cows.

* Some farms in each size class are profitable. Although herd size is a powerful determinant of costs and
returns, there is wide variation of costs and of net returns among farms, even within narrowly defined
size classes. Weather, location, physical infrastructure, and management can each affect the financial
performance of a dairy farm.

e Dairy farms that are certified organic showed higher net returns per hundredweight (cwt) than similarly
sized conventional dairy farms in 2016. Organic operations with 100—199 cows and larger showed posi-
tive net returns on average, while only very large conventional operations of 2,000 or more cows showed
positive net returns on average. However, there are significant costs associated with making a transition
from conventional to organic production.

*  Many farms with gross returns less than total costs will continue to operate if they are covering all non-
capital costs, as their operators can earn a better living from dairy farming than from other pursuits.
Dairy farm exit is therefore a gradual process, playing out over years, and so consolidation is also a
gradual process.

e The number of licensed dairy herds fell by more than half between 2002 and 2019, and the rate of decline
accelerated in 2018-2019, even as milk production continued to grow. Consolidation will likely continue.
Dairy finances still favor larger operations, and while there are fewer small commercial dairy farms today,
many operators are approaching retirement age. Should the number of farms continue to decline at a rate
of 4 percent per year, in line with past trends and a model developed in the report, then we should expect to
count about 31,500 licensed dairy herds at the end of 2021, down from 34,187 in 2019.

How Was the Study Conducted?

The study relied on farm-level records drawn from two U.S. Department of Agriculture (USDA) sources: the
Census of Agriculture and the Agricultural Resource Management Survey (ARMS). Census records provide
detailed information on farm structure and location, while ARMS records supplement census evidence on farm
structure, and add information on farm costs, production practices, and financial performance. The report also
relies on data from USDA’s National Agricultural Statistics Service (NASS), Agricultural Marketing Service
(AMS), and Economic Research Service (ERS) for further information on industry prices and production trends.

www.ers.usda.gov



Introduction

Dairy farming in the United States continues to undergo a major transformation. Thirty years ago,
over 200,000 farms had milk cows, with most of those cows in herds of 80 or fewer. Today, even
though total U.S. milk production is about 50 percent greater than it was 30 years ago, the number of
dairy farms has fallen by three-quarters, and most cows are on farms with well over 1,000 cows.

This long-term structural change toward far fewer but much larger farms also features important
shifts in how and where dairy farming is done. Production has shifted to Western States and is
concentrated in a smaller number of counties. Families that own larger dairy farms provide less of
the labor used on farms, with that labor provided primarily by hired workers. Cows are less likely
to graze in pastures and are more likely to be confined within large barns and lots. Most farms still
grow crops for feed, but more of the feed ration is purchased, with some large farms relying entirely
on purchased feed.

Recently, small and midsized dairy farms have been facing significant financial challenges, which
may accelerate consolidation. During 2018, milk prices fell and the gap between milk prices and
feed costs narrowed. Net returns to milk production, an average reported by the USDA’s Economic
Research Service (ERS), fell to -$3.10 per hundredweight (cwt) of milk produced, from -$0.05 in
2017 (that is, total costs exceeded gross returns). As a wave of farm closures hit many of the tradi-
tional dairy States in the Northeast and Midwest, the number of dairy farms licensed to sell milk fell
by 15 percent between 2017 and 2019.

In response to these closures, Congress took steps in 2018 to expand support for dairy farms, with
a primary focus on smaller operations. In the Bipartisan Budget Act of 2018, Congress amended
existing legislation to reduce premiums charged to farmers for margin coverage under the Margin
Protection Program for Dairy (MPP-Dairy). Later, in the 2018 Agriculture Improvement Act,
Congress made further substantial changes to the program—renamed the Dairy Margin Coverage
(DMC) program—and made adjustments to other dairy-related programs. These changes are
expected to lead to substantial increases in Federal expenditures in support of dairy producers.

Dairy farm closures have attracted widespread news coverage, with some reporting focused on recent
financial pressures and policy developments (McCausland, 2018; Rappeport, 2019; Healy and Pager,
2019), and other reporting focused on longer term trends affecting the industry (Goodman, 2018;
Wertlieb and Bodette, 2018; Eller, 2018), including shifts of production to larger dairy operations.

This report focuses on the long-term structural shift toward larger dairy farms. It measures and
describes that shift, analyzing differences in production costs and returns between large and small
farms, as well as differences in technology and organization that underlie differences in production
costs. The report places these developments in the context of long-term trends in milk prices, feed
costs, dairy farm financial performance, and milk production.

We extend the analysis from two earlier ERS reports on structural change in dairy farming.
MacDonald et al. (2007) assessed dairy farm consolidation through the 1990s and into the early
2000s, with an additional focus on the associated consolidation of manure production and nutrient
runoff. MacDonald, Cessna, and Mosheim (2016) assessed dairy consolidation through 2012, tying
the analysis to important changes in domestic dairy product demand, international trade in dairy
products, and dairy policy. This report extends the analysis of consolidation through 2018 and
emphasizes structural change and industry financial performance.
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The report relies heavily on two USDA data sources: the Census of Agriculture, conducted every 5
years, and the annual Agricultural Resource Management Survey (ARMS). Census records provide
detailed information on farm structure and location, while the ARMS supplements census evidence
on farm structure, and adds information on farm costs, production practices, and financial perfor-
mance. ARMS is an annual survey, with focused dairy versions (providing greater dairy-related
detail) in 2000, 2005, 2010, and 2016. The report also uses annual data, through 2018 and 2019,
drawn from other USDA surveys. See Appendix A for more information on each data source, and
on the development of measures of farm costs and returns that are based on ARMS.

Milk Production, Prices, and Costs

To set the stage for this report, we first summarize several important long-term features of the
industry. Figure 1 shows monthly milk prices since 1980, and monthly composite feed costs since
2000. Each is based on data developed at the U.S. Department of Agriculture, primarily from its
National Agricultural Statistics Service (NASS).!

