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Abstract
For voluntary traceability programs, a key interest for program designers and policy-
makers is how to encourage participation. We contend that participating in voluntary
traceability can be viewed as a product characteristic, and thus serves as a source of
product differentiation. We study the implicit market for traceability systems for the
first known time. In our empirical example, we use stated choice experiments to link
feeder cattle sellers and buyers through premiums and discounts for cattle traceability
systems. Using results from discrete choice models, we simulate changes in trace-
ability supply and demand in response to prices and policies. We find that cost-share
policies might be an effective way of encouraging participation for feeder cattle sellers
and could serve as an alternative to mandating traceability.
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1. Introduction

Throughout agriculture, there have been increasing calls for knowing addi-
tional information about food production. Food and livestock traceability
programs that facilitate the sharing of information are product, industry and
country-specific. For example, the European Union’s 2002 General Food Law
mandates traceability for all food, food animals and feed and includes sector-
specific requirements (European Commission, Health and Consumer Protec-
tion Directorate-General, 2007). For several countries, traceability systems
are established following food safety and animal disease events. For example,
disease has been the driving force behind the development of several live-
stock traceability programs worldwide (World Perspectives Inc (WPI), 2018).
In addition to food safety and animal disease, motives to develop traceability
systems include supply chain management and product differentiation (Golan
et al., 2004).
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Varying motives among participants and the specificity of traceability
makes answering policy questions challenging. Today, most policy debates
have focused on whether voluntary participation is sufficient to meet the stated
goals of a country’s traceability goal. Mandatory traceability policies are best
suited to address market failures from information asymmetries and the sup-
ply of a public good (Hobbs, 2003). Proponents of mandatory traceability
have been met with varying levels of resistance at the farm-level (Smyth,
Phillips and Kerr, 2006). In the United States, government subsidies for
traceability costs have been used as an alternative policy tool to increase par-
ticipation in livestock traceability (U.S. Department of Agriculture (USDA)
Animal and Plant Health Inspection Service (APHIS), USDA APHIS, 2018;
USDA APHIS, 2020). Developing traceability systems and answering trace-
ability policy questions requires an understanding of economic incentives for
participating individuals, firms and industries.

The literature on the economics of food and livestock traceability has
focused on consumer preference (Dickinson and Bailey, 2002; Hobbs et al.,
2005), liability costs (Pouliot and Sumner, 2008), food recall costs (Resende-
Filho andBuhr, 2007), contracting and the value of traceability (Resende-Filho
and Buhr, 2008), contracting and information asymmetries (Hobbs, 2004;
Resende-Filho and Hurley, 2012), transaction costs (Banterle and Stranieri,
2008), traceability perceptions and preferences (Schulz and Tonsor, 2010a;
Schulz and Tonsor, 2010b) and aggregate economic impacts (Pendell et al.,
2010; Pendell et al., 2013). An area omitted from the literature is an investi-
gation of the implicit market for voluntary traceability.

Golan et al. (2004) state that one motive for establishing traceability sys-
tems is to verify a product’s credence attributes. Motivated by the seminal
work of Rosen (1974), we go further by arguing that participating in volun-
tary traceability can be viewed as a product characteristic, and thus serves
as a source of product differentiation. Souza-Monteiro and Caswell (2010)
model an exogenously determined premium for traceability but do not directly
consider traceability as a product characteristic in a market setting. Likewise,
Dickinson and Bailey (2002) implicitly make this argument in their analysis
of meat characteristics. The obvious question that follows is whether there is
a market where premiums and discounts exist for traceability. Likewise, how
do premiums and discounts available for traceability participation determine
the aggregate provision of traceability?

This paper studies the implicit market for traceability for the first known
time. To do this, we adapt conceptual and empirical methods to link individ-
ual decisionmaking to aggregate traceability supply and demand. Producers of
an agricultural input supply traceability and downstream firms demand trace-
ability. The central hypothesis of the conceptual framework is that there exists
a set of traceability premiums/discounts that equate traceability supply and
demand for each traceability alternative.

We use voluntary participation in U.S. cattle traceability as an empirical
application. Livestock traceability allows for animals or groups of animals
to be followed through the live animal supply chain (World Organisation for
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Animal Health (OIE), 2011). Livestock identification provides a means to
trace animals. However, in addition to the identification of animals, trace-
ability often requires premises to be identified and cross-checking of data.
It is important to note that identification and traceability are not ends in
themselves, but rather means or tools available to achieve a given objective.
Within the cattle sector two specific examples include verification of pro-
duction practice credence attributes (e.g. vaccination programs) and disease
tracing (e.g. U.S. National Tuberculosis Eradication Program). The empirical
application includes traceability systems with different types of identification
and information, which allows us to consider both objectives.

The empirical application links feeder cattle sellers and feeder cattle buyers
in a hypothetical feeder cattle market using stated choice experiments.1 In the
empirical application, we determine traceability premiums and discounts that
clear the implicit market and study how participation adjusts to policies. The
stated choice experiments include visual and electronic identification as two
alternatives. The stated choice experiments include origin, health/vaccination
records and origin and health/vaccination records as levels in an information
attribute for each traceability alternative. Origin and health/vaccination records
are both credence attributes that a traceability system can verify. Origin is also
essential information for disease tracking.

This research makes three main contributions to the literature. First, we
recognise that there is an implicit market for voluntary traceability. The frame-
work that we develop can be applied to other technology adoption problems
where the technology leads to a price differential. In this context, agents inter-
act in commodity markets, and prices determine the aggregate provision of
traceability. Ignoring, supply, demand and traceability price effects might lead
to poorly designed policies.

Second, we contribute to the existing literature that uses stated choice exper-
iments to assess farmer decision making. Despite the extensive use of stated
choice experiments, none have considered both sides of an economic trans-
action through the simulation of hypothetical markets. Motivated by our first
contribution, we show how stated choice experiments can be designed to deter-
mine both supply and demand for a commodity in amarket setting. Building on
Schulz and Tonsor (2010b), the stated choice experiment design can be used to
study other traceability programs and attributes. For feeder cattle, by consider-
ing both traceability supply and demand, we can directly observe differences
in the incentives that sellers need to adopt traceability and the incentives that
buyers are willing to offer.

Finally, we focus on policies that aim to improve participation in volun-
tary traceability programs. We are first to directly consider policies that target

1 Feeder cattle sellers or sellers are used to denote producers that supply feeder cattle and reflect
the producer group that makes the initial traceability adoption decision. Feeder cattle buyers
or buyers are used to denote producers that procure feeder cattle and traceability from sellers.
Feeder cattle sellers include seedstock, cow-calf and operations retaining ownership of weaned
calves. Feeder cattle buyers include backgrounding/stocker operations and feedlots.
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increases in participation at the individual level. Pendell et al. (2010) exam-
ine the changes in domestic and export demand that would need to occur to
offset the aggregate costs of a national animal identification program. Pen-
dell et al. (2013) consider economic impacts from losing access to beef export
markets from failing to meet age and source verification requirements. Here,
we directly consider how policies that decrease adoption costs would improve
adoption. We also examine how participation rates change in response to
changes in the entity managing the traceability program, which have important
implications for confidentiality and liability of producer information.

