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Abstract

U.S. livestock production has shifted to much larger and more specialized farms, and the 
various stages of input provision, farm production, and processing are now much more 
tightly coordinated through formal contracts and shared ownership of assets. Important 
fi nancial advantages have driven these structural changes, which in turn have boosted 
productivity growth in the livestock sector. But structural changes can also generate 
environmental and health risks for society, as industrialization concentrates animals and 
animal wastes in localized areas. This report relies on farm-level data to detail the nature, 
causes, and effects of structural changes in livestock production. 

Keywords: Livestock, dairy, broilers, hogs, fed cattle, farm structure, scale economies, 
contract agriculture, CAFOs, growth-promoting antibiotics 
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Summary

Livestock agriculture has undergone a series of striking transformations. 
Production is more specialized—farms usually confi ne and feed a single 
species of animal, often with feed that has been purchased rather than grown 
onsite, and they typically specialize in specifi c stages of animal production. 
Today’s livestock farms tend to be tightly linked to other stages of produc-
tion and processing through formal contracts. While the farms are usually 
owned and operated by a family, they rely increasingly on hired labor. And 
the farms that account for most production are much larger than they were in 
the past.

What Is the Issue?

Strong fi nancial pressures have driven the industrialization of U.S. livestock 
farms. Larger operations are able to realize lower costs and higher returns, 
while tighter coordination among fi rms at different processing stages can 
reduce fi nancial risks. But growing to a more effi cient scale also concen-
trates livestock in a limited area, and excess concentrations of manure-based 
nutrients can lead to increased air and water pollution. Large operations are 
also more prone to use antibiotics intensively in order to pre-empt the spread 
of animal disease and to accelerate animal growth. Extensive antibiotic use 
in livestock raises concerns about increased pathogen resistance and related 
risks to human health. This report assesses the driving forces behind struc-
tural change in fed-cattle, dairy, hog, and broiler production, and describes 
the effects on productivity, prices, and pollution/health risks. It concentrates 
on changes in the size structure of farms, their organization and production 
practices, and their contractual links with processors and integrators.  

What Did the Study Find? 

U.S. livestock production is shifting to much larger enterprises, in part 
because of scale economies. Between 1987 and 2002, the production locus 
(the farm size, in annual sales, at which one half of national production 
comes from larger farms and half from smaller) increased by 60 percent in 
broiler, 100 percent in fed-cattle, 240 percent in dairy, and 2,000 percent in 
hog production. Recent surveys indicate that production has continued to 
shift to larger operations since 2002.   

While most large livestock and poultry farms are family owned and operated 
businesses, they are becoming more closely linked to input providers and 
processors through formal contracts, joint ownership of animals, and vertical 
integration. Tighter vertical coordination can ease management of fi nancial 
risks and speed the diffusion of innovations. 

Structural change has led to increased productivity and, through that, to 
lower commodity costs of production. For example, the largest dairy farms 
(1,000 cows or more) had average costs of $13.59 per hundredweight in 
2005, 15 percent below the average for farms in the next largest size class 
(500-999 head) and 35 percent below the costs for farms with 100-199 head 
(estimated $20.82 per cwt). Lower costs of production typically lead to lower 
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wholesale and retail prices. However, structural change in livestock agricul-
ture has had less felicitous effects as well.  

Livestock wastes are becoming more geographically concentrated in the 
United States, and excessive applications of the nutrients contained in 
manure pose risks to air and water resources. There is a clear association 
between farm size and the concentration of manure—larger operations are 
more likely to ship manure to other operations and apply manure to their own 
fi elds more intensively. However, the cost to large farms of removing manure 
is still modest in relation to their production cost advantages, and there are a 
variety of ways to mitigate the risks from the concentration of manure. One 
such example is to reformulate the feed to reduce the amount of nutrients 
excreted by the animals.

Many hog and broiler operations provide subtherapeutic doses of antibiotics 
routinely in feed and water to promote animal growth and to prevent disease. 
The commercial value of such practices appears to be substantial in some 
stages of production, like nursing in hogs, but marginal in others. Other 
technologies, including expanded sanitation and testing procedures, can be 
substituted for subtherapeutic antibiotics in some stages of production. 

Individual producers may have little incentive to take costly actions to miti-
gate the harmful effects of livestock industrialization. Livestock production is 
highly competitive, and operations with high costs may jeopardize their own 
survival in policing themselves. However, steps can be taken, at modest cost, 
that preserve the benefi ts of industrialized livestock production while limiting 
its harmful effects.  

How Was the Study Conducted? 

This report draws on recent ERS reports, which in turn rely on farm-level 
data drawn from the Census of Agriculture and from the annual Agricultural 
Resource Management Survey (ARMS). The Census provides an indepth 
source of information on levels and changes in farm size, specialization, 
and location, while ARMS surveys the fi nancial conditions and production 
practices of farm businesses, and the well-being of farm households. Some 
ARMS versions contain detailed questions on the production and marketing 
practices, expenses, and revenues associated with specifi c commodities. This 
report draws on surveys of producers of hogs (in 1992, 1998, and 2004), 
dairy products (in 2000 and 2005), and broilers (2006).
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Introduction

Livestock agriculture has undergone a striking transformation. Today, meat 
and dairy products typically originate on farms whose herds of cattle or hogs, 
or fl ocks of chickens, are much larger than in the past. These enterprises 
usually house a single species in buildings or in open-air pens, and provide 
them with feed that has been purchased rather than grown onsite.  While 
most such farms are family owned and operated, they rely heavily on hired 
labor and are tightly linked to other stages of production and processing 
through formal contracts, alliances, and joint fi nancing or common owner-
ship of assets.

Most large dairy farms encompass several stages of production—in addition 
to producing milk, most still grow at least some of their own feed, produce 
and raise replacement heifers, and market dairy products and culled animals. 
But the beef cattle, hogs, or chickens fed on large operations are usually born 
elsewhere and marketed by other entities, as these grow-out farms specialize 
in single stages of livestock production. Producers are increasingly paid for 
the services that they provide, and not for the products that they sell.

This report analyzes the major shifts toward large-scale industrialized 
production systems in beef cattle, broilers, hogs, and milk, the four largest 
industries in the U.S. livestock sector. It focuses on the forces driving change 
and the major effects of those changes, drawing on fi ndings from recent 
Economic Research Service (ERS) research that focuses on specifi c indus-
tries or practices. It does not assess the economics of organic or other alterna-
tive production systems, which have a growing but still small presence in the 
livestock sector. 

Elements of Structural Change

Four elements distinguish the transformation of the livestock sector—
increased farm size, changes in production technologies, increased enterprise 
specialization, and tighter vertical coordination between the stages of produc-
tion. This report emphasizes farm size, with secondary attention to the other 
factors.

Most livestock are now fed in confi ned conditions in a barn, house, or fenced 
lot. Successful confi nement feeding required a series of technological devel-
opments. The animals are bred to gain weight or produce milk effi ciently, 
while also yielding specifi c meat or milk characteristics. Feed milling and 
delivery is automated, and herds and fl ocks are often grouped according 
to age and other characteristics and provided with feeds that are especially 
formulated for the group. 

Another important feature of structural change is specialization. Some large 
farms produce only a single commodity, such as dairy farms that produce 
only milk or hog birthing operations that produce only nursery pigs, with 
no crop production.  But such highly specialized operations are still the 
exception. Most large livestock operations also produce crops, but they 
increasingly specialize in a single stage of livestock production, such as hog 
fi nishing. Many of these operations may also loosen the links among their 
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different commodity enterprises; for example, a grain and hog farm may sell 
its grain and purchase the feed provided to its hogs. 

Today’s livestock farms are increasingly reliant on contracts and other agree-
ments to govern the links between production stages. Traditionally, farmers 
relied on cash markets as the primary mechanism for organizing production. 
They borrowed money for input expenses from lenders, raised their livestock 
to market weight, and sold livestock and livestock products to processors for 
a price determined at the time of sale. 

More formal and long-term contractual relationships now cover over half 
of all livestock production (MacDonald and Korb, 2008). Some contracts 
commit processors and farmers to a specifi c volume of production to be 
delivered over time, with pricing formulas based upon product quality, 
volumes, and market conditions. Other arrangements pay farmers a fee for 
growing livestock provided by the contractor. Still others specify joint live-
stock ownership and fi nancing between a farmer and contractor. 

Causes and Effects of the Transformation

New technologies, which underpin modern livestock agriculture, have also 
driven the growth in farm size. Just as a single family can now farm far more 
acres than in the past, with greater yields, so too can a single family raise far 
more animals or poultry and realize greater yields of meat or milk. 

The enabling technologies are mechanical, biological, and chemical. Larger 
and faster equipment allows a single producer to till, seed, fertilize, spray, 
or harvest more acres; to house and feed more livestock or poultry; or to 
milk more cows in a single day. Improvements in animal breeding have led 
to larger animals that gain more weight or produce more milk for a given 
amount of feed and labor, just as improvements in seeds have done for crop 
productivity. Chemical fertilizers and herbicides have increased the amount 
of feed that can be produced, while animal pharmaceuticals reduce mortality 
and increase meat or milk yields under the same level of inputs.

Many large farm businesses are run by extended families of several genera-
tions, siblings, or cousins. Others may be managed by several unrelated 
business partners.  Larger management teams allow individual operators to 
specialize in crop production, herd management, or marketing, so this too can 
lead to increases in farm size. Improvements in information technology have 
facilitated the management of large-scale fi eld operations, herd performance, 
and fi nances.

New technologies often reduce costs directly, by allowing more meat and 
milk to be produced for a given amount of land, feed, labor, and capital. 
But the new technologies also create scale economies, which reduce costs 
more for larger operations. As a result, larger farms realize higher profi ts, on 
average, which provides a strong incentive for operators to grow larger. In 
turn, lower industrywide farm costs lead to lower prices for farm commodi-
ties. Lower prices can squeeze smaller farms with higher costs, causing 
many to exit, to grow, or to explore niche markets for differentiated prod-
ucts. Lower commodity prices lead in turn to lower retail food prices, such 
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that the benefi ts from technological improvements and larger farms fl ow to 
consumers.

While the transformation benefi ts society via lower food prices, it is not 
without costs. Large confi ned herds concentrate large quantities of manure, 
which must be removed from housing facilities, stored, and then moved to 
and spread on crop and pasture land. Animal manure contains nutrients like 
nitrogen, phosphorus, and potassium, and can therefore replace commercial 
fertilizers. But if not properly managed, manure can pose environmental 
risks.  Excess nutrients do not contribute to further crop growth, but instead 
may damage air and water resources. Manure also contains bacterial patho-
gens that can pose direct threats to animal and human health.

Another environmental concern over increased scale is the widespread use 
of antibiotics. Large livestock operations tend to use animal antibiotics 
more intensively than smaller operations, as a way to control the spread of 
animal diseases and to promote faster growth. Antibiotics may enter natural 
resources through manure, and excessive use may contribute to increased 
resistance to antibiotics among animal and human pathogens.

Terminology: CAFOs and Large Livestock Operations

The environmental risks associated with the transformation of animal agri-
culture have led to ongoing discussion over the appropriate legal and regu-
latory responses to the risks. The farms that are the focus of this report are 
referred to as CAFOs (concentrated animal feeding operations) in those 
discussions, and the term is now in wide use.

In the U.S. Environmental Protection Agency’s (EPA) designation, a CAFO 
is an animal feeding operation (AFO) that has been designated as a point 
source of pollutants.  An AFO is a lot or facility where animals are confi ned 
and fed for 45 days or more in any 12-month period, and where crops, vege-
tation, forage growth, or post-harvest residues are not sustained in the normal 
growing season over any part of the lot or facility. The key elements in the 
defi nition are that the animals are confi ned; that they are fed, rather than 
grazed on grass or other vegetation; and that the “facility” refers to a struc-
ture, and not to an entire farm.

