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Abstract
We analyze the equilibrium conditions in which contracts are desirable for firms (buyers)
with various levels of management efficiencies procuring a factor input under two levels of
quality from supplies. The quality of the factor input, which affects production efficiency,
may be known to the buyer; the efficiency of the firm is not known to the supplier. We
estimate, using principal-agent models, that firms with high-management efficiency do not
have the incentive to pay a quality premium to suppliers, but firms operating with low
management efficiency are willing to offer a price premium for quality. The model is
applied to the question of preconditioning cattle for the feedlot.

Keywords: Feedlots; information asymmetry; preconditioning; principal-agent; optimal contracts

Introduction

Contractual relationships between producers and processors are becoming more common
in modern food value chains in developed and developing countries (Otsuka et al., 2016;
Meemken and Bellemare, 2020; Barrett et al., 2022). Contractual relationships decrease the
risk of supply shortages, price, and quality uncertainty. Studies that found welfare
improvement in participating farmers include Barrett et al. (2012), where they studied the
experiences of five African countries, and Michelson (2013) on coffee farmers in
Nicaragua. Contractual relationships, however, do not always translate into welfare
improvement for producers (Bellemare and Bloem, 2018; Meemken and Bellemare, 2020).
Uneven relationships between producers and processors, or traders, can increase
transaction costs, especially under value chain heterogeneity (Pingali et al., 2007; Wang
et al., 2014).

Heterogeneity in value chains affects the supply and demand dynamics for inputs of
various qualities. Firms producing heterogeneous output quality may select inputs of
various quality levels (Curzi et al., 2015), and their choice of input quality depends, among
others, on the firm’s technology and efficiency (Gaigné and Gouel, 2022). A firm’s
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marginal return to quality depends on its value chain and technology. Input quality
assurance is central in value chains that pay a quality premium.

Consequently, the objective of this paper is to develop an empirical model of a food
value chain where there are processors operating with heterogeneous managerial efficiency
and input suppliers that produce under different quality levels, and design optimal
contracts based on those scenarios. The empirical model in this paper is constructed on the
US beef value chain.

Beef industry structure in the US
The U.S. beef production system involves multiple heterogeneous stakeholders scattered
around the country although concentrated in few states. The top 10 calf-producing states
comprise 54% of total national production (USDA:NASS, 2021). The beef production cycle
begins with cow-calf operators and typically ends at feedlots where cattle are fattened to a
desired weight before slaughter. The beef system can involve many paths and actors from
production to feedlot1. Cow-calf operators represent a heterogeneous group in the U.S.
beef production system. About 37% of all beef cow inventory in the U.S. is in operations
with fewer than 100 cows (USDA:NASS, 2017). This fragmentation in cattle production is
reflected in the diverse genetic quality of the calves produced. The genetic quality and
health of the calves produced are major determinants in the performance of the animal in
the feedlot, as measured by average daily gain (ADG), morbidity, and mortality rate
(DeLong et al., 2023). While some aspects of the calf quality may be observed, such as body
condition and symptoms of diseases, quality of genetics and health condition may not be
evident to the calf buyer. This information asymmetry can be reduced by quality
certifications of calves. In the beef industry, a common certification scheme is obtained by
following a preconditioning and health protocol after weaning.

The practice of preconditioning cattle involves following a vaccination protocol to
protect against Bovine Respiratory Disease (BRD), parasites and other pathogens, and
adjusting the diet and feeding conditions. Common protocols require 45 days of
preconditioning prior to sale (Avent et al., 2007; Lalman and Ward, 2005).
Preconditioning is a management practice with the objective to improve the animal's
immune system and reduce stress for newly incoming cattle to a feedlot, thus reducing
disease incidence. The level of stress of incoming cattle to feedlots, due to an abrupt change
in the cattle’s environment and diet, can be substantial to make them more susceptible to
diseases, particularly BRD (Galyean et al., 2022). Feedlot operators can also incur extra
costs introducing animals to the feedlot that are more susceptible to BRD since it can lead
to a spread of the disease among cattle. BRD is the most common disease in feedlots and its
treatment and prevention requires the use of antimicrobials, which adds to the expenses of
feedlot operators (USDA: NAHMS, 2013) but can have negative public health implications
via antibiotic resistance.

Preconditioned cattle have been estimated to have lower morbidity and mortality at the
feedlot compared to non-preconditioned cattle (Earley et al., 2017; Griebel et al., 2014).
These benefits translate into lower use of antimicrobials and lower costs to the feedlot. The
benefits of preconditioning to the beef system have been studied under various situations
(Dhuyvetter, 2004; Cravey, 1996).

