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The U.S. Department of Agriculture’s (USDA) Market
News reported widespread concern in 2014 about tight-
ening organic dairy supplies, with supermarkets in many
parts of the United States posting signs about organic milk
shortages by the end of the year. U.S. food retailers and
milk processors have informed customers that they can’t
meet demands for organic milk a number of times since the
organic dairy sector gained traction with consumers over a
dozen years ago. The number of certified organic milk cows
in the United States increased rapidly between 2000 and
2008—to over 250,000 organic milk cows (3% of the U.S.
total)—and then stagnated through 2011, according to
USDA’s most recent estimate (USDA Economic Research
Service (ERS), 2013).

Some organic dairy producers exited the sector in 2009
when processors cut back on organic dairy contracts dur-
ing the downturn in the U.S. economy. Organic milk de-
mand rebounded quickly, but movement back into organic
production is complicated by the three-year transition
period required for land that is in conventional produc-
tion. Expanding milk demand, along with recent drought
conditions and high organic feed grain prices, especially in
California, are also playing roles in the current shortages.

U.S. milk production began dispersing from its concen-
tration in the Northeast, Upper Midwest, and Central re-
gions—the traditional U.S. milk shed—many decades ago
(Jesse, 2002). California is the top conventional dairy state,
and also became the top organic dairy state in 2008 with
the largest number of certified organic milk cows. Although
California had nearly a quarter of the certified organic milk
cows in the United States in 2011, traditional milk-shed

states still play large roles in organic dairy production.

Organic dairy pastures are beginning to disappear in
California due to the devastating drought over the last sev-
eral years. Organic dairy producers in California are also
facing high organic feed grain prices and strong compe-
tition for their land from other high-value commodities,
which could weaken organic dairy production in that state
(Thomas, 2014). Even if California production declines,
continuing development of organic dairy production in
the traditional milk-shed states, lower feed grain prices,
and diversity in the business models used for organic dairy
production could support expansion of the U.S. organic
dairy sector.

Consumer Base for Organic Dairy Continues to Widen

Organic dairy products are now the second leading food
category—after fresh fruits and vegetables—for U.S. sales
of organic food. Numerous studies have underscored con-
sumer preferences for organically produced food because
of their concerns regarding the environment, animal wel-
fare, and their own health. Although nutritionists have not
yet reached a consensus about whether organic food offers
more nutrients than conventional food, there is evidence
that enhanced nutrition is associated with organic dairy
products. A recent meta-analysis of studies during 2009-
11 comparing the nutrient quality of organic and conven-
tional dairy products found that organic dairy products
contain significantly higher protein, a-linolenic acid (ALA,
C18: 3 n-3), total omega-3 fatty acid, conjugated linoleic
acid, and other nutrients. The meta analysis concluded
that organic dairy farming leads to enhanced nutrient
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quality due to the higher fresh for-
age intake of organic cows (Palupil et
al., 2012). A subsequent study—the
first large-scale, nationwide study of
fatty acids in U.S. organic and con-
ventional milk—found that con-
sumption of predominantly organic
dairy products may enhance public
health by decreasing dietary omega-6
to omega-3 ratios from today’s gener-
ally unhealthy levels (Benbrook et al.,
2013).

Organic products have shifted
from being a lifestyle choice for a
small share of consumers to being
consumed at least occasionally by
a majority of Americans. Similarly,
mass market retailers, rather than nat-
ural food stores, are now the top sales
channels for organic food. Walmart,
the largest food retailer in the United
States, and other supercenters that
often target budget-conscious con-
sumers, are continuing to increase
their organic food offerings—both
Walmart and Target announced new
organic food initiatives in 2014. Also,
USDA Market News recently report-
ed that a national drugstore chain
added organic milk to its cooler sec-
tion in 2014.

In 1997—the year that USDA
published its first proposed rule to es-
tablish national organic standards—

pegged

sales of organic milk, yogurt, butter,

industry  estimates retail
cheese, and other dairy products at
$382 million in the United States
(Nutrition Business Journal, 2013).
Retail sales of organic dairy products
more than tripled between 1997 and
2002, to $1.2 billion, and are forecast
to reach $5.5 billion in 2014.

In contrast, overall U.S. consump-
tion of milk, yogurt, butter, cheese
and other dairy products has fallen
from 339.2 pounds per person in
1970 to 275.9 pounds in 2012 (Bent-
ley, 2014), although total milk pro-
duction increased during this period
due to increasing consumption of yo-
gurt, cheese, and other manufactured
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Figure 1: U.S. Market Penetration of Organic Milk, 2007-2014
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dairy products which take more
pounds of milk to produce. Most of
the decline in U.S. dairy consump-
tion is due to the substantial drop
in milk consumption during this pe-
riod, and Americans now consume
only about 75% of the amount of
dairy products recommended in the
Federal dietary guidelines designed to
promote health and prevent diseases.
The decline in recent years is illustrat-
ed by USDA estimates of fluid milk
product sales, which show negative
annual growth for conventional milk
for most years between 2007 and the
first half of 2014 (Figure 1).

The organic market share of total
fluid milk sales in the United States
has increased steadily—from 1.92
percent in 2007 to nearly 5 percent
in 2013—although annual growth
in organic milk sales has fluctuated.
The annual growth in organic milk
sales peaked at 33% in 2007. Or-
ganic dairy processors had recruited
new organic dairy farmers to add
capacity and pushed hard for them
to transition to organic production
before June 2007, when an organic
regulatory provision that eased whole
herd conversion from conventional to
organic production was set to expire.
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Unfortunately, just as U.S. organic
dairy production was ramping up,
the downturn in the U.S. economy
started in late 2007 and organic milk
sales actually declined 4% between
2008 and 2009—the only time in re-
cent years that sales of conventional
milk showed positive growth (Figure
1). Consumer demand for organic
milk rebounded quickly in 2010,
but organic dairy processors had not
renewed their contracts with many
producers, and conversion back to
organic was a slow process.

While the current organic milk
shortage also reflects impacts from
the widespread drought in 2012 and
higher prices for organic feed grains
in recent years, growth in the milk
sector has routinely been hampered
by supply shortages. USDAs ERS
conducted a nationwide survey of
all certified organic processors and
manufacturers in 2004, and inquired
about which organic products were
in short supply. Among the catego-
ries which had shortages—milk, feed
grains, produce, and soybeans—milk
had the most critical shortage, with
26% of the processors reporting milk
shortages (Greene et al., 2009).



Landmark Policy Change on
Pasture in 2010

The historical focus of organic ag-
riculture is on ecologically based
farming, and the national organic
standards, published by USDA in
2000, maintain this focus. USDA
regulations require that organic farms
be “managed in accordance with the
Act and regulations in this part to re-
spond to site-specific conditions by
integrating cultural, biological, and
mechanical practices that foster cy-
cling of resources, promote ecological
balance, and conserve biodiversity”
(USDA Agricultural Marketing Ser-
vice, 2000). The national standards
virtually exclude the use of synthetic
chemicals, antibiotics, and hormones
in crop production, and prohibit the
use of antibiotics and hormones in
livestock production.

The USDA national organic stan-
dards also require organic livestock
production systems to accommodate
an animal’s natural nutritional and
behavioral requirements, to ensure
that dairy cows and other ruminants
have access to pasture. However,
regulations published in 2000 lacked
specific criteria that organic certifiers
could use to measure whether organic
producers were complying with the
law. Although organic processors
used images of cows grazing in pas-
ture to sell milk to consumers, not
all the organic dairies were providing
their cows with pasture. A number of
organic stakeholder groups—includ-
ing organic dairy associations in the
Northeast and other traditional milk-
shed states—urged USDA to add spe-
cific enforcement criteria for the use
of pasture.

In June 2010, USDA published
new rules on organic pasture and re-
quired compliance within a year. The
pasture rules require that:

e Animals must graze pasture dur-
ing the grazing season, which
must be at least 120 days per year;
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e Animals must obtain a minimum
of 30% dry-matter intake from
grazing pasture during the grazing
season;

e DProducers must have a pasture
management plan and manage
pasture as a crop to meet the feed
requirements for the grazing ani-
mals and to protect soil and water

quality; and,

e Livestock are exempt from the
30% dry-matter intake require-
ments during the finish feeding
period, not to exceed 120 days.
Livestock must have access to pas-
ture during the finishing phase.

In announcing the new pasture re-
quirements, Agriculture  Secretary
Tom Vilsack emphasized that it “will
give consumers confidence that or-
ganic milk or cheese comes from cows
raised on pasture, and organic family
farmers the assurance that there is
one, consistent pasture standard that
applies to dairy products” (USDA
Office of Communications, 2010).
Small-scale dairy farmers, in particu-
lar, had been concerned that they
weren't on a level playing field with
large-scale corporate dairies. USDA
surveyed U.S. organic dairy farmers
in 2005, prior to implementation of
these requirements, and found that

pasture-based feeding was more com-
mon on smaller dairy farms and that
4% of organic dairy farms never used
pasture (McBride and Greene, 2007).

Organic Dairy Production Still
Regionally Diverse

Fast-growing consumer demand and
large price premiums for organic
milk have made the organic dairy sec-
tor a bright spot for many producers
over the last dozen years. Researchers
at ERS examined milk prices in the
mid-2000s, using Nielsen supermar-
ket scanner data, and found that the
price for organic milk over conven-
tional milk ranged from 72% above
the conventional price in Western
states to 126% above the conven-
tional price in the East (Greene et
al., 2009). The national average price
premium for organic milk was 98%
above the conventional price in 2004.
Organic milk prices in 2006 varied
substantially by fat content, container
size, and branding, with organic price
premiums for a half-gallon of milk
ranging as high as 109% for name-
brand organic milk above store-brand
conventional milk. In contrast with
conventional milk prices, organic
milk prices were estimated to increase
as the fat content declined.

Figure 2: Top Ten Organic Dairy States Reflect Regional Diversity

California
Wisconsin
New York
Texas
Pennsylvania
Vermont
Oregon
Minnesota
Colorado
Ohio

o

”"”'”[

10,000 20,000 30,000 40,000 50,000 60,000
Certified Organic Milk Cows

m 2002
m2011

Source: USDA, Economic Research Service, based on information from
USDA-accredited State and private organic certifiers.