CAFOs are further defi ned by size. Large CAFOs are defi ned by animal 
inventories—at least 700 dairy cattle, 1,000 beef cattle, 2,500 pigs if they 
weigh over 55 pounds or 10,000 if they do not, and 30,000 broilers if the 
AFO has a liquid manure handling system or 125,000 if it does not. Medium-
size CAFOs fall within intermediate size ranges and discharge wastewater 
or manure to surface waters, while small CAFOs are below the medium-size 
threshold but are designated by local permitting authorities as signifi cant 
contributors of pollutants.1

The EPA’s defi nition of a CAFO captures key elements of the transforma-
tions described above—a production process that concentrates large numbers 
of animals in relatively small and confi ned spaces, and that substitutes struc-
tures and equipment (for feeding,  temperature controls, and manure manage-
ment) for land and labor. While the EPA has a precise defi nition for a CAFO, 
the term is now used broadly and interchangeably with terms like industrial-

 1 The lower bound threshold for 
medium CAFOs is 200 dairy cows, 300 
beef cattle, 750 pigs if they weigh more 
than 55 pounds and 3,000 if they don’t, 
and 9,000 broilers on those AFOs with 
liquid manure handling systems (37,500 
otherwise).



4
The Transformation of U.S. Livestock Agriculture: Scale, Effi ciency, and Risks / EIB-43 

Economic Research Service/USDA

ized agriculture or factory farms to refer to a production process that features 
confi ned feeding of large herds or fl ocks (Pew Commission, 2008; Union of 
Concerned Scientists, 2008; Starmer and Wise, 2007). 

Data To Analyze the Transformation

We detail structural change with data from two large farm-level USDA data-
bases that provide a unique and highly detailed picture of livestock agricul-
ture in the United States. One is the census of agriculture, conducted every 
5 years by USDA’s National Agricultural Statistics Service (NASS). The 
census is an indepth and comprehensive source of information on changes 
in farm size, specialization, and location, and we utilize publicly available 
census data as well as confi dential farm-level census records from the period 
covering 1982-2002. 

The second data source is the Agricultural  Resource Management Survey 
(ARMS), an annual survey of U.S. farms that links farm fi nancial and 
production data, farm marketing and production practices, and farm house-
hold characteristics and fi nances. ARMS has several versions. Two focus on 
all farm types: a personally enumerated version (#1) that provides detailed 
whole-farm data and a shorter mail version (#5). Other enumerated versions 
target large, representative samples of producers of specifi c commodities; 
they include the whole-farm and farm household questions in version 5, but 
also include detailed questions on the expenses, revenues, equipment and 
structures, production practices, and contractual and marketing relation-
ships associated with the commodity under study. Commodity versions are 
directed to producers in leading States—those that collectively account for 90 
percent of production—and focus on operations whose livestock or poultry 
inventories exceed threshold levels (10 cows, 25 pigs, 1,000 broilers). 

We use data from a 2006 ARMS broiler survey, dairy surveys from 2000 and 
2005, and hog surveys from 1992, 1998, and 2004.2 There have been no fed-
cattle versions of ARMS because the concentrated nature of the industry does 
not lend itself to the sampling strategy used in the commodity versions.3 As a 
result, our analyses of fed cattle rely solely on other USDA sources, such as 
census records and NASS Cattle on Feed reports. Because of the coverage of 
our data sources, we emphasize developments since 1980, with some back-
ground information on earlier developments drawn from ERS reports and 
other studies. 

 2 The reference year refers to the year 
of the data; that is, the 2004 survey was 
administered in early 2005, and obtained 
data for 2004.  The 2004 ARMS hog 
version collected data from 1,168 produc-
ers in 19 States. The 2005 dairy version 
covered 1,462 farms in 24 States. The 
2006 broiler version covered 1,568 farms 
in 17 States. 

 3 ARMS commodity versions select 
representative random samples of pro-
ducers of the commodity, and livestock 
and poultry versions have had 800-1,680 
producers in a sample. But since only 
about 260 feedlots account for most fed-
cattle production, a useful survey would 
need to obtain participation from nearly 
all major feedlots.
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How Has the Structure of Animal 
Agriculture Changed?

Livestock production has shifted to much larger farms over time. We fi rst 
describe those changes in size at the aggregate level, by comparing the hog, 
broiler, dairy, and fed-cattle industries. But each industry has also undergone 
important changes in how production is organized. Farms, while larger, are 
more likely to specialize in one stage of production and may be tied to other 
stages through complex contractual relationships. Size, specialization, and 
contractual relationships infl uence the technologies adopted by farm opera-
tors as well as the manner in which they are compensated. We describe those 
elements of structural change industry by industry.

Farm Size

U.S. livestock production features a highly skewed distribution of producers:  
many small farms raise some chickens, hogs, or cattle, but most production 
is on much larger farms. As such, simple measures of average size can be 
misleading. For example, the census of agriculture reports that 105,978 farms 
sold fed cattle in 2002, and that a total of 28.2 million fed cattle were sold.4 
The average farm therefore sold 266 cattle—28.2 million divided by 105,978 
(table 1). But that average (the mean farm size) isn’t very informative, or 
representative, of farms or of cattle. Most farms were much smaller than the 
average; 91,000 sold less than 100 cattle, and half of those sold less than 10. 
But most cattle came from farms that were much larger than the average: 
over 20 million of the cattle sold in 2002 came from farms that sold at least 
5,000 head. 

As production is the underlying focus of this report, we measure farm size so 
as to capture the farm on which the typical hog, steer, dairy cow, or broiler 
resides. To do so, we identify the farm size that’s at the center of the distribu-
tion of production, where half of annual production comes from larger farms 
and half comes from smaller farms.5 We call that operation size the locus of 
production.

The production locus is considerably larger than the average (mean) farm 
size. While the average seller of fed cattle sold 266 head in 2002, the average 
animal came from a farm that sold 34,494 cattle—half of all fed-cattle sales 
came from operations that sold 34,494 or more and half came from farms that 
sold less (table 1). The production locus is larger than the average farm size 
in all four commodities.  

In each industry, the production locus increased over time, nearly doubling 
for fed cattle and for broilers between 1987 and 2002 (table 2). The broiler 
and fed-cattle industries underwent major changes before 1987 (Gee at al., 
1979; Lasley, 1983; Hart, 2003), with more recent shifts of production to 
larger operations occurring while vertical organization remained stable. 

Consolidation in the hog and dairy sectors is more pronounced. Half of all 
1987 dairy production came from farms with no more than 80 milk cows 
in the herd. As very large operations (with 1,000 or more cows) grew more 

 4 Fed cattle are usually shipped to 
feedlots—which consist of many open-air 
pens—when they are 6-12 months old. 
There, they are fed a ration of grain, 
silage, hay, and/or protein supplements 
before being shipped to slaughter 
markets, where they account for most 
beef production.

 5 Specifi cally, the median of the farm 
size distribution, when weighted by 
production (Hoppe et al., 2007; Key and 
Roberts, 2007). We defi ne farm size as 
the number of head in a dairy milking 
herd, or as the number of head removed 
(sold) from other farms.
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common, the locus of production grew to 275 cows by 2002. The shifts in 
hog production were even more dramatic. In 1987, half of all hogs marketed 
came from farms that sold no more than 1,200 hogs. That locus rose to 
23,400 by 2002, refl ecting a major reorganization of production into stages, 
as well as shifts to larger operations in every stage of production. 

So livestock production has shifted to much larger operations over time. 
Other elements of structural change—specialization, contractual relation-
ships, technology—tend to be specifi c to each commodity.

Broilers

Broiler production has a distinctive organization (fi g. 1). Firms called inte-
grators own hatcheries, processing plants, and feed mills. Integrators then 
contract with farmers to “grow out” broiler chicks to market weight, and 
to produce replacement breeder hens for hatcheries. Under a production 
contract, the integrator provides the farmer/grower with chicks, feed, and 
veterinary and transportation services, while the farmer provides labor, 
capital in the form of housing and equipment, and utilities. The birds are 
sent to slaughter after 5-9 weeks on the farm, and the farmer is paid for the 
growing services provided.

The organizational innovations developed in broiler production have been 
adopted in other commodities, but the methods of grower compensation 
remain distinctive (MacDonald, 2008). Growers receive a base payment 
for each fl ock of birds and an incentive. The incentive payment depends on 
the grower’s performance, relative to other growers delivering birds to the 
integrator during the same period. Those growers who can convert feed to 
meat more effi ciently, while having fewer birds die, realize higher payments. 

Table 2: Consolidation in livestock production, 1987-2002

 1987 1992 1997 2002

 Production locus (head sold/removed)

Broilers 300,000 384,000 480,000 520,000
Fed cattle 17,532 23,891 38,000 34,494
Hogs 1,200 1,880 11,000 23,400

 Production locus (milk cows per farm)

Dairy 80 100 140 275

Note: The production locus measures the size of farm at which half of production came from 
larger farms, and half from smaller.

Source: Hoppe et al. (2007).

Table 1: Average livestock farm size, 2002

 Mean farm size Production locus

Fed cattle sold 266 34,494
Broilers sold 265,585 520,000
Hogs sold 2,255 23,400

Milk cows in herd 99 275

Note: The mean farm size is the total number of head sold, divided by the number of farms sell-
ing the species. The production locus measures the size of farm at which half of production came 
from larger farms, and half from smaller.

Source: 2002 Census of Agriculture and Hoppe et al. (2007).
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While contracts in other commodities may specify incentive payments, they 
are set against fi xed standards and not relative performance.

The industry’s current form developed during the 1950s and 1960s as inte-
grators devised grow-out contracts, built production complexes, and devel-
oped breeding fl ocks (Hart, 2003; Lasley, 1983). Early grow-out farms 
weren’t very large, but that changed (fi g. 2). In 1959, farms producing at 
least 100,000 broilers in a year accounted for 28.5 percent of production. 
That share doubled by 1969 and continued to grow rapidly until the 1990s. 
Today, hardly any commercial growers  produce fewer than 100,000 broilers 
in a year. The industry’s basic organization remains unchanged, but produc-
tion continues to shift to larger operations, from a production locus of 
300,000 broilers in 1987 to 520,000 in 2002 and 600,000 by 2006.6

Broiler houses are the grower’s major expense. A pair of new houses can 
cost from $350,000 to $750,000, depending on size and location. Because of 
the signifi cant initial investment in housing, lenders are important, both for 
funding and advice. Housing and equipment improvements are an important 
source of innovation and cost reduction in the industry.7

Measured by the gross farm income received by growers, broiler grow-out is 
still dominated by small farms. A farm at the 2006 production locus (600,000 
broilers) would generate fees from broiler production of about $156,000 if 
it received the industry‘s average payment of 26 cents a head (MacDonald, 
2008). Most realize additional farm revenues from crop production, but 
broilers account for most of gross income, and the production locus farm 
would likely realize a gross farm income, from all sources, of $180,000-
$200,000. That is not a large farm—for agriculture as a whole, two-thirds of 
commodity sales come from farms with at least $250,000 in gross income. 

 6 Table 2. The 2006 estimate is drawn 
from the 2006 ARMS broiler version.

 7 Breeding improvements provide a 
major source of productivity growth, but 
improved lighting and climate controls 
can reduce mortality and improve feed 
effi ciency in fl ocks.