Figure 1
Monthly milk prices and feed costs, 1980-2019

Dollars/cwt
30

—— NASS All-Milk Price
===« USDA Feed Cost Index

25

20

15

10

1980 82 84 86 88 90 92 94 96 98 200002 04 06 08 10 12 14 16 18
Note: cwt = hundredweight.
Sources: USDA, Economic Research Service calculations of feed cost index using soybean meal component from USDA,

Agricultural Marketing Service; alfalfa and corn price components and the all-milk price from USDA, National Agricultural
Statistics Service (NASS).

IThe milk price is the average monthly “all-milk” price received by farmers and reported by USDA, National Agricultural Statistics
Service (NASS). The feed cost measure is FC=1.0728*Pc + 0.0137*Pa + 0.00735*Ps. Pc and Pa are monthly corn and alfalfa prices received
by farmers (as reported by NASS), while Ps is the average price of soybean meal reported for Central Illinois rail shipments by USDA’s Ag-
ricultural Marketing Service (AMS). The weights were specified in legislation in 2014 and reflect the amount of each feed component used
to produce a hundred pounds of milk. We extended the series back to 2000 using the specified weights and the NASS and AMS prices. The
feed cost formula was revised by USDA in 2019 to account for two types of alfalfa; we have retained the original formula.
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Milk prices showed little trend from 1980 through 2004; the monthly price averaged $13.10 per
cwt during the 1980s, and $13.60 from 1990 through 2004. Average prices then rose after 2004,
in line with increases in feed costs, with average milk prices of $15.70/cwt from 2005 through
2009 and $19.70 from 2010 through 2014, before falling back to $16.60 from 2015 through 2019.2

However, month-to-month variations in prices clearly rose over time. During the 1980s,

monthly prices ranged from a low of $11.30/cwt to a high of $14.30/cwt. In the 1990s, that range
expanded to $11.30 to $19.30—and in the 2000s, the range expanded again to $11.00 to $21.90.
Prices showed very sharp changes over several short periods: from $17.10/cwt in September
2001 to $11.10 by the following July, and from $11.00 in June 2003 to $19.30 11 months later.
Alternatively, compare the average July price over four consecutive years: from $11.60 in 2006 to
$21.60 in 2007 and $19.30 in 2008, before falling to $11.30 in July 20009.

Farmers face considerable income risk from milk price fluctuations and have faced widening
income risks from feed cost fluctuations since 2004. The composite average feed cost rose from
$4.90 per hundredweight of milk produced in August 2006 to $11.11 by July 2008. The price fell
back to $7.40 in March 2010, before spiking to $15.12 in August 2012. Moreover, milk prices and
feed costs have not always moved in concert: the margin between the two narrowed sharply in
2006, 2009, 2012, 2016, and in 2018. Thus, dairy farmers operate in an environment of significant
price risks for both their milk sales and their feed purchases (MacDonald, Cessna, and Mosheim,
2016). When those risks break in favorable ways (such as when high milk prices coincide with
low feed costs), dairy farms can generate high earnings, as in 2007 and 2014. When the risks
break in unfavorable ways, as they did in 2009 and 2012, farms face severe financial pressures.

Why are milk prices so volatile? Dairy markets, like other commodity markets, have certain
features that make them prone to price volatility. Milk supply varies little, in the short to medium
term, in response to changes in price. Moreover, dairy product demand responds only weakly to
price changes; consequently, shifts in demand for dairy products require substantial changes in
price to equate quantities demanded with quantities supplied in dairy markets.3

Dairy product demand may shift unexpectedly in response to changes in U.S. incomes and
population. Changes in incomes associated with business cycles—recessions and expansions—
can lead to unanticipated but noticeable changes in demand. For example, the 3.8 percent
decline in U.S. per capita disposable incomes during the 2008—2009 recession led to declines
in dairy product demand during those years and contributed to the fall in milk prices in 2009
(MacDonald, Cessna, and Mosheim, 2016).

2A cwt is 100 pounds of milk (11.63 gallons) and is a standard unit of account in the dairy industry.

3See MacDonald, Cessna, and Mosheim (2016) and references therein for a more detailed analysis of price fluctua-
tions and dairy demand.
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Dairy product demand may also shift because of changes in foreign demand for U.S. dairy prod-
ucts. Commercial exports of U.S. dairy products have increased substantially since 2003, due to
improved U.S. competitiveness in global markets, increased global demand for dairy products

in importing countries, and changes in U.S. policies.* Increased export demand has supported
greater U.S. milk production and has expanded cow inventories, and it is likely that that expan-
sion has facilitated the entry of more large operations.

However, export sales of U.S. dairy products can change sharply due to economic factors or
revisions to the dairy policies of other countries, due to weather-related changes in domestic or
foreign milk production, or because of changes in exchange rates. For example, U.S. dairy exports
fell sharply during the global recession in 2008—09, placing additional pressure on domestic
prices. Since then, exports rose to a new peak in 2014, before falling sharply in 2015-2016.
Export markets add an important source of demand for U.S. producers, but also add an additional
source of volatility in prices.

Trends in Net Returns

Industry average net returns show a declining trend since 1980, as well as wider fluctuations
(figure 2). Net returns measure the difference between the gross value and the total cost of milk
production, with that difference expressed on a per-cwt basis.” ERS estimates annual milk costs
and returns as part of its commodity costs and returns (CAR) program.

4Some of that improved competitiveness on world markets derives from consolidation, as the shift of U.S. production
toward larger and lower-cost farms placed downward pressure on industry-average costs and prices (MacDonald, Cessna,
and Mosheim, 2016).