4th Quarter 2015+ 30(1)



U.S. organic dairy production
had just started two decades ago
when USDA reported that there were
6,000 certified organic dairy cows na-
tionwide. Over the period between
2002 and 2011—USDA’s most re-
United States
expanded from 67,000 organic milk

cent estimate—the

cows to 255,000 organic milk cows,
approximately 3% of total dairy
cows. USDA’s Census of Agriculture
reported that organic dairy farms ac-
counted for 5% of total U.S. dairy
farms in 2012. Most of this growth
took place prior to 2008, when the
sector contracted with the downturn
in the economy.

California was the top state for
both organic and conventional dairy
production in 2011. Wisconsin and
California traded places between
2002 and 2011 as the top state with
the most organic dairy cows (Figure
2). The top 10 states with the most
organic dairy cows were still region-
ally diverse in 2011, and all had sub-
stantial increases in the number of or-
ganic dairy cows during that period.

Various organic dairy business
modelsare in play in the United States.
While the majority of organic dairy
farms are small-scale family farms, the
United States also has large-scale cor-
porate dairy farms as well. The chal-
lenges involved in meeting USDA’s
strong pasture standard implemented
in 2011 may dampen the movement
to large-scale dairy farms seen in con-
ventional dairy production.

The three largest organic milk
processors in the United States—
Organic Valley, Horizon, and Au-
rora—illustrate different approaches
to organic dairy production. Organic
Valley is a farmer-owned coopera-
tive, with 1,779 participating farm
families in 2014 that sets member-
determined pay prices and provides
equity ownership in a leading na-
tional food brand. Organic Valley
indicates that “the central mission of
our cooperative is to support rural
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communities by protecting the health
of the family farm—working toward
both economic and environmental
sustainability.”

Aurora Organic Dairy owns and
operates 5 organic dairy farms in
Colorado and Texas, with a total herd
of more than 22,000 organic dairy
cows, and an organic dairy processing
plant in Plattesville, Colo. Aurora Or-
ganic Dairy is the leading producer
and processor of store-brand organic
milk and butter for U.S. retailers, and
develops initiatives “to be a respon-
sible corporate citizen and to be good
stewards of our natural resources.”

Horizon Organic began process-
ing organic milk 20 years ago and
currently sources milk from nearly
700 certified organic family farms in
21 states. Horizon Organic indicates
that “our family farmer partners sup-
ply 99% of our milk. Horizon Or-
ganic also owns and operates a farm
in Maryland that supplies 1% of our
milk.” Horizon Organic also owned
large dairy farms in Colorado and
Idaho until recently.

Organic Dairies are Much Different
than Conventional Dairies

USDA surveyed organic milk produc-
ers in 2005 and again in 2010 as part
of USDA’s annual survey of farm and
ranch operators the Agricultural Re-
source Management Survey (ARMS).
These surveys sample organic dairy
producers at much higher rates than
their occurrence in the population in
order to develop sufficient data for a
comparison of practices and costs on
conventional and organic farms. Or-
ganic milk producers usually begin as
operators of conventional dairies be-
fore undergoing what can be a chal-
lenging and costly transition process.
Conventional dairy producers need
to adjust their approach to dairy
herd management during the transi-
tion to comply with USDA organic
standards.
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ERS researchers compared or-
ganic and conventional dairy produc-
tion in 2005 and 2010. The primary
difference in the production practices
used by organic versus conventional
dairies is in the feeding system (Mc-
Bride and Greene, 2007). In 2005,
more than 60% of organic operations
reported using pasture-based feed-
ing that provided more than half of
seasonal forage (during the grazing
months) from pasture, compared to
just 18% for other operations. The
growth hormone recombinant bovine
somatatropin (rbST) is not available
to organic producers, but was used by
17% of conventional operations, who
also were much more likely to utilize
regular veterinary services and a nu-
tritionist. The use of these practices
likely contributed to the significantly
higher production per cow on con-
ventional versus organic operations.
Organic operations averaged about
13,600 pounds of milk per cow in
2005, versus nearly 19,000 pounds
on conventional operations.

According to the 2005 ERS analy-
sis of national dairy survey data, to-
tal economic costs were significantly
higher for organic dairy and soybean
operations than for conventional op-
erations. With an average price pre-
mium of $6.69 per hundredweight
(cwt., which is 100 pounds of milk)
for organic milk, organic milk pro-
ducers covered most of the additional
operating costs of organic production
in 2005. The value of production mi-
nus operating costs was higher for or-
ganic producers than for conventional
producers in 2005 and 2010, for all
size groups (Table 1). However, the
premium didn’t cover the total costs
of organic producers, which includes
the opportunity cost of unpaid labor,
in either year for any size group. The
value of production minus total eco-
nomic costs was also negative for most
size groups in conventional produc-
tion. Only the largest size groups of
conventional producers had positive
returns above total economic costs.



Table 1: U.S. Milk Production Costs and Returns per Hundredweight Sold, by Size and Type of Operation, 2005 and 2010

Organic
Item Year Fewerthan  50-99 100-199 200 or more 500-999 1,000 Cows All
50 Cows Cows Cows Cows Cows or more Sizes
$/Hundredweight Sold
Value of Production, Minus Operating Costs® 2010 8.08 9.16 7.82 10.56 N/A N/A 9.18
Value of Production, Minus Operating Costs’ 2005 8.72 8.41 7.65 7.19 N/A N/A 7.92
Value of Production, Minus Total Costs® 2010 -19.38 -11.4 -7.61 -0.43 N/A N/A -8.42
Value of Production, Minus Total Costs? 2005 -12.91 -8.45 -5.63 -1.2 N/A N/A -6.19
Percent of Farms 2010 49 34 12 5 N/A N/A --
Percent of Farms 2005 45 42 8 5 N/A N/A --
Percent of Milk Production 2010 19 27 20 34 N/A N/A --
Percent of milk production 2005 18 33 12 37 N/A N/A -
Conventional
Item Year Fewerthan  50-99 100-199 200-499 500-999 1,000 Cows All
50 Cows Cows Cows Cows Cows or more Sizes
$/Hundredweight Sold
Value of Production, Minus Operating Costs* 2010 2.52 3.64 4.16 3.94 5.29 5.63 4.82
Value of Production, Minus Operating Costs® 2005 5.57 4.62 5.69 5.94 5.49 6.8 5.93
Value of Production, Minus Total Costs’ 2010 -20.03 -11.24 -5.72 -3.61 -0.04 1.78 -2.58
Value of Production, Minus Total Costs? 2005 -12.22 -7.94 -3.62 -0.67 0.49 2.95 -1.39
Percent of Farms 2010 29 36 19 9 4 3 -
Percent of Farms 2005 31 35 19 9 3 2 --
Percent of Milk Production 2010 4 11 13 14 16 41 -
Percent of milk production 2005 5 14 16 18 15 32 -

N/A = not applicable.

1Operating costs include feed, veterinary services, medicine, bedding, fuel, electricity, repairs, certification, and marketing services.

*Total costs include operating costs, plus allocated overhead (hired labor, opportunity cost of unpaid labor, capital recovery of
machinery and equipment, opportunity cost of land (rental rate), taxes, insurance, and general farm overhead).

Notes: Coefficients of variation (CVs) were checked for the category totals: gross value of production, and feed, operating,
allocated overhead, and total costs. All CVs were less than 25 percent.

Source: USDA-Economic Research Service, based on data from USDA Agricultural Resources Management Surveys in 2005 and 2010.

The trend toward larger farms in
conventional dairy production was
evident in the five years between
the two USDA organic surveys. The
largest size group for conventional
production—1,000 cows or more—
represented 2% of conventional dairy
farms and had 32% of total milk pro-
duction in 2005 (Table 1). In 2010,
the largest group contained 3% of
conventional farms in 2010 repre-
senting 41% of total production.
Although the larger size groups in
the organic dairy sector had higher
economic returns, a trend toward
concentration of production was not
as evident. The largest size group for
organic production—200 or more
cows—represented 5% of the dairy
farms in 2005 and accounted for
37% of total production. The largest
organic size group still represented
5% of the dairy farms in 2010, but
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accounted for a slightly smaller per-
centage of total production—34%—
in 2010.

The Future of Organic Milk
Production

As is always the case, the future of
organic milk production is largely in
the hands of the consumer. Without
growing demand, production will
not expand. Consumer demand for
organic milk expanded rapidly for
several decades, jumping from a niche
market in natural foods stores to
shelf-space allocations in most main-
stream food stores. In recent years,
even the large retailers, like Walmart
and Target, have been responsive to
consumer demand for organic milk.
While U.S. sales of organic milk have
dropped from the double-digit an-

nual increases shown until the general
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economy experienced a recession, an-
nual sales growth is still in the high
single digits. The growing scientific
consensus on the nutritional benefits
of organic milk, and wider availabil-
ity in mainstream markets, could help
push consumer demand higher.

Another bright note for organic
dairy producers is that a recent study
of U.S. consumer demand for milk
shows that organic milk demand is
price elastic, and that the substitution
pattern between organic and conven-
tional milk with differing fat content
shows greater movement toward or-
ganic milk than back to conventional
milk (Li, Peterson, and Xia, 2012).
With stricter pasture rules raising
costs in the organic dairy sector, high-
er producer prices for organic milk
are likely needed to attract more dairy
farmers into this sector. Even prior
to USDA enforcement of stricter



pasture rules in 2011, ERS analysis
of the organic dairy sector in 2005
and 2010 found that none of the size
groups covered total economic costs
in either year. The discrepancy was
largest for the smaller farms, partly
because they had higher labor costs
and lower yields from using more
pasture for feed.