2. Conceptual framework

This section, as well as the entirety of the paper, is motivated by the observa-
tion that voluntary traceability is a product characteristic. As such, there is an
implicit market for traceability where prices govern the provision of trace-
ability for an agricultural commodity or food product. The section begins
by defining the attributes that characterise a traceability program. With a
well-defined definition of traceability, we focus on adoption by sellers, pro-
curement by buyers and equilibrium. The section concludes by considering a
cost subsidy, which we also consider in the empirical application.

2.1. Defining traceability

There are several working definitions for food and animal identification and
traceability. A popular definition is that breadth (number of attributes and
quantity of information recorded), depth (number of supply chain segments
included in the system) and precision (the degree of accuracy or assurance of
the system) describe a traceability system (Golan et al., 2004). Pouliot and
Sumner (2008) define traceability as the probability that a firm or producer
is identified as the source of contamination. Resende-Filho and Buhr (2008)
consider the relationship between the rate that a traceability system works and
the ability to successfully traceback meat products. In their analysis, preci-
sion is conditional on the system working and is either 0 per cent or 100 per
cent accurate. Souza-Monteiro and Caswell (2010) model a multi-ingredient
(breadth), multi-firm (depth) supply chain and define traceability as the pre-
cision of information provided by firms. In our context, we will describe the
three components of a traceability system following (Golan et al., 2004).

Wewill consider a competitive agricultural input market, where s= 1,…., S
upstream farmers (sellers) produce the input and b= 1,…,B downstreamfirms
(buyers) purchase the input. A single attribute, traceability characterise the
agricultural input. We are effectively asserting that traceability is separate from
other production decisions and product characteristics (Souza-Monteiro and
Caswell 2009). That is, sellers will choose the amount of traceability to supply
independent of other production decisions. Likewise, buyers will choose the
type of traceability to procure from sellers independent of other purchasing
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decisions. We have just defined the depth of the traceability system, a single
supply chain link between buyers and sellers of the agricultural input.2

In the literature studying the economics of traceability, researchers will
often model one component of Golan et al. (2004) traceability definition
as a continuous choice variable.3 This treatment of traceability contrasts
the empirical literature. Empirically, researchers recognise that individuals
face traceability alternatives, and the choice is discrete (Souza-Monteiro and
Caswell, 2010; Schulz and Tonsor, 2010b). Each traceability alternative is
characterised by differences in depth, breadth and precision. We provide a
direct link between the theoretical and empirical traceability literature by con-
sidering discrete traceability adoption. Specifically, each seller will choose
among J (indexed by j) discrete traceability alternatives to adopt. Likewise,
each buyer will choose among J (indexed by j) traceability alternatives to pro-
cure from sellers. For completeness, let j= 0 denote the alternative of not
participating in traceability.4 For sellers, each traceability alternative is char-
acterised by the information recorded and cataloged in the system, liability,
adoption costs and traceability premiums/discounts received from buyers. For
buyers, traceability alternatives are characterised by the information recorded
and cataloged in the system, liability, traceability premiums/discounts paid to
sellers (costs) and premiums/discounts received from consumers.5 Subsequent
paragraphs provide a discussion of each traceability attribute.

Information units. Each traceability system is used to record, catalog and
trace units of information about the agricultural input (Golan et al., 2004).
We denote units of information by tj. We assume that tj is finite, captures the
breadth of the system and is observed by all. For example, tj could be the
source of origin information for the agricultural input. A traceability system
with more breadth might record the source of origin and production practice
information.

Liability. Liability is an important part of traceability adoption. In their
analysis of cattle traceability, Schulz and Tonsor (2010a) find that 45.2 per
cent of cow-calf producers are very concerned with producer liability. Souza-
Monteiro and Caswell (2010) model the mitigating effects of traceability on
liability costs. While traceability might be able to mitigate loss, Pouliot and
Sumner (2008) acknowledge that traceability effectively allows downstream
firms to transfer some of the liability costs to upstream suppliers. In their
model, Pouliot and Sumner (2008) consider exogenously determined trace-
back probabilities andmodel the probability of a food safety event as a function
of agent effort.

In our analysis, we assume that there is an exogenously determined risk
that a seller or buyer will be identified and liable for damages. Denote liability

2 A specific example for livestock is cow-calf producers selling feeder cattle to feedlots. For grains,
depth might be farmers supplying grain to an elevator. A system with more depth might trace
grain between farmers, elevators and mills.

3 Hobbs (2003) models voluntary firm participation in an industry-wide traceability program as
discrete but does not consider traceability alternatives.

4 Choosing not to participate in traceability is not an opt-out option in the conventional sense.
Some attributes and outcomes arise from non-participation in traceability.

5 We omit consumers from the analysis.
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ℓj and assume that it is a continuous variable that adequately measures both
risks of being identified and damages. Sellers know ℓj when they participate
in the traceability program. Similarly, buyers know ℓj when they procure an
input with traceability alternative j. We assume ℓj is such that it allows buy-
ers to transfer liability to sellers (Pouliot and Sumner, 2008). That is, ℓj is a
disincentive for sellers to adopt traceability alternative j.

Prices and costs. Adopting traceability is costly to the seller. Traceabil-
ity costs for alternative j are denoted by cj ∈ [0,∞]. A slight abstraction
from practice, for convenience, we will assume that costs are independent
of the units of information recorded. In addition to costs, the seller receives
a premium/discount for supplying traceability alternative j by p1j ∈ [−∞,∞].
Likewise, to procure alternative j buyers pay p1j . We assume that p1j is the
only traceability cost that buyers face.6 Competition implies that each seller
and buyer take p1j as given. Finally, buyers receive premium/discount p2j ∈
[−∞,∞] from consumers by supplying output with alternative j. Buyers take
p2j as given.

2.2. Adoption, procurement and equilibrium

We use a random utility framework to characterise traceability adoption and
procurement by sellers and buyers, respectively.

Seller adoption. Sellers receive utility Usj = U(tj, ℓj,cj,p1j ;βs,εsj) by sup-
plying alternative j. Sellers are heterogeneous. βs captures preference hetero-
geneity across sellers and εsj captures random taste variation across sellers
and traceability alternatives. βs and εsj have density functions fβ and fε,
respectively.

The adoption decision rule for seller s is to supply traceability alternative
j if Usj > Usk ∀ j ̸= k. The supply of traceability alternative j is the share of
sellers that adopt the alternative. The share of sellers adopting alternative j is
expressed as:

Qsj =

∫∫
{βs,εsj|Usj>Usk, ∀ j ̸=k}

fε(ε)fβ(β)dεdβ. (2.1)

In words, Equation (2.1) aggregates over sellers choosing alternative j to pro-
vide an expression for the share of adopters. For a set of prices, costs, liabilities
and units of information, Equation (2.1) shows that seller heterogeneity drives
the supply of a traceability alternative. Thus, Qsj = Qsj(t, ℓ,c,p1;β,ε).

Buyer procurement. Buyers receive utilityUbj = U(tj, ℓj,p1j ,p
2
j ;αb,υbj) by

procuring traceability alternative j. Buyers are heterogeneous. αb captures

6 In practice, there are several scenarios where this assumption might not be true. An additional
traceability cost for buyers might be the reapplication of the identification technology or appli-
cation of new identification technology. As a specific example, results from the 2011 National
Animal Health Monitoring System (NAHMS) study by USDA APHIS NAHMS (2013) reported that
48 per cent of feedlots applied new individual-animal identification at animal receiving time.
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preference heterogeneity across buyers and υbj captures random taste varia-
tion across buyers and traceability alternatives. αb and υbj have distribution
functions fα and fυ, respectively.