SMilk sales comprise about 90 percent of the gross value, which also includes revenue from selling culled milk cows
and young calves, as well as the fertilizer value of manure produced by the dairy herd. Total costs include cash operating
expenses, the annualized replacement costs of the farm’s capital, the costs of hired and family labor, and a share of farm
overhead expenses.
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Figure 2
Milk costs and returns, 1980-2018

Dollars/cwt Dollars/cwt
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Note: cwt = hundredweight.

Source: USDA, Economic Research Service, Milk Costs and Returns Estimates.

During the 1980s, the sector’s net returns were positive, on average, due to a dairy policy aimed at
supporting milk prices. However, positive returns induced an expansion of herds and production,
necessitating additional policy steps and public expenditures geared toward controlling production
(MacDonald, Cessna, and Mosheim, 2016). Figure 2 shows clearly the impact of fluctuating milk
prices on gross and net returns during the 1990s, and especially after 2000, as policy shifted from
supporting prices. The impact of the sharp movements in feed prices on total production costs after
2006 can also be seen clearly in figure 2. Finally, notice the steady average decline in net returns per
hundredweight over time, with deep troughs reached in 2009 and in 2012.

Despite negative net returns in many years and growing price risks, milk production has continued
to expand at a steady annual rate: 1.4 percent per year since 1980, with particularly steady growth
since 2002 (figure 3). Those gains reflect steady improvements in milk yields (production per cow).
The cow herd, which was 10.8 million cows in 1980, fell to 9.0 million by 2004, before recovering to
9.4 million cows by 2018. In turn, improvements in milk yields reflect steady improvements in dairy
cow genetics, feed formulations, and on-farm practices.
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Figure 3
U.S. milk cows and milk production, 1980-2018
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Source: USDA, Economic Research Service using data from USDA, National Agricultural Statistics Service, Milk Production.

Why do we see expanded production when average industry-wide net returns are persistently nega-
tive? Net returns vary widely across farms. Some groups of dairy farms appear to earn consistently
high returns, even as others lose money and gradually contract. Figure 4 tracks net returns from

2005 through 2018 for five different herd size classes: farms with 50 to 99 cows, farms with 100 to

199 cows, farms with 200 to 499 cows, farms with 500 to 999, and farms with 1,000 or more cows.?

The patterns in figure 4 are quite striking. Notice that net returns increase with herd size in every
year—that is, larger herd size classes earned higher net returns. The difference between large and
small herds is quite substantial. Notice that for farms in the smallest herd size class, net returns are
negative in every year, while for farms in the largest herd size class, net returns are positive in 10 of
the 14 years shown. Farms in the largest herd size class had average net returns of $1.12/cwt between
2005 and 2018.7

°ERS develops milk costs and returns estimates for base years (2005, 2010, and 2016 in figure 4) based on detailed dairy
enterprise information collected in ARMS dairy surveys in those years. Between base years, ERS adjusts costs and returns
estimates based on changes in input and product prices and production. See Appendix A for details.

7For a dairy enterprise of a large farm, we can convert returns per cwt to total net returns. If, for example, a farm operates
a herd of 2,000 cows, with average milk production per cow of 25,000 pounds (250 cwt), then a return of $1.12 per cwt would
generate total net milk returns for the farm of $560,000. Farms in small size classes produce less milk per cow (closer to 150
cwt for herds of 50 or less), so a 50-cow herd with a net return of -$10.00 would generate a farm-level net return of -$75,000.
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Figure 4
Net returns by herd size, 2005-2018
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Source: USDA, Economic Research Service, Milk Costs and Returns Estimates.

The ERS measure of the cost of milk production aims to include all economic costs. For example,
the measure accounts for opportunity costs of farm labor and of home-grown feed (that is, what

the farmer could have earned from working off the farm or from selling the feed). It also accounts
for the costs of livestock and physical capital to the farm. In the ERS measure, positive net returns
are equivalent to economic profits—returns on the capital invested in the farm business that exceed
what investors could make elsewhere, on average, in the economy. Positive net returns should induce
expanded investment, since they signal relatively high returns to that investment. This is the case,
too, with the largest class of farms, as new farms enter and smaller farms invest in expansion to
larger sizes. We should not see expanded investment into classes with persistent negative returns.
Disinvestment and exit in those classes, however, has been gradual.

The persistent differences in net returns have led to powerful and ongoing structural changes in the
industry, with shifts of cows and production away from smaller farms and toward larger ones. The
structural changes also encompass regional shifts in production.

We turn next to a closer examination of the structural changes affecting the industry, and then return
to a more detailed analysis of the ERS costs and returns estimates for dairy farms.
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Dairy Farm Structure: Farms, Herds, and Production

The number of U.S. dairy farms has been shrinking, even as milk production continues to increase.
There were 74,100 licensed dairy herds in the United States in 2002. The number of herds fell to
34,187 by 2019 (figure 5).8

The number of licensed dairy herds fell in each year between 2002 and 2017, at an average annual
rate of 4.0 percent. However, that rate of decline accelerated in 2018 and 2019. The number of
licensed herds fell by 2,731 farms in 2018 alone, or 6.8 percent of the 2017 total, and then fell another
8.8 percent in 2019 as the total fell by 3,281 farms.

The nationwide estimate of licensed herds is based on the average number of herds during a year.
More detailed monthly counts from the State of Wisconsin show increasing rates of exit from 2017,
to the nearly end of 2019 (figure 6). Wisconsin licensed herds declined at an average annual rate of
about 4 percent in 2014-2016, in line with national trends. However, the rate of dairy farm exit in
increased again in 2018, and in 2019 rose again to an annualized rate of over 10 percent through most
of 2019, before falling off in late 2019 and early 2020.°

Figure 5
Dairy farm numbers have been declining for many years

Number of farms

350,000
300,000
Farms with any milk cows
(Census of Agriculture)
250,000 lI
200,000
[ ]
a
150,000 T =
- :
100,000
Farms with at least 10 milk cows =
(Census of Agriculture) M
50,000 , s
Licensed dairy herds e,
(annual NASS reporting)
0 I | | | 1 1 1 1 1
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Sources: USDA, Economic Research Service using data for licensed dairy herds from USDA, National Agricultural Statistics
Service (NASS), Milk Production February Issues, 2002-19; and for farms with milk cows from NASS, Census of Agriculture.