Even with stronger USDA pas-
ture requirements, coexistence of or-
ganic producers with very different
business models is likely to persist
in the organic dairy sector to some
degree. Some analysts argue that or-
ganic sector expansion that includes
large-scale farms with lower costs can
make organic food—which has less
pesticide residue and other positive
attributes—more affordable for low-
income consumers (Johnson, 2013).
USDA’s organic regulatory program
plays a key role in setting and enforc-
ing strict standards, and ensuring that
all producers demonstrate compliance
with the rules. These rules provide a
framework for future innovations in
organic dairy production systems. In
particular, research is needed on ways
to lower the costs and improve the
quality of pasture-based dairy systems
in the challenging climates and con-
ditions across the country.
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Public Health

L. e United States today, antibiotics are commonly used
in food animals to promote growth and prevent disease, as
well as to treat sick animals. The U.S. Food and Drug Ad-
ministration (FDA) estimates that 14.6 million kg. (32.2
million Ibs.) of antibiotics were sold for use in animals in
2012 (FDA, 2014), more than four times the 3.29 million
kg. (7.3 million Ibs.) of antibiotics sold for human use in
2011 (FDA, 2012). Antibiotics are used primarily in inten-
sive swine, poultry, and feedlot cattle systems, with limited
use in dairy cows, sheep, and companion animals.

The extensive use of antibiotics in livestock comes
at a cost: it contributes to the increase in drug-resistant
pathogens in animals that can potentially be transmitted
to humans and negatively impact human health, even if
the magnitude of the risk to human health is still debated
(You and Silbergeld, 2014). Concerns about increasing
antibiotic resistance led to bans on antibiotics for growth
promotion (AGPs) in the European Union in 2006. In the
United States, AGPs are not banned, but the FDA recently
issued guidelines for the industry to voluntarily withdraw
medically important antibiotics from growth promotion
(FDA, 2013a). For policy makers, the challenge is to evalu-
ate the benefits and costs of animal antibiotics to society.
What is the economic value of antibiotics to the livestock
industry versus the potential health cost of increasing resis-
tance levels? What are the potential productivity and eco-
nomic effects of a ban on AGPs for U.S. meat producers
and consumers?

Antibiotic Resistance: The Public Health Question

The discovery that antibiotics fed in subtherapeutic

concentrations to livestock can hasten their growth and
prevent disease (Jukes et al., 1950; and Moore et al., 1946)
came just as farmers in the United States were struggling
to keep pace with demand for food and animal protein.
Antibiotic use for growth promotion and disease preven-
tion soon became an integral part of a new agricultural pro-
duction model, despite early warnings about the potential
risks of developing resistance (Starr and Reynolds, 1951).
Numerous studies have demonstrated that food animals on
farms using low levels of AGPs harbor a higher percent of
resistant bacteria than farms that do not use AGPs (Mar-
shall and Levy, 2011). Increased resistance to certain drugs
(such as fluoroquinolones) in both animals and humans
coincides with their addition to animal feed and their use
in veterinary medicine (Endtz et al., 1991; Bager et al.,
1997; and Nelson et al., 2007). Additionally, studies com-
paring resistance prevalence in both humans and animals
before and after AGP bans have documented significant
decreases in resistance (primarily in vancomycin-resistant
enterococci following the ban of avoparcin as a growth pro-
moter) (Aarestrup et al., 2001; Bager et al.. 1999; Bogaard,
Bruinsma, and Stobberingh. 2000; Klare et al.. 1999; Pan-
tosti et al., 1999; and Wegener et al., 1999).

Increasing levels of resistance in bacteria isolated from
food-producing animals and retail meat sources have been
reported by the National Antimicrobial Resistance Moni-
toring System (FDA, 2013b). FDA reported that resistance
to third-generation cephalosporins rose among isolates
from retail ground turkey between 2008 and 2011, and
among certain salmonella serotypes in cattle between 2009
and 2011 (FDA, 2013b).
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Most important from a public
health perspective, extensive research
has documented the spillover of resis-
tance genes and resistant pathogens
from food animals into human popu-
lations via three primary pathways:
(1) the release of antibiotic-resistant
bacteria into the environment (Cam-
pagnolo et al., 2002; Chee-Sanford et
al., 2001; and Gibbs et al., 2006), (2)
resistance transmission through the
food chain (Jakobsen et al., 2010a;
Jakobsen et al., 2010b; and Serensen
et al., 2001), and (3) the acquisition
of resistant strains through direct
contact with food animals (van Cleef
et al., 2011a; van Cleef et al. 2011b;
Graveland et al., 2010; Huber et al.,
2011; Huijsdens et al., 2006; Khanna
et al., 2008; Smith et al, 2009; and
Voss et al., 2005).

How much these processes
contribute to resistance of human
pathogens to antibiotics is still un-
clear. Nevertheless, a report from
the Centers for Disease Control and
Prevention (CDC) states, “Because
of the link between antibiotic use in
food-producing animals and the oc-
currence of antibiotic-resistant infec-
tions in humans, antibiotics should
be used in food-producing animals
only under veterinary oversight and
only to manage and treat infectious
diseases, not to promote growth’

(CDC, 2013).

Evidence of Benefits in Swine
Production

The major inputs in food animal
production—feed, labor, and capi-
tal—can be improved on some op-
erations by feeding antibiotics. AGP
use can enhance the growth rate and
the feed conversion ratio, the rate
at which animals convert feed into
weight gain (Dibner and Richards,
2005; Hays, 1977; and Zimmerman,
1986), and it can increase labor or
capital productivity by substituting
for hygiene management in animal
housing or transportation (Key and
McBride, 2014; and MacDonald and
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Figure 1. Percentage Improvement in Average Daily Growth of Pigs Fed

Antibiotics over Time

R

14

12 Hays, 1978
= i Al
H Hays, 1978
-2 A O AP S N3
Q 101 Hays, 1978
2 LAt
-] b
g Hays, 1978
o
H
2
<
£ Hays, 1978
2 61 trtedeA i
£
H
§ ______ Hays, 1978
2 4
a8 T T T T T T T T T T T T TT F-1A:
H
®
2
o4 |
1950 1960 1970 1980

ZimMerman, 1986
EEE]

@ Nursery Pigs
AGrowing-

Finishing Pigs

& Dritz, 2002

A Miller, 2005

A Van Lunen, 2003
—AR ]
Dritz, 2002

1990 2000 2010

Year(s) when Experiments Were Conducted

Note: The x-axis refers to the year when the experiments were conducted. Hays, 1978 and Zimmerman,
1986 are reviews of studies conducted over a given time period. The horizontal lines represents the
period during which the experiments were conducted. The vertical dashed line separates early vs recent

studies as shown in Table 1.

Figure 2. Percentage Improvement in Feed Conversion Ratio of Pigs Fed

Antibiotics over Time
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Wang, 2011). Using AGPs could also
reduce variability in animal weights
and sizes, avoiding financial penal-
ties at markets for animals outside
the range suited for mechanized pro-
cessing (Liu, Miller, and McNamara,
2003).

The effects of subtherapeutic lev-
els of antibiotic feed additives on
growth rate and feed efficiency have
been reported in cattle, swine, and
poultry for more than 50 years (Jukes
et al., 1950; Moore et al., 1946; and
Salinas-Chavira et al., 2009), but
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effect sizes vary widely among opera-
tions and over time (Figures 1 and
2). Rosen (1995) analyzed a database
of more than 4,000 reports from 55
countries and found a high degree
of variation for the effects on weight
gain and feed conversion in broilers
and pigs.

Results obtained in animal-level
experiments likely reflect specific
nutritional,  environmental, and
genetic conditions and cannot be
generalized. Moreover, most animal-
level experimental research on the



Table 1. AGP Effects Found in Newer vs. Older Studies, by Age of Pigs

Eafrr ?msggzs(:l ;3:;) _Zl?rgign(r:fd Modern Production System Adapted
(1986), and Cromwell (2002) from Dritz et al. (2002)
... .. | Difference ... .. | Difference

Parameter Control | Antibiotic (%) Control | Antibiotic (%)
Starting Phase
é;f:a(ieg)]) aily 039 04s|  16.40% 0.436 0.458 5.00%
Feed
Conversion 2.28 213 6.90% 1.44 1.42] 1.4% (NSS)
Ratio
Growing Phase
Average Daily o
Gain (kg) 0.59 0.66 10.60% n.a. n.a. n.a.
Feed
Conversion 291 2.78 4.50% n.a. n.a. n.a.
Ratio
Growing-Finishing Phase
gavief(icg)]) aily 0.69 0.72 4.20% 0.78 0.778| 0.2% (NSS)
Feed
Conversion 33 323 2.20% 2.9 2.9 0%
Ratio

Note: The data for 1950-1985 come from a meta-analysis conducted by Cromwell (2002)
based on data from Hays (1977) for the period 1950-1977 and data from Zimmerman (1986)
for the period 1978-1985. The meta-analysis includes data from 453, 298, and 443 experiments
involving 13,632, 5,783, and 13,140 pigs, respectively, for the three phases. The results of the
meta-analysis are weighted averages based on the number of replications. The data used in the
right panel (modern production system) come from a single study Dritz et al. (2002) involving
3,648 and 2,660 pigs for the nursery and grow-finish phases, respectively.

growth-promoting effect of antibiot-
ics has been performed by the manu-
facturing and feed industries with
relatively few studies by independent
research bodies (Thomke, 1998), and
most of this research predates 2000.

A meta-analysis of more than
1,000 growth experiments performed
in swine between 1950 and 1985
demonstrated that antibiotics in feed
improved the daily weight gain in
starter pigs (animals weighing 7 to
25 kg. or 15 to 55 lbs.) by an average
of 16.4% and the feed efficiency by
6.9% (Cromwell, 2002). Antibiot-
ics were most effective in improving
growth in young pigs but were still
effective for older growing and finish-
ing pigs (Table 1). One hypothesis
is that weanling and starter pigs are
more susceptible to stress and sub-
clinical diseases and, consequently,
show a greater response to AGDPs
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(Hays, 1977).

Historical experiments have dem-
onstrated that responses to AGPs are
lower when production conditions
are optimized, with good housing,
hygiene, nutrition, and health (Hays,
1977). Early experiments concluded
that the degree of response to antibiot-
ics was inversely related to the general
well-being of the experimental ani-
mals (Coates et al., 1951; Hill et al.,
1953; and Speer et al., 1950). Greater
antibiotic responses were demonstrat-
ed in pigs carrying a high disease load
compared with pigs raised in envi-
ronments with low disease loads, in-
dicating that the growth-promoting
effect is at least partially the result
of bacteriostatic and bactericidal ac-
tivity (Zimmerman, 1986). Greater
responses were also shown if the an-
tibiotics were added to an inadequate
diet (Burroughs, 1959). Nutritional
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stress and stress associated with relo-
cation (such as movement of feeder
pigs) or temperature extremes have
been associated with greater responses
to antibiotics (Hays, 1977; and Ryan
et al., 1961). In addition to improv-
ing feed efficiency, adding antibiotics
to swine feed was found to reduce the
mortality rate by 50% in young pigs
(2.0% vs. 4.3%) in trials conducted
between 1960 and 1982 (Cromwell,
2002).