The procurement decision rule for buyer b is to purchase traceability alter-
native j if Ubj > Ubk ∀ j ̸= k. The share of buyers purchasing alternative j is
expressed as:

Qbj =

∫∫
{αb,υbj|Ubj>Ubk, ∀ j ̸=k}

fυ(υ)fα(α)dυdα. (2.2)

Equation (2.2) is interpreted analogously to Equation (2.1) and Qbj =
Qbj(t, ℓ,p1,p2;α,υ).

Equilibrium. Equations (2.1) and (2.2) allow us to link traceability partici-
pation by both segments of an input market to individual decision making. Let
the set of prices for traceability alternative j be P1

j . Holding constant all other
traceability attributes, we hypothesise that there exists a premium/discount for
alternative j, p1∗j ∈ P1

j , such that:

Q∗
sj = Q∗

bj ∀ j ∈ J. (2.3)

There exists a set of traceability premiums/discounts such that the implicit
market clears for all j traceability alternatives. In a similar analysis, given fixed
supply, Bayer, McMillan and Rueben (2004) provide the assumptions that are
needed to prove the sufficient conditions for the existence and uniqueness of
equilibrium in a housing market. Specifically, for fixed supply, the equilibrium
price vector is unique if utility is linear and decreasing in price, and α and υ
are drawn from continuous distributions. In our analysis, it is reasonable to
expect that we would need to exploit similar assumptions for seller utility and
heterogeneity, to prove existence and uniqueness of equilibrium.

2.3. Policy implications

The previous section has important policy implications. The main focus of
traceability policy is whether voluntary participation is sufficient forQj to meet
the stated goals of the traceability program for the commodity under considera-
tion (Golan et al., 2004). A recent policy alternative for livestock traceability in
theUnited States is to subsidise traceability costs (USDAAPHIS, 2018; USDA
APHIS, 2020). What is the effect of a traceability cost subsidy on participation
by sellers and buyers of the agricultural input?

Suppose there is a traceability policy that will subsidise participation
costs for the supplier of the agricultural input. Denote the subsidy by
δj∈[0, 1]. Assume preferences for sellers are such that for cj ≥ (1− δj)cj
we find U(tj, ℓj,(1− δj)cj,p1j ;βs,εsj)≥ U(tj, ℓj,cj,p1j ;βs,εsj). From Equation
(2.1), policymakers would like to know the effect of the subsidy on traceability

supply,
∂Qsj
∂δj

. An advantage of our conceptual framework is that we can exam-

ine the effects of δj in (Qj,p1j ) space. This is only made possible by considering
traceability in a market setting.
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δj shifts Qsj such that equilibrium adjusts from (Q
′
j ,p

1′
j ) to (Q

′′
j ,p

1′′
j ). The

relative differences of (Q
′′
j −Q

′
j ) and (p

′′
j − p

′
j ) will depend on the relative

slopes of the supply and demand curves in Equations (2.1) and (2.2). A cost
subsidy will shift traceability supply, and prices in a decentralised input market
will adjust to clear traceability markets under the policy. In what follows, we
provide empirical context for a traceability cost subsidy.

3. Empirical application

Empirically, we consider voluntary participation in U.S. cattle traceability
systems. The ability to trace individual animals to the source of origin has
many potential benefits that span the beef value chain. These benefits may
include animal health monitoring, improved response times to disease events,
enhancing consumer demand and accessing and maintaining foreign markets
(Schulz and Tonsor, 2010a). There have been several efforts in the United
States to increase participation in animal traceability programs and policies
have evolved (USDA APHIS, 2018). The National Animal Identification Sys-
tem (NAIS) was a program developed in 2004 in part as response to bovine
spongiform encephalopathy (U.S. Department of Agriculture (USDA), Ani-
mal and Plant Health Inspection Service (APHIS), 2006). More recently,
USDA announced a new framework for approaching animal traceability, the
federal animal disease traceability (ADT) program (USDA APHIS, 2014;
USDA APHIS, 2018). Unlike the NAIS program, which initially proposed
a mandatory full traceability program, the current focus of the ADT program
in the beef industry is breeding cattle over 18 months of age and dairy cat-
tle (USDA APHIS, 2018). U.S. traceability programs for feeder cattle are
currently voluntary and administered privately within the industry.

Many studies have highlighted that the United States has been slow to
adopt livestock and meat identification and traceability systems relative to
other countries which have mandatory systems in place (Brester et al.,
2011; Pendell et al., 2013). Several countries with mandated traceability are
important foreign markets for U.S. meat and others are competitors for key
export markets. The U.S. beef cattle industry is divided into distinct, but
often overlapping sectors, including seedstock production, cow-calf produc-
tion, stocker/backgrounding and feedlot (USDA Economic Research Service
(ERS), 2019). For an animal to be traced to its origin of birth, traceability
adoption has to occur at the seedstock and cow-calf levels. The lack of U.S.
beef industry participation in voluntary traceability systems has been attributed
to the demographics that characterise the cow-calf sector (Schulz and Tonsor,
2010a; Schulz and Tonsor, 2010b; Brester et al., 2011). The cow-calf sec-
tor is comprised of a large number of smaller operations where participation
costs might be prohibitive. A key objective in the literature studying U.S. live-
stock traceability is determining aggregate economic impacts from adopting
traceability or the lack thereof (e.g. Pendell et al., 2010; Pendell et al., 2013).
Market interactions among industry participants in U.S. cattle traceability have
been ignored in the literature.
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3.1. Data

In many situations, on-farm decisions are not directly observable, and thus to
study these decisions, researchers rely on primary data collection. A mail sur-
vey was developed for U.S. feeder cattle sellers and buyers and administered
from October to November 2018. This period was selected as it coincides with
a time when producers make significant marketing and procurement decisions.
Questionnaire development followed Schulz and Tonsor (2010a) and Schulz
and Tonsor (2010b) to make direct comparisons with the literature that assess
cow-calf producer preferences for cattle traceability attributes.

The objective of the survey was to collect data on producer and operation
characteristics, animal health practices, livestock marketing methods, current
cattle traceability implementation, perceptions of ongoing traceability efforts
in the United States and risk preferences. The survey was administered and
collected in collaboration with BEEF Magazine. For sellers, a random sample
was generated based on the requirement that a producer has at least 20 beef
cows in inventory. For buyers, a random sample was created based on the
condition that a producer has sold at least 50 head of fed cattle in the last 12
months. The surveys were sent to 1,500 feeder cattle sellers and 1,500 buyers.
A USD 1 bill, cover letter and postage-paid return envelope were included in
each invitation packet (Tonsor, 2018). The response rate for the seller survey
was 318 (21 per cent) and 195 (13 per cent) for buyers. Summary statistics for
select variables are presented in Table 1.

Table 1. Select summary statistics for selected variables for feeder cattle seller and buyer
respondents

Seller Buyer

Variable Mean Std. dev. Mean Std. dev.