8To sell milk, dairy farmers must be licensed by State governments, in a process focused on sanitary standards. USDA,
National Agricultural Statistics Service has tracked the number of licensed herds since 2002 and reports them in February
issues of Milk Production.

“Wisconsin, the second-largest dairy State, accounts for over one-fifth of all U.S. licensed dairy herds. Developments in
Wisconsin directly affect national trends because of the importance of the State’s small and midsized herds, and likely signal
developments in other States with similar farm structures (that is, in the Northeast and Upper Midwest). See Appendix B for
more detail on farm structure in Wisconsin and other major dairy States.
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Figure 6
Monthly exit rates, Wisconsin licensed dairy farms
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Source: USDA, Economic Research Service using data for licensed dairy herds from USDA, National Agricultural Statistics
Service.

Structural change was occurring before 2002, when NASS began publishing estimates of the
number of licensed dairy herds. For a longer timespan, we can track the number of farms with milk
cows, as reported in the Census of Agriculture.! This number has been declining for many years,
from over 333,000 in 1978 to 54,599 in 2017.

Note, however, an important difference between the two sources. The number of farms with milk
cows, as reported in the census, exceeds the number of licensed dairy herds. For example, the census
reported 54,599 farms with milk cows in 2017, while NASS reported 40,199 licensed dairy herds
(figure 5). The difference lies in farms that produce milk for their own consumption but do not sell
milk. These farms tend to own just one or two cows.!!

The distinction matters when assessing structural change. The financial pressures facing small
commercial dairy farmers—those who sell milk, and for whom dairy production provides a liveli-
hood—do not necessarily apply to operations that produce milk only for home consumption. We
need to distinguish between these types of operations when evaluating consolidation in the industry.

19The Census of Agriculture has been conducted in 5-year intervals, for years ending in 2 or 7, since 1982, and at 4-, 5-, or
10-year intervals before then, back to 1840.

!'The census reports the number of farms with 1-9 cows. In 2017, there were 16,932 farms in that class, 30.7 percent
of all farms with milk cows, and not much more than the difference between farms with cows and licensed dairy herds
(14,580 farms). The average herd size among those farms was 2.3 cows, and it is likely that most did not sell milk. By way of
comparison, over 137,000 farms had 1-9 cows in 1978. The census reported finer herd size breakdowns then, and 104,880 of
those farms had 1-2 cows. Part of the long-term decline in farms with milk cows reflects farmer decisions to forego milking
only for home consumption.
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Developments among these very small noncommercial producers affect the census series, as we can
see when we track the number of farms with at least 10 cows (figure 5). From 1978 through 2007,
the number of farms with any cows substantially exceeds the number of farms with at least 10 cows,
and also clearly declines more rapidly. This is because farms with fewer than 10 cows exited at a
relatively rapid rate (7.5 percent per year) over the period, as many farm families stopped producing
milk for their own consumption. After 2007, however, the trend reversed, and the number of herds
with 1-9 cows began to rise, reflecting a modest increase in the number of farmers who keep cows
for their own consumption.

If we focus on farms with at least 10 cows—which corresponds closely to farms that sell milk—

the census series declines at an average annual rate of 4.2 percent from 1978 through 2017, and at
4.1 percent annually from 2002 to 2017, closely matching the 4.0 percent annual rate of decline of
licensed dairy herds over 2002 to 2017. When assessing structural change, we account for trends in
commercial herds, and distinguish them from farms that keep cows only for home consumption. The
number of commercial dairy farms has been declining for many years, at a persistent average rate

of just about 4 percent per year. Given the persistent long trend of decline, there is good reason to
expect continued exit in the future.

Consolidation Into Larger Farms

With fewer dairy farms, average farm size has increased, measured either by milk production or
herd size. The average number of cows per herd, according to census estimates, increased from

50 in 1987, to 99 in 2002, and finally to 175 in 2017. (This average includes all farms with milk
cows.) Over the same 1987-2017 period, average milk production per farm rose more than five-fold,
reflecting more cows per farm and more milk per cow. However, these simple averages understate
the striking nature of consolidation that has occurred in the industry, as much larger farms—with
herds of 5,000 cows, and some with 10,000 or more—have entered the industry.

In table 1, we sort farms with milk cows into 7 herd size categories, from the smallest class, with
1-9 cows, to the largest class, with more than 999 cows in the herd. We summarize Census of
Agriculture data from six successive censuses (1992 through 2017) and report the number of farms
and the share of the U.S. milk cow inventory by herd size class in each year. Several developments
stand out:

e The number of farms in the smallest herd size class (1-9 cows) fell from 1992 to 2007, and
so did the share of cow inventory for farms of that size class. The decline was not as rapid as
that in other small and midsize classes, and it stopped after 2007. Farm numbers in this class
actually grew in 2007-2012 and grew again in 2012-2017. Since most of these farms do not
sell milk, their decisions are likely based on considerations that differ from farms that do sell
milk.

* There were large and persistent declines in the number of farms with 10-99 cows—a decline
of over 80 percent in 1992-2017 for farms with 10—49 cows and over 70 percent for those with
50-99 cows. These were typical dairy farms in 1992, when they accounted for nearly half
(48.5 percent) of all U.S. milk cows. By 2017, that share had fallen to 12.6 percent.

e In 1992, a dairy farm with 100-199 cows was a relatively large farm. Over the next 25 years,
farms in that class saw their numbers, and their share of inventory, fall by more than half.
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* These three classes of small commercial farms (10—199 cows) collectively accounted for over
68 percent of all U.S. milk cows in 1992, but just 22 percent in 2017. Even by 2017, there were
still 30,373 of these small commercial operations, three-quarters of all licensed dairy herds. It
is among these classes that exit has been concentrated, primarily through closures of existing
operations and as some farms have expanded to larger sizes. Many of those remaining face
increasing financial pressures.