Figure 1
Organization of broiler production
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Hogs

Hog production has been transformed in the last two decades. Today, opera-
tions tend to specialize in single stages of production and are linked to one 
another by integrators using production contracts. However, there are some 
important differences between broiler and hog organization.

Hog production can be described in three stages (fi g. 3). In the farrowing 
stage, sows bred by natural or artifi cial insemination produce nursing pigs, 
which are weaned at 2-3 weeks of age, when they weigh 8-12 pounds. In the 
nursery stage, weaned pigs are fed for about 6 weeks until they weigh 40-55 
pounds. Finally, in the fi nishing stage, feeder pigs are fed for up to 6 months 
until they reach market weights of 250-290 pounds.

In 1992, most market hogs still came from independent farrow-to-fi nish oper-
ations that combined all three stages of production and that sold their hogs to 
meatpackers through cash markets (table 3). Today, most production is orga-
nized by integrators who coordinate production among growers specializing 
in separate stages (Martinez, 2002). Some combine farrowing and nursery 
stages into a farrow-to-feeder operation, and some have broken the nursery 
stage into two. Most market hogs now come from feeder-to-fi nish operations 
that receive feeder pigs from integrators (table 3).

Some integrators organize hog production exactly as broiler integrators 
do—they own packing facilities and feed mills and they contract with 
growers to raise hogs. Others focus on organizing contract hog production, 
while purchasing feed from mills and selling their hogs to packers under cash 
sales or marketing contracts. About 40 major integrators now coordinate 
production of 75 percent of the 100 million hogs marketed annually in the 
United States, with smaller integrators and traditional producers accounting 

Figure 2
Share of broiler production held by farms selling at least 100,000 broilers
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for the rest. Major integrators typically contract with providers of genetics 
services to help improve their breeding herds (Hart, 2003). 

Farrowing and nursery operations often specialize, with no commodities 
other than hogs, and they can be very large. The locus of farrow-to-feeder pig 
production was 50,000 pigs removed in 2004, and the corresponding produc-
tion locuses were 25,000 pigs removed on wean-to-feeder operations and 
60,000 on farrow-to-wean operations.8 

 8 Using data from the 2004 hog version 
of ARMS. Few of these specialized types 
existed  in 1987, when market hogs ac-
counted for a high share of all hogs and 
pigs removed from farms. The reorga-
nization of production, and the large 
numbers of pigs removed from the opera-
tions, accounts for some of the dramatic 
increase shown in table 1. Nevertheless, 
hog fi nishing operations have also gotten 
larger over time.

Table 3: Structural change in market hog production, 1992-2004

Type of operation 1992 1998 2004

Farrow to fi nish    
  Percent of operations 54 49 31
  Percent of market hogs removed 65 38 18
  Percent of feed home-grown 55 51 38
  Percent of hogs removed under contract na na na
  Market hogs removed (head per farm) 886 1,239 1,472

Feeder to fi nish    
  Percent of operations 19 31 40
  Percent of market hogs removed 22 55 77
  Percent of feed home-grown 45 22 15
  Percent of hogs removed under contract 5 40 67

  Market hogs removed (head per farm) 945 2,589 4,656

Note: Other operations, such as wean-to-fi nish, account for small shares of market hogs.
na = Not available.
Source: Key and McBride, 2007.

Figure 3
Organization of hog production
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Hog fi nishing operations usually operate under a production contract with an 
integrator, who provides them with feeder pigs, feed, and associated services, 
while the grower provides housing, labor, management services, and utili-
ties. The grower receives a fee for services, which includes a fl at payment 
for each hog or hog space, and may also have incentive clauses tied to feed 
effi ciency. 

Finishing operations have gotten substantially larger—mean annual removals 
increased from 945 to 4,656 hogs between 1992 and 2004 (table 3). Most 
hogs come from much larger farms, and the 2004 production locus fell at 
12,000 hogs. Finishing operations are usually diversifi ed farming businesses 
with crop and hog production. Fees from production contracts form a smaller 
share of gross farm income on contract hog farms than on broiler farms 
(because of substantial crop production on hog farms), and the hog farms 
tend to have substantially larger gross farm income than broiler operations 
(MacDonald and Korb, 2008). While the crops grown on hog fi nishing opera-
tions are not generally fed to the hogs, the hogs’ manure is used to fertilize 
the farm’s cropland.

Capital requirements for a large confi nement hog enterprise can be substan-
tial. Finishing houses can cost $100-$140 per hog space, depending on local 
construction costs and the nature of the equipment needed. For a 1,100-head 
facility, that suggests an expense of $110,000-$150,000 per house. Most 
operations have more than a single house, and an operation at the production 
locus (12,000 hogs) would need 6 houses, and an investment of $600,000-
$900,000. For operations in the farrowing stage, capital costs can run to 
$1,000 per sow (Hart, 2003). 

Dairy

Vertical coordination in dairy farming hasn’t changed much; most farms 
still market their milk through dairy cooperatives. But production is shifting 
to much larger farms, and there have been some important changes in how 
farms organize themselves.

The production locus on dairy farms rose from 80 cows in 1987 to 275 by 
2002 (table 2). That comparison may even understate the nature of the shift 
because dairy farms cover such a wide range of sizes. Farms with at least 
1,000 head in the herd accounted for 10 percent of all cows in 1992, but that 
share increased to 29 percent by 2002 and to 36 percent by 2007 (table 4). 
Most of the recent increase has occurred on farms with at least 3,000 head, 
according to data from the census of agriculture (MacDonald et al., 2007).

The shift toward larger farms is closely associated with some important 
regional shifts. Very large dairies fi rst appeared in the West, particularly in 
California but also in Arizona, Idaho, New Mexico, Texas, and Washington. 
Milk production in those States has increased rapidly, while changing little in 
the traditional dairy States of the upper Midwest and Northeast, and declining 
elsewhere in the country. Today, very large farms account for most Western 
production, while production in all dairy States is also shifting toward larger 
herds (MacDonald et al., 2007).
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Increased size also led to important changes in dairy farm organization. 
Whereas traditional smaller dairies relied largely on homegrown feed and 
pasture forage, large farms purchase a considerable amount of feed—many in 
Western States purchase all or most of their feed. Some large operations ship 
their calves to other farms, and contract with those farms to raise them to 
be returned as replacement heifers. And while most midsize and large dairy 
farms continue to be owned and operated by a family, they rely extensively 
on hired labor for milking crews, herdsmen, and cropworkers.

Dairy pricing, and therefore operator compensation, has always been complex, 
and it remains so today. Farmers are not paid for their services, as broiler and 
hog growers are under production contracts, but are still largely paid for their 
products—milk and culled cows. Milk prices can vary, even within regions, 
with differences in supply and demand for dairy products and because of 
government policy. But farmers also increasingly receive payments tied to 
the characteristics of the milk that they produce; most receive premiums for 
higher levels of butterfat, protein, and other solids, and receive less for milk 
with high counts of somatic cells, an indicator of bacteria.

Beef 

Producers specialize in distinct stages within the cattle industry, and those 
stages are organized and coordinated differently (fi g. 4). The cow-calf stage 
of beef production includes many farms: 758,000 operations had beef cows 
in 2007, 10 times as many as had dairy cows. Moreover, there are few really 
large cow-calf operations. Western cow-calf operations tend to specialize in 
cattle raising, while those in the Midwest and South tend to combine a cattle 
business with a crop enterprise. While production has shifted to larger opera-
tions over time, cow-calf production is still spread over many modestly sized 
farms and ranches.

Most calves are weaned between 6-9 months of age, when they weigh 
400-700 pounds. They may remain on pasture at the farm or ranch, or be sent 
to pasture elsewhere. Most move to specialized stocker or backgrounding 
operations that add 200-400 pounds of weight over 3-8 months. Such opera-
tions provide a marketing function by assembling groups of animals of 
consistent quality, and they can also improve quality through health and 
nutritional management of the cattle, often with a combination of pasture 

Table 4: Size structure of dairy farms, 1992-2007

 1992 2000 2007

 Percent of cow inventory
Herd size (milk cows)
  1-49 20.4 12.0 7.4
  50-99 29.0 22.0 15.4
  100-199 19.0 18.0 13.4
  200-499 13.7 16.7 14.9
  500-999 8.0 12.0 12.5

  1,000+ 9.9 19.3 36.4

Note: Herd size refers to all dairy cows on an enterprise, including dry cows but excluding calves, 
heifers, and bulls.

Source: USDA/NASS Milk Production, February Issue (1992 and 2000); USDA/NASS Farms, 
Land in Farms and Livestock Operations (2007). 
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forage and feed.9 Most cattle will eventually be moved to feedlots, where 
they are confi ned outdoors in pens with other feeder cattle and fed a high-
energy ration (RTI, 2005). Feedlots are the industrialized stage of the sector.

Until the mid-1960s, most feeding occurred in small “farmer-feedlots.” 
These farmers, usually in the Midwest, raised their own feed for cattle that 
they purchased and fed to market weight after harvest, when they had spare 
time. In 1964, feedlots with capacities of less than 1,000 head handled over 
60 percent of U.S. fed-cattle marketings. 

Cattle feeding underwent major changes in the 1960s and 1970s. Production 
shifted from farmer-feedlots to commercial cattle feeding businesses in the 
Great Plains and the West (fi g. 5). Large commercial feedlots purchase all 
or most feed ingredients and maintain feedmills, feed delivery systems, and 
information systems onsite. They employ nutritionists, veterinarians, and 
sales and management staff, and they buy and sell cattle weekly. 

While there are still many farmer-feedlots across the country, such opera-
tions feed only one-third as many cattle as they did in the 1960s. Meanwhile, 
commercial feedlot production has concentrated in larger businesses. In 
2007, 262 feedlots had a capacity of at least 16,000 head, and they handled 
60 percent of U.S. fed-cattle marketings. The largest can feed 100,000 cattle 
at a time. Some are owned by meatpackers, some are part of larger diversi-
fi ed fi rms, and others are specialized cattle feeding businesses, sometimes 
with a feed production enterprise as well. 

Cattle feeders own cattle and market them under their own account, but they 
also “custom-feed” cattle for others through production contracts. Under 
those contracts, feeders are paid for their services and an owner may market 
the cattle or have the feeder handle that service as well. Contractual relation-

 9 Two-thirds of beef calves are born in 
February, March, or April, so producers 
can stretch the beef supply out over the 
year by varying ages for weaning and 
backgrounding.

Figure 4
Organization of beef production
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ships are becoming more complicated as backgrounders or cow-calf opera-
tions enter into joint ownership of cattle with feedlots or with processors. 
Joint ownership provides more sources of fi nancing, and also ties compensa-
tion more closely to cattle quality at each stage of the production process.

Figure 5
Fed cattle shift to large feedlots
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Drivers of Structural Change: Technology 
and Scale Economies

Production has shifted to much larger farms in the broiler, dairy, fed-cattle, 
and hog industries. To what extent do costs account for those shifts? If large 
farms do realize cost advantages, do they follow from technological scale 
economies? How large are the scale effects, and is there a level beyond 
which further size increases have little impact on costs? In evaluating the 
evidence for each commodity, we fi nd that scale-related cost advantages are 
important factors in structural change, although the magnitude of the advan-
tages, and the strength of the evidence, varies across commodities.

Multiple ARMS hog and dairy surveys provide data to support detailed 
cost analyses, for periods in which each sector was undergoing important 
changes. Our evidence for fed cattle and broilers is more limited. We have 
a single ARMS broiler survey and no fed-cattle survey, and major structural 
change occurred in the more distant past for those two commodities. 