Age (years) 63.80 12.97 59.70 13.59
Auction (0,1) 0.59 0.49 0.52 0.50
Region (0,1)
CB 0.19 0.39 0.31 0.46
NC 0.09 0.29 0.17 0.37
NP 0.29 0.45 0.27 0.45
NW 0.19 0.39 0.10 0.30
SE 0.10 0.31 0.08 0.27
SP 0.14 0.34 0.07 0.26

Cows (head) 180.74 190.25 – –
Head > 1, 000 (0,1) – – 0.14 0.34

Note: Seller is feeder cattle sellers. Buyer is feeder cattle buyers. Age is the age of the respondent in years. Auction
is a dummy variable that equals 1 (0 otherwise) if auction markets are the most common the most common method
of marketing and procuring cattle by sellers and buyers, respectively. Region is coded following Schulz and Tonsor
(2010a) and Schulz and Tonsor (2010b). CB is corn belt states, NC is northern crescent states, NP is northern plains
states, NW is northwest states, SE is southeast states and SP is southern plains stats. Cows is beef cow inventory as
of 1 January 2018. Head > 1, 000 is a dummy variable that equals 1 (0 otherwise) if the feedlot operator sold more
than 1,000 head in the last 12 months.
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3.2. Stated choice methods

Stated choice methods have become a popular tool to assess a respondent’s
preferences for product attributes. Most applications have been in consumer
and market research. Recently, these methods have been used to study farmer
decision making (e.g. Roe, Sporleder and Belleville, 2004; Schulz and Tonsor,
2010b; Vestal et al., 2013; McKendree, 2017; Tonsor, 2018: , among others).
Stated choice methods allow researchers to create hypothetical decisions and
market scenarios.

Specific to livestock markets, studies that use choice experiment methods
can determine what incentives—which might include prices or policies that
encourage adoption—most impact producer decisions to adopt a technology or
supply a livestock characteristic. For example, (Roe, Sporleder and Belleville,
2004) use stated choice methods to elicit hog producer preferences for produc-
tion contract attributes. Alternatively, stated choice methods might be used to
determine what incentives producers are willing to offer to procure specific
characteristics or technologies. For example, McKendree (2017) uses stated
choice methods to determine how feedlots manage different forms of risk.

While these studies provide useful context for on-farm decision making,
they only focus on one side of an economic transaction and are not able
to assess the viability of incentive structures. Roe, Sporleder and Belleville
(2004) focus on the supply of hogs. McKendree (2017) studies feeder cattle
procurement. Specific to cattle traceability, research has determined cow-calf
producer preferences for traceability attributes (Schulz and Tonsor, 2010b) but
ignores the demand for feeder cattle with traceability attributes. In this study,
we contribute to the literature by considering both sides of the private market
transaction for feeder cattle. By doing so, we can better inform policymakers
and further guide targeted policy adjustments. That is, we can directly observe
what incentives sellers need and what incentives buyers are willing to offer.

Guided by our conceptual framework, we develop two separate stated
choice experiments for sellers and buyers to simulate feeder cattle transac-
tions.7 The stated choice design follows Schulz and Tonsor (2010b) and was
designed to capture current traceability systems while also limiting complex-
ity (Norwood et al., 2006). In the stated choice scenarios, sellers were asked
to choose among three alternative traceability systems. The first traceabil-
ity alternative is an electronic system that involves applying radio frequency
identification (RFID) tags, and the second alternative is a visual system that
involves using traditional plastic ear tags. The third alternative, no traceabil-
ity, is not an opt-out option in the conventional sense as it also has attributes
and reflects an actual alternative available to producers. In the stated choice
scenarios, buyers were asked to procure feeder cattle that were currently par-
ticipating in electronic, visual or no traceability. In both surveys of sellers and
buyers, the no traceability option was included to reflect an exhaustive list
of alternatives (Adamowicz et al., 1998) and allows us to consider the same

7 Instructions and descriptions provided to the stated choice experiment respondents are provided
in Appendix A (sellers) and B (buyers).
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welfare implications as in Schulz and Tonsor (2010b) from mandating cat-
tle traceability. Different identification technologies imply different levels of
precision according to Golan et al. (2004) definition.

For sellers, the electronic traceability option included varying implementa-
tion costs, the managing entity, information shared with buyers and feeder
cattle price premiums and discounts. Premium and discount levels were
selected following Schulz and Tonsor (2010b), and cost levels are based on
the findings in Brester et al. (2011). A premium is paid for electronic trace-
ability, and a discount is received for choosing no traceability. Electronic
traceability premiums included three levels: USD 0.00/head, USD 7.50/head
and USD 15.00/head. No traceability discounts included USD 0.00/head, USD
7.50/head and USD 15.00/head. The premium/discount for visual traceability
was normalised to zero and is the reference. Implementation costs for elec-
tronic and visual traceability have three levels: USD 1/head, USD 5/head
and USD 9/head. Information shared with buyers includes ‘Source of Origin’,
‘Health Certification and Vaccination Records’ and ‘Origin and Health Certifi-
cation and Vaccination Records’. Managing entity includes ‘Private-Industry’,
‘Government’ and ‘Government & Private-Industry Partnership’.

The buyer stated choice experiment included varying levels of fed cattle pre-
miums and discounts, feeder cattle premiums and discounts, managing entity
and information shared back with sellers. The fed cattle premium is the pre-
mium for electronic traceability, and the discount is the discount for fed cattle
with no traceability. Electronic traceability fed cattle premiums included three
levels: USD 0.00/head, USD 7.50/head and USD 15.00/head. No traceabil-
ity fed cattle discounts included USD 0.00/head, USD 7.50/head and USD
15.00/head. The fed cattle premium/discount for visual traceability was nor-
malised to zero and is the reference. All other attributes are as previously
defined.

For both sellers and buyers, visual traceability serves as the base scenario
because most operations already use some form of visual ID (e.g. tags, brands,
tattoos, etc.), which would result in no additional implementation costs and
does not reflect a change from what operations are already doing. For exam-
ple, results from 2011 NAHMS show that 22.5 per cent and 45 per cent of
large feedlots applied individual tags and hide brands to cattle after arrival,
respectively (USDA APHIS NAHMS, 2013).

Including feeder cattle premiums and discounts in the stated choice exper-
iments allows us to link buyers and sellers in a hypothetical market scenario.
Feeder cattle premiums and discounts are assumed to be the only cost to buy-
ers. This reflects howmost traceability costs are borne at the seller level, where
implementation costs occur (Pendell et al., 2010). Most studies assume that
any additional costs at the buyer level are small and include the cost of retag-
ging animals upon arrival (Brester et al., 2011). Figure 1 presents an example
of the stated choice experiment.

Both stated choice experiments are designed using main-effects and two-
way interaction effects to create choice tasks. All of the attributes are created
as alternative specific variables that prevent unrealistic attribute combinations.
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Fig. 1. Stated choice question examples.

The stated choice experiments for sellers and buyers include three alternatives
and four attributes, which results in 12 variables coded for the experimental
design. For example, the feeder cattle premium/discount variable for visual
traceability is coded to always equal zero. The managing entity and infor-
mation shared with buyer attributes are effects coded where ‘Government’
and ‘Origin’ are the base. The ‘None’ attribute level is coded as zero for the
managing entity and information shared with buyers for the no traceability
alternative.

PROC OPTEX and PLAN in SAS were used to develop an orthogonal frac-
tional factorial design (Tonsor, 2018). The D-efficiency criterion was used
to identify the optimal design. The stated choice designs included 17 choice
scenarios for producers. To reduce survey respondent burden, choice scenar-
ios were randomly assigned to two blocks of 6 scenarios and one block of 5
scenarios (Tonsor et al., 2005; Schulz and Tonsor, 2010b).