Because those results were ob-
tained in animal experiments con-
ducted decades ago, an important
question is whether the growth re-
sponse to antibiotics has changed
over time, especially given the in-
creasing levels of resistance among
food animals. A review comparing
results of animal-level experimen-
tal studies led between 1950-1977
and 1978-1985 concluded that the
overall effectiveness of AGPs did not
diminish between the 1950s and the
1980s (Zimmerman, 1986).

However, for post-2000 studies,
the literature suggests that productiv-
ity gains from AGPs are lower than
indicated by earlier research (Figures
1 and 2). For instance, Miller, Mc-
Namara, and Bush (2003) estimated
that AGP use increased average daily
weight by 0.5% and feed efliciency by
1.1%, much less than the two-digit
improvements reported in the 1980s
(Cromwell, 2002). Similar results
were demonstrated in animal-level ex-
periments, as shown in Table 1 (Dritz
et al., 2002; and Van Lunen, 2003).
Recent studies tend to show a small,
significant growth response to AGPs
for nursery pigs, but no significant re-
sponse for finishing pigs (Dritz et al.,
2002; Key and McBride, 2014; and
McBride, Key, and Mathews 2008).
After controlling for input levels, op-
erator and farm characteristics, farm
production practices, and location,
a recent study analyzing data from
the U.S. Department of Agriculture’s
(USDA) Agricultural Resource Man-
agement Survey estimated that AGP



use improved output by 1.0% for
feeder-to-finish hog producers, a sta-
tistically insignificant improvement

(Key and McBride, 2014).

In Denmark, which has an ex-
and
intensive production system, the
use of AGPs was banned in finish-
ing pigs in 1998 and in weaning pigs
in 2000. The termination of AGPs
had no major effect on productivity

port-oriented, market-driven,

or feed efficiency in finishers but re-
sulted in some loss of productivity in
weaners (World Health Organization
(WHO), 2002). Long-term swine
productivity improved markedly be-
tween 1992 and 2008, suggesting
that the ban on AGPs did not harm
long-term  productivity (Aarestrup
et al., 2010). The effects of the ban
on AGPs on antibiotic consumption
are mixed. Between 1997 and 2008,
the total consumption of antibiotics
in the Danish swine production in-
dustry decreased from 81.2 mg/kg of
pork produced to 48.9 mg/kg of pork
produced (Aarestrup et al., 2010).
Following the AGP ban, total antibi-
otic use was at its lowest level in recent
years in 1999. However, the thera-
peutic use of antibiotics increased
and the total antibiotic consumption
for animal production increased by
36% during the period 2001 through
2009 (Jensen and Hayes, 2014). This
led the Danish government to impose
new restrictions on producers’ uses of
antibiotics, and total use has started
decreasing again after 2009 (Aar-
estrup, 2012).

The growth response to antibiot-
ics may have decreased over the past
30 years for several possible reasons.
First, the growth response to antibi-
otics is less important when animal
and

health are optimal. The relative im-

nutrition, hygiene, genetics,

provement in the growth rate result-
ing from supplementing the diet of
pigs with antibiotics has been shown
to be inversely related to the growth
rate of animals not being fed antibi-
otics (Braude, Wallace, and Cunha,
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1953; and Melliere, Brown, and Rath
1973). With changes in the livestock
industry over the past 30 years, all of
these factors have improved. Second,
increasing levels of resistance in ani-
mals could be diminishing the overall
effectiveness of AGPs, although data
are lacking to evaluate this hypothesis.

The recommended dosage of
subtherapeutic antibiotics has in-
creased over time, from 10-20 g/ton
in the early 1950s to 40-50 g/ton in
the 1970s, and 30-110 g/ton today
(Hays, 1977; and Thaler 2010), but
there is no demonstrated relationship
with increased resistance levels.

Evidence of Benefits in the Poultry
Industry

Relatively few studies address the
productivity and economic benefits
of AGP use in the poultry industry.
Table 2 compares three studies on the

effects of AGPs on broiler produc-
tion: one animal-level experimental
study of the removal of AGPs on two
U.S. broiler farms (Engster, Marvil,
and Stewart-Brown, 2002), one farm-
level observational study based on a
poultry national survey (MacDonald
and Wang, 2011), and one observa-
tional study with data from before
and after the ban on AGPs in Den-
mark (Emborg et al., 2001).

For the broiler industry in Den-
mark, the mortality rate, the average
weight gain, and productivity (de-
fined as kg of broilers produced/m2
per grow-out) for 1995 to 1999 were
not affected by the ban on AGPs (Em-
borg et al., 2001). The feed conver-
sion ratio did increase, by 0.016 kg/
kg from 1995 to 1999, the same mag-
nitude of increase as after the removal
of AGPs, in two U.S. broiler farms

(Engster, Marvil, and Stewart-Brown,

Table 2. Production and Economic Effects of AGP Restrictions in the Poultry

Industry, United States, and Denmark

U.S. Animal Level

U.S. Farm Level

Denmark
Observational Research

Experimental Observational Research Pre (1994-1997) and
Research (MacDonald and Wang, Post (1998-2000) Ban
(Engster et al., 2002) 2011) on AGPs (Emborg et al.,
2001)
Change in feed Site 1: +0.016 (0.8%*) No HACCP: +0.08 (4%)
conversion ratio, +0.016 (0.9%)
value (% change) Site 2: +0.012 (0.6%*) HACCP: +0.05 (2.6%)
2-7% production decline
Average weight Site 1: -13.6 g (0.6%*)  without AGPs when
differential grams (% controlling for labor, +53¢g

Site 2: -0.14%

5.01%
No AGP, HACCP: 3.95%

change) capital and other inputs,

Site 2: -18.1 g (0.8%*)  not statistically significant

Differential: With AGP: 3.95% Pre-ban: 4.1%
Mortality rate Site 1: -0.2% R AER, N EINTEIR: Post-ban: 4.0%

Cf. Graham et al.
study, based on
Engster data:

Cost-effectiveness Net effect of using

AGP = lost value of
$0.0093 per chicken
(savings in the cost of
AGPs more than
compensate the
decrease in
production).

Growers using no AGPs
and with HACCP receive
2.1% more fees per kg than
growers using AGPs,
suggesting higher costs of
production in the absence
of AGP.

Non-AGP premium that
would be paid to growers
by integrators: $22.5
million.

Calculations suggested
that savings in the cost of]
APG almost exactly
offset the cost of the
decreased feed
efficiency.

Potential substantial
costs associated with
modifications to the
production systems (not
evaluated).

Note: HACCP = Hazard Analysis and Critical Control Points (a food safety plan).

Sources: Emborg et al., 2001; Engster et al., 2002; Graham et al., 2007; and MacDonald and Wang, 2011.
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2002) (Table 2). The end of AGP use
in poultry production in Denmark
appears to have caused a small de-
crease in feed efficiency, which was

at least partly offset by savings in the
cost of AGPs (WHO, 2002).

In the United States, MacDon-
ald and Wang (2011) have demon-
strated that suspending AGPs would
have no statistically significant effect
on production in broiler grow-out
operations, once other factors that
may affect production (labor, capi-
tal, and other inputs) are controlled.
However, they also demonstrate that
growers who do not use AGDPs receive
statistically significant higher con-
tract fees than AGP users (+2.1%).
These higher fees paid by integra-
tors likely compensate growers for
increased costs associated with pro-
duction without AGPs since broilers
produced without AGPs cannot be la-
beled as antibiotic-free (no antibiotic
use at all), limiting the possibility for
producers to sell these products for a
premium price.

Graham, Boland, and Silbergeld
(2007) estimated that the net effect of
using AGPs was a loss of $0.0093 per
chicken, with the savings in the costs
of AGPs more than compensating
for the decrease in production. How-
ever, this economic analysis does not
include veterinary costs or potential
costs related to the increased variabil-
ity in the weight of broiler chickens.
Additionally, the added production
was valued according to the fees paid
to growers which is, in fact, an under-
estimation of the value of birds to the
integrator.

One of the major current benefits
of AGP use may be maintaining ani-
mal health in older facilities, where
hygiene management is less efficient.
U.S. farms that produce broilers with
AGPs tend to have older houses, with
less modern equipment, and are less
likely to follow a plan for managing
food safety hazards (MacDonald and
Wang, 2011). As is the case for swine,
AGPs may have smaller benefits when
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production conditions are optimized:
Coates et al. (1951) demonstrated
significantly smaller response in
chicks to chlortetracycline and peni-
cillin in new environments compared

to previously used environments.

In terms of food security, there is
a balance to find between using anti-
biotics to control animal disease and
prevent the transmission of zoonotic
pathogens from animals to humans,
and limiting the emergence and the
spread of antibiotic resistance. Some
studies highlight that antibiotics add-
ed to animal feed or drinking water
can decrease the bacterial contamina-
tion of animal carcasses and products
(Hurd et al., 2008; and Singer et
al., 2007). However, improved bios-
ecurity, better hygiene management

practices, or vaccinations offer the
opportunity to control infectious dis-
ease of food animals without increas-
ing levels of resistance.

Potential Economic Cost of a Ban

As described by a few authors (Mc-
Bride, Key, and Mathews, 2008; and
MacDonald and Wang, 2011), a ban
on AGPs in the United States would
affect producers differentially, accord-
ing to location, farm size, contracting
arrangements, production practices,
species, and stage of production. The
effect of a ban would also depend on
management variables and health and
sanitation practices, as shown in stud-
ies describing the Swedish experience
after that country’s 1986 AGP ban
(Wierup, 2001).

Table 3. Potential Economic Effects of AGP Restrictions at Animal, Farm, and Market Levels

Potential Costs

Potential Benefits

Potential Animal-Level Effects

Decreased growth rate, decreased feed
cfficiency

young animals), increased morbidity

Long term improvement in health status of animals after
Short term higher mortality rate (especially of |investing in biosecurity measures.