Dairy

ERS estimates of dairy costs of production show that larger farms had 
substantial cost advantages, on average, over smaller operations (see box 
“Measuring Hog and Dairy Costs and Returns” for details on how the esti-
mates are constructed) in 2005.  Farms in the largest size class—herds of 
1,000 or more milk cows—had average costs of $13.59 per hundredweight in 
2005 (fi g. 6), about 15 percent below the average for farms in the next largest 
size class (500-999 head) and 35 percent below the estimate ($20.82 per cwt) 
for operations with 100-199 head. Average costs are much higher among 
even smaller operations.10 

One source of scale economies in dairy is capital equipment—large and 
highly automated milking parlors and feed delivery systems. Structures 

 10 Similar patterns appear for the 
2000 data. Further details and analy-
sis can be found in MacDonald et al. 
(2007), McBride and Greene (2007), and 
Mosheim and Lovell (2009). 

Figure 6
Average costs and gross returns in 2005, by size of dairy herd
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Measuring Hog and Dairy Costs and Returns

ERS estimates include all costs and returns associated with production, includ-

ing those borne by integrators and landlords as well as those borne by farm 

operators. Gross returns include cash receipts received from the sale of hogs, 

pigs, or milk; the value of livestock removed under production contracts; and the 

value of secondary products such as culled animals and manure. Cash receipts 

are reported directly in ARMS. Commodities removed under a production con-

tract are valued using production reported in ARMS and State-average prices. 

Actual cash receipts are reported for some secondary products, while others 

are valued with reported production and State-average prices.

Some components of commodity production costs—like purchased feed, feeder 

animals, hired labor, bedding and litter, and fuels and electricity—are reported 

directly in the surveys. But signifi cant implicit expenses are also incurred on 

farms. For example, farm operators and their families contribute their labor to 

the  enterprise, but since that labor often does not receive a wage, an explicit ex-

pense can’t be recorded. Nevertheless, the opportunity cost of the labor should 

be recognized since those hours could have earned income in another activity, 

such as working off the farm. 

ERS estimates an opportunity cost of unpaid labor, based on the off-farm labor 

earnings of farm operators as recorded in version 1 of ARMS, which provides 

data on the annual hours worked and wages and salaries earned off-farm by 

respondents. 

Hog and dairy farms can also incur implicit expenses for homegrown feed and 

for capital equipment and structures. ERS uses market price data from other 

USDA sources to value the quantities of homegrown feed and forages produced 

on the farm and fed to animals, as reported in ARMS. ERS also estimates the 

annualized cost of replacing the capital used for livestock housing, feed and 

manure storage structures and handling equipment, milking facilities, tractors, 

and trucks, as well as the return that the capital could have earned in an alter-

native use. Survey respondents report the type, capacity, and characteristics of 

different types of equipment and structures in the enterprise. ERS analysts add 

secondary information on acquisition prices and useful lives of various types of 

capital, and interest rates, to estimate annual capital replacement costs.

ERS reports gross returns and total costs, per cwt of milk for dairy and per cwt 

of liveweight gain for hogs. Total costs are sorted into operating and overhead 

costs. Operating costs are further sorted into feed and other costs, while allo-

cated overhead includes labor, capital recovery, the implicit rental rate of land, 

taxes and insurance, and general farm overhead. Further details, and data, are 

available at www.ers.usda.gov/Data/CostsAndReturns/ 
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are a second: modern free-stall barns allow large operators to realize lower 
housing costs per cow. Large, automated manure removal and storage 
systems also appear to reduce costs of manure handling, per ton, compared to 
smaller and less automated systems. These facilities allow larger operations 
to greatly economize on labor and capital costs, per pound of milk produced, 
by intensively utilizing their equipment and structures. On many small dairy 
farms, facilities are utilized at less than full capacity, especially if the facili-
ties are nearing the end of their useful life or if the operator is nearing retire-
ment, with no succession plans.

Small farms tend to be located in regions with higher milk prices, so they 
realize slightly higher average gross returns to milk production than large 
farms (fi g. 6).11 However, costs still exceeded gross returns, on average, for 
small farms in 2005, while farms with at least 500 head had gross returns that 
exceeded their costs.  

ERS cost-of-production accounts allow us to assess several different 
measures of the fi nancial returns to dairy production, and to compare them 
across farm sizes (fi g. 7). Operating costs include expenses for feed, bedding 
and litter, fuels and electricity, and veterinary services. While farms may fail 
to realize enough revenue to cover operating expenses over short periods 
(because of unforeseen emergencies), they won’t stay in business for long 
unless they cover such expenses. No more than 15 percent of farms in each 
size class failed to cover operating expenses (fi g. 7).

A second standard is to compare gross returns to all costs except those for 
capital recovery. Farms that meet that standard realize enough revenue to 
cover all operating expenses, all taxes and insurance on the operation, and 
the opportunity cost of the operator’s time. Existing dairy farms have already 
put their capital structure and equipment in place; if they are not earning 
enough to pay for the replacement of that equipment, they can still continue 

 11 Milk revenues account for 90 
percent of the gross returns from dairy 
production, with most of the remainder 

coming from byproducts—sales of cows 
culled from the herd and the value of the 
manure produced by the herd.

Figure 7
Financial performance, by size of dairy farm

Source: 2005 Agricultural Resource Management Survey, version 4.
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operating until the equipment wears out, which can be a long time.12 Only 
about 20 percent of farms with fewer than 100 head meet this standard, 
while 50-70 percent of midsize farms (100-499 head) and 80-90 percent of 
large farms do (fi g. 7). The smallest dairy operations face seemingly strong 
pressures to exit, as an operator could earn higher returns to his or her labor 
elsewhere.

Finally, total costs include capital recovery costs. Farms that cover total costs 
earn more for their operators’ labor than the operators can earn elsewhere, 
and return more on the farm’s capital investment than could be earned else-
where. Over 70 percent of the largest dairies had gross returns that exceeded 
total costs, compared to less than 10 percent of small farms and less than 
40 percent of midsize farms (fi g. 7). That pattern of performance provided 
strong incentives for existing dairies to expand or to exit, and for producers 
entering the business to enter at a large size.

Hogs

Key and McBride (2007) and McBride and Key (2003) provide a compre-
hensive overview of hog production costs and productivity. In 1998, large 
hog operations had substantial productivity advantages over smaller opera-
tions—they used much less feed, labor, and capital for every hundred pounds 
(cwt, again) of hog production.13 Many of the highest cost operations closed 
after 1998, and more effi cient small operations were still at a productivity 
disadvantage in 2004.

Productivity differences translate into important cost advantages for larger 
operations. Production costs, for farrow-to-fi nish and feed-to-fi nish opera-
tions of different sizes in 2004, are compared in fi gure 8. Costs are expressed 
in dollars per cwt of weight gain: for example, a fi nishing operation that 
receives 50-pound pigs and feeds them to 250 pounds would realize 2 cwt 

 12 A principal reason why struc-
tural change occurs over long periods is 
because it is economic to operate many 
high-cost farms, as long as revenues still 
cover variable costs.

 13 On average, feeder-to-fi nish opera-
tions that removed 5,000 or more hogs in 
1998 used 247 pounds of feed and 0.12 
labor hour for every 100 pounds of hog 
weight gain, compared to 342 pounds of 
feed and 0.39 labor hour for operations 
that removed 500-2,000 hogs (McBride 
and Key, 2003).

Figure 8
Hog production costs in 2004, by size and type of operation

* Production cost per hundred pounds of weight gained while on the farm.
Source: Key and McBride, 2007
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(200 pounds) of gain for each market hog removed. ERS cost-of-production 
estimates include all costs incurred, whether borne by the integrator or the 
grower. Feeder pig costs are excluded from the estimates of costs at feeder-
to-fi nish operations, so one should not compare costs across types; instead, 
the proper comparisons are among different size classes of each type. 

Among farrow-to-fi nish operations, costs fell quite sharply, from over $70 
per cwt to just over $40, as annual output expanded from 100,000 pounds 
of liveweight production to 1 million pounds (or from 400 hogs to 4,000, 
for 250 pound hogs). Costs continued to fall after that threshold, but more 
modestly, to $36 among operations with at least 2.5 million pounds of live-
weight production (10,000 hogs).

Feeder-to-fi nish operations also show a strong association between costs 
of production and the operation’s size. Average production costs fell from 
$45 per cwt, at 100,000 pounds of production, to $23 per cwt at 2.5 million 
pounds. Beyond that threshold, costs vary little (fi g 8).14 While there is a 
range of actual costs around the averages, the evidence from the hog surveys 
indicates that large industrialized hog operations hold substantial cost advan-
tages over smaller farms. The scale effects may be even stronger in more 
complex statistical analyses that control for location, production practices, 
and operator characteristics (McBride and Key, 2003: McBride, Key, and 
Mathews, 2008).  

Broilers

Broiler production requires a signifi cant investment in physical capital. 
Farms use specialized broiler houses, which include automated equipment for 
providing feed and water to the birds as well as sophisticated climate control 
systems. Modern farms also use mechanized equipment to gather broilers 
for shipment to processing plants and to remove litter from the houses. Scale 
economies arise from innovations in the design and utilization of structures 
and equipment, which also allow for more effective use of labor. While scale 
economies in poultry processing are large and extensive (Ollinger et al., 
2000), those in broiler grow-out are modest, but they have increased over 
time.

The most common broiler house built in the last decade covers 20,000 square 
feet (40 feet wide and 500 feet long).15 Given typical fl ock turnover, a single 
house of that size can produce 115,000-135,000 birds in a year, depending 
on bird size. However, further economies in the use of feeding and watering 
equipment, as well as litter removal and storage, can be realized by operating 
houses in pairs, which raises the minimum effi cient scale of an operation to 
230,000-270,000 birds a year. Few houses built in recent years are less than 
20,000 square feet, and an operation with production well below 230,000 
head would see noticeably higher costs arising from limited capacity utiliza-
tion, or from the higher per-unit costs of building smaller facilities. 

Some grow-out operations have up to 18 houses, but the major technology-
related scale economies lie in house size and feeding equipment, so most of 
the available advantages of scale can be realized at what is a modestly sized 
operation today. Almost all production in the 1950s and 1960s came from 
much smaller operations than today. The development of new scale econo-

 14 If we assume that a feeder-to-fi nish 
operation takes 50-pound pigs and feeds 
them to 250 pounds, then 1 million 
pounds of liveweight production will cor-
respond to 5,000 hogs.  

 15 The measures described are drawn 
from the 2006 ARMS broiler survey.
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mies in grow-out houses and equipment has driven the gradual increases in 
broiler farm size. 

Beef Cattle 

Cattle feeding requires a signifi cant investment in physical capital. Feedlots 
use mechanized equipment for feed milling, handling, and storage, and for 
manure removal, storage, treatment, and transport. They use vehicles for 
transporting animals, pens for holding them, and other specialized structures 
(Martin, 1979). Equipment and structures are subject to economies of scale 
from two sources. First, although larger facilities cost more than smaller 
facilities, their cost per unit of capacity is often lower. Second, once they are 
built, the fi xed costs of the capital can be spread across more animals if the 
lot can operate near capacity, so that automation favors year-round intensive 
use of facilities. As a result, commercial feedlots became year-round opera-
tions, while farmer-feedlots often operated seasonally.

Krause (1991) reviewed studies of feedlot scale economies that were 
performed during the industry’s transition in the 1960s and 1970s from small 
farmer-feedlots to large commercial operations. Two fi ndings stand out, and 
are common to other studies of livestock feeding costs. First, substantial  
scale economies, up to a threshold size level,  derive from more intensive use 
of equipment, structures, and labor. Second, above the threshold there were 
a wide range of large sizes over which costs varied modestly, and did not 
rise. This bears out the wide range of commercial feedlot sizes that we see 
persisting to this day.