3.3. Empirical model

Empirically, we would like to learn about Equations (2.1) and (2.2), which
requires further assumptions about utility. First, we assume that random taste
variation enters additively so that we canwrite utilityUsj = V(tj, ℓj,cj,p1j ;βs)+
εsj and Ubj = V(tj, ℓj,cj,p1j ;αb)+ υbj for sellers and buyers, respectively.

Next, assume that εsj and υbj are distributed type I extreme value. Seller and
buyer logit probabilities are given by:

qsj =
eVsj∑
k e

Vsk
(3.1)
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and

qbj =
eVbj∑
k e

Vbk
. (3.2)

Combining Equations (2.1) and (3.1), simulated traceability supply is given by

Qsj =

∫
eVsj∑
k e

Vsk
fβ(β)dβ. (3.3)

Likewise, combining Equations (2.2) and (3.2) gives simulated traceability
demand of

Qbj =

∫
eVbj∑
k e

Vbk
fα(α)dα. (3.4)

Finally, we need to specify Vsj and Vbj for feeder cattle sellers and buy-
ers, respectively. From the stated experiments, we consider three traceability
alternative j∈{Electronic, Visual, None}. From the conceptual framework,
systematic utility is a function of prices, costs, information units and liability
risks.

Information units. In the stated choice experiments, we use information
shared with buyers in the choice experiments to proxy information units so
that tj∈{Origin, Health Records, Origin and Health Records}. tj=Origin is
the reference for information shared with buyers.

Liability. A review of the literature shows that liability is an essential com-
ponent of traceability adoption (e.g. Pouliot and Sumner, 2008; Schulz and
Tonsor, 2010a; Souza-Monteiro and Caswell, 2010). The stated choice exper-
iments would need to include variables for the probability that a disease event
occurs, the probability that the disease is traced to an individual producer,
and the liability costs from the disease to measure liability risks. Including
these three variables, in addition to the variables that we do include, might
make the stated choice experiments overly complicated. Moreover, these vari-
ables are likely disease and food safety event specific. Framing stated choice
experiments with a specific narrowly focused scenario would severely limit our
ability to generalise the main findings. We acknowledge that this is a poten-
tial limitation and suggest that future research determines how to fully include
liability in the framework we propose.

The stated choice experiments include managing entity as a traceability
attribute, denoted by ℓj ∈{Private-Industry, Gov, Gov and Private-Industry}.
We use managing entity to proxy perceptions about liability risks and data
security. As a specific example, consider a privately managed traceability
system where a board of directors (potentially including cattle producers,
managers and industry associations) provides oversight on how the data is col-
lected, managed and accessed. Compared to a traceability system where gov-
ernment determines how traceability data is collected, managed and accessed,
a cattle producer might view a privately managed traceability program as
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having lower liability risks and higher data security. In the empirical model,
ℓj = Gov is the reference for managing entity.

Prices and costs. For sellers, the stated choice experiments include imple-
mentation costs and feeder cattle premiums and discounts. From the concep-
tual framework, denote implementation costs by cj and feeder cattle premi-
ums/discounts pFj . For buyers, the stated choice experiments include feeder
cattle premiums/discounts pFj as the cost of participating. The choice experi-
ments also include fed cattle premiums and discounts for buyers, denoted by
pLCj . All prices and costs are measured in dollars per head. All premiums and
discounts are relative to visual traceability.

Systematic utility. For feeder cattle sellers, systematic utility is

Vsj = β1p
F
j +β2cj+βs3ℓj+βs4tj, ∀ j= Electronic, (3.5)

Vsj = β2cj+βs3ℓj+βs4tj, ∀ j= Visual and (3.6)

Vsj = βs0 +β1p
F
j , ∀ j= None. (3.7)

Equations (3.5)–(3.7) are estimated as mixed logit models where βs0, βs3 and
βs4 are normally distributed random parameters (Train, 2009).

For feeder cattle buyers, systematic utility is

Vbj = α1p
F
j +α2p

LC
j +αb3ℓj+αb4tj, ∀ j= Electronic, (3.8)

Vbj = αb3ℓj+αb4tj, ∀ j= Visual and (3.9)

Vbj = αb0 +α1p
F
j +α2p

LC
j , ∀ j= None. (3.10)

Equations (3.8)–(3.10) are estimated as mixed logit models whereαb0, αb3 and
αb4 are normally distributed random parameters (Train, 2009).

4. Results

Model specification is determined using a series of likelihood ratio tests. Tests
reject conditional logit models in favour of mixed logit models. Next, we use
likelihood ratio tests to test for correlated random parameters in the mixed
logit model and reject the mixed logit without random parameters. The final
model specification is mixed logits with correlated random parameters where
all non-monetary variables are assumed to be normally distributed (Table 2).8

8 See Revelt and Train (1998) for a detailed discussion of mixed logit models with correlated ran-
dom parameters. Hensher, Rose and Greene (2005) provide a detailed discussion of how to
derive the Cholesky matrix from the model’s estimated variance-covariance matrix.
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Table 2. Feeder cattle seller and buyer correlated random parameter mixed logit results for
traceability attributes

Seller Buyer

Variable Estimate Std. error Estimate Std. error

Nonrandom parameter:
FedP – – 0.006 (0.011)
FeederP 0.058*** (0.010) −0.038*** (0.012)
Cost −0.172*** (0.025) – –

Random parameter means:
Manage:
Private-industry 1.194*** (0.186) 0.422*** (0.126)
Government and private-industry −0.211 (0.131) 0.420*** (0.125)
Info:
Health records −0.245* (0.140) 0.102 (0.118)
Origin and health records 0.274** (0.122) 0.166 (0.130)
None −3.941*** (0.624) −3.324*** (0.521)

Random parameter std. devs.:
Manage:
Private-industry 1.784*** (0.220) 0.751*** (0.165)
Government and private-industry 1.190*** (0.151) 0.335** (0.155)
Info:
Health records 1.272*** 0.(182) 0.125 (0.146)
Origin and health records 0.801*** (0.195) 0.565*** (0.172)
None 5.397*** (0.698) 2.892*** (0.476)

N 3,846 1,866
Log-likelihood −989.537 −522.226
AIC 2,023.100 1,088.500
Pseudo R 0.297 0.236

Note: Seller is feeder cattle sellers. Buyer is feeder cattle buyers. For sellers the feeder premium/discount is the
USD/head amount that a producer would receive based on the traceability system. For buyers the feeder pre-
mium/discount reflects a cost. These price adjustments to the market price range from discounts of up to USD 15
per head for selecting No Traceability and premiums of up to USD 15 per head for selecting Electronic Traceability.
The fed cattle price premium/discount has a similar interpretation for buyers as the feeder premium/discount does
for sellers. Number of observations is the product of three choices per task, number of choice tasks and respondents.
Standard errors in parentheses. *p< 0.1; **p< 0.05; ***p< 0.01.

A potential problem with the models in Table 2 is that there might be
systematic differences in preferences for price and cost variables among pro-
ducers. For example, Brester et al. (2011) find significant economies of size
for cow-calf producer participation in age and source verification programs.
In their study, participation costs ranged from USD 14.51/head sold for small
operations currently tagging animals to USD 5.39/head sold for large opera-
tions not currently tagging animals (Brester et al., 2011). While our choice
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experiments only consider tag costs, perceptions about economies of size and
scope might lead to a differential in preference estimates.

To determine the effects of operation size on preferences, we estimate sep-
arate models based on inventory. For sellers, separate models were estimated
based on whether the producer has 50 beef cows in inventory. For buyers, sep-
arate models were estimated based on whether the producer sold more than
1,000 head in the last 12 months. In each case, likelihood ratio tests fail to
reject pooled models in Table 2.