1https://www.ers.usda.gov/topics/animal-products/cattle-beef/sector-at-a-glance/
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Although preconditioned cattle add value to the beef system and command a higher
price than non-preconditioned animals2 (Garber et al., 2022; Verteramo Chiu et al., 2022;
Zimmermann et al., 2012), the practice of preconditioning has not been widely adopted.
The benefits of preconditioning, and thus the incentives to precondition, differ by local
conditions, and manager’s characteristics (Schulz et al., 2015). Hilton (2015) reported that
the percentage of calves sold through Superior Livestock3 video auctions that were weaned
certified was 27%. The lack of adoption might be explained by information asymmetries
between producers and buyers of preconditioned cattle, and by the difference in feedlot
performance, of preconditioned and non-preconditioned cattle. Information asymmetries
in cattle transactions have been reported by Williams et al. (2012), Zimmerman (2010),
and Chymis et al. (2007), among others. Producers have information on the genetics
quality and health history of the cattle, but that information is not known or easily
observed by the buyer. DeLong et al. (2023) estimated the willingness to pay cow-calf
operators at $21/ head for a genomic test that helps themmarket their cattle. Some feedlots
may be reluctant to purchase preconditioned cattle due to their higher costs and the
variability of benefits. The perceived benefits may not outweigh the costs. On the other
hand, non-preconditioned cattle under the right conditions may perform well enough to
become attractive to some feedlots. Differences in management skills and infrastructure
among feedlots affect the profitability of incoming cattle despite the preconditioning status
of the animal. The low uptake of preconditioning cattle can lead to missing opportunities
for reducing antimicrobial use.

The use of preconditioning certification schemes4 decreases the information
asymmetry problem (Williams et al., 2012; Bulut and Lawrence, 2007; Chymis et al.,
2007) allowing for a better distribution of profits; however, that decrease in information
asymmetry may not be sufficient to make preconditioning a profitable strategy for cattle
producers. The preconditioning premium does not always translate into higher profits
received by producers of preconditioned cattle (Thrift and Thrift, 2011). Preconditioning
may not be a sustainable practice if producers cannot get a share of the preconditioning
benefits of the system that covers their costs and incentivize the continuity of the practice.
Contracts that decrease information asymmetries and incentivize the production of high-
quality cattle can be developed using principal-agent (PA) models.

Principal-agent models for agriculture have been analyzed under various contexts in
the beef industry. Impact of cattle performance incentives using PA models has been
studied by King et al., (2007) and Starbird (2005), among others. Resende-Filho and Buhr
(2008) estimated the benefit of a cattle traceability system to monitor injection-site lesions
in beef. Feedlot contracts have been analyzed using ADG as a key profitability indicator
(Maples et al., 2022; Thompson et al., 2014). The use of genotypic information in feedlot
contracts is found to be prohibitive if performed on all cattle, although random sampling
has been suggested (Thompson et al., 2014). Other indicators of feedlot performance used
to price cattle under performance contracts include marbling (DeVuyst et al., 2011) and
tenderness. Weaber and Lusk, 2010) and Tang et al. (2017) look at the effect of animal
characteristics and placement decisions in retaining ownership at the feedlot. Although

2Preconditioned cattle under the OQBN protocol, for instance, received an average premium of $11.93/
cwt in 2019 (latest reported values) (OQBN, 2019).

3http://www.superiorlivestock.com/
4There are various preconditioning certification programs in the U.S., for instance OQBN-VAC 45 of

Oklahoma State University, VAC-45 of Texas A&MUniversity, and VAC-45 of Superior Livestock Auction.
All require the same vaccinations.
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retaining ownership increases risk to the cow-calf operators, it has been found to increase
profit most of the time (Lawrence, 2005; Fausti et al., 2003).

This paper analyzes the scenarios in which preconditioned cattle are desirable to
feedlots and develops contractual arrangements between cattle producers and feedlots that
incentivize preconditioning through sharing of the net benefits at the feedlot. We divided
feedlots into three levels of management quality: low, medium, and high, based on a net
return percentile distribution. These contractual arrangements could lead to an
equilibrium where preconditioning becomes the dominant strategy for cow-calf operators.
This analysis assumes that only the distribution of net returns of preconditioned and non-
preconditioned cattle are known by the feedlot, rather than a certain estimate. These
contracts focus on net returns of cattle at the feedlot.

We look at different price scenarios and risk preferences of producers and estimate how
these differences affect optimal contract specification. We found that a single contract can
incentivize preconditioned cattle producers while disincentivizing non-preconditioned
cattle producers from introducing their cattle into feedlots. When we account for
differences in feedlot management quality, which ultimately impact net returns per animal,
we found that high-quality management feedlots may not be willing to pay a premium for
preconditioned cattle, unlike low-quality management feedlots, which obtain the most
benefit from purchasing preconditioned cattle.

The rest of the paper is organized as follows. The model section is presented next, where
we describe a segment of the beef production system of the U.S. and the data used in the
development of the optimal contracts, the assumptions of the two entities of the system,
and the model used in the analysis, next we present the results and discussion section, and
finally the conclusion.

Model

Beef production system
We focus on a specific subset of the beef production system in the U.S. which includes two
relevant entities: a cow-calf operator and a feedlot. This system of production represents a
scenario where cow-calf operators, with background capacity, sell directly to a feedlot.
Although this system reflects a specific path among many possible paths in the beef
production system in the U.S., it simplifies the analysis. We based our production system
from that described in Verteramo Chiu et al. (2022), shown in Figure 1. We focus on the
cow-calf operator delivering a newly weaned calf to a feedlot and comparing it with
performing a 45-day post-weaned backgrounding process with a preconditioning protocol
prior to feedlot delivery.

Figure 1. Beef production system described in this study consisting of a cow-calf operator with
backgrounding capacity, feedlot, and slaughterhouse.