* Inventory has shifted to the largest size class. In 1992, the census counted 564 farms with at
least 1,000 cows, and those farms accounted for less than 10 percent of all cows. Twenty-five
years later, nearly 2,000 farms had herds of that size, and they accounted for 55 percent of
U.S. inventory.

The pace of consolidation in dairy exceeds that in most of U.S. agriculture (MacDonald, Hoppe, and
Newton, 2018). Consolidation in U.S. crop production was widespread across crops and was persis-
tent over time; over 30 years, consolidation in crops doubled. The equivalent measure in dairy shows
a 16-fold increase in 30 years. In livestock, consolidation in hogs and in eggs occurred at a pace
similar to the pace of dairy, but consolidation in other livestock sectors lagged far behind.!2

The largest size class reported in table 1 (1,000 or more cows) encompasses a wide range of actual
herd sizes, with production moving to much larger farms over time. We use a cut-off of 1,000 or
more in table 1 because that was the largest class reported in census publications in 1992-2002.

As the frontiers of herd size expanded, NASS split that class into two classes, beginning with the
2007 census—1,000-2,499 head and 2,500 or more—and then split the largest class again in the
2017 census, with categories for 2,500-4,999 and 5,000 or more cows. The 189 farms with 5,000 or
more cows in 2017 accounted for over 1.5 million milk cows (16.4 percent of the total). They have
multiplied rapidly: MacDonald, Cessna, and Mosheim (2016) identified 8 such farms in 1992 census
records, compared with 47 in 2002 and 142 in 2012. Today, the largest dairy farms in the country
milk more than 25,000 cows, usually organized into a series of pods comprised of cow barns or lots,
manure storage units, feed bunkers, and milking facilities.

12MacDonald, Hoppe, and Newton (2018) relied on a midpoint farm size—the size of farm at which half of all acres
(or animals, in livestock measures) was on larger farms, and half on smaller. Census of Agriculture records allow research-
ers to measure midpoints precisely, over many years. Many commodities displayed a doubling or tripling in midpoint farm
sizes over 1987-2012. For example, the midpoint for harvested corn acreage increased from 200 acres in 1987 to 633 in
2012, while the wheat midpoint increased from 404 acres in 1987 to 1,000 in 2012. The 1987 midpoint size for broilers was
300,000 removed in a year, compared with 680,000 in 2012. By contrast, the midpoint dairy herd was 80 milk cows in 1987,
and 900 in 2012. More recent 2017 census data puts the dairy midpoint at 1,300 cows, a 16-fold increase over 1987.
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Table 1
The changing size structure of U.S. dairy farms, 1992-2017

Herd size 1992 1997 2002 2007 2012 2017
(Milk cows) Number of farms with milk cows

1-9 32,803 22,824 21,016 14,426 16,463 16,932
10-49 60,315 40,833 27,244 19,912 17,869 11,479
50-99 41,813 33,477 25,465 18,986 15,351 12,137
100-199 14,062 12,602 10,816 8,975 7,359 6,757
200499 4,652 4,881 4,546 4,307 3,712 3,830
500-999 1,130 1,379 1,646 1,702 1,637 1,511
>999 564 878 1,256 1,582 1,807 1,953
Total 155,339 116,874 91,989 69,890 64,098 54,599

Share (percent) of U.S. milk cow inventory

1=9 0.9 0.7 0.6 0.4 0.4 0.4
10-49 19.5 13.8 9.2 6.8 5.9 3.6
50-99 29.0 24.5 1941 13.8 1141 8.6
100-199 19.0 18.0 15.4 12.8 10.6 9.4
200-499 13.7 15.3 14.7 13.8 12.0 12.0
500-999 8.0 10.2 12.2 12.5 11.3 10.7
>999 9.9 17.5 28.8 39.9 48.7 55.2
Total 100.0 100.0 100.0 100.0 100.0 100.0

Source: USDA, Economic Research Service using data from USDA, National Agricultural Statistics Service, Census
of Agriculture.

Consolidation in Milk Production

The Census of Agriculture reports on cows but does not track milk production. Milk production is
highly correlated with the number of cows in a herd, but the correlation is not exact because milk
yields (milk per cow) are generally higher in larger herds.

USDA’s Agricultural Resource Management Survey (ARMS), jointly administered by ERS and
NASS, elicits information on milk production as well as cow inventories. This annual survey of all
U.S. farms includes specialized questionnaire versions aimed at representative samples of producers
of target commodities in certain years. ARMS targeted dairy producers in 2000, 2005, 2010, and
2016. Those four Dairy Versions of ARMS also provide the baseline information for the ERS milk
costs and returns estimates, used throughout this report, and they provide information on the loca-
tion, organization, and production practices used on dairy farms, and so allow for deeper analyses of
consolidation. More detailed information on ARMS can be found in Appendix A.

The ARMS Dairy Version targets a population that differs from that covered by the Census of
Agriculture. It targets farms with at least 10 milk cows, while the census covers all farms with milk
cows. ARMS also focuses on major dairy States (28 in 2016), while the census covers all States.
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And ARMS is carried out in different years than the census. Nevertheless, ARMS data provide a
useful complement to census findings.