Results in Table 2 show that most coefficients are statistically significant
and have the expected sign. Of interest are the effects of premiums, discount,
and costs on the probability of participating in each traceability system. Imple-
mentation costs have a negative effect on the likelihood of adopting visual and
electronic traceability. Feeder cattle premiums and discounts have a positive
(negative) effect on the probability of adopting electronic (no) traceability for
sellers. Feeder cattle price premiums and discounts reflect costs to buyers and
have the expected sign. Fed cattle price premiums and discounts do not have a
statistically significant effect on the buyer’s choice of traceability. This result
might be due to how fed cattle are typically sold in the United States. Many
fed cattle pricing methods include standard USD/hundredweight adjustments
based on quality, cutability yield grade and weight standards,9 and it is cur-
rently unclear how packers and feeder cattle buyers would currently directly
differentiate the price based on the presence or absence of a traceability system.

Combining results in Table 2 and the normal distribution function, we can
determine what per cent of the sample has a positive preference for each
attribute. For sellers, Pr(Health Records> 0) = 1−Φ(0,−0.245,1.272) =
42 per cent and Pr(Origin and Health Records> 0) = 1−Φ(0,0.274,0.801)
= 63 per cent have a positive preference for health records and origin and
health records, respectively. Schulz and Tonsor (2010b) find that cow-calf
producers have a strong preference for an information attribute with prefer-
ences ranking health records last. We also describe variation in preferences.
For example, Φ(1, 0.274, 0.801)−Φ(0, 0.274, 0.801)= 45 per cent of sell-
ers have a preference for origin and health records that lies between 0 and
1. We find that Pr(Origin and Health Records> 0) = 1−Φ(0,0,0.565) =
50 per cent of buyers have a positive preference for the origin and health
records attribute level. Buyers pay premiums/discounts to purchase cattle with
different types of the Info attribute. The majority of traceability costs are borne
at the cow-calf level (Brester et al., 2011), and it is less clear how costs vary
across information types for cow-calf operations (Schulz and Tonsor, 2010b).
Seller preferences for the information attribute might be related to the per-
ceived costs of supplying different types of information as well as the potential
livestock marketing benefits from origin and health record verification.

Estimating mixed logit models with correlated random parameters cap-
ture another source of heterogeneity. Namely, correlation in preferences

9 For example, see USDAMarket News Service NationalWeekly Direct Slaughter Cattle–Premiums
and Discounts report, https://www.ams.usda.gov/mnreports/lm_ct155txt.
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for traceability attributes across alternatives. Like Tonsor et al. (2009),
we provide correlation statistics and estimated Cholesky matrices in Table
3 for sellers and buyers. The decomposition of the Cholesky matrix iso-
lates two sources of heterogeneity that contribute to standard deviation
parameters, attribute-specificity and cross-correlations ((Hensher, Rose and
Greene, 2005). Attribute-specificity contributes to standard deviation esti-
mates through the heterogeneity around the mean of each random parameter,
and cross-correlations are sources of heterogeneity that are due to correlation
with other random parameters (Hensher, Rose and Greene, 2005).

For sellers, all diagonal elements in Table 3 are statistically significant
(at 0.10 level), which suggests that there is significant heterogeneity around
the mean. For example, in Table 3, the diagonal element for gov and private-
industry is 0.873, which suggests that a large amount of the heterogeneity is
attributed to heterogeneity around the mean. The only diagonal element for
buyers is statistically significant at 0.10, which suggests that very most of the
heterogeneity is explained by confounding cross-correlations. For example,
0.535 of the standard deviation parameter for origin and health records is asso-
ciated with cross-correlation between origin and health records and gov and
private-industry. The above diagonal elements are interpreted as correlations.

While model estimates and Cholesky matrices provide useful insights for
changes in choice probabilities, our focus is on aggregate traceability supply
and demand. In particular, we are interested in how participation adjusts to
prices and policy. To understand these effects, we use elasticity estimates and
simulated supply and demand, which use equations (3.3) and (3.4).

4.1. Elasticities

Based on the policy implications in Section 2.3, a useful first step towards
understanding how subsidies impact traceability supply and demand is an
investigation of elasticities. Elasticities from discrete choice models do not
have the same interpretation as those obtained in traditional supply and demand
analysis but still convey important information. For discrete choice mod-
els, elasticities are interpreted as the percentage change in the probability
of choosing a traceability system for a percentage change in a traceability
system attribute. We estimate direct and cross-elasticities using the point elas-
ticity method described in Hensher, Rose and Greene (2005). For the mixed
logit model, individual-specific estimates are used to estimate elasticities and
aggregated using probability-weighted sample enumeration.

Direct- and cross-elasticities for sellers and buyers are in Table 4. Sellers are
more price-sensitive to changes in the electronic feeder cattle price premium
than to changes in the discount for no traceability (Table 4). Specifically, the
probability of choosing electronic traceability increases by 0.130 per cent and
0.024 per cent in response to a 1 per cent increase in the feeder cattle price pre-
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Table 4. Feeder cattle seller and buyer direct and cross-elasticities for correlated random
parameters logit models

Traceability system

Variable Electronic None Visual

Seller:
Electronic traceability feeder premiuma 0.130*** −0.061*** −0.127***

(0.003) (0.001) (0.003)
No traceability feeder discountb 0.024*** −0.100*** 0.025***

(0.001) (0.003) (0.001)
Electronic traceability costa −0.250*** 0.110*** 0.249***

(0.007) (0.002) (0.005)
Visual traceability costc 0.199*** 0.081*** −0.292***

(0.004) (0.002) (0.007)

Buyer:
Electronic traceability fed premiuma 0.025*** −0.011*** −0.017***

(0.001) (0.000) (0.001)
No traceability fed discountb 0.003*** −0.022*** 0.003***

(0.000) (0.001) (0.000)
Electronic traceability feeder premiuma −0.130*** 0.057*** 0.091***

(005) (002) (003)
No traceability feeder discountb 0.022*** 0.150*** −0.023***

(0.001) (0.004) (0.001)

Note: Elasticities are calculated using the point elasticity method and calculated for each individual in the sample and
aggregated using probability-weighted sample enumeration. Delta method standard errors in parentheses. *p< 0.1;
**p< 0.05; ***p< 0.01
aDirect-elasticities for electronic traceability and cross-elasticities for visual and no traceability.
bDirect-elasticities for no traceability and cross-elasticities for electronic and visual traceability.
c Direct-elasticities for visual traceability and cross-elasticities for electronic and no traceability.

mium for electronic traceability and discount for no traceability, respectively.
Both estimates are inelastic. Estimates show a larger substitution from visual
traceability to electronic traceability relative to substituting from no traceabil-
ity (Table 4, Row 1). Similarly, elasticity estimates from changes in costs
show more substitution between electronic and visual traceability relative to
no traceability (Table 4, Rows 3 and 5). A 1 per cent increase in costs results
in a decrease of 0.250 per cent and 0.292 per cent in the choice probabilities
for electronic, respectively.