4 Leslie J. Verteramo Chiu et al.
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Feedlot contract design
We look at different risk preferences of producers and feedlot management levels and
demonstrate how these different scenarios affect the equilibrium contract terms between
feedlots and calf producers. The contracts between an agent (calf producer) and a principal
(feedlot) were designed using a principal-agent model. In a principal-agent model, the
principal offers a contract to the agent that maximizes the principal’s profit subject to
participation and an incentive compatibility constraint for the agent. The participation
constraint is the minimum amount that makes the agent willing to participate in the
contract. This is the opportunity cost of the agent. In this analysis, the participation
constraint is what the producer can receive with certainty for his cattle or the market price
of the cattle. The incentive compatibility constraint is the condition in which the agent’s
payoff is determined, partially at least, by the performance of his work. This constraint
must ensure the complete process of preconditioning. Certification schemes ensure
compliance with a preconditioning protocol providing assurance to the feedlot and
fulfilling the compatibility constraint. Although certification fraud may be possible, it is
unlikely that a cow-calf operator planning to continue doing business with the feedlot
would falsify the certification for a long time before being detected at the feedlot and face
reputation loss, since the effectiveness of preconditioning on cattle performance at feedlot
is well studied. Later we discuss the implications of this constraint not being fulfilled.

In this analysis, net returns and payoffs per unit of finished cattle are determined by the
cattle performance at the feedlot, so a key element in the analysis is the stochastic
performance of preconditioned and non-preconditioned cattle in the feedlot. For
simplicity, our analysis estimates the net returns for an individual animal, but the analysis
can be extended for a group of animals. The net returns to the feedlot, under a contract that
pays a share of the net returns to the producer and a fixed amount for an animal is

πk � αk Pk � FCk
eθk; x̄

� �h i
= 1 � ir� �DFk=365 � βk (1)

and the return to the cow-calf operator is

wk � 1 � αk� � Pk � FCk
eθk; x̄

� �h i
= 1 � ir� �DFk=365 � βk (2)

The net return of the cow-calf operator is estimated after subtracting production costs
Ck x� � from wk. Where α 2 0; 1� � is the share of the net return of the finished cattle received
by the feedlot, similarly, 1 � α in equation (1) is the share to the cow-calf operator of the
net returns to the feedlot of the finished animal. The subscript k represents the animal type,
preconditioned or non-preconditioned, denoted p and np, respectively. The variable
payment is assumed to be received once the animal is finished, which depends on the
number of days in feedlot (DFk), discounted at interest rate ir. Pk is the revenue of a
finished animal (per head) which may or may not differ between preconditioned and non-
preconditioned animals, FCk

eθk; x̄
� �

is the cost function of a finished animal of type k in
the feedlot, which depends on random vector eθk of performance parameters, and vector x̄
of non-random input prices, such as feed and treatment prices. The parameters in eθk
incorporates ADG, days on feed, interest rate, mortality rate, and sick rate. β is a fixed
amount paid to the cow-calf operators. The net return to the cow-calf operator, equation
(2), depends on the type of cattle produced, k. The distribution of the stochastic term
FCk

eθk; x̄
� �

depends on the distribution of eθk. We assume that the feedlot operator is risk-
neutral since they can spread the risk among many lots of cattle. The agent is assumed to
have a Constant Absolute Risk Aversion utility over return w, U wk� � � 1 � e �wkr� �, with a
constant absolute risk aversion coefficient r. The certainty equivalent (CE), or the amount
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of money willing to receive for certain that produces the same utility as a lottery,
U CE� � � E U� �, which provides a money metric for selecting stochastic outcomes,
is CEk wk� � � �ln��E U wk� �� �=r.

The problem to solve is of the following form.

Maxα;β
X

k2 p;np� �
πk � α Pk � FCk

eθk; x̄
� �h i

� βk

� �
(3)

Subject to CEk wk� � � �ln�E U wk� �� �=r ≥ Ck (4)

The principal maximizes its net revenue, equation (3), which is a sum of the net
revenues of the animal entering the feedlot, by offering a contract to the agent with
parameters α	 and β	. Ck in equation (4) is the participation constraint of the agent that
produces cattle of type k. The monetary value of the agent from participating in this
contract should be at least Ck, which is the expected net return from selling weaned calves
in the market that covers the cost of production, and in the case of preconditioned cattle
production, the cost of preconditioning. The cost of production depends on fixed
parameters and does not have implied variance. We assume that the payment to the cow-
calf operators is realized at the time of sale of the finished animal.

The solution to the maximization problem is a contract that the feedlot offers to the
producer based on the preconditioning status of the animal. The contract parameterization
depends, among other things, on the cattle performance at the feedlot that is attributable to
feedlot management. The optimal contracts are estimated by simulating the net returns
over the parameter domain.

Data

Model parameterization
All parameterization of the system described in Figure 1 was obtained from Verteramo
Chiu et al. (2022). The performance at the feedlot is determined by the preconditioning
status of the calf.

The preconditioning protocol assumed in this model follows a 45-day program similar
to the VAC-45 from Superior Livestock Auction. Preconditioned cattle are dehorned,
castrated, vaccinated, and dewormed.

The costs of producing a calf are estimated from Kansas State University (KSU) KFMA
Enterprise Reports 20195. Preconditioning costs were also obtained from the KSU
Enterprise Report 2019 under the Beef-Backgrounding Report, and the finishing costs
were obtained from the Beef-Backgrounding/Finishing Report from the same source. Non-
feed-related preconditioning costs were obtained from Dhuyvetter et al. (2005) and
Donnell et al. (2008).