Potential preservation of antimicrobial efficiency to treat
|animals.

Fewer animals born per litter —

Increased variability of product —

Potential Farm-Level Effects

Increased time to market and decreased
stocking densities

Increased input costs: feed (non AGP), young
animals purchased

Decreased input costs: saving in AGP cost

Cost of more biosecurity measures and
adjustments in housing to compensate for
AGP termination

Long term improvement in health status of animals.
Decrease in transmission of all diseases, including diseases
which are not prevented by antimicrobials (e.g. viral
diseases, respiratory tracts infections).

disease)

Increased veterinary costs (more treatment of |Decreased veterinary costs (less disease outbreak after
having invested in biosecurity measures)

Higher labor costs if alternatives to AGP are
|more labor-intensive

Increased variability of product —

Potential Market-Level Effects

Supply side: less output for each level of

meat, variation in producers revenues
(increase or decrease)

input, increase in wholesale and retail price of |Supply side: Potential increase in producers revenues
(increase in wholesale price of meat)

Demand side: increased consumer confidence and demand
— for product; increased access to export markets that
previously rejected U.S. products because of AGP use

Source: Adapted from Sneeringer, 2014.
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Incentives for U.S. food animal
producers to use AGPs include im-
proved animal performance and over-
all health, higher profits, and reduced
production risks. Table 3 summarizes
the potential economic effects of a
restriction on AGPs at the animal,
farm, and market levels.

Several studies have sought to es-
timate the potential economic effect
of a ban on AGPs in the U.S. swine
industry and found large differences
in production cost increases: $0.59/
pig and a 9% decrease in net prof-
its (Miller, McNamara, and Bush,
2003); $1.37/pig (Miller et al.,
2005); $2.33/pig and a 2% increase
in production costs (Brorsen and
Lehenbauer, 2002); and $4.50/pig in
the first year and a 4.5% increase in
overall production costs (Hayes and
Jensen, 2003).

An evaluation conducted by a
WHO panel on the effects of AGP
termination in Denmark estimated
the net increase in costs associated
with removing AGPs at €1.04 (about
the same in 2002 U.S. dollars) per pig
produced and zero for poultry. This
translates into an increase in pig pro-
duction costs of just over 1%. Results
from a general equilibrium model of
the Danish economy suggest that pig
production is around 1.4% per an-
num lower than might be expected
and poultry production 0.4% per
annum higher. There was no obvious
effect on pork prices in Denmark in
the years following the ban (WHO,
2002).

Recent USDA estimates of the
market-level effects of a ban on AGPs
in U.S. hog and broiler production
also indicate limited effects (Sneering-
er, 2014): the quantity produced
would, at most, decrease by 1.08%
in the hog industry and 1.12% in
the broiler industry (assuming a 3%
reduction in supply due to discon-
tinuation of AGDPs). The consequent
increase in wholesale prices would
range from less than 1% to at most
2.6%. The total value of production
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would increase (0.54% for hogs and
1.45% for broilers), with a gain in
value of production for producers
not using AGPs before the ban, and
a potential loss or gain for producers
using AGPs before the ban, depend-
ing on assumptions. Since farmers re-
ceive about a third of the retail value
of pork, consumers would likely see
even smaller changes in price. These
results are long-term effects; some
short-term effects could be negative,
as was the case in Denmark after
the ban. An AGP ban in the United
States could also increase access to
export markets that have more strin-
gent regulations on AGPs, such as the
European Union, Mexico, and Tai-
wan (Maron, Smith, and Nachman,
2013).

Policy Issues

The scientific evidence seems to
suggest that it is possible for both the
swine and the poultry industries to
maintain production without AGPs,
provided other disease prevention
measures are implemented as AGPs
are being phased out. Alternative
strategies to prevent and control dis-
ease in livestock—vaccination, segre-
gation of herds or flocks by age, sani-
tary protocols, ventilation systems,
adjustments in feed rations, and
physical biosecurity measures—offer
the opportunity to control infectious
diseases in food animals without in-
creasing levels of resistance.

Such strategies will incur costs,
which could ultimately raise whole-
sale meat prices. To our knowledge,
there are no published estimates
of the cost of investing in produc-
tion systems with better biosecurity
and hygiene, and no estimates of
the potential benefits of such invest-
ments, which are likely to decrease
in the transmission of viral diseases
and respiratory tract infections, as
well as diseases that are prevented by
antimicrobials.

A potentially important factor is
consumer demand for antibiotic-free
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meat and poultry. The use of AGPs
may be declining in the United States
driven, in part, by consumer prefer-
ences. Several major companies (in-
cluding McDonald’s, the fast food
chain) have mandated the removal
of AGPs from broiler production
(MacDonald and Wang, 2011). In
September 2014, Perdue Foods, the
third-largest broiler company in the
United States, announced that it had
removed all antibiotics from its chick-
en hatcheries after phasing out the
use of AGDPs in its chicken production
in 2007 (Perdue Foods, 2014). Some
estimates indicate that 44% of U.S.
broiler production no longer used
AGPs in 2006, compared with 2% in
1995 (Chapman and Johnson, 2002;
and MacDonald and Wang, 2011).
USDA data suggest that the use of
subtherapeutic antibiotics in hog pro-
duction declined between 2004 and
2009—among farrow-to-finish op-
erations, the use of antibiotics fed to
finishing hogs for growth promotion
dropped from 60% to 40% of mar-
ket hog production between 2004
and 2009, and from 53% to 40%
for nursery pigs (McBride and Key,
2013). However, there is no clear def-
inition for “antibiotic-free” meat and
poultry. USDA specifies that the label
“no antibiotics added” may be used
for meat or poultry products “if suf-
ficient documentation is provided by
the producer to the Agency demon-
strating that the animals were raised
without antibiotics.” This ambigu-
ity led to the withdrawal in 2008 of
the label “raised without antibiotics,”
which USDA had approved for Tyson
Foods in 2007, after disclosure that
the company had used antibiotics for
disease prevention in hatcheries.

Definitions of antibiotic use for
growth promotion and disease pre-
vention are even less clear. The term
“subtherapeutic antibiotics” can in-
clude both growth promoters and
antibiotics used for disease preven-
tion, since some prophylaxis happens
at low doses. Medicated feed addi-
tives can be authorized by FDA for



different purposes and are classified
in two main categories: therapeutic
uses and production purposes: “FDA
considers uses that are associated with
the treatment, control, and preven-
tion of specific diseases to be thera-
peutic uses that are necessary for as-
suring the health of food-producing
animals” (FDA, 2013a). Since many
of the antibiotics approved for use
in feed additives in the United States
are authorized for both production
purposes (growth promotion) and
disease prevention, there is a risk that
antibiotics could be reclassified from
growth promotion to prophylaxis
without actual changes in antibiotic
use patterns. The Pew Charitable
Trusts (2014) reviewed the labels of
the 287 antibiotics covered by the
FDA guidelines and identified that
about one-quarter (66 of 287) of
medically important antibiotics can
be used in at least one species for dis-
ease prevention at levels fully within
the range of growth promotion dos-
ages and with no limit on the dura-
tion of treatment. Additionally, the
FDA guidelines target only antibiot-
ics classified as “medically important
antimicrobials;” several antibiotics
that are currently not considered
medically important may still be used
as growth promoters, even though
they may indirectly contribute to re-
sistance in human pathogens because
of mechanisms of cross-resistance and
co-selection.

The voluntary guidelines pub-
lished by FDA in 2013 may be a
first step towards more restrictions
on antibiotic use in food animals.
In creating the Task Force for Com-
bating Antibiotic-Resistant Bacteria,
a White House executive order in
September 2014 specified that FDA,
in coordination with USDA, “shall
continue taking steps to eliminate
the use of medically important classes
of antibiotics for growth promotion
purposes in food-producing animals”
(U.S. Executive Office of the Presi-
dent, 2014).
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If the benefits of AGPs (in terms
of increased productivity) have di-
minished, then it becomes reasonable
to be cautious and avoid the poten-
tial public health costs (in terms of
increased resistance) rather than wait
for a complete understanding of the
ecology of gene flow between the
animal, the environment, and hu-
man reservoirs. The use of antibiotics
should principally be the last resort
rather than a substitute for biosecuri-
ty, hygiene, and other good practices
(Wierup, 2001). Antibiotics are not
needed to promote growth, but they
are essential to treat infectious diseas-
es and maintain animal health. Since
new antibiotic classes will likely not
be available to veterinary medicine, it
is in the best interests of food animal
producers to preserve the effective-
ness of existing veterinary antibiot-
ics through antibiotic stewardship
(Bengtsson and Greko, 2014). The
challenge for policy makers is to find
that balance between allowing use of
antibiotics to control animal diseases
and restricting their use to limit the
emergence and spread of antibiotic
resistance.
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The purchase of Smithfield Foods, the world’s largest hog
producer and pork processor, by China’s top pork products
company, Shuanghui International Holdings Ltd., stirred
concerns about domestic pork supplies and food safety in
the United States. The Smithfield acquisition will cause im-
portant changes in U.S. pork exports to China, consumer
concerns about food safety of pork products, and competi-
tion in Chinese and U.S. pork markets.

U.S. Exports to China

Chinese demand for meat products including pork has
continued to increase as the per capita disposable income
in China has kept rising over the past several decades (Fig-
ure la and 1b). In 2012, the per capita pork consump-
tion of Chinese urban residents (21.23 kilograms or 46.8
pounds) was similar to U.S. per capita consumption (45.9
pounds) while Chinese rural residents’ per capita pork
consumption (14.4 kilograms or 31.75 pounds) was sig-
nificantly lower than the U.S. consumption level (National
Bureau of Statistics of China (NBSC), 2014); U.S. Depart-
ment of Agriculture (USDA), 2014a). In addition, Chi-
nese consumers have a stronger taste preference towards
pork than meat products from other animal origins. Pork
accounted for 59% of meat consumption by Chinese ur-
ban residents and 69% for rural residents in 2012 (NBSC,
2014). Because the income of Chinese residents will con-
tinue to increase and pork is their preferred meat, Chinese
demand for pork has significant growth potential. To meet
the rising demand, Chinese producers have expanded their
production and China has imported more pork from other
countries, especially the United States. Figure 2 shows that

U.S. pork exports to mainland China have increased from
2.33 million pounds in 1996 to 496.59 million pounds
in 2013, and the average annual growth rate is 34.7%
(USDA, 2014b). Chinese pork production and consump-
tion increased from 50.71 and 50.8 million metric tons in
2010 to 55.6 and 56.1 million metric tons, respectively,
in 2013. Imports accounted for only 0.8-1.4% of Chinese
pork consumption during the 2010-2013 period (USDA,
2014c). So China has been satisfying its increased demand
primarily through increased domestic production. How-
ever, it will be difficult for China to maintain this tradition
of self-sufficiency in pork as feed costs rise, and land for
additional pork production becomes scarce and expensive
(Gale, Marti, and Hu, 2012). China will increase its reli-
ance on imports to satisfy its increasing demand for pork
in the future.