Feeder cattle price premiums and discounts for traceability represent
changes in upfront costs for buyers. In line with previous research, we assume
that this is the only cost for feedlot producers participating in a traceability sys-
tem as implementation costs have already occurred at the seller level (Brester
et al., 2011). For a 1 per cent increase in the discount for feeder cattle with
no traceability, the choice probability for procuring cattle with no traceability
increases by 0.150 per cent, and substitution among visual and electronic trace-
ability is similar to decreases in the choice probabilities of 0.023 per cent and
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0.022 per cent, respectively. There is a greater substitution to visual traceabil-
ity relative to no traceability for increases in the cost of procuring feeder cattle
with electronic traceability. When making decisions about traceability, buyers
are likely weighing alternatives between procuring cattle with traceability and
implementing traceability themselves once cattle are received.

4.2. Price effects and model predictions

Given preferences, we are interested in finding the prices that equate Equations
(3.3) and (3.4). For fixed prices, costs and attributes, we predict choice prob-
abilities and aggregate them to calculate participation. Iterating over a set of
prices for a specific traceability system produces supply and demand curves.
For predictions, we hold all other variables at the data means. Since premi-
ums and discounts are relative to visual traceability, we study electronic and
no traceability markets and determine own-price effects. As a benchmark, we
predict participation at the data means (Figure 2). The largest participation rate
for sellers is electronic traceability (44.4 per cent), and the largest participa-
tion rate for buyers is visual traceability (47.6 per cent), which generally aligns
with results from the 2011 NAHMS study. Figure 2 shows that 13.2 per cent of
buyers and 19.8 per cent of sellers choose no traceability, which is supported
by preference results in Table 2 for None. However, we note the large esti-
mate for the standard deviation, which suggests that there is a large amount of
preference variation for the no traceability alternative.

Fig. 2. Predicted mean participation rates for feeder cattle sellers and buyers.
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Fig. 3. Effects of USD/head premiums and discounts on electronic and no traceability participation
rates for feeder cattle sellers and buyers. The top graph is participation in electronic traceability and
bottom graph is choosing not to participate in traceability.

Figure 3 shows electronic and no traceability participation changes in
response to changes in premiums and discounts, respectively.10 We find a more
elastic effect for electronic traceability relative to no traceability. Figure 3,
paired with elasticities in Table 4, provides a complete understanding of

10 Note that discounts are on the y-axis for the bottom graph, which explains why the seller curve
is downward sloping, and the buyer curve is upward sloping. The top graph is more easily
interpreted as a standard supply and demand graph.
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own-price effects and substitution patterns. The bottom graph and elasticity
results suggest amore elastic own-price effect for buyers relative to sellers. The
own-price effect for electronic traceability is the same for buyers and sellers.11

Together, these results have important policy implications. At a premium
of USD 4.08/head, 41.6 per cent of buyers and sellers choose electronic trace-
ability. A discount of USD 20.94/head results in 16.3 per cent of buyers and
sellers choosing not to adopt traceability. Policies that aim to incentivise elec-
tronic traceability adoption at the farm-level directly will result in shifts in the
seller curve, and prices will adjust to determine a new level of participation.
The bottom graph in Figure 3 suggests that any policy that provides a direct
disincentive for non-adoption will be less effective.

4.3. Policy effects and model predictions

Here, we consider the traceability subsidy proposed in Section 2.3. Specif-
ically, we consider policies that subsidise 50 per cent and 100 per cent of
adoption costs for sellers that adopt electronic traceability.

In our policy scenarios, we also consider the trade-offs between a govern-
ment traceability system and a system that partners with private industry. In
developing a national traceability system, confidentiality and security of data
have always been a top concern among producers (Schulz and Tonsor, 2010a).
The management of a traceability system and data has important implications
for how the government can respond to disease events. A recent proposal in
response to producer feedback is a partnership between industry and APHIS
(USDA APHIS, 2018). Specifically, the plan outlines a partnership where
data is privately managed, and animal health officials can only access data
for tracing during disease events. A corollary example exists in Australia
where the Australian government contracts with a private entity to maintain
the database and thus exempts the data from their freedom of information laws
(World Perspectives Inc (WPI), 2018). Participation in a system like this in the
United States that includes government partnership will depend on producer
preferences for the managing entity.

Figure 4 shows a strong preference for an electronic traceability program
that partners with private industry. Ignoring a cost-share policy, premiums
of USD 9.52/head and USD 2.06/head result in 43.9 per cent and 30.5 per
cent producer participation in government and jointly managed traceability
systems, respectively. A visual inspection of Figure 4 shows higher partic-
ipation by both producer groups in a jointly managed program with USD
0/head premiums relative to a programmanaged by the government. By allow-
ing industry management, there are large increases in producer participation.
However, deciding who manages the traceability system and the associated
data has important implications for how traceability data is used during disease
events.

Feeder cattle premiums of USD 5.69/head and USD 1.92/head result in
46.7 per cent and 49.6 per cent of producers participating in a jointly managed
electronic traceability program with 50 per cent and 100 per cent cost-shares,
respectively (Figure 4). Cost-share policies also increase seller participation

11 We did not formally test this.
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Fig. 4. Effects of prices, cost-share policies and managing entity on producer participation in electronic
traceability.

in a program managed by the government, but preferences for the managing
entity are such that buyer participation is low, and there is no intersection with
sellers. Recognise that allowing prices to vary within a policy scenario is only
realistic when traceability is voluntary. Amandatory traceability systemwould
likely result in there not being any premiums for traceability. Thus, program
design will become more important for producer participation.

To calculate the government cost of a cost-share policy, we use the 2019
U.S. calf crop (USDA National Agricultural Statistics Service, 2020), aver-
age RFID tag costs from the stated choice experiments, and the changes in
traceability participation from Figure 4. The 2019 calf-crop was 36.1 million
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Table 5. Goverment cost estimates for traceability cost-share policies (millions of dollars)

Producer group

Policy Targeted All

Government program:
50% cost-share 4.51 30.87
100% cost-share 18.77 71.48
Government-private program:
50% cost-share 5.05 38.36
100% cost-share 20.22 86.82

Note: Estimates are calculated using a tagging cost of USD 5.00/head and a 2019 calf-crop of 36.1 million head. Seller
participation rates in a government program when the feeder cattle premium is USD 0.00/head are 29.2%, 34.2% and
39.6% for 0%, 50% and 100% cost-shares, respectively. Seller participation rates in a government-private program
when the feeder cattle premium is USD 0.00/head are 36.9%, 42.5% and 48.1% for 0%, 50% and 100% cost-shares,
respectively.

head, and average RFID costs are USD 5.00/head. We assume that changes
in producer participation are equivalent to changes in the number of cattle
participating as a percent of the total calf crop. For cost calculations, we
use participation estimates for sellers when the feeder cattle premium is USD
0.00/head. Finally, we calculate policy costs when the policy is applied at the
margin (targeted) and when the policy is applied to all producers adopting
under the policy (all).

Government cost estimates for each scenario are in Table 5. As an example
calculation, costs from a targeted 50 per cent cost-share policy for a pro-
gram managed by the government are 36.1 million head× (34.2 per cent−
29.2 per cent)×USD 2.50/head= USD 4.51 million per year. For each
policy scenario in Table 5, ‘Targeted’ and ‘All’ estimates are likely a very con-
servative lower and upper bound, respectively, on realised government costs.
In each case, costs from a programmanaged through a private industry partner-
ship are higher because of higher participation. Thus, the government would
need to weigh benefits of higher participation against higher costs in future
discussions about how a national traceability system should be managed.