The stochastic performance parameters, ADG, sick rate, and death rate, of
preconditioned and non-preconditioned cattle at the feedlot were obtained from Avent
(2002). We followed Verteramo Chiu et al. (2022) by fitting Program Evaluation and
Review Technique (PERT) distributions to the performance parameter estimated by Avent
(2002) to capture the stochastic performance of cattle in the feedlot. We simulated using
non-correlated performance parameters. A scenario including correlation among
performance variables is presented in the Appendix. The distribution of the performance
parameters (Verteramo Chiu et al., 2022) is shown in Table 1.

5https://www.agmanager.info/kfma/kfma-enterprise-reports, 2014-2018 average.

6 Leslie J. Verteramo Chiu et al.
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ADG is average daily gain. Average, minimum, and maximum were obtained from
Avent (2002). Mode and Lambda were calibrated to fit each PERT distribution to the
values estimated by Avent (2002) Standard deviation (SD) is the result of the PERT
distribution estimated. See the Appendix for more information on the distribution
estimation process.

The preconditioning market price premium paid by the buyer reflects the expected
gains over non-preconditioned cattle in the feedlot. These gains are stochastic since the
performance of cattle depends on many factors, including a genetic component, and
upbringing by the cow-calf operator, factors not observed by the buyer, although genetics
of entering cattle can be tested using a random sample of the calves (Thompson et al.,
2014), but near-time genetic results may not be feasible now6. The price premium,
therefore, is the expected gain accounting for any stochastic variation. This stochastic
performance can be better estimated from the genetics and a reputational component of
the seller. In lieu of reputation and genetics information, the feedlot can establish contracts
with the cow-calf operator that allows cattle performance risk to be shared optimally
between the parties. The parameter values used in this analysis are presented in Table 2.

Price and cost data obtained from https://www.agmanager.info/kfma/kfma-enterprise-
reports, 2014–2018 average. The weight of finished cattle, weaned calves, and
backgrounded and preconditioned calves are 1400, 550, and 618 lb, respectively. Non-
feed-related preconditioning costs were obtained from Dhuyvetter et al. (2005) and
Donnell et al. (2008). Standard deviation in parenthesis. Cp and Cnp represent the market
price of the incoming animal to the feedlot, differences are due to feedlot entry weights.
E π� � includes the cost of the incoming animal, Cp or Cnp. E(FC) does not include the cost
of incoming animal. Grid pricing is not included for simplicity in the analysis.

The average benefits to the feedlot of purchasing preconditioned cattle over non-
preconditioned cattle, assuming the feedlot pays a price premium that covers the costs of
preconditioning ($25.60), is about $24 per head. This is the difference between the
expected net revenue to feedlot of a preconditioned and non-preconditioned calves (about
$50) minus preconditioning costs. The net benefit to the feedlot is about $50 per head if no
price premium is paid for preconditioned cattle. The net benefit to the feedlot of $50 per
head can be transferred, partially, to the producer to motivate preconditioning. The
amount transferred to the producer to incentivize preconditioning depends on personal
preferences, at a minimum it should cover preconditioning costs. The expected net
revenue to feedlot per preconditioned and non-preconditioned cattle was calculated to be

Table 1. Distribution parameters used to fit a PERT distribution on ADG

Performance variables Average Min Mode Max SD Lambda

ADG (lbs), Preconditioned 2.93 2.34 2.78 3.59 0. 337 0.429

ADG (lbs), Non-Preconditioned 2.56 1.70 2.67 3.31 0.375 1.516

% Sick, Preconditioned 9.23 1.5 2 25 5.447 1.11

% Sick, Non-Preconditioned 36.43 12.5 26.8 70 14.172 1

% Dead, Preconditioned 1.57 0.5 0.5 3 0.678 0.333

% Dead, Non-Preconditioned 4.26 2 2 10 1.694 1.53

6Genetic information on the cattle would compress the stochastic variation of returns.
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negative. Net revenue per head depends on many factors, including feed costs, feedlot fees,
and finished cattle price, which are stochastic. The negative revenue per head does not
affect the interpretation of our results, since our focus is on the net revenue difference
between preconditioned vs non-preconditioned calves.

Results

Net return distributions including preconditioning premium
As an initial analysis, we ran 10,000 iterations of the simulated net return for
preconditioned and non-preconditioned cattle using the performance distribution
parameters of Table 1. The performance distributions were simulated from independently
random draws, and the net returns simulated included a preconditioning premium to the
producer. The distribution functions are shown in Figure 2.

For the cow-calf operators to receive a price premium for their calves, the feedlot
operator must be certain that the animals are preconditioned. Preconditioning assurance is
transmitted through certification or reputation. The expected return due to precondition-
ing should be greater than the cost of preconditioning. The price premium necessary to
incentivize preconditioning should, at a minimum, cover preconditioning costs, and at the
maximum be the totality of the net benefits of preconditioning to the feedlot.