The United States exported 638.8 million pounds of
pork to China in 2012, which accounted for 39.7% of Chi-
nese pork imports and 0.54% of Chinese pork consump-
tion (USDA, 2014b and 2014c). Smithfield’s pork produc-
tion accounted for 27.9% of total U.S. production, and
about 4.5% of Smithfield’s pork products were exported
to China in 2012. Smithfield’s pork exports to China ac-
counted for 18.2% of total Chinese imports and 0.25% of
Chinese pork consumption (Smithfield Foods, 2012; Mat-
tioli, Cimilluca, and Kesmodel, 2013; and USDA, 2014c).
Most of Smithfield’s exports to China have been offal; one
objective of the merger is to boost exports of muscle meat.
China bans the use of a feed additive known as ractopa-
mine in pork production. Ractopamine-free pork prod-
ucts account for about 40% of Smithfield’s production
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Figure 1a: Per Capita Disposable Income of Chinese Urban and Rural

Residents (Chinese Yuan, 1978-2012).
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Figure 1b: Per Capita Disposable Income of Chinese Urban and Rural

Residents (U.S. Dollar, 1978-2012).
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Figure 2: U.S. Pork Exports to China (million pounds, 1996-2013).
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(Bloomberg News, 2013). If Smith-
field exports all its ractopamine-free
pork products to China, its exports
to China will increase by 788% and
account for 2.2% of Chinese pork
these
numbers indicate there is significant
potential for Smithfield and other
U.S. pork companies to increase their

consumption.  Collectively,
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Year

exports to China.

To protect domestic pork produc-
ers and maintain food self-sufficiency,
the Chinese government has used
various measures including import
tariffs, regulations as potential techni-
cal barriers to trade, and subsidies to
support production and limit imports
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(Hayes, 2013). One import regula-
tion is China’s restriction on the use
of Codex-approved veterinary drugs
in hog production (Stuart and Fritz,
2013). In August 2014, China an-
nounced a ban on pork imports from
six U.S. processing plants and six cold
storage facilities due to the presence
of ractopamine in their pork prod-
ucts (Waters and Davis, 2014). Due
to high domestic production costs
and import protections, hog and pork
prices in Chinese markets are usually
much higher than in U.S. markets.
For example, the hog price in China
was 40% to 100% higher than that
in the United States during the time
period from January 2010 to July
2013 (U.S. Meat Export Federation,
2014).

The acquisition of Smithfield by
Shuanghui can lead to more U.S.
pork exports to China through four
channels.

First, the acquisition can give an
incentive to the Chinese government
to allow more pork imports from
the United States. After Smithfield
became a subsidiary of a Chinese
company, future pork imports from
the United States will be treated as
less threatening to the policy goal of
Chinese food self-sufficiency and the
protection of its domestic producers.
Thus, the Chinese government may
gradually relax some restrictions and
lower import duties on pork imports
from the United States.

Second, the major purpose of the
acquisition was to bring more U.S.
meat products to China. Shuanghui
chairman Wan Long indicated this
purpose clearly in the announcement
of the Smithfield deal (Gara, 2013).
Chinese consumers’ preferences for
taste and freshness of meat products
are different from those of U.S. con-
sumers (Anderson et al., 2011; and
Oh and See, 2012). However, mostly
due to various safety issues and scan-
dals surrounding some Chinese food
products, imported food products
from developed countries, such as



U.S. pork products, are viewed as
higher quality products and receive
positive receptions in Chinese mar-
kets (Ortega, Wang, and Wu, 2009;
Wang, 2012; and Jin and Zhang,
2014). Because Chinese consumers
have become increasingly conscious
about the safety and quality of food
products, the merged company has an
incentive to increase the volume and
share of the exports of Smithfield’s
pork products to China and reduce
the share of Shuanghui’s lower-qual-
ity Chinese products in the merged
company’s total sales in Chinese mar-
kets. The coordination of these deci-
sions did not exist before the merger.

Third, Shuanghui’s distribution
network and market information in
China will significantly help increase
the sales of Smithfield’s pork products
in China. Shuanghui is the largest
pork producer in China and slaugh-
ters more than 15 million pigs a
year. Shuanghui has meat processing
plants in 18 of 34 province-level ad-
ministrative divisions and more than
300 distribution and marketing cen-
ters in 31 province-level divisions of
China. Shuanghui was set up in 1958
and has accumulated tremendous
information and knowledge about
Chinese consumers (Shuanghui De-
velopment, 2014). Smithfield’s pork
exports to China will benefit from Sh-
uanghui’s network and information.

Fourth, more byproducts from
pork production will be exported to
China after the acquisition. There are
huge taste differences of pork byprod-
ucts between U.S. and Chinese con-
sumers. Various byproducts such as
feet, ears, stomachs, livers, and intes-
tines are widely used in Chinese cui-
sine. The market values of these by-
products are much higher in Chinese
markets than in U.S. markets. After
the acquisition, the coordination be-
tween the decision on Smithfield’s
exports to China and the decision
on Shuanghuis supply of Chinese
products in Chinese markets will
also cause the merged company to
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increase Smithfield’s exports of pork
byproducts to China. Shuanghui
will help Smithfield design the pork
byproducts better suited for Chinese
consumers so that more of Smith-
field’s byproducts will be exported to
China.

More U.S. exports to China has
implications for U.S. producers and
consumers. Pork prices in U.S. mar-
kets will increase. A potentially in-
teresting aspect is that, when U.S.
firms obtain additional revenue from
increased sales of pork byproducts
to China, they may be more willing
to accept lower prices of pork meat
products in U.S. markets, compared
with the pre-acquisition price levels.
However, this negative price effect
will be outweighed by the positive
effect on U.S. pork meat prices of
more exports of U.S. pork products
to China. The prices of U.S. pork
products in Chinese markets will be
affected by more supply of imported
products from the United States;
more demand due to income growth
in China; and the new, coordinated
selling strategy of the merged com-
pany for two types of differentiated
products—higher-quality, imported
products from Smithfield and lower-
quality, domestic products from Sh-
uanghui’s plants in China. The larger

supply of imported products from the
United States will reduce the prices
of U.S. pork products in Chinese
markets while more demand due to
income growth and the new, coordi-
nated selling strategy of the merged
company will raise the prices so that
the net price effect will depend on the
relative magnitudes of these two op-
posite effects. However, the prices of
U.S. pork products in Chinese mar-
kets will continue to be higher than
the prices in U.S. markets. Larger to-
tal volume of U.S pork products sold
in U.S. and Chinese markets—and
higher pork prices in U.S. markets—
will lead to more demand and higher
prices of hogs in U.S. markets. U.S.
consumers will be affected by changes
in pork prices. More exports of U.S.
pork products to China will reduce
the pork supply in U.S. markets.
However, hog and pork producers in
the United States will also respond by
expanding their production, which
will increase the market supply. So
the pork prices in U.S. markets will
rise due to more exports to China,
but the increase will be limited.

Food Safety

U.S. consumers may have more
food safety concerns about pork prod-
ucts, especially Smithfield’s products,

Table 1. Four-Firm Concentration of U.S. Pork-Packing Industry and Number of U.S. Hog

Slaughter Plants

Year | Four-Firm Concentration (%) | Number of Slaughter Plants
1980 34

1995 46

2000 56

2001 57

2002 55 175
2003 64 154
2004 64 166
2005 64 163
2006 61 159
2007 65 165
2008 65 126
2009 63 134
2010 65 129
2011 64 136

Source: USDA Grain Inspection Packers and Stockyards Administration, 2012 and 2013.
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after the acquisition by Shuanghui.
The concerns come from the nega-
tive impression of U.S. consumers
about China’s food industry overall
rather than Shuanghui itself. Many
food safety incidents have occurred in
China since its economic reforms in
the late 1970s, and especially in the
recent decade. The one receiving the
most media attention was the case of
contaminated baby formula in 2008.
Baby formula produced by a major
milk supplier, Sanlu Group, was con-
taminated by melamine. As a result,
six children died and about 294,000
children were sick. Other food safety
incidents include poisonous ham
treated with the pesticide Dichlorvos
in 2003, counterfeit alcoholic drinks
in 2009, clenbuterol-tainted pork in
2011, and dead pigs drifting in the
Huangpu River after a crack-down
on illicit trade of dead meat in 2013.
Shuanghui itself was implicated as
one of the companies involved in the
clenbuterol-tainted pork incident al-
though Shuanghui’s responsibility is
limited and indirect because the scan-
dal was at the hog-production rather
than processing level (Gara, 2013).
The negative perception of U.S. con-
sumers is expected to continue as long
as food safety in China is perceived
not to be significantly improved.

Food safety concerns of U.S.
consumers about Smithfield’s pork
products after the acquisition could
adversely affect the sales and prices
of Smithfields products, although
the impact is expected to be small
and its exact magnitude is a topic for
future studies. The negative effect of
food safety concerns on the sales and
prices of the entire U.S. pork indus-
try will be even smaller because some
U.S. consumers will switch to other
companies’ pork products if they are
concerned about the safety of Smith-
field’s products. In addition, if there
are any food safety incidents related
to the Chinese meat industry and
Shuanghui in the future, the inci-
dents will remind U.S. consumers of
the safety concerns and cause some
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fluctuations in prices and sales in U.S.
pork markets.