Sumner, Bervejillo and Jarvis (2005) find that the cost involved with ex-post
control or eradication of a disease is higher than ex-ante prevention, where the
difference in cost depends on the number of farms and production quantity. If
one of the main functions of live animal traceability is to allow animal health
officials to quickly identify agricultural premises that are exposed to diseases
so that diseases can be isolated and eradicated (Schulz and Tonsor, 2010a),
then ex-post government costs could be minimised under a cost-share policy
between feeder cattle sellers and the government.

5. Conclusion

Little work exists to explain traceability adoption at the individual level. In
this paper, we argue that voluntary traceability is a product characteristic, and
there exists an implicit market for this characteristic. We show that traceability
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suppliers and intermediate traceability consumers can be linked using a ran-
dom utility framework and the economics of food traceability. Importantly, we
show that any policy that targets increases in voluntary participation should
consider the equilibrium effects. A key feature that has been ignored in the
literature for voluntary traceability programs is the potential for traceability
to add value to products. Guided by conceptual arguments, we show how
stated choice experiments and discrete choice models can be used to empir-
ically study traceability markets and, more broadly, commodity markets. The
empirical application that we choose to focus on is voluntary participation in
U.S. cattle traceability, and empirical results have important implications for
the U.S. beef industry.

The Beef Industry Long Range Plan 2016-2020 set forth by the National
Cattlemen’s Beef Association (NCBA) includes the strategic initiative to
‘Secure the broad adoption of individual animal I.D. traceability system(s)
across the beef community to equip the industry to effectively manage a dis-
ease outbreak while enhancing both domestic and global trust in U.S. beef
and ensuring greater access to export markets’ (NCBA 2018). This shows
traceability remains a high priority for a large segment of the industry, how-
ever, there are many challenges which lead to major barriers to the success of
industry-wide traceability implementation.

Both mandatory and voluntary approaches raise questions of viability.
NAISwas originally designed as amandatory program, but due to strong oppo-
sition, became a voluntary program at the federal level (Murphy, Pendell and
Smith, 2009). A survey of U.S. cow-calf producers found 50.3 per cent of pro-
ducers believed NAIS should not be mandatory, while 21.2 per cent believed it
should be mandatory and 28.5 per cent were undecided (Schulz, 2008). Golan
et al. (2004) noted that voluntary traceability systems must increase adopting
firm’s net revenues or they will not be adopted. Traceability adoption is an
example of a private behaviour that generates positive spillovers affecting the
supply of a public good, that is, the ability to better manage, and potentially
cushion the shock of, animal disease incursions. This makes it less clear who
will benefit and who will pay for it in the supply chain. Cow-calf producers
believe most of the traceability benefits are distributed to retailers and pro-
cessors, whereas most costs are largely born by the cow-calf sector (Schulz,
2008). The significant gap between benefits and costs for cow-calf producers
likely influences willingness to invest in traceability implementation.

Our results are extremely important for policy makers. Traceability has
long been discussed and debated in the beef cattle industry, and many dif-
fering views continue today. The ability of traceability systems to either add
value to industry sectors along the supply chain, increase demand and/or offer
other tangible benefits to market participants is often nebulously defined. The
need to effectively prevent and control animal disease outbreaks, and the role
of traceability from a generally defined standpoint, is a greater point of con-
sensus within the industry. Our economic model demonstrates that there is a
theoretical foundation for accomplishing both of these objectives. Our empir-
ical findings show that government policies aimed at increasing traceability
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adoption would be most effective when reducing costs at the supplier level.
Jettisoning current private and public traceability programs because of their
lack of participation may set the industry further back of global customers and
competitors. U.S. government traceability program designers should consider
a joint partnership with private industry to encourage participation and meet
the goals traceability programs are designed for.

Appendix A Instructions and description provided to choice
experiment seller respondents.

The following six scenarios each containing three different options for you to
select regarding participation in information sharing, individual animal trace-
ability programs. Two options are voluntary traceability programs you could
choose to participate in and the third option (No Traceability) is an alterna-
tive where you could choose not to participate in either of the two presented
traceability programs. For your information in interpreting the alternative
traceability program options, please carefully read the following descriptions:

Participation in a Visual Traceability program would involve applying ‘tra-
ditional ear tags’ that are read manually upon human inspection. Participation
in an Electronic Traceability program would involve applying ‘button-like’
RFID tags that can be read by electronic readers.

Source of origin and/or health certification/vaccination records of your
ranch may also be provided to buyers of your cattle by participating in
either a Visual Traceability (written documentation) or Electronic Traceability
(electronic documentation) voluntary program.

These options vary in the cost for you to implement on your operation.
Choosing No Traceability results in no increase in costs while choosing to
participate in either the Visual Traceability or Electronic Traceability program
will increase costs by USD 1, USD 5 or USD 9 (per head).

The entity managing each voluntary traceability program may take one of
three forms:

• Government: Entity such as the USDA (United States Department of
Agriculture);

• Private-Industry: Entity specialises in traceability specifically for the
beef cattle industry;

• Government, Private-Industry Partnership: Joint effort between the
public and private sector. Government data use would be limited to only
disease monitoring, tracking and surveillance consistent with public-
good aspects of this information.

In addition, these options differ in terms of the premium or discount (per
head sold) you would receive. These price adjustments to the market price
range from discounts of up to USD 15 per head for selecting No Traceability
and premiums of up to USD 15 per head for selecting Electronic Traceability.
Negative numbers indicate discounts and positive numbers indicate premiums.
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Appendix B Instructions and description provided to choice
experiment buyer respondents.

The following six scenarios each containing three different options for you to
select regarding the procurement of feeder cattle that are already participating
in information sharing, individual animal traceability programs. Two options
are feeder cattle participating in voluntary traceability programs and the third
option (No Traceability) is an alternative where you could choose to procure
cattle that are not participating in either of the two presented traceability pro-
grams. For your information in interpreting the alternative traceability program
options, please carefully read the following descriptions:

Participation in a Visual Traceability program would involve you procuring
cattle with ‘traditional ear tags’ that are read manually upon human inspec-
tion. Participation in an Electronic Traceability program would involve you
procuring cattle with ‘button-like’ RFID tags that can be read by electronic
readers.

Source of origin and/or health certification/vaccination records may also
be provided to you by feeder cattle sellers who are already participating in
either a Visual Traceability (written documentation) or Electronic Traceability
(electronic documentation) voluntary program.

These options vary in the feeder cattle premium or discount (per head sold)
that you would have to offer to procure cattle that are participating in indi-
vidual animal traceability programs. These price adjustments to the market
price range from discounts of up to USD 15 per head for procuring cattle with
No Traceability and premiums of up to USD 15 per head for procuring cattle
withElectronic Traceability. Negative numbers indicate discounts and positive
numbers indicate premiums.

The entity managing each voluntary traceability program may take one of
three forms:

• Government: Entity such as the USDA (United States Department of
Agriculture);

• Private-Industry: Entity specialises in traceability specifically for the
beef cattle industry;

• Government, Private-Industry Partnership: Joint effort between the
public and private sector. Government data use would be limited to only
disease monitoring, tracking and surveillance consistent with public-
good aspects of this information.

In addition, these options differ in terms of the fed cattle premium or dis-
count (per head sold) youwould receive. These price adjustments to themarket
price range from discounts of up to USD 15 per head for marketing cattle with
No Traceability and premiums of up to USD 15 per head for marketing cattle
withElectronic Traceability. Negative numbers indicate discounts and positive
numbers indicate premiums.
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