We present the probability densities of net returns per animal of the two
preconditioned status cattle (P and NP) in Figure 2, with a price premium that covers
the estimated preconditioning costs, that is, the minimum price premium. Under this
scenario, no distribution stochastically dominates the other in the first order; however, the
distribution of net returns per animal for preconditioned cattle continues to dominate in

Table 2. Parameter values used in the baseline budget model for the beef
production system described in Figure 1

Parameter name Value ($/ head)

P (finished cattle price) $1792.7

E �� � (expected net revenue to feedlot)

- Per preconditioned cattle, �p −$106.64

- Per non-preconditioned cattle, �np −$156.39

E(FC) (expected total feedlot cost of finishing cattle)

- Per preconditioned cattle, FCp $808.56

- Per non-preconditioned cattle, FCnp $957.22

C, Cost of an incoming animal to feedlot

- Per preconditioned cattle, Cp $1090.77

- Per non-preconditioned cattle, Cnp $991.87

Preconditioning Cost $25.60

Interest rate, irate7 0.0327

71 year CD, May 16, 2022. https://www.fdic.gov/resources/bankers/national-rates/index.html

8 Leslie J. Verteramo Chiu et al.
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the second order. A risk-averse feedlot operator would prefer preconditioned cattle
because it has a higher mean without exposing them to a larger downside risk compared to
non-preconditioned cattle, despite having a lower right tail; a sufficiently high risk-seeking
feedlot operator may prefer non-preconditioning cattle under this condition.

The net revenue of the feedlot when paying the cow-calf operator the cost of production
for each type of cattle are −$132 (SD= 30.44) and −$156 (SD= 52.36) per head of
preconditioned and non-preconditioned cattle, respectively. Negative returns are not
uncommon in beef production and were observed in our sample data. Our results
represent economic returns and are dependent on relative input and output prices, which
are variable in any time period.

The price premium is calculated as the difference of mean net returns, which is $49.76
per head, or $8.05/ cwt for a 618 lb. animal. When the feedlot transfers the maximum price
premium (not shown), the distribution of non-preconditioned cattle is a nonsymmetrical

Figure 2. Probability density functions of net returns to the feedlot for preconditioned (P) and non-
preconditioned (NP) cattle including preconditioning costs. Dashed lines represent the average net
returns for each preconditioning status. Ten thousand iterations were simulated for each distribution.

Agricultural and Resource Economics Review 9
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mean preserving spread of the preconditioned cattle distribution. In this scenario, non-
preconditioned cattle generate lower net return per head to the feedlot as well as higher net
return per head to the feedlot than preconditioned cattle. A risk-averse feedlot operator
would prefer to purchase preconditioned cattle over non-preconditioned cattle, due to the
negatively skew distribution of net returns of non-preconditioned cattle, even when the
benefit of preconditioned cattle to the feedlot is transferred to the producer as price
premium.

The factors affecting the shape of the distribution of net returns to the feedlot for each
preconditioning status of the animal may depend on random factors external to the cow-
calf operator and the feedlot, but some idiosyncratic effects may also be present. External
factors may include adverse weather conditions and epidemics; while idiosyncratic factors
may include genotype of the cattle, feed quality, facility hygiene, and management
experience among others. The distributions of net returns to the feedlot shown in
Figure 1A represent all types of feedlots (efficient and inefficient), and all cattle quality
(improved genotype). Efficient feedlots are on the right part of the distributions, while
inefficient ones are on the left part of the distributions. This point will be addressed later in
the paper.

Contract design
A contract is designed by the feedlot which maximizes its expected returns per animal
while providing an incentive to cow-calf operators to participate in the contract. From the
cow-calf operator side, they have the choice to sell their cattle at the cash market or
participate in a contract which may allow them to receive larger returns. Some producers
retain ownership of their cattle, reaping all benefits. The difference in returns to the cow-
calf operator from participating in the contract depends on the quality of the cattle
(unobserved to the feedlot but known to the cow-calf operator) and the quality of the
feedlot (experienced management, adequate facilities, and quality inputs), which is built on
reputation and known to the cow-calf operator. First, we look at the situation assuming
homogeneity in both cow-calf operators and feedlots, implying that the net return
distributions depend on external factors only. This scenario does not separate feedlots by
management quality.

The payoffs to the producer and feedlot from a contract designed are presented in
Table 3, Where α 2 0; 1� � is the share of the net return of the finished cattle received by the
feedlot, and 1 � α� � is the share received by the cow-calf operator. β is a fixed amount paid
to the cow-calf operator. Ck is the cost of production of an animal of type k, Revk is the net
revenue to the feedlot of selling an animal of type k, where k is preconditioned or non-
preconditioned

In Table 4 we show the profit under various values of α and β offered to risk-neutral
producer of preconditioned and non-preconditioned cattle. The parameter α is the
percentage of the net return of finished cattle that is distributed to the feedlot. At each
combination of contract parameters, the net return to the feedlot (−$132 and −$156/ head
of preconditioned and non-preconditioned cattle, respectively) as well as the net return to
the calf producer ($0/ head for both preconditioned and non-preconditioned cattle) are the
same, and the risk-neutral producer is indifferent among the contract parameter
combination since their certainty equivalent is 0 for any combination of contract
parameters. The negative net returns to the feedlot include all feedlot-related fees
and costs.

α 2 0; 1� � is the share of the net return of the finished cattle received by the feedlot, and
1 � α� � is the share received by the cow-calf operator. β is a fixed amount paid to the
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cow-calf operator by the feedlot in dollars per head. Net return per head to the feedlot and
to the producer is the same regardless of the values of α and β specified in the contract for
each calf type.