We first compare ARMS and census inventory shares by size class, and then show how ARMS cow
inventories relate to ARMS milk production estimates (table 2). Generally, the ARMS and census
inventory shares for each herd size class are close to one another for nearby years. ARMS shares
exceed census shares among smaller size classes—as they should since the ARMS estimates predate
the census estimates—and structural change means that small-farm shares will shrink over time.
There is one significant discrepancy: farms with at least 1,000 cows accounted for 30 percent of the
ARMS inventory in 2005, and 39.9 percent of the 2007 census inventory. That’s a large jump in a
2-year period, and it suggests that ARMS may have underrepresented large farms in 2005.

Now compare ARMS production shares to inventory shares. Cows on larger farms tend to produce
higher annual milk yields than those on smaller farms, because larger farms are more likely to milk
three times a day instead of two, and are more likely to aim for yield in herd selection and breeding
decisions (MacDonald, Cessna, and Mosheim, 2016). As a result, small-herd inventory shares exceed
their production shares, while large-farm milk production shares exceed their inventory shares.

Table 2

Cow inventories and milk production
Source 2007 Census 2005 ARMS 2017 Census 2016 ARMS
Base Cows Cows ‘ Production Cows Cows Production
Herd size Share (percent) of total U.S. inventory or production
1-9 0.4 X X 0.4 X X
10-49 6.7 6.9 5.4 3.6 3.8 2.7
50-99 13.8 15.7 14.0 8.6 9.7 8.1
100-199 12.7 16.4 15.7 9.4 9.9 8.9
200-499 13.8 17.7 18.2 12.0 11.8 11.9
500-999 12.5 13.3 14.5 10.7 13.3 14.5
>999 39.9 30.0 32.2 55.2 51.5 53.9

Note: x = not surveyed. The ARMS Dairy Version only surveys farms with at least 10 cows.

Source: USDA, Economic Research Service (ERS) using data from USDA, National Agricultural Statistics Service (NASS),
2007 and 2017 Census of Agriculture; and ERS and NASS, Agricultural Resource Management Survey, Dairy Version
(2005 and 2016).
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Production has been shifting to larger herds in the ARMS data, where we break large dairy farms into
two classes: those with 1,000—1,999 head, and those with 2,000 head or more (figure 7). Note that
production steadily shifted to both size classes between 2000 and 2016, but that the major expansion
occurred in the larger class. In 2016, farms with at least 2,000 cows handled 35.2 percent of milk produc-
tion, up from 4.5 percent in 2000. Farms in the next-largest class (1,000—1,999) head also expanded their
share of production, from 13.4 percent in 2000 to 18.7 percent in 2016. Combined, these two classes
accounted for 53.9 percent of U.S. milk production in 2016. Thus, the shift of production to farms with at
least 1,000 head mirrored the movement of cows to those farms, and that movement is continuing.

The shift to farms with at least 2,000 head is largely a 21st Century phenomenon. MacDonald,
Cessna, and Mosheim (2016) showed that such farms were appearing, primarily in Western States,
during the 1990s, and that by the time of the 1997 census, there were just over 200. However, the
total number of farms with at least 2,000 cows doubled between the 1997 and 2002 censuses, and
then nearly doubled again between the 2002 and 2012 censuses, with continuing increases since.
The frontier—the size of a dairy farm that we would call “large”—keeps expanding.

Figure 7
Milk production has shifted to larger herds

Percent of milk production
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Source: USDA, National Agricultural Statistics Service, and USDA, Economic Research Service, Agricultural Resource
Management Survey, Dairy Versions, 2000, 2005, 2010, 2016.

Location and Dairy Consolidation

Dairy production is concentrated in a relatively small number of States (table 3). California and
Wisconsin—the largest and the second-largest milk production States—together accounted for
nearly 33 percent of U.S. milk production in 2018, while the next six States—Idaho, New York,
Texas, Michigan, Pennsylvania, and Minnesota—combined for 34 percent. Production has become
more geographically concentrated as well: those top eight States accounted for 61 percent of total
production in 1992. Geographic consolidation, too, extends to finer levels. In 1982, it took 50 U.S.
counties to encompass 25 percent of all dairy cows, and 174 counties to capture 50 percent. By
2007, the corresponding numbers were 17 and 80 counties as cows were concentrated into fewer
counties (O’Donoghue, et al. 2011).
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There are important regional differences in dairy production (Sumner and Wolf, 2002). Farms

in dairy production areas in the Northeast and Midwest have been smaller, more likely to have
combined milk and feed production on the farm, have been more likely to graze their cows on
pasture, and have relied primarily on family labor in the dairy enterprise. In contrast, farms in the
West have been larger; are more likely to purchase most or even all of their feed and to confine cows
in barns and lots instead of grazing them; and are more likely to rely heavily on hired labor for the
dairy enterprise.

Table 3
Leading dairy States, 2018

Production Cows

Rank State (Million pounds) (1,000 head)
1 California 40,413 1,734
2 Wisconsin 30,579 1,274
3 Idaho 15,149 609
4 New York 14,882 623
5 Texas 12,852 537
6 Michigan 11,168 424
7 Pennsylvania 10,665 519
8 Minnesota 9,868 453
9 New Mexico 8,285 330
10 Washington 6,736 277
11 Ohio 5,532 259
12 lowa 5,268 220
13 Arizona 4,978 208
14 Colorado 4,557 176
15 Indiana 4,161 184
16 Kansas 3,708 159
17 South Dakota 2,705 121
18 Vermont 2,680 127
19 Oregon 2,531 123
20 Florida 2,381 120
21 Utah 2,322 100
22 lllinois 1,878 90
23 Georgia 1,766 82
24 Virginia 1,635 83
25 Nebraska 1,440 60
United States 217,575 9,399

Source: USDA, Economic Research Service using data from USDA, National Agricultural Statistics Service, Milk Production
(March 12, 2019).
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Figure 8
Milk production has shifted to Western States

Percent of U.S. milk production
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Source: USDA, Economic Research Service using data from USDA, National Agricultural Statistics Service, Census
of Agriculture.