Market Competition

The four-firm concentration ra-
tio of the U.S. pork-packing indus-
try has increased from 34% in 1980
to 64% in 2012, and the number
of hog slaughter plants has declined
(Table 1) (USDA, 2012 and 2013).
In addition, alternative marketing
arrangements including various con-
tracts have been increasingly used to
procure live hogs. These trends have
raised concerns about the anticom-
petitive effects of potential buyer
power in hog procurements and seller
power in pork markets (Zheng and
Vukina, 2009). The acquisition of the
United States” largest pork producer
by the top Chinese pork company has
only heightened concerns about mar-
ket concentration.

Initially, the acquisition of Smith-
field by Shuanghui will not change
the structure or concentration of
either the U.S. or Chinese hog and
pork markets. However, over time,
the U.S. and Chinese pork markets
will become more interdependent.
The Smithfield acquisition by Shuan-
ghui and future increased Smithfield
exports to China will lead to a higher
concentration in Chinese pork mar-
kets. Pork prices in China will not
necessarily be higher because more
imports from a low-price country (the
United States) can lower the price in
the importing country (China) and
this price reduction due to the ben-
efit of trade can offset the price effect
of higher concentration. However,
when pork markets in the two coun-
tries become more interdependent
and major companies are selling in
both countries, more concentrated
and less competitive Chinese pork
markets provide an alternative out-
let for U.S. pork products and, thus,
reduce the competition in U.S. pork
markets.

The merged

company  will

implement  its  within-company
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coordination of selling strategies
of lower-quality Chinese products
from Shuanghui and higher-quality
imports from Smithfield in Chi-
nese markets in order to compete
with other companies. At the same
time, Smithfield’s selling strategies in
U.S. markets will be affected by this
merged company’s new within-com-
pany coordination of selling strategies
in Chinese markets. In response to
the new selling strategies, other U.S.
and Chinese pork companies will
adjust their selling strategies accord-
ingly, changing the nature of compe-
tition in the markets.

Given the possible increasing con-
centration in Chinese pork markets,
more interdependence between U.S.
and Chinese markets, and the coordi-
nation of selling strategies, the acqui-
sition will likely lessen competition
among companies in Chinese and
U.S. pork markets. A major ques-
tion for the future will be how this
reduced competition will play out for
U.S. consumers in pork markets.
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One of the most contentious and emotional issues in
livestock production is that of animal welfare. The welfare
of livestock in commercial production systems has been,
and continues to be, intensely debated by many groups,
including, but not limited to, consumers, animal activists,
scientists, legislators, and farmers. Perceptions or miscon-
ceptions of welfare issues can have a dramatic effect on live-
stock production if industries respond by changing certain
production practices, if governments react by enacting laws
dictating how livestock are produced, or if consumers re-
spond by changing purchasing patterns. A major economic
issue in this area spawns from the fact that existing markets
may not be well suited for solving the animal welfare de-
bate and imposition of regulatory requirements on produc-
tion practices could result in significant costs to producers
and, ultimately, consumers who pay higher prices for meat.

The concern for animal welfare has particularly tar-
geted the use of gestation stalls—also known as gestation
crates—by swine producers. Gestation stalls are metal stalls
that house female breeding stock in individually confined
areas during an animal’s four-month pregnancy. Pork pro-
ducer organizations suggest that the use of gestation stalls
may facilitate more efficient pork production resulting in
lower prices for consumers. The use of the stalls is deemed
as an animal welfare issue by some because the stalls limit
animal mobility (Tonsor, Olynk, and Wolf, 2009). This
perception has led to regulatory pressures and agri-food
companies considering moving towards policies restricting
the use of gestation stalls.

To understand the economic aspects of this ongoing
debate, it is helpful to review the structural evolution of

the U.S. swine industry, the legal framework underlying
provisions of animal welfare in the United States, and ad-
justments in livestock and meat markets regarding animal
welfare claims and protocols.

Changes in Swine Production

The number of swine produced in the United States
during the last several decades has remained relatively con-
stant. However, animal production practices have become
increasingly concentrated with the major focus being on
improved economic efficiency (Fraser, Mench, and Mill-
man, 2001; and Mench, 2008). Once dominated by small
operations that practiced crop and swine production, the
industry has become increasingly concentrated among
large operations. According to the U.S. Department of
Agriculture’s (USDA) 2012 Census of Agriculture, 63,246
farms, about 3% of the 2.1 million farms in the United
States, had a swine inventory in 2012 (USDA National Ag-
ricultural Statistics Service (NASS), 2014). Most of these
were large operations. Over 95% of farms had a swine
inventory of more than 1,000 hogs, more than 90% had
more than 2,000 hogs, and over 67% had more than 5,000
hogs (USDA, NASS, 2014).

As the industry has evolved, swine producers have had
to adjust the size, organizational structure, and technologi-
cal base of their operations, or cease production (Key and
McBride, 2007). Gestation stalls were an experimental sys-
tem in the 1950s and, as farms remodeled and were built,
gestation stalls became more common amongst newer fa-
cilities in the 1970s (McGlone, 2013). In 2012, 75.8% of
all gestating breeding stock (38.9% of sites) in the United
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States was housed in individual stalls
(USDA, Animal and Plant Health In-
spection Service (APHIS), 2014).

These changes in housing—com-
bined with changes in nutrition,
health, and genetics as well as the
widespread adoption of new tech-
nologies—have also led to significant
changes in productivity. The efficien-
cy of the U.S. swine breeding herd
continues to increase with the average
number of pigs per breeding animal
continually on the rise. The average
number of annual pigs per breeding
herd animal (including sows, gilts,
and boars) was 20.22 in 2012, up
from 10.32 in 1963. This tremen-
dous increase in the average number
of pigs per breeding animal is due to
the increase in the number of litters
per sow per year and the increase in
litter rates. Overall, producers have
been able to increase pig crops while
decreasing breeding herd as a percent
of the total inventory.

The pressure for increased pro-
duction efficiency is driven by many
factors, among them the drive to ac-
quire export markets; the availability
of competing imports; the low mar-
gins paid to producers because of the
increased cost of product packaging,
distribution, and marketing; tech-
nological innovation; and the high
cost of skilled farm labor (Appleby,
2005; Appleby, 2006; and Mench,
2008). To remain competitive, pro-
ducers must continuously maintain
or improve production performance.
Swine producers are reluctant to
change from well-established produc-
tion practices unless they increase
performance or at the very least do
not decrease performance. Any pro-
duction system that has a negative
impact on performance will not be
widely adopted voluntarily.

Legal Framework in Animal
Welfare

In the United States, there are two
federal laws regulating the treatment
of farm animals. The Twenty-Eight

2 CHOICES

Figure 1. State-by-State Initiative and Referendum Provisions

Source: Initiative & Referendum Institute (2013).

Note: This figure shows only the general initiative and referendum provisions for a particular state, not
those only specific to animal welfare regulations. Every state has some form of the legislative process
which allows the government to place issues on the ballot and so, therefore, is not referenced in the
map.

Hour Law, passed in 1873 (amend-
ed in 1994), requires that animals,
while in the course of interstate trans-
portation, may not be confined in
a vehicle or vessel for more than 28
hours without unloading the animals
for feeding, water, and rest (USDA,
National Agriculture Library (NAL),
2014a). The Humane Methods of
Slaughter Act, originally passed in
1958 (the law that is enforced today
was passed as the Humane Slaugh-
ter Act of 1978), requires the proper
treatment and humane handling of all
food animals, excluding chickens and
other birds, slaughtered in USDA-
inspected slaughter plants (USDA,
NAL, 2014b).

There has been almost no change
in U.S. federal legislation related to
farm animals in the last several de-
cades, even though the treatment
of animals in research, exhibition,
transport, and by dealers has been
extensively regulated since 1966
(amendments in 1970, 1976, 1985,
1990, 2002, 2007, and 2008) under
the provisions of the Animal Wel-
fare Act (USDA, NAL, 2014c). The
lack of federal legislation governing
the housing of farm animals has lead
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animal activist groups to pressure in-
dividual states to enact animal wel-
fare legislation (Mosel, 2001; Uralde,
2001; and Mench, 2008).

Proponents of state legislation
claim that stalls (for gestating sows,
veal, and other farm animals) or cages
(for laying hens) cause cruelty to ani-
mals, while the opponents argue that
they are merely engaging in normal
animal production practices (Rum-
ley, 2009). The debate is intensified
by the fact that, while all 50 states
have enacted some form of legislation
prohibiting cruelty to animals, about
30 states exempt “‘common,” “not-
mal,” or “customary” farm animal
production practices from coverage
under the law (Wolfson and Sullivan,
2004).

In addition to the typical legisla-
tive process, there are ballot measures
to enact new laws or constitutional
amendments or repeal existing laws
or constitutional amendments. An
initiative is a proposal of a new law
or constitutional amendment that is
placed on the ballot by petition, that
is, by collecting signatures of a certain
number of citizens. A referendum is a



Table 1. States with Bans on the Use of Gestation Stalls and Corresponding Breeding Inven

Breeding inventory

Year
State|  passed| Type Number| Rank in U.S.|Percent of U.S.
Florida 2002 |Ballot Initiative 3,509 30t 0.06%
Arizona 2006 Ballot Initiative| Not Reported| Not Reported| Not Reported
Oregon 2007 Legislation 2,801 32 0.05%
Colorado 2008 Legislation 145,140 1" 2.54%
California 2008 Ballot Initiative 8,322 28h 0.15%
Maine 2009 Legislation, 1,596 37™ 0.03%
Michigan 2009 Legislation 111,983 13t 1.96%
Ohio 2010 Legislation 142,782 12t 2.50%
Rhode Island 2012 Legislation 578 44" 0.01%

Source: States with bans on the use of gestation stalls compiled from Rumley (2009), Natio:
HSUS (2014). Breeding operations and inventory are as of the end of December 2012; com;

(USDA NASS 2014),

Note: Any tabulated item that could potentially identify an individual producer or operation
Census of Agriculture data and, thus, not available to be reported here.

proposal to repeal a law that was pre-
viously enacted by the legislature, and
that is placed on the ballot by citizen
petition. Currently 24 states have the
initiative process and 24 states permit
a referendum (Initiative & Referen-
dum Institute, 2013). Figure 1 shows
which states have the initiative and
referendum process, and what type.
These states through the initiative
or referendum process have enacted
(or have the ability to enact) laws
that regulate farm animal production
practices. There is no provision for
any sort of ballot proposition at the
national level in the United States.