From Table 4, a risk-neutral calf producer would enter a contract when he receives half
of the net return (α= 0.5) of a fed animal plus an additional $624 per animal if the calf is
preconditioned and $574 if the calf is non-preconditioned, which are the corresponding
values of β. The net return per animal accounts for feedlot fees and all costs of production.
When the calf producers retain ownership of the calf (α= 0), he is expected to receive a
smaller fixed amount from the feedlot to enter the contract ($132 and $156 per
preconditioned and non-preconditioned animal, respectively). A single contract that
would satisfy both types of calf producers (preconditioned and non-preconditioned) in
terms of making their CE= 0 (or indifferent between entering the contract or selling at the
cash market) consists of α= 0.16 and β= 290.

When the calf producer is moderately risk averse and the feedlot operator risk neutral,
the optimal solution to the principal-agent problem is a corner solution where α= 1. The
Arrow-Pratt absolute risk aversion coefficient of a moderate risk-averse producer, about
r= 0.001, results from rescaling the Arrow-Pratt absolute risk aversion coefficient by the
expected return to producers from producing preconditioned and non-preconditioned
cattle, $1040 per head on average, to reach a relative risk aversion coefficient of 1. Similarly,
the moderate risk aversion coefficient for the feedlot operator is r= 0.0006, based on the
expected return of $1793 per finished animal. Risk neutrality is generally assumed when
decision-makers can spread out their risk through a large portfolio. Business operators
may show risk aversion, depending on their incentives. When feedlot operators show risk
aversion, the optimal contract design differs from the risk-neutral scenario. We analyzed
optimal contracts under the assumption of a moderately risk-averse feedlot operator and
under the assumption of a higher risk aversion of the producer (r= 0.001). The results are
shown in Table 5.

Table 3. Payoff matrix to the producer and feedlot by animal type

Feedlot Preconditioned Feedlot Non-Preconditioned

Producer

�
�Revp � �

Preconditioned 1 � �� �Revp � � � C

Producer
�

�Revnp � �

Non-Preconditioned 1 � �� �Revnp � � � C

Table 4. Contract distribution of α and β for a risk-neutral cow-calf operator of preconditioned and non-
preconditioned cattle

� 0.00 0.10 0.30 0.50 0.70 0.90 1.00

Preconditioned, � 132.23 230.65 427.48 624.30 821.13 1017.96 1116.37

Non-Preconditioned, � 156.39 239.94 407.04 574.13 741.23 908.32 991.87

Agricultural and Resource Economics Review 11
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Allowing for differences in feedlot management
We account for heterogeneities in feedlot infrastructure and managerial skills, as well as
any differences in cattle management and transportation, by dividing the net return
distribution for both preconditioning status of cattle into three percentiles: lower than 25th,
25th–75th, and higher than 75th. We name these three parts as low, average, and high
management quality, respectively. Differences in feedlot management have been reported
by APHIS (APHIS-VS, 2013) as familiarity with Beef Quality Assurance programs and
management practices that affect beef quality across various feedlot sizes and regions of
operation. Other industry reports state differences, by feedlot size, in the frequency of
using the same equipment to handle manure and feed (APHIS, 2012). Any factors
endogenous to the cow-calf operator, other than the preconditioning status of the cattle,
affecting the net return distribution of the feedlot are not considered.

The statistics of the net return distribution across the three feedlot management levels
are presented in Table 6.

Number of iterations for each management quality: high, 2500; average, 5000; low,
2500. P and NP refer to preconditioned and non-preconditioned cattle, respectively.

From Table 6 we can obtain the maximum preconditioning premium paid by the
feedlot to the calf producer depending on the feedlot’s management quality (High,
Average, Low). These are $4.40, $7.32, and $13.15/ cwt, corresponding to a
preconditioning premium per animal of $27.19, $45.28, and $81.28, for high, average,
and low management quality feedlots, respectively.

The net return distribution of preconditioned cattle in principle should at least cover
the cost of preconditioning paid to the cow-calf operator, making him indifferent to
preconditioning or not. For clarity, we present the net return distribution of the low and
high feedlot quality levels, including preconditioning costs ($4.14/ cwt), in Figure 3.

Figure 3 shows that under low feedlot management quality, net returns from
preconditioned cattle stochastically dominate in the first order over non-preconditioned

Table 5. Optimal solution under various risk preference scenarios for calf producers and feedlot
operators

Risk preference
Contract

Preconditioned
Contract Non-
Preconditioned

Feedlot Profit
Preconditioned

Feedlot Profit Non-
Preconditioned

Producer r= 0.001
Feedlot
Operator r= 0

�= 1
�= 1116.37

�= 1
�= 991.87

−132.23 −156.39

Producer r= 0.001
Feedlot
Operator
r= 0.0006

�= 0.62
�= 742.47

�= 0.62
�= 674.59

−132.30 −156.59

Producer r= 0.01
Feedlot
Operator
r= 0.0006

�= 0.94
�= 1057.34

�= 0.94
�= 941.79

−132.25 −156.44

� 2 0; 1� � is the share of the net return of the finished cattle received by the feedlot, and 1 � �� � is the share received by
the cow-calf operator. � is a fixed amount paid to the cow-calf operator by the feedlot in dollars per head. r is the Arrow-
Pratt risk aversion coefficient.
The value of � gravitates away from the risk-averse party. Under the scenario where the producer risk aversion value is
0.001 and that of the feedlot operator is 0.0006 the optimal contract has an estimated � value of 0.94.
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Table 6. Sample statistics of net returns in $ per animal at feedlot under three management levels, High,
Average, and Low and the two preconditioning status, P preconditioned, NP non-preconditioned.
Preconditioning costs not included

Feedlot management level and
preconditioning status Min Average Max Stdev

High P −81.54 −69.32 −45.19 8.31

High NP −116.03 −96.51 −56.19 13.37

Average P −130.25 −104.57 −81.54 13.89

Average NP −189.74 −149.86 −116.04 20.75

Low P −182.98 −148.06 −130.27 11.64

Low NP −342.09 −229.34 −189.78 30.52

Figure 3. Probability density functions of net returns to the feedlot, under high (H) and low (L) feedlot
management level, for preconditioned (P) and non-preconditioned (NP) cattle including preconditioning
costs. Dashed lines represent the average net returns for each management level and preconditioning
status. Each distribution was simulated with 2500 iterations.