To detail these regional patterns, we focus on two groupings of States: an Eastern region consisting
of 10 major dairy production States, and a Western region of 11 major dairy States.!3 Together, the
21 States account for over 90 percent of U.S. milk cows and production. The Eastern Dairy States
encompassed 45 percent of cows and 46 percent of milk production in 2017, while the Western
Dairy States contained 46 percent of cows and 48 percent of production.

Over time, milk production has shifted to Western Dairy States (figure 8), which held 31 percent of
U.S. production in 1992. That share rose to 47 percent by 2007, before stabilizing in 2012 and 2017
at about 48 percent. The share held by Eastern Dairy States fell by nine percentage points between
1992 and 2007, but has since risen, reaching 46 percent in 2017. Dairy production has declined
steadily in the rest of the country, falling from nearly 16 percent of production in 1992 to 7 percent
in 2017.

Eastern and Western Dairy States feature much different farm size distributions (table 4; see
Appendix B for detailed State-by-State comparisons). While the Western States had more cows and
higher production, the Eastern States had far more dairy farms in 2017: 35,153 farms, compared
with 6,962 in the Western States. About 84 percent of milk cows in the Western States were in herds
of 1,000 cows or more, compared with 30 percent of cows in the Eastern States. Each region had
significant, and growing, numbers of very small herds (1-9 cows).

3The Eastern Dairy States are Illinois, Indiana, Towa, Michigan, Minnesota, New York, Ohio, Pennsylvania, Vermont, and
Wisconsin. The Western Dairy States are Arizona, California, Colorado, Idaho, Kansas New Mexico, Oregon, South Dakota,
Texas, Utah, and Washington. We focus on census years (1992-2017) because the census reports data by herd size classes.
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However, the Eastern Dairy States include far more small commercial dairy farms (those with
10-49, 50-99, and 100-199 cows): almost 25,000 in 2017, compared with 1,349 in Western States.
That is, 80 percent of small commercial dairy farms are in the 10 Eastern Dairy States, while only
4 percent are in the 11 Western Dairy States. Moreover, 60 percent of small commercial dairy
farms were in just four of the Eastern Dairy States—Minnesota, New York, Pennsylvania, and
Wisconsin—and those States accounted for almost 10,000 of the 17,500 small commercial farms
that disappeared from 2007 to 2017.

TDa:Ii(:;(1 farms and cow inventory by herd size and region, 2007 and 2017
. Eastern Dairy States Western Dairy States

Herd size

2007 2017 2007 2017

Number of farms with milk cows
1-9 5,067 6,502 3,033 3,142
1049 16,083 9,448 759 444
50-99 15,678 10,222 714 455
100-199 6,172 5,004 822 450
200-499 2,505 2,579 1,071 688
500-999 649 798 898 555
>999 314 600 1,170 1,288
Total 46,468 35,153 8,467 6,962
Share (percent) of milk cow inventory

1-9 0.4 0.4 0.2 0.2
10-49 12.6 6.6 0.5 0.3
50-99 25.4 16.3 1.2 0.7
100-199 19.5 15.5 2.8 1.4
200-499 17.6 18.1 8.5 5.0
500-999 10.5 12.7 15.4 8.8
>999 14.0 30.4 71.4 83.6
Total 100.0 100.0 100.0 100.0

Note: Eastern dairy States are lllinois, Indiana, lowa, Michigan, Minnesota, New York, Ohio, Pennsylvania, Vermont,
and Wisconsin. Western dairy States are Arizona, California, Colorado, Idaho, Kansas, New Mexico, Oregon,
South Dakota, Texas, Utah, and Washington.

Source: USDA, Economic Research Service using data from USDA, National Agricultural Statistics Service, Census
of Agriculture.

Dairy farm consolidation, in the form of shifts to much larger farms, proceeded in each region.
Among Eastern Dairy States, the number of farms with at least 1,000 milk cows nearly doubled
between 2007 and 2017, with a concomitant movement of cows (table 4). Consolidation came
largely at the expense of small commercial dairy farms (10-199 cows), where farm numbers fell by
more than one-third between 2007 and 2017.
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The two regions are not monolithic. Within the group of Western Dairy States, production and cow
inventories fell in California over 2007-2017 while rising noticeably in Idaho and in the Plains
States of Texas, Kansas, and South Dakota. The shift from California likely reflects urbanization
pressures and environmental regulations in the Nation’s most populous State (Ash, 2018; Sneeringer,
2011). Among the Eastern Dairy States, there were substantial production increases in Wisconsin
and New York over 2007-2017, driven by relatively large increases in milk yields, and increased
inventories and production in Michigan and Indiana, reflecting investments in large-scale operations
(Appendix B).

Dairy farm consolidation, and associated changes in production practices, has had important
impacts on land use in Eastern Dairy States. In particular, the total amount of land used for pasture
in the 10 Eastern Dairy States fell by nearly half from 1987 through 2017, from 21.6 million acres to
11.2 million, as fewer cows grazed on pasture. In contrast, total land used for pasture in the rest of
the United States fell by only 15 percent during that period.

Large farms already accounted for most cows and production in Western Dairy States in 2007, but
in the 10 years that followed, each region continued to shift to farms with at least 1,000 head. The
number of small commercial farms in the Western States fell by 41 percent from 2007 to 2017, a
larger proportional decline than in the Eastern States. However, the numbers affected are much
smaller in the West: 936 fewer small commercial dairy farms, compared with a decline of 17,500
farms in Eastern States.
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Farm Size, Farm Costs, and Financial Performance

The number of U.S. dairy farms, measured either as licensed dairy herds or as farms with milk
cows, has been declining steadily for many years. The long-term trend appears to be quite
powerful—for example, figure 5 shows a near-linear decline in licensed dairy herds over 2002-2018.
Dairy farm numbers declined in every year, whether average industry financial returns were weak or
strong, and annual declines fell within a narrow range, from 2.7 to 6.8 percent. In turn, that pattern
suggests that long-term factors are important in driving farm consolidation.