Our best evidence and most complete data—that for hogs and dairy—shows 
that costs fall sharply as enterprise size increases, up to some threshold level. 
Technological scale economies, associated with structures and equipment, 
seem to account for the cost advantages. The broiler and fed-cattle industries 
also appear to be subject to size-related cost advantages over some range of 
production.  Moreover, none of the livestock industries appear to display a 
unique optimal size, once scale economies are exhausted. Farms with 2,000 
dairy cows have average costs similar to farms with 1,000 cows, as do farms 
with 12,000 or 5,000 fi nishing hogs. Farms can get quite large, without real-
izing scale diseconomies.
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Other Drivers of Structural Change

This report has focused on technological economies of scale as a major factor 
in structural change, and has therefore presented data on the links between 
the size of an operation and costs. But other factors may also matter. We 
fi rst focus on complementarities among stages—the possibility that large 
processing plants may give rise to large livestock farms, independent of any 
scale economies. We next discuss the argument that Federal commodity 
payments for feed grains implicitly subsidize large livestock operations, 
thereby causing structural change. Finally, many small farms continue to 
survive and prosper despite the cost advantages accruing to large farms, and 
we evaluate some factors behind their survival.

 Complementarities Among Stages

The shift to larger livestock farms has occurred at the same time that live-
stock and poultry slaughter plants became much larger so as to realize scale 
economies and lower processing costs (MacDonald et al., 2000; Ollinger 
et al., 2000). Larger, more automated processing plants must obtain large 
and steady fl ows of uniform animal and bird types if they are to realize 
any potential scale economies (RTI, 2007a). Different strategies have been 
devised to manage those fl ows, but they all rely on tighter coordination of the 
production process. They may also encourage larger farms.

Hog and broiler integrators achieved steady fl ows of uniform animals to their 
plants by directly controlling the production process. They time chick and pig 
placement on grow-out farms so as to optimize fl ows to processing plants 6 
weeks (small broilers) to 6 months (hogs) later. They can also realize unifor-
mity by controlling the genetics of their pigs and chicks and by controlling 
the length of the feeding period. 

Large cattle slaughter plants and large feedlots emerged during the 1970s and 
1980s in the same geographic areas of the Great Plains. Beefpackers do not 
use the tight system of integration and production contracts that broiler and 
hog fi rms use. Instead packers use a combination of packer ownership and 
fi nancing, long-term marketing agreements, and cash market purchases to 
manage cattle fl ows to plants.16

The coincident timing of structural changes to large processing plants and 
large production facilities suggests a complementary relationship between 
them. Each needed an opposite party willing to provide or receive large fl ows 
of uniform animals, shipped on a regular basis, so that they could reduce the 
risks of large-scale investment. And each needed some mechanism, such 
as contracts or other long-term commitments, to make the process work. In 
that sense, the emergence of large, capital-intensive processing plants may 
have encouraged a shift to larger and more specialized farms, aside from any 
internal scale economies in those operations. 

Input Prices

Large and small farms use different combinations of inputs. For example, 
large dairy farms use more purchased feed and less homegrown feed and 
pasture forage than small farms. These differences imply that input price 

 16 Large packers and feedlots maintain 
long-term relationships even for cash 
market sales, conducted weekly. 



21
The Transformation of U.S. Livestock Agriculture: Scale, Effi ciency, and Risks / EIB-43 

Economic Research Service/USDA

changes can affect farms differently. For example, increases in purchased 
feed prices or wage rates for hired labor would raise costs more at large 
farms than at small farms, because those inputs typically account for higher 
shares of large farm costs.

Two recent reports argue that Federal commodity programs reduce prices for 
a particular input, purchased feeds, and that those reductions drive structural 
change (Pew Commission on Industrial Farm Animal Production, 2008; 
Union of Concerned Scientists, 2008). Specifi cally, they assert, drawing 
on Starmer and Wise (2007), that policy encourages increased production 
of feedgrains, that the increased production substantially reduces feedgrain 
prices, and that the buyers of purchased feed benefi t from lower feed prices. 
While producers of homegrown feed have been the direct recipients of 
commodity payments, the reports argue that the payments have not been 
large enough to offset lower commodity prices, so that commodity programs 
have largely benefi ted large-scale animal feeding operations at the expense of 
smaller diversifi ed crop and livestock farms.  

However, the size-related differences in production costs that are summa-
rized in fi gures 6-8 cannot be attributed to the effects of commodity 
programs. In developing cost-of-production estimates, ERS prices home-
grown feed at its market value—that is, the price that homegrown feed would 
have drawn as feed in regional feed markets—and does not attempt to esti-
mate the actual cost of producing the feed. To the extent that larger opera-
tions realize lower feed costs in ERS estimates, it is because they use less 
feed per cwt of production and not because purchased feed costs them less.

But even if commodity policies reduce purchased feed prices, there’s no 
reason why that should alter the size structure of livestock farms. No tech-
nological barrier prevents small farms from replacing homegrown feed with 
purchased feed: if purchased feed prices are lower than the costs of growing 
feed, then small livestock operations can simply buy feed and realize the 
same savings as large farms.17 A difference between the price of purchased 
feed and the cost of homegrown feed does not explain why feeders build 
large rather than small operations.

Many Small Operations Survive

Even as cattle feeding has shifted to large commercial feedlots, small feedlots 
of less than 1,000 head capacity still feed nearly 4 million cattle a year, and 
their share of the fed-cattle market has stabilized or even grown lately (fi g. 
5). Similarly, while large dairy farms hold substantial cost advantages over 
smaller farms, and production continues to shift to larger operations, many 
small farms remain in business and some are profi table (fi g. 7).  

Some of the size-specifi c variation in farm fi nancial performance refl ects 
unexpected events--related to weather, disease, accidents, or market 
changes—that temporarily affect revenues or costs. But other factors may be 
more systematic. Farms may persist in spite of poor fi nancial performance 
because operators are willing to accept lower earnings than they could earn 
elsewhere. Others may have underutilized assets, in capital or the farm opera-
tor’s time, that would not otherwise be used except in the livestock operation 
(this is a traditional reason for feeding small lots of cattle outside of busy 

 17 While large hog and dairy opera-
tions are more likely to purchase all of 
their feed, most small hog operations also 
purchase all feed, as do many small dairy 
farms. 
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growing seasons). In this case, ERS estimates may overstate the true opportu-
nity cost to the enterprise of using the inputs.

Some farms can realize substantially higher revenues than others because 
they are in a favorable location, or because they produce a niche product. 
For example, large hog operations usually produce hogs bred and fed to gain 
weight quickly and effi ciently. The low-cost pork derived from those animals 
may not have the fl avor or texture that some buyers seek. Smaller operations 
that specialize in specifi c breeds may have higher production costs, but can 
still prosper if they fi nd enough buyers willing to pay a premium for a differ-
entiated pork product. 

Substantial differences in managerial and technical skills may also affect 
farm fi nancial performance. Better farmers likely maintain lower costs and 
perform better fi nancially. Some small operations remain profi table simply 
because their operators are unusually good at their jobs.18 

 18 Tauer (2001) and Tauer and Mishra 
(2006) argue that most of the observed 
difference in cost among dairy farms 
refl ects differences in managerial quality, 
not technological  scale economies. They 
argue that operators of larger farms tend 
to be better dairy farmers, able to achieve 
systematically lower average costs. How-
ever, dairy production is shifting to larger 
farms, and the largest are much bigger 
than in the past. In order for differences 
in managerial skills to account for these 
shifts, there has to be a large increase in 
the number of highly capable dairy farm 
managers, or a new technological devel-
opment that allows capable managers to 
handle much larger farms. While these 
possibilities may have occurred, there is 
no systematic evidence that they have.



23
The Transformation of U.S. Livestock Agriculture: Scale, Effi ciency, and Risks / EIB-43 

Economic Research Service/USDA

Impacts of Structural Change

Livestock production is shifting to much larger farms. Farms are special-
izing in stages of livestock production, and contracts are increasingly being 
used to coordinate the actions of farmers in different stages. These shifts, 
often quite dramatic, have important impacts. To the extent that scale econo-
mies and greater effi ciency are driving the shifts to large size and to contract 
production, then the shifts will lead to improved agricultural productivity—
more meat and dairy products for a given commitment of land, labor, and 
capital resources—and lower wholesale and retail prices for meat and dairy 
products.

But structural change leads to other impacts as well. Structural changes 
in farming and processing, toward larger plants and fewer buyers, have 
occurred in tandem. Larger farms concentrate animals in small areas, height-
ening pollution risks from excess manure nutrients in land, water, and air 
resources. Finally, farmers with large herds or fl ocks in confi ned areas are 
more vulnerable to the rapid spread of animal diseases, which they combat 
with the widespread use of animal antibiotics. This has led to concerns that 
such widespread use creates human health risks if animal antibiotics accel-
erate the development of resistance among human pathogens.

Productivity and Prices

Major structural changes often generate large increases in productivity. 
Increased productivity reduces production costs, leading to lower commodity 
and retail prices. Productivity improvements also free land, labor, and capital 
resources that can then be used to  produce more of the commodity or of 
other goods and services.

The broiler industry improved its productivity greatly as its vertically inte-
grated system of production was introduced in the 1950s and then refi ned 
through  improvements in breeding, feed formulations, housing, and manage-
ment practices. In  1955,  when modern integrated broiler complexes were 
being introduced (Hart, 2003), it took 73 days to produce the average broiler, 
which weighed 3.1 pounds, and every 100 pounds of broiler production 
required 285 pounds of feed and 4 hours of labor. By 1980, it took 52 days 
to produce a broiler that weighed about 4 pounds, and every 100 pounds of 
broilers required 208 pounds of feed and 30 minutes of labor (Lasley, 1983).

Because broilers could be produced with less feed,  labor, and capital (less 
time means less capital per broiler), broiler production costs were only 
slightly higher in 1980 than in 1955, even though prices for production 
inputs had risen. As a result, retail prices for broilers rose by only 30 percent 
between 1955 and 1980, while the overall consumer price index for food 
more than tripled.19 

Improvement continued after 1980, but at a slower rate. By 2006, it took 49 
days to raise the average bird, which weighed 5.4 pounds, and producers 
used 195 pounds of feed for every 100 pounds of broiler production.20 With 
slowing productivity growth, retail chicken prices increased only slightly less 
than beef or food prices after 1980.21 

 19 Productivity in broiler production 
(output per unit of input) rose by 154 
percent in this period (or 3.8 percent 
per year), an exceptionally high rate of 
growth. 

 20 Larger birds take more time to 
produce, and have higher feed conversion 
rates. Four- pound birds (comparable 
to the 1980 average) took 39 days to 
produce in 2006 and required 188 pounds 
of feed, or 25 percent less time and 10 
percent less feed than 26 years earlier. 

 21 Using the relevant Consumer Price 
Indexes, chicken prices increased by 
95 percent between 1980 and 2006, 
compared to 107 percent for beef and 125 
percent for all food. 
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We have more limited data on cattle productivity, and existing studies use 
annual industrywide data to analyze the drivers of change in prices paid 
for feeder cattle. Marsh (2001) measured beef cow productivity over time 
as annual beef production divided by the Nation’s inventory of beef cows 
(adjusted for imports). Beef production per cow can be increased by raising 
birth rates of live healthy calves, reducing cow and calf mortality, increasing 
the mature size of fed cattle, and speeding the time it takes to reach market 
weight. While the steps to increase birth rates and reduce cow mortality 
occur in the cow-calf stage, the other routes to boosting productivity may 
occur in the fed-cattle stage.