Agricultural and Resource Economics Review 13
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cattle. In the case of high feedlot management quality, net returns from preconditioned
cattle stochastically dominates in the second order over non-preconditioned cattle. Low-
quality feedlot management would always prefer preconditioned cattle.

The price premium is expected to cover more than preconditioning costs to incentivize
preconditioning. In a recent study on cattle auctions, Mitchell (2020) estimated
preconditioning premia ranged between $7.59 and $9.03/ cwt, with a mean of $8.31/
cwt for cattle weight between 500 to 600 lbs, and between $5.49 to $7.15 with a mean of
$6.32/ cwt for cattle weight between 600 to 700 lbs. Our estimated cost of preconditioning a
618 lb cattle is $4.14/ cwt, which is 65% of the mean premium for 600–700 lbs cattle. Our
estimated preconditioning net benefit of $8.05/ cwt is in line with the average for 500 to
600 lbs cattle. Using the mean preconditioning premium of $6.32/ cwt as reference implies
a preconditioning premium of $39 for a 618 lb animal or $13.46 over the preconditioning
cost per animal. The distributions of the two feedlot management qualities for the two

Figure 4. Probability density functions of net returns to the feedlot, under high (H) and low (L) feedlot
management level, for preconditioned (P) and non-preconditioned (NP) cattle including the mean
preconditioning premium for 600–700 lbs cattle of $6.32/cwt. Dashed lines represent the average net
returns for each management level and preconditioning status. Each distribution was simulated with
2500 iterations.
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preconditioning status cattle, when the mean preconditioning premium of $6.32/ cwt is
included, are shown in Figure 4.

Under the scenario depicted in Figure 4, preconditioned cattle no longer stochastically
dominate non-preconditioned cattle in the first nor second order for high-quality feedlot
management. The expected net return of preconditioned cattle with a preconditioning
premium of $6.32/ cwt under high-quality feedlot management is lower than that of non-
preconditioned cattle (-$108 and -$97, respectively). Non-preconditioned cattle first-order
stochastically dominates preconditioned cattle for high-quality management, however, for
low-quality management feedlots, preconditioned cattle continue to stochastically
dominate in the first order. An implication of these results is that feedlots operating
under high-quality management would prefer non-preconditioned over preconditioned
cattle with a premium of $6.32/ cwt. Similarly, low-quality management feedlots benefit
the most when purchasing preconditioned over non-preconditioned cattle.

If the preconditioning premium only covers the cost of preconditioning, high-quality
feedlot managers would prefer to purchase preconditioned cattle over non-preconditioned
since it would stochastically dominate in first order (not illustrated). Figure 4 shows that
when the preconditioning premium is the average market premium of $6.32/ cwt, it can be
sufficiently high as to make the high-quality management feedlot prefer non-
preconditioned over preconditioned cattle. For medium-quality feedlot management,
the preconditioning price premium must be larger than $6.32/ cwt to make
preconditioning cattle too expensive for feedlots, for low-quality feedlot management,
the premium must be much larger for the feedlot manager to prefer non-preconditioned
over preconditioned cattle.

The simulated optimal contract design for feedlots under the three management levels
and various levels of risk aversion are shown in Table 7.

When the feedlot operators behave as if they are risk averse, an optimal contract can be
constructed that is preferable to taking full ownership of the incoming cattle. Depending
on the management level of the feedlot, the fixed payment to the calf producer differs, but
not the optimal profit share per animal.

An observation from Table 7 is that high-management feedlots find the returns of non-
preconditioned cattle comparable to those of preconditioned cattle. The difference in
profit per animal of preconditioned vs non-preconditioned, from Table 7, is about 1.7% for
a high-management feedlot and about 15% for a medium management feedlot. Medium
and low-management feedlots would be willing to pay a higher premium than high-
management feedlots.

Contracts when preconditioning status cannot be certified
When calf producers precondition cattle but are not enrolled in any certification protocol,
the feedlot operator can develop a single contract for all preconditioning status cattle that
incentivizes preconditioning. This scenario is similar to a case where cattle quality
(genetics, producer management) cannot be observed by the buyer. The contract should
disincentivize the non-preconditioned calf producer from selling at a feedlot by linking the
calf payment to feedlot performance. The CE of the non-preconditioned producer is
negative (indicating a disutility compared to selling at the cash market), while that of the
preconditioned producer is non-negative. In all risk preference scenarios, the optimal
single contract always gives the calf producer full ownership of their cattle (α= 0). For
clarity we only present the results, in Table 8, of the optimal single contract for low, high,
and all quality management. Because the optimal contract is α= 0, the risk preference of
the feedlot operator is not relevant.