Indeed, powerful longstanding financial incentives are driving dairy farm consolidation (figure 9).
We report estimates of total costs of milk production, per hundredweight of milk produced, for seven
herd size classes, and then compare total costs to gross returns to milk production. The estimates

are based on ERS milk costs and returns estimates drawn from the 2016 ARMS survey of dairy
producers. We show estimates for conventional production only, excluding operations with certified
organic milk production.'*

Figure 9
Milk costs and returns, by herd size, 2016
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Note: cwt = hundredweight.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource Man-
agement Survey, 2016 Dairy Version.

4Organic milk costs and returns are evaluated separately in this report because organic costs and prices are much higher
than those for conventional production.
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In 2016, total costs of production fell steadily as herd size increased, from $33.54/cwt in the smallest
herds (10-49 cows) to $17.16/cwt in the largest herds (2,000 or more cows). Gross returns per
cwt—which includes revenues from milk sales, livestock sales of culled cows and calves, and other
sources—were lower for the largest operations but did not vary nearly as widely as costs. In 2016,
gross returns exceeded total production costs for farms with the largest herds, while falling well
short of total costs among farms with fewer than 500 cows. The gap between total costs and gross
returns was particularly wide among small commercial operations—those with fewer than 200 head.

This finding is not new and has been cited in earlier ERS research (MacDonald, Cessna, and
Mosheim, 2016; MacDonald et al., 2007; Mosheim and Lovell, 2009). For example, Mosheim and
Lovell (2009) estimated that production costs in 2000 fell sharply as herd size increased from 10 to
around 750 head, and that costs continued to decline more gradually throughout the range of their
data, which extended out to a few farms with just over 2,500 head (figure 10). While average costs
in figure 10 fall at a modest rate as one goes from 1,000 to 2,000 to 2,500 head, the full reduction in
estimated costs is meaningful. At 2,700 head, estimated costs were about 13 percent below estimated
costs for herds half that size.

Figure 10
Estimated scale economies in dairy in 2000
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Note: Data includes only conventional producers. Organic operations were excluded.

Source: USDA, Economic Research Service using data from the 2000 Agricultural Resource Management Survey, Dairy
Version (Mosheim & Lovell, 2009).
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The sample in the Mosheim and Lovell (2009) study did not have many large operations in it, so
the large-farm estimates in figure 10 are based on a thin sample. Moreover, one could certainly
quibble with some of the ways in which costs were estimated (we discuss cost estimates in more
detail below and in Appendix A). However, later experience provided strong validation for their
analysis: cows and production moved to much larger farms after 2000, indicating that producers
believed that there were substantial cost advantages to larger operations.

Understanding Milk Costs and Returns

Larger dairy operations persistently show lower costs and higher net returns, on average, than
smaller operations in the ERS costs and returns (CAR) accounts. Costs and returns estimation is
complex. It requires detailed data as well as steps to estimate costs that are not explicitly reported.
We go into some estimation details in this section.

ERS estimates the CAR associated with commodity enterprises on the farm—in this case, the
farm’s dairy enterprise. If the farm also raises crops, whether as feed for the dairy or for commer-
cial sale, ERS treats that activity as a separate enterprise and focuses on CAR for the dairy enter-
prise. ERS estimates the value of the feed produced on the farm (including pasture) and treats that
value as a cost to the dairy enterprise. The agency aims to account for all the products generated
by the dairy enterprise, including milk, dairy cows and calves sold by the farms, and the manure
produced by the dairy herd, which can be used as fertilizer for cropping enterprises.

Large and small dairy farms use different production practices, and it is important to account for
those differences in assessing costs and returns (table 5). Large farms rely heavily on hired labor,
while small farms use little hired labor, relying instead on family-provided labor. While almost all
dairy farms purchase at least some of the feed used for their cows, large farms rely more heavily on
purchased feed (on average, 80 percent of feed expenses for the largest farms). Since most farms
also rely heavily on homegrown feed, it is important to properly account for the cost of homegrown
feed to the dairy enterprise.!> While some large farms graze their cows on pasture for at least some
of the year, most do not; their cows are confined within barns or lots on the farm. Most small oper-
ations, in contrast, graze their cows for at least part of the year.

15The ARMS is used to elicit information from respondents on the quantities of different homegrown feeds fed to
their cows. ERS then values those quantities using annual average market prices received by farmers for those crops in the
respondent’s State. In short, the ERS milk CAR accounts value homegrown feed at its opportunity cost, or what the farmer
could have gotten by selling it.
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Table 5
Production practices on dairy farms, 2016

Farm production practices
Hired share Purchased share Farms that Farms that do not
of labor of feed purchase all feed graze cows
Percent of expenses Percent of farms

All farms 227 53.6 3.1 47.0
All cows 67.1 70.6 13.7 80.0
Herd size class

1049 3.0 44.3 0.2 22.6
5099 7.5 50.4 0.2 38.2
100-199 25.0 51.7 4.2 53.9
200499 59.0 63.9 6.8 75.3
500-999 76.0 74.3 8.2 82.0
1,000-1,999 88.5 80.1 15.1 89.9
>1,999 94.7 82.7 211 96.1

Note: Conventional operations only (organic excluded). USDA, Economic Research Service estimates opportunity costs for
self-employed and unpaid family labor, and for homegrown feed, and includes them with hired labor and purchased feed in
estimates of labor and feed expenses.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource
Management Survey, 2016 Dairy Version.

Differences in production practices matter when analyzing costs and competition in the industry.
Changes in hired-labor wage rates and availability affect large farms much more than small because
small farms use little hired labor, and for the same reason changes in purchased feed expenses

have greater impacts on large farm costs than on small. Because farms use differing 