Several states have issued bans on
sow gestation stalls, veal calf stalls,
or conventional cage systems for lay-
ing hens. Oregon, Colorado, Maine,
Michigan, Ohio, and Rhode Island
have already passed legislation and
Florida, Arizona, and California
have already passed animal confine-
ment laws through a ballot initiative
(National Agricultural Law Center,
2014; and Humane Society of the
United States (HSUS), 2014). The
states slated for elimination of gesta-
tion stalls represent a relatively small
percentage of the total U.S. breeding
inventory (7.30%) and breeding op-
erations (18.89%) (Table 1). How-
ever, future regulation in other states
could significantly impact a greater
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percentage of the U.S. breeding in-
ventory and breeding operations. For
example, the top three states ranked
by breeding inventory represent over
41% of the breeding inventory and
over 13% of the breeding operations
in the United States - Iowa 917,567
inventory (1,676 operations), North
Carolina 896,231 inventory (838
operations), and Minnesota 572,545
inventory (1,133 operations) (USDA
NASS, 2014). These states do not
have initiative and referendum provi-
sions and currently there is no farm
animal confinement legislation being
considered in these states.

Smithson et al. (2014) suggest
a larger number of states may be
favorable to initiatives similar to
Californias Proposition 2. Proposi-
tion 2 prohibits California livestock
producers from the “confinement of
farm animals in a manner that does
not allow them to turn around freely,
lie down, stand up, and fully extend
their limbs” (California Secretary of
State, 2008). The particular species
and production segments discussed
in Proposition 2 were calves raised for
veal, laying hens, and gestating sows
and gilts. Importantly, the authors
identify a disconnect between these
states and the distribution of livestock
production highlighting tension that
can arise from customer (retailers
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or other up-stream industry partici-
pants) requests not cleanly matching
consumer signals for change in the
form of observed food purchasing
behavior.

Farm Level Costs of Transitioning
from Gestation Stalls to Group
Housing

The transition from gestation stall
housing to group housing is the most
common adjustment being made or
discussed within the industry. For
example, in 2007, Smithfield Foods,
Inc., made a decision based on in-
put from its customers to convert
to group housing for pregnant sows
on all company-owned U.S. farms.
Smithfield remains on track to fin-
ish its conversion to group housing
systems on all company-owned U.S.
farms by 2017 and is asking contract
sow growers to convert by 2022 with
a sliding scale of incentives to acceler-
ate that timetable (Smithfield, 2014).

Gestation stall housing is well de-
fined in the United States because a
prototypical system has been installed
as the industry has modernized in the
past 25 years. In contrast, no proto-
typical gestation group housing sys-
tem has emerged, largely because of
its limited application at the commer-
cial level which has limited the evo-
lution of systems to fit commercial
scale. Group housing has been shown
to include large pen systems (greater
than 50 sows in a pen) and small pen
systems (six or fewer sows in a pen)
(Buhr, 2010). Edwards (2008) sug-
gests that the extent to which accept-
able economic performance can be
realized in alternative housing sys-
tems for gestating swine depends on
the level of performance which can be
achieved in a given system relative to
the cost requirement.

The first issue to consider relates
to the fixed costs arising from the
capital cost of system installation.
Several studies have estimated the di-
rect costs of switching from gestation



stalls to group pen housing (Lammers
et al., 2007; Buhr, 2010; and Seibert
and Norwood, 2011). While there is
general agreement of increasing costs
at the farm level, the magnitude of in-
crease is highly debated. Buhr (2010)
defines several factors that will deter-
mine transition costs. These include:
“(1) the feasibility and cost of retrofit-
ting existing stall facilities into group
housed facilities compared to com-
plete construction of new facilities,
(2) the remaining useful life of the
existing facilities and the useful life of
renovating these facilities compared
to constructing new facilities, (3) the
amount of time available to make the
transition if there is a time limitation,
(4) any subsequent differences in op-
eration and production net profits
after the refurbishment, (5) space al-
location requirements for pens versus
stall facilities which will determine if
new buildings must be constructed
to accommodate existing production
levels, and (6) the learning curve of
management and labor in achieving
production results in a new system.”

The second issue relates to the lev-
el of reproductive performance which
can be achieved in a given system rel-
ative to the variable cost requirement.
A review of available scientific litera-
ture on swine breeding stock housing
showed that well managed gestation
stalls and group housing produced
similar outcomes for gestating swine
in terms of physiology, behavior, per-
formance, and health (McGlone et
al., 2004). Likewise, a similar scien-
tific literature review concluded that
neither stall nor group housing is
clearly superior to the other and that
each system has advantages and dis-
advantages (Rhodes et al., 2005). The
literature suggests that the method
of gestation housing plays an impor-
tant but not exclusive role in breed-
ing herd productivity. Many factors
are shown to influence productiv-
ity such as genetics, health, environ-
ment, geographic location, worker
skill, and management. In reality,
swine producers are a heterogeneous
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demographic and a ban on gestation
stalls could affect producers of differ-
ent sizes, cost structures, and manage-
ment styles in various ways.

Changes in the Market Place

Consumers are increasingly sen-
sitive to food production processes.
Livestock products in particular
arouse consumer sentiment regard-
ing livestock treatment and animal
welfare (Frewer et al., 2005). The ac-
tions of companies that have commit-
ted to sourcing pork from producers
who do not use gestation stalls or are
phasing them out of their own facili-
ties indicate that activism has led to
strong market forces to discontinue
gestation stall use in the United States
(HSUS, 2014). Furthermore, the
Food Marketing Institute (FMI) and
the National Council of Chain Res-
taurants (NCCR) support enhanced
pork industry guidelines regarding
gestation housing systems (FMI and
NCCR, 2002).

An argument is typically made
that gestation-stall-free pork is de-
manded by consumers and they will
compensate producers by paying
higher prices. A number of recent
studies have assessed consumer will-
ingness to pay (WTP) for animal
welfare attributes in meat products,
including gestation-stall-free  pork
(Grannis and Thilmany, 2002; Ton-
sor, Olynk, and Wolf, 2009; Tonsor,
Wolf, and Olynk, 2009; Olynk, Ton-
sor, and Wolf, 2010a; Olynk, Tonsor,
and Wolf, 2010b; Tonsor and Wolf,
2010; Prickett, Norwood, and Lusk
2010; and Tonsor and Wolf, 2011).
However, a general consensus has not
been found regarding the magnitude
of consumers WTP or if WTP would
be large enough to offset a cost in-
crease at the farm level. Buhr (2010)
estimates that to fully compensate
pork producers would require an
additional 25% increase in con-
sumer WTP for U.S. pork products
from gestating swine raised in group
housing.
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Consumer demand for gestation-
stall-free pork, or the elimination of
gestation stalls, is difficult to identify.
With the elimination, one cannot
simply say that demand for pork will
increase. Previous research has shown
that consumers, when directly asked,
on average prefer pork produced
without gestation stalls. What is un-
clear is how providing information
on gestation stall use would impact
aggregate pork demand. For example,
consumers may prefer that gestation
stalls not be used but, after learning
that gestation stalls were used in the
first place, may begin to further ques-
tion animal welfare or other issues in
the production of pork which could
reduce demand. On the other hand,
the ban may appease those consumers
concerned about animal welfare and
pork demand may increase.

State of Change, Vote versus Buy
Difference

It is important to note that gesta-
tion stalls continue to be voluntarily
used on roughly three-fourths of the
inventory (roughly two-fifths of op-
erations). This suggests that actual
WTP for stall-free pork products is
likely lower when summed across all
pork products than what is needed
to cover adjustment costs. If this
were not the case, one would expect
more apparent and voluntary adjust-
ment towards alternative production
practices given favorable benefit-cost
relationships. This is consistent with
points made by McKendree et al.
(2013) highlighting the need to eval-
uate the total premium of stall-free
production across the full set of pork
products as the cost of producing
the entire carcass—not just typically
examined pork chops—is impacted
given the adjustment occurs dur-
ing the live-animal segment of pork
production.

The situation underpins the con-
troversial setting of animal welfare
discussions in the United States as
producers are meeting the consumer



outside the usual marketplace: in the
voting booth. The list of examples
where voting residents send signals
with observed
sumption behavior is growing and

inconsistent con-
increasing political tension between
producers and consumers. Perhaps
the clearest demonstrative and high-
profile example is that cage-free eggs
hold less than 5% market share in the
United States, yet the majority of resi-
dents who have voted on related bal-
lots have supported restricting use of
laying hen cages (Norwood and Lusk,
2011). Allender and Richards (2010)
also note: “Somewhat paradoxically, a
majority of California voters elected
to regulate cage-free production, even
though almost three-quarters of egg
consumers are not willing to pay the
price difference required” (p. 4306).
This example is shared as the existing
literature is richer in terms of egg re-
search applying scanner data but the
same general point holds in the de-
bate of gestation stalls.

Some recent research applied to
animal welfare issues suggest several
reasons citizens may be more likely to
vote to ban practices than they are to
regularly buy resulting products in the
grocery store. Harvey and Hubbard
(2013) outline six reasons including:
1) cheap talk of voting (the costs may
be more salient in retail than ballot
settings); 2) some people are willing
to pay retail premiums only if they
are assured of actual improvements
in the underlying issue (highlighting
the role of group vs. individual deci-
sion-making); 3) product labels are
not sufficient or reliable to influence
purchasing; 4) overall information
available to consumers is inadequate
or confusing, leading to reduced pur-
chases; 5) the costs of checking in-
formation are too high; and 6) other
things besides the issue of focus in a
voting setting are more important in
purchasing environments (for exam-
ple, safety may trump animal welfare
at the retail shelf but not be consid-
ered in a voting booth).
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Regardless of why this behavior
occurs, when voters require practices
that shoppers will not fully fund, it
has an adverse effect on agricultural
producers which, of course, leads
to the observed added contention
regarding  requested
changes that arrive from sources not

production

fully paying premiums to cover ad-
justment costs.
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