Agricultural and Resource Economics Review 15
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Table 7. Optimal solution under various scenarios of risk preference for calf producers and feedlot operators

Risk preference Contract Preconditioned Contract Non-Preconditioned Feedlot Profit Preconditioned Feedlot Profit Non-Preconditioned

Producer r= 0.001
Feedlot Operator r= 0

Management Efficiency:
Low

�= 1
�= 1116.37

�= 1
�= 991.87

−173.66 −229.34

Med −130.18 −149.86

High −94.92 −96.51

Producer r= 0.001
Feedlot Operator r= 0.0006

�= 0.63 �= 0.63

Management Efficiency:
Low

�= 758.15 �= 702.18 −173.67 −229.41

Med �= 751.49 �= 680.36 −130.19 −149.89

High �= 738.44 �= 660.60 −94.93 −96.53

Producer r= 0.01
Feedlot Operator r= 0.0006

�= 0.94 �= 0.94

Management Efficiency1:
Low

�= 1059.81 �= 946.14 −173.67 −229.36

Med �= 1057.20 �= 941.36 −130.18 −149.87

High �= 1055.08 �= 938.15 −94.93 −96.52
1Management Efficiency refers to Feedlot Operators. � 2 0; 1� � is the share of the net return of the finished cattle received by the feedlot, and 1� �� � is the share received by the cow-calf operator. �
is a fixed amount paid to the cow-calf operator by the feedlot in dollars per head. r is the Arrow-Pratt risk aversion coefficient.

16
Leslie

J.V
erteram

o
C
hiu

et
al.

https://doi.org/10.1017/age.2025.10 Published online by Cambridge University Press

https://doi.org/10.1017/age.2025.10


One contract for all incoming cattle, regardless of the preconditioning status,
certification, or producer reputation, can be created that incentivizes producers of
preconditioned cattle to accept while disincentivizing non-preconditioned cattle producers
from accepting. All single contract specification sets α � 0, and β to different values
depending on the risk preference of the producer and the management level of the feedlot.
The disincentive for non-preconditioned cattle producers (as captured in their CE) is
larger for low-quality management feedlots. In fact, the disincentives for non-
preconditioned cattle producers are very small for high-quality management feedlots.

Conclusion

Our study illustrates how an agricultural value chain with heterogeneous processors and
suppliers can use optimal contracts to price inputs of various qualities. We used the US
beef value chain as an illustration of how a risk-sharing contract in which the ownership of
the cattle is retained throughout the feedlot is analyzed. An important result is that

Table 8. Optimal single contract design under two scenarios of risk preference for the producer, assuming
risk neutrality of the feedlot operator

Risk preference Contract

CE non-
preconditioned pro-

ducer
Feedlot profit pre-

conditioned
Feedlot profit non-
preconditioned

Producer r= 0
Feedlot
Operator r= 0

Management
Efficiency:
All Levels

�= 0
�= 132.24

−24.16 −132.24 −132.24

Low �= 0
�= 173.66

−55.68 −173.66 −173.66

High �= 0
�= 94.92

−1.59 −94.92 −94.92

Producer
r= 0.001
Feedlot
Operator
r= 0.0

Management
Efficiency1:
All Levels

�= 0
�= 132.70

−25.07 −132.70 −132.70

Low �= 0
�= 173.73

−56.08 −173.73 −173.73

High �= 0
�= 94.96

−1.64 −94.96 −94.96

1Management Efficiency refers to Feedlot Operators. � 2 0; 1� � is the share of the net return of the finished cattle received
by the feedlot, and 1 � �� � is the share received by the cow-calf operator. � is a fixed amount paid to the cow-calf
operator by the feedlot in dollars per head. r is the Arrow-Pratt risk aversion coefficient.
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efficient processors may not value certain input quality attributes as much as less efficient
processors, where both processors produce the same output, and the quality attribute of
the input affects production efficiencies. This approach can be used to analyze other food
value chains in which inputs can be supplied with different quality levels and where the
buyers of those inputs are food processors that value quality differently.

We simulated the net return distribution to the feedlot of preconditioned and non-
preconditioned cattle and created optimal contracts under various performance conditions
that allow the feedlot to incentivize preconditioned cattle producers to offer their calves to
the feedlot while disincentivizing non-preconditioned cattle from entering the feedlot. We
found that when the producer is risk averse and the feedlot operator is risk neutral, the
optimal solution is for the feedlot to take full ownership of the incoming cattle and
resultant revenue. However, when the feedlot operator shows some degree of risk aversion,
the share of the revenue of the finished cattle given to the producer is non-zero.

The optimal contract differs by assumptions of feedlot management quality. We found
that high-management feedlots favor almost equally desirable preconditioned as well as
non-preconditioned cattle. Low-quality management feedlots benefit the most from
introducing preconditioned cattle to their feedlot operation.

When preconditioning cannot be certified, a single contract can be developed that
maximizes feedlot revenue while incentivizing preconditioning cattle offers.

Our study illustrates that although preconditioning cattle can be sold at a premium,
certain types of feedlots may be indifferent between purchasing preconditioned or non-
preconditioning. Our analysis helps explain why preconditioning is not a dominant
strategy for calf producers.

Certifications of quality features that improve processing and transportation
efficiencies require a cost and time commitment from producers, which in some cases
may not be reflected in higher prices received by producers.
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