Marsh’s measure of beef cow productivity increased by 35.5 percent, or 1.6 
percent per year, from 1980 to 1999. He attributed the growth to improve-
ments in breeding, animal nutrition, and animal health in both cow-calf 
operations and feedlots. Productivity growth led to reduced costs and lower 
feeder cattle prices over the period.

Hog sector structural changes occurred more recently. Key and McBride 
(2007) compared industry-average production costs for hogs in 1992, 1998, 
and 2004, with separate estimates for feeder-to-fi nish and farrow-to-fi nish 
operations. As with broilers, industrywide effi ciency improvements reduced 
the amount of inputs needed to produce pork. In the feeder-to-fi nish sector, 
average feed conversion rates (pounds of feed required for every cwt of 
weight gain) fell from 383 pounds in 1992 to 214 pounds in 2004. Labor 
use (per cwt of weight gain) fell from 53 minutes to 9 minutes. As a result,  
average production costs fell from $37.54/cwt in 1992 to $26.59/cwt in 2004, 
despite increases in the prices paid for capital, labor, feed, and other inputs. 
In real terms (all input prices in 2004 dollars), industrywide average costs 
dropped by 44 percent between 1992 and 2004. 

Key et al. (2008b) estimated that productivity on feeder-to-fi nish farms 
grew at an average annual rate of 6.3 percent from 1992 to 2004. When 
compounded over 12 years, that estimate implies that the amount of hog 
production that could be realized from a given set of feed, labor, capital, 
and other inputs more than doubled. Key et al. attributed nearly half of the 
growth to the realization of scale economies by larger farms and  almost all 
of the remainder to innovations in breeding, feed formulations, and equip-
ment that raised productivity across all farm sizes.

Milk production has benefi ted from ongoing improvements in breeding, feed 
formulations, equipment, and management practices, all of which are inde-
pendent of shifts to larger farms. Still, MacDonald et al. (2007) estimated 
that industrywide milk production costs were 8 percent lower in 2006 than 
they would have been had production not shifted to larger and lower cost 
farms during 2000-2006. The analysis held input prices constant, so the 
estimated cost declines did not refl ect lower prices for inputs, but instead 
refl ected less labor and capital used for a given amount of milk production on 
larger farms. The calculation captures a short window of time, and the effects 
over a 10- to 20-year window would likely be commensurately larger.

Structural changes in each livestock commodity have led to substantial 
cumulative reductions in the resources needed to produce a given amount of 
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meat or milk, and to lower producer and consumer prices. But other conse-
quences have been less felicitous. 

Processor Concentration

As farm production shifted to larger operations and tighter vertical linkages, 
the livestock processing industries became much more concentrated. Most 
producers now face just a few buyers for their livestock, livestock products, 
or grower services. While mergers among processors have played a role in 
increased concentration, the major factor has been increases in plant size 
which have allowed processing plants to realize scale economies and lower 
costs (MacDonald et al., 2000; Ollinger et al., 2000). If those lower costs 
reduced retail prices and led to increased quantities demanded, growers could 
benefi t from increased processor concentration. But increased concentra-
tion could also confer market power on processors, enabling them to impose 
lower prices on growers and higher prices on consumers.

Table 5 summarizes concentration trends among cattle, hog, and broiler 
processors.22 The four largest meatpackers held 79 percent of steer and heifer 
slaughter in 2005, up from 36 percent in 1980, an extraordinary increase that 
attracted widespread attention.23 Concentration ratios in cow and bull, hog, 
and broiler processing have also risen steadily and are substantially higher 
than in 1985.

National concentration measures understate the concentration that many 
farmers face in local and regional markets. For example, although feeder 
animals may move across North America, fed cattle and market hogs rarely 
move far to slaughter, and feedlots and market hog sellers usually have 
access to just three or four buyers. 

Larger plants allowed packers to realize lower processing costs through econ-
omies of scale, with the gains from lower costs passed to consumers and to 
farm operators (Brester and Marsh, 2001; Ollinger et al., 2000; MacDonald 
and Ollinger, 2005). However, production is no longer shifting to large 
processing plants, and there are widespread concerns that packers and inte-
grators may be able to exploit high levels of concentration and reduce the 
prices that they pay for livestock, livestock products, and grower services.

Highly concentrated local markets for agricultural products aren’t new, and 
some widely used agricultural marketing institutions are designed to limit 
the exercise of market power and to induce farmers to commit to produc-
tion in markets with few buyers. For example, farmer-owned cooperatives 

 22 The measure, a four-fi rm concentra-
tion ratio, captures the share of livestock 
or poultry slaughter held by the four larg-
est processors of each commodity.

 23 Steers and heifers are a separate 
economic market from cows and bulls. 
Steers and heifers move from feedlots 
to specialized plants in the Great Plains. 
Those plants produce different beef 
products than cow plants, which usually 
locate in dairy production regions.

Table 5: Concentration in poultry and livestock procurement

 Share of purchases by four largest processors
Commodity 1980 1985 1990 1995 2000 2005

 Percent
Cattle      
  Steers and heifers 36 50 72 79 82 79
  Cows and bulls 10 17 20 23 32 49
Hogs 34 32 40 46 57 64
Broilers na 34 41 46 49 53

Source: USDA Grain Inspection, Packers and Stockyards Administration (GIPSA), Assessment 
of the Livestock and Poultry Industries (various years). 
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play a major role in milk handling and processing—70 percent of producers, 
accounting for 76 percent of milk production, ship their milk to plants oper-
ated by their own cooperative.24 

Many fed cattle are sold to packers in cash markets where prices are deter-
mined on a daily and weekly basis. Most smaller producers, and most small 
packers, use cash markets exclusively, while large producers and packers use 
a variety of marketing channels (RTI, 2007a). The market is characterized by 
high buyer concentration, and by several features of bidding that would seem 
to discourage aggressive competition among packers (MacDonald, 2006; Xia 
and Sexton, 2004). 

Because of its size, high concentration, and readily available data, there are 
many studies of competition and pricing in the fed-cattle industry. Some fi nd 
that prices look like those that would prevail in competitive markets—that is, 
they fi nd no evidence of packer market power (Morrison-Paul, 2001). Others 
fi nd that prices are below those that would prevail in competitive markets—
that is, they fi nd evidence of monopsony on the part of packers—but the esti-
mated effects on prices are small (Azzam, 1997).  Despite high concentration 
and bidding practices that might facilitate the exercise of market power, the 
studies fi nd little evidence of extensive market power in fed-cattle (Koontz, 
2003). However, increases in concentration from current levels could provide 
packers with the power to force cattle prices down. In markets with only 
three or four buyers, mergers among buyers will attract close scrutiny, partic-
ularly where there are no apparent offsetting effi ciency gains.25

Growers of broilers, and growers of hogs under production contracts, operate 
in a different environment. They do not sell livestock in commodity markets, 
but instead are hired to grow for an integrator who links stages in a produc-
tion complex that covers just a few counties. The competitive issues in these 
businesses, therefore, refer to labor markets for grower services and not to 
product markets for livestock. While hog growers tend to have three or more 
integrators operating in their area, sometimes with  cash market alternatives, 
broiler growers are likely to have only one or two integrators, with no cash 
market outlets (MacDonald and Korb, 2008).

In markets for grower services, potential hog or broiler growers have 
choices—they can invest their time or money in other agricultural commodi-
ties, or in nonfarm employment—and integrators must compete with those 
activities to attract growers. Production contracts commit the integrator to 
provide chicks or pigs, and commit the integrator to a compensation agree-
ment--contracts therefore offer more assurance to growers than they would 
get in a highly concentrated cash market, where no such assurances exist. 

The competitive risk to contract growers arises after they have made a 
substantial capital investment in housing, when the initial contract expires. 
Many production contracts are short term, as little as the 35-45 days it takes 
to grow a fl ock, even though the grower makes a long-term fi nancial commit-
ment. At that point, an integrator may be able to impose extra costs or lower 
payments on a grower as a condition of contract renewal. However, an inte-
grator that develops a reputation for exploiting growers will have diffi culty 
attracting new growers. And growers—especially hog producers who have 
more options—may contract with other integrators or shift to cash markets. 

 24 According to data derived from the 
2005 ARMS dairy version.

 25 These issues lie at the heart of the 
U.S. Justice Department’s recent court 
fi ling opposing the proposed acquisition 
of National Beef Packing, the 4th largest 
beef packer, by JBS-Swift, the 3rd largest 
packer. See www.usdoj.gov/atr/cases/
f238300/238388.htm
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Spot Markets and Marketing Information

Spot market transactions provide benefi ts to all market users because transac-
tion terms—including prices, locations, and observable quality characteris-
tics—are readily available and easy to record.  Accurate and widely available 
market information helps speed the discovery of a “market price” through 
arbitrage, as buyers try to avoid paying unnecessarily high prices and sellers 
try to avoid accepting unnecessarily low prices. Visible, accurate, and reli-
able market price information should provide important signals such as value 
differences, regional price differences, and quantities available to buyers 
and sellers. In turn, those signals should guide production decisions, giving 
producers incentives to produce what buyers want.  

USDA collects information from market transactions in the livestock and 
grain industries, and provides regular reporting of prices, quantities, and 
transaction characteristics in its Market News program.  Traditionally, Market 
News reporters collected information fi rsthand at major auction markets, and 
by telephone from producers, processors, retailers, distributors, and brokers.  
Reports were available to all interested parties, and were widely used in the 
trade.  Some Market News reports were highly localized, detailing quantities 
and prices received during a narrow time period at an auction market.  Other 
more aggregated reports summarized terms across a wide geographic area for 
a week, month, or year.

As transactions, particularly in the hog and fed-cattle sectors, shifted away 
from spot markets and toward contractual relationships, the amount and 
quality of information available for Market News declined (Perry et al., 
2005). Participants in contract sales frequently did not provide information 
to reporters, reducing the amount of information available. In addition, to the 
extent that contract purchases covered animals with different qualities than 
those traded in spot markets, public reporting might no longer be representa-
tive of the market. This development is of concern to all market participants, 
and not just those in the spot market, because many prices in many contracts 
are based on reported market prices.26

In response to these concerns, Congress passed The Livestock Mandatory 
Reporting Act of 1999 which requires the reporting of all livestock sales 
transactions of large meatpackers.  The Act established a program of 
reporting information regarding the marketing of cattle, swine, lambs, and 
products of such livestock. This program provides information on pricing, 
contracting for purchase, formulated sales, and supply and demand condi-
tions for livestock, livestock production, and livestock products that can be 
readily understood by producers, packers, and other market participants. 

Environmental Impacts

The livestock industry also produces wastes in the form of manure, urine, 
and bedding material. Manure contains organic material and nutrients for 
crop and pasture growth, but animal wastes can also despoil water and air 
resources and compromise their commercial and recreational uses. Wastes 
can be transmitted to surface water through the runoff of nutrients, organic 
matter, and pathogens from fi elds and storage; to ground water through 
the leaching of nutrients and pathogens; and to the atmosphere through 

 26 Tighter coordination, through con-
tracts or vertical integration, may provide 
producers with better incentives to deliver 
animals of higher or more consistent 
quality. That is, the growth of contracts 
can result from defi ciencies in the effec-
tiveness of existing spot market reporting.
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the volatilization of gases and odors. Pollutants may originate at structures 
where animals are kept; at manure storage facilities such as tanks, ponds, or 
lagoons; or on land where manure is stored or is applied as fertilizer. 

Industrialized production concentrates manure on limited land areas. 
Consequently, some producers apply manure to their land at intensities well 
above the agronomic needs of their crops, thereby increasing pollution risks. 
Others may need to remove manure to be spread on cropland at other opera-
tions. We detail the basic links between farm size, manure production and 
management practices, and land use in table 6, using data from the ARMS 
hog (2004), dairy (2005), and broiler (2006) versions. 

For comparison purposes, the farm size classes in table 6 are defi ned according 
to onfarm inventories of animal units (AU)—1,000 pounds (liveweight) of 
livestock or poultry.27 There are signifi cant differences between broiler opera-
tions and the other two commodities,  so we discuss them separately. 

Farmers can apply manure to their own fi elds, remove it for application on 
other farms, or remove it for processing.28 About 5 percent of dairy farms 
and 10 percent of hog farms, accounting for 12 and 19 percent of production, 
have no cropland and must therefore remove all of their manure (table 6). 
But farms with cropland also remove manure, especially if the cropland is far 
from manure storage facilities.29 In total, 19 percent of the manure on dairy 
farms, and 26 percent of that on hog farms, is removed. The share of manure 
that’s removed rises quite sharply with farm size, which suggests that many 
large farms have insuffi cient land for manure application. 

Large operations that apply manure typically have a lot of cropland—over 
1,000 acres, on average, at the largest dairy and hog farms (table 6). But 
manure is usually applied to only a fraction of the farm’s cropland, a pattern 
also apparent in the 1998 hog and 2000 dairy ARMS data (Ribaudo et al., 
2003). Large farms often operate some cropland at considerable distances 
from manure storage facilities, and may produce some crops with limited 
nutrient needs. 

Manure application intensities—the number of animal units per acre of land 
receiving manure—largely determine the amount of manure applied per 
acre. This measure rises quite sharply with farm size.30 The largest dairy 
farms have more than  three times as many animal units per acre as farms in 
the smallest class, and the largest hog farms have six times as many as the 
smallest hog farms (table 6). 

Waste management practices on broiler operations differ in some important 
respects. A third of broiler farms have no cropland, and 60 percent of broiler 
litter is removed. Most farms that apply manure apply it to all of their land 
(manure may be applied to pastureland, which is why acres applied exceeds 
total cropland in several size classes in table 6). But farm size still matters. 
Larger broiler operations are more likely to remove all of their manure, and 
larger operations have higher land application rates. 

Large livestock operations store substantial quantities of manure onsite. 
The manure is generally applied to cropland much more intensely than on 
smaller farms, and large volumes of manure must still be removed from the 

 27 For conversion to AUs, mature dairy 
cows and bulls were assumed to weigh 
1,350 pounds and breeding swine were 
assumed to weigh 375 pounds. Livestock 
destined for slaughter only reach market 
weight when they leave the farm, so we 
had to estimate average onfarm weights. 
Broilers were set at half of the average 
weight at removal reported for the farm, 
while market hogs were assumed to 
weigh the average of their market weight 
and their weight when entering the farm’s 
inventory.

 28 A few farms incinerate or process 
manure onsite, but almost all manure that 
stays on the farm is applied to fi elds.

 29 A farm’s cropland isn’t necessarily 
contiguous. If some parcels are miles 
away from livestock operations, removal 
to another farm’s nearby cropland could 
be economic.

 30 We reduced estimated inventories 
of animal units by the share of manure 
removed from the farm, and then divided 
the adjusted inventories by the amount of 
acres receiving manure. 
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operation. High concentrations of manure—whether stored in lagoons, pits, 
or ponds prior to transport or application—raise the likelihood of leaching 
or volatilization, threatening groundwater and air quality. And farms that 
intensively apply manure to cropland and pasture may apply it at rates that 
exceed the ability of crops to absorb nutrients, with the excess nutrients 
transmitted to water and air resources. Analysis of pollution risks from 
manure must therefore consider nutrient loadings and uses.

Gollehon et al. (2001) used confi dential farm-level data from the census of 
agriculture to estimate the production of manure nutrients, and excess manure 
nutrients, between 1982 and 1997. Specifi cally, the census collects farm-level 
information on animal inventories, by type of animal, and acreage by type of 
use (farmland and cropland, by crop). Gollehon et al. combined the animal 
inventory data with estimates of annual manure and nutrient production by 
animal type to estimate nitrogen and phosphorus quantities produced on each 

Table 6: Manure management on dairy, hog, and broiler operations, 
2004-06

 All farms Farms that apply manure to fi elds
  Percent Manure Average Acres Animal
Commodity and with no removed cropland with manure units
 size class cropland (percent) acres applied per acre

Dairy     
  Across farms 5 5 305 156 1.6
  Across production 12 19 720 484 2.6

By size class (AU)     
  <300 3 3 255 117 1.4
  300-649 12 12 561 327 2.5
  650-999 12 23 822 591 3.1
  1,000-1,999 22 37 1264 844 3.3
  2,000 or more 26 49 1500 1091 4.8
     
Hogs (market)     
  Across farms 10 16 599 97 3.5
  Across production 19 26 922 228 8.4

By size class (AU)     
  <300  7 13 536 63 1.9
  300-649 10 20 722 168 5.7
  650-999 14 29 718 197 7.0
  1,000 or more 27 33 975 261 13.5
     
Broilers     
  Across farms 32 58 133 131 2.1
  Across production 29 60 185 177 2.3

By size class (AU)     
  <300  33 56 105 105 1.9
  300-649 30 63 169 172 2.6
  650-999 28 63 223 268 2.7
  1,000 or more 9 68 598 335 3.0

Notes: One animal unit equals 1,000 pounds (liveweight) of livestock or poultry in inventory.  
Average liveweight of animals in inventory was assumed to be 1,350 pounds for cows and bulls; 
375 pounds for breeding swine; for slaughter swine, one-half of the difference between market 
weight and weight when entering the farm’s inventory; and half of the average weight at removal 
for broilers.
Source: Authors’ calculations, based on data from the Agricultural Resource Management 
Survey, version 4, 2004 (hogs), 2005 (dairy), and 2006 (broilers).
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farm. They then combined data on nutrient uptake by crop to estimate the 
amount of manure-based nutrients that could be used by onfarm crops. The 
difference between nutrient production and potential nutrient use provides an 
estimate of excess nutrient production on a farm. 

Some farms in all size classes produced enough manure-based nutrients to 
exceed the farm’s potential assimilative capacity.31 However, the largest live-
stock and poultry operations were most likely to produce excess nutrients, 
and they accounted for a preponderant share of total excess nutrient produc-
tion at the farm level. Excess nutrient production increased substantially 
between 1982 and 1997 and it increased in every region, especially those 
with high concentrations of large livestock and poultry operations.32 

Manure can be moved from one farm to another for application, but high  
transportation costs limit the practical distance manure can travel. Gollehon 
et al. found that, in 1997, crop nutrient needs in most counties were high 
enough to use all available manure-based nutrients. However, about 5 percent 
of counties did not have crop needs suffi cient to use all the available manure-
based phosphorus produced in the county (the corresponding fi gure for 
nitrogen was 2 percent). Those counties tended to be centers of industrialized 
livestock production.

Regulation of Manure Practices

Federal, State, and local governments have responded to the environmental 
problems posed by livestock operations with regulations and conservation 
programs. The U.S. Environmental Protection Agency introduced Clean 
Water Act regulations in 2003 for controlling runoff of manure nutrients 
from the largest animal feeding operations. Farms designated as CAFOs must 
develop and implement a nutrient management plan that bases nutrient appli-
cations on agronomic rates, a provision that requires many CAFOs to spread 
their manure over a much larger land base than they are currently using. Most 
will need to move manure off-farm.33 

Many States have also enacted regulations that address environmental issues, 
including some not addressed at the Federal level. Some had manure appli-
cation restrictions in place prior to EPA’s 2003 regulations, some of which 
extended to smaller operations. Odor is a persistent local issue, and many 
States are using setback requirements to separate animal operations from 
residential areas. Ammonia emissions from large animal feeding operations 
have prompted California to enact regulations in the San Joaquin Valley to 
protect heavily populated areas downwind. North Carolina imposed a partial 
moratorium in 1997 on the construction of new hog farms in the State, in 
response to widespread concerns over waste management.

Because of expanding State and Federal regulations, certifi ed nutrient 
management plans (CNMPs) are coming into widespread use. According 
to 2004-2006 ARMS data, 62 percent of U.S. hogs, 60 percent of broilers, 
and 49 percent of dairy cows are on operations that have CNMPs.34 The 
intensity of nutrient applications will need to be reduced to comply with 
many of the plans, with several paths to compliance. More cropland acres for 
manure application may be found by applying manure to more of the farm’s 
cropland, acquiring more cropland, or removing manure from the farm and 

 31 The estimates are conservative, be-
cause Gollehon et al. did not take into ac-
count the additional nutrients that farms 
could apply in commercial fertilizers.

 32 These include the hog and poultry 
production region stretching from eastern 
North Carolina through north Georgia 
and Alabama; the fed-cattle produc-
tion region covering eastern Colorado, 
southwestern Kansas, and the Texas and 
Oklahoma Panhandles; and the dairy pro-
duction regions of central and southern 
California.

 33 Some AFOs that are not defi ned as 
CAFOs must also implement nutrient 
management plans in order to be covered 
under the stormwater exemption of the 
Clean Water Act. The 2003 regulations 
were the subject of continuing litigation, 
which barred implementation. EPA is-
sued a fi nal rule on October 31, 2008.

 34 In 2004 (hogs), 2005 (dairy), and 
2006 (broilers). Correspondingly, 30 
percent of hog farms, 32 percent of 
dairy farms, and 60 percent of broiler 
farms had a CNMP.  The plans cover 
larger shares of animals than of farms 
because larger farms are more likely to be 
required to have one.
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applying it to crops on other farms. The amount of manure nutrients associ-
ated with animal production can be reduced by changing feed formulations 
or altering breeding to improve feed effi ciencies. Stages of animal production 
can be moved nearer to locations with suffi cient cropland. Finally, manure 
may be treated to reduce transportation costs, enabling it to travel farther and 
to be used as a feedstock for energy generation and  manufacturing. 

Ribaudo et al. (2003) evaluated the potential impacts of compliance with 
environmental regulation, with a focus on the fi rst option—reducing intensity 
by expanding acreage. They found that most CAFOs would need a much 
larger land base for manure application than they were currently using, or 
that they would need to remove much more manure from their operations. 
In turn, the effect of manure removal on the source farms’ fi nancial perfor-
mance depended on the willingness of nearby crop farms to accept manure. 
Commercial fertilizers are often preferred to manure because they are easier 
to apply and because they can be formulated to contain the precise combina-
tions of nutrients needed for particular applications. However, manure fertil-
izers may be acceptable, at the right price. 

There’s little empirical evidence on the willingness to accept manure 
(WTAM) among crop producers, so Ribaudo et al. modeled the costs of 
compliance for WTAM ranging from 10 percent to 80 percent of farms. 
Costs of removal will also vary across regions, depending on the available 
cropland and manure production, and across farm sizes, since larger farms 
will generally need to remove more manure to comply. 

Manure removal would raise total production costs for dairy and hog opera-
tions, and would raise them by more on large farms. But the estimated cost 
increases were modest. With a 20-percent WTAM, Ribaudo et al. estimated 
that compliance would raise hog production costs on the largest operations 
(1,000 or more animal units) 1-3 percent, compared to 1 percent or less on 
small operations.  Production costs on the largest dairy operations (also 1,000 
or more animal units) would increase an estimated 2-3 percent, compared to 
1 percent on small operations. If nearby farmers were less willing to accept 
manure, large operations would face higher costs, up to 5 percent in some 
regions. Nevertheless, a cost increase of this magnitude is more than offset 
by the production cost advantages of large operations (fi gures 6-8), so it is 
unlikely that farm structure would be altered by compliance costs that fall in 
the range reported in Ribaudo et al. 

Much manure is currently removed from operations—about 19, 26, and 61 
percent of dairy, hog, and broiler manure (table 6). Some is sold, and some is 
removed for a fee, but most is given away (table 7).

Even when farmers pay to have manure removed, the cost of removal was 
not prohibitive. Among those dairy farms that removed manure in 2005, fees 
added 39 cents per cwt to the cost of production, or 3 percent of production 
costs at the largest farms (fi g. 6). Similarly, fees paid for manure removal by 
hog producers in 2004 amounted to 34 cents for every cwt of weight gain, 
or 1.4 percent of the average cost of production on large fi nishing operations 
(fi g. 7). Broiler farms that paid for litter removal incurred fees  amounting 
to 0.3 cent per pound of meat produced, or less than 1 percent of the cost of 
production.35 Livestock farms will likely have to remove more manure under 

 35 The hog and broiler costs of produc-
tion are total costs, including those borne 
by integrators as well as those borne by 
growers. Manure removal fees account 
for about 6 percent of the contract pay-
ments received by growers.
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CNMPs in the future. As removals increase, more producers will likely have 
to pay to have manure removed, and removal fees will likely rise. However, 
those fees would have to increase fi ve- to ten-fold to offset the current 
production cost advantages held by large operations.

Manure transport is not the only option for reducing nutrient loadings. 
There is  evidence that the amount of manure and nutrients associated with 
a given amount of livestock production can be reduced, and that CNMPs 
may be driving some reductions. Key et al. (2008a) use ARMS hog data 
to investigate two options. First, they fi nd a substantial increase, between 
1998 and 2004, in the use of microbial phytase, which is used as a feed addi-
tive to reduce the amount of phosphorus excreted in manure. Phytase use 
in feeding helps producers manage phosphorus levels in manure to comply 
with phosphorus-based nutrient management plans. In 1998, 4 percent of hog 
producers, accounting for 12 percent of production, added phytase to their 
feed. By 2004, 13 percent of producers, accounting for 30 percent of produc-
tion, were doing so.36 Second, improvements in breeding and in feed formu-
lations have led to a substantial decline in the amount of feed used to produce 
pork; between 1998 and 2004, the amount of feed used to produce 100 
pounds of pork fell from 282 pounds to 214 pounds, a 24-percent decline. 
Since feed that is not converted to meat is excreted, this implies a 24-percent 
decline in the quantity of nutrients excreted per animal produced, assuming 
the nutrient composition of feed and meat has not changed substantially over 
this period.37  

Antibiotic Use and Health-Related Impacts

Livestock producers take a variety of steps to prevent the emergence and 
spread of animal diseases among their herds and fl ocks. Practices include 
pathogen testing, vaccinations, provision of antibiotics, segregation of herds 
or fl ocks by age, sanitary protocols in housing units, and physical biosecurity 
measures. Antibiotics are used to treat sick animals, but they are also admin-
istered in subtherapeutic doses, usually in water or feed, to protect animals 
against disease and to promote growth. Subtherapeutic antibiotics (STAs) 
can promote growth, particularly in poultry and hogs, by improving nutrient 
absorption and by depressing the growth of organisms that compete for nutri-
ents, thereby increasing feed effi ciency. 

 36 About 27 percent of broiler opera-
tions were also adjusting the nutrient 
content of litter  in 2006 by using addi-
tives like phytase in feed or directly in 
litter. Such strategies were less common 
on dairy operations where 5 percent of 
farms, accounting for 11 percent of cows, 
were adjusting the nutrient content of 
manure through feed additives.

 37 Feed effi ciency is positively cor-
related with the scale of production in the 
hog sector– larger operations generally 
use less feed per hog produced.

Table 7: Manure removal from livestock operations, 2004-06

 Dairy Hogs Broiler

 Percent of total production
Manure removed from operation 19 26 61
  --Sold by operation 4 5 22
  --Operation paid to haul it away 7 3 3
  --Operation gave it away 8 18 36
 $ per cwt of production
Prices
  Revenue from manure sales  0.28 0.22 0.20
  Expenses to haul manure away 0.39 0.34 0.31

Source: Authors’ calculations, based on data from the Agricultural Resource Management 
Survey, version 4, 2004 (hogs), 2005 (dairy), and 2006 (broilers).
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Many drugs used to treat animals are the same as, or similar to, drugs used 
for human health care. Consequently, there is concern that the widespread 
use of antibiotics, especially STAs in animals, could promote development 
of drug-resistant bacteria that could pass from animals to humans, thus 
posing a danger to human health. In response to these concerns, the European 
Union (EU) has banned the use of antimicrobial drugs for growth promo-
tion, and they are coming under growing scrutiny in the United States  (U.S. 
Government Accounting Offi ce, 2008).

Recent ARMS hog and broiler versions have included questions about anti-
biotic use as well as other health management technologies and practices 
on farms. The data obtained cannot be used to assess resistance and health 
hazards, but they can be used to identify the extent of STA use on livestock 
operations, the impacts of STAs on costs and productivity at different types 
of operations, and alternatives to STAs for disease prevention and growth 
promotion. 

In the ARMS 2004 hog version, producers were asked whether they provided 
antibiotics, the purpose for provision (growth promotion, disease prevention, 
or disease treatment), and the types of animals receiving the drugs (breeding 
animals, nursery pigs, or fi nishing hogs). Antibiotics were used most widely on 
nursery pigs in specialized wean-to-feeder operations (McBride et al., 2008). 
Eighty percent of the surveyed farms used antibiotics for disease treatment, and 
85 percent provided STAs for either disease prevention or growth promotion. 

Among farms that fi nish hogs, STAs are widely provided for growth promo-
tion, and larger operations are considerably more likely to provide them (fi g. 
9). About 20 percent of small feeder-to-fi nish operations provided their animals 
with growth-promoting STAs in 2004, compared to 60 percent of the largest 
operations. Farrow-to-fi nish operations are generally more likely to provide 
STAs—nearly 40 percent of smaller operations and 75 percent of the largest.38  38 Similar patterns hold for STAs 

provided for disease prevention: the 
smallest class of producers are less likely 
to use them than the largest, where 65-75 
percent of producers use them. 

Figure 9
Larger hog farms are more likely to use growth-promoting 
subtherapeutic antibiotics

Percent of farms using growth-promoting subtherapeutic antibiotics
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STAs add to farm expenses, but can also add to productivity by increasing the 
amount of meat that can be produced from a given combination of breeding 
animals, feed, and time. This productivity impact likely varies over time and 
across operations, depending on factors such as animal genetics, feed formu-
lations, production practices, housing features, and management skills. 

McBride et al. (2008a) investigated which hog farms provided STAs and 
the effects of provision on farm-level productivity. The provision of STAs 
seemed to reduce costs at the nursery stage: operations that did not use STAs 
at the nursery stage had costs that were 30 percent higher than those that 
did (in a model with controls for the size of the operation, its location, and 
a variety of production practices). This evidence suggests that STAs reduce 
mortality and improve feed effi ciency among nursery pigs. 

In contrast, McBride et al. found little impact of STAs on production costs 
at the fi nishing stage—farms that used STAs had costs of production that 
differed little from those that did not. Any productivity improvement from 
STAs was not large enough to offset the additional expenses, suggesting the 
viability of alternative practices or technologies to reduce disease or improve 
feed effi ciency at fi nishing stages. These results are consistent with studies of 
the EU ban on STAs, which also suggest that farm-level benefi ts vary across 
stages of production and are most pronounced in the nursery stage. 

A study of STAs in broiler grow-out operations provided evidence consistent 
with the fi ndings for hogs. Graham et al. (2007) evaluated the results of a 
large nonrandomized control trial run by one large integrator in which growth-
promoting STAs were removed from some broiler houses, whose fl ocks’ 
performance was then compared to fl ocks from houses on the same farm that 
continued to use STAs. STAs boosted feed effi ciency slightly, but not enough 
to offset the expense, so non-STA houses performed slightly better fi nancially. 

Producers and integrators may be able to substitute other practices and tech-
nologies for STAs in broiler production. In the 2006 ARMS broiler version, 
42 percent of respondents stated that STAs were not provided to their fl ocks. 
In contrast to hog fi nishing operations, there was no relation between farm 
size and the use of STAs in broiler grow-out (virtually all broiler grow-out 
farms are contract operations, so it might be argued that all broiler production 
is industrialized). Farms not providing STAs instead used extensive testing 
and expanded sanitation controls (fi g. 10). Specifi cally, farms that did not 
provide STAs usually tested their birds (for avian infl uenza, salmonella, and 
other pathogens), and their feed (for salmonella), while farms that relied on 
STAs were much less likely to test. Farms that did not provide STAs were 
also much more likely to fully clean out and sanitize their houses after every 
fl ock, and typically were required to have a HACCP (Hazard Analysis and 
Critical Control Point) plan in place to guide food safety actions.
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Figure 10
Testing and sanitation substitute for subtherapeutic antibiotics (STAs) 
in broiler production

Source: 2006 Agricultural Resource Management Survey, Version 4.  
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Conclusions

Powerful economic forces are driving the shift to large industrialized live-
stock operations. There are substantial economies of scale up to certain 
threshold sizes, and farms can operate effi ciently at sizes that are much larger 
than the thresholds. In addition,  tighter vertical coordination lowers costs 
and improves consistency for many products. Each provides strong fi nancial 
incentives for producers to expand their operations and to enter into more 
formal contractual relationships with buyers and input suppliers. 

The transformed production systems lead to improved productivity, with 
more production of livestock and livestock products from any given amount 
of labor, feed, and capital. Productivity improvements lead to lower whole-
sale and retail prices for meat and dairy products, while freeing land, labor, 
and capital resources for expanded commodity production or for other uses. 

But industrialized livestock production has external costs. High concentra-
tions of animal manure can lead to increased air and water pollution, with 
adverse health and environmental consequences. Concentrated livestock 
can also create odors that offend neighbors and reduce property values. A 
heavy reliance on antibiotics for growth promotion and for disease preven-
tion may spawn antibiotic-resistant strains of bacteria, with human health 
risks. Changes in farm structure are intertwined with these concerns because 
larger operations concentrate manure more and rely more heavily on growth-
promoting antibiotics than smaller operations. 

Individual producers may have little incentive to take costly actions on 
their own to reduce the external costs arising from intensive applications 
of manure and antibiotics. Livestock production is highly competitive, and 
operations with relatively high costs jeopardize their own survival. However, 
there are ways to reduce the risks from high concentrations of manure nutri-
ents on limited land areas. Nutrient management plans, which base nutrient 
applications on agronomic rates, are coming into widespread use as part 
of Federal, State, and local regulations. The plans have guided reductions 
in nutrient applications, and they are likely to compel more in the future 
through changes in breeding, feed attributes, farm location, and manure 
distribution. 

Growth-promoting antibiotics are a feature of industrialized hog and poultry 
operations, and they are substantially more likely to be used on larger hog 
operations. However, many large operations do not use them, and they may 
be more valuable to producers at some stages of animal production than at 
others. Many producers that don’t use growth-promoting antibiotics rely 
on alternative strategies, such as extensive testing and sanitary protocols, to 
prevent disease and promote growth. The evidence adduced so far suggests 
that steps can be taken, at modest aggregate costs, to limit the external costs 
associated with antibiotic use in industrialized operations.
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