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Abstract

Sometimes authorities are unable to identify rapidly the origin of a tainted prod-
uct. In such cases, recalls or warnings are often applied to all suppliers, which
means that the recall applies to suppliers of products that had not contributed to
the contamination. One benefit of traceability is to enable more targeted recalls,
identifying more specifically the product’s origin. In this article, we show how
increased traceability contributes to protect the reputation of industries by poten-
tially limiting the size of product recalls. We also show the relationships between
the optimal degree of traceability and the level of food safety with many identical
small farms in a competitive industry and for an industry using collective action
to set rules and standards.
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If the postal service can track a package from my office in Washington
to my office in Columbus, we should be able to do the same for food
products.[U.S. Senator Sherrod Brown (D-OH)]!

1. Introduction

Safety of food products has become a recurring headline. Recent well-publicized
food safety incidents, including those associated with, eggs, fresh produce, peanuts,
pistachios and imported food products, have raised interest in the traceability for
food. In Europe, Regulation 178/2002 requires the traceability of all food in the
European Union (European Union 2002). The pet food contaminated by melamine-
tainted ingredients imported from China and the 2007 cases of melamine-tainted
dairy products have raised interest in the traceability of imported food products and
ingredients (Roth et al. 2008). Recently, the President’s Food Safety Working Group
has recommended a new national traceback and response system to deliver food safety
alerts to consumers (President’s Food Safety Working Group 2009).

Traceability has received the most attention for food products. Some charac-
teristics of the food industry explain this interest, including: 1) many food products
are marketed unbranded and consumers are unable to know who supplies a particular
product; 2) many small suppliers that deliver a homogenous product; 3) products
from many suppliers are mixed at many stages of food supply chains; 4) a food safety
incident may affect the health of many consumers in short period of time; 5) people
must continue to eat which makes the demand for food is very inelastic; and 6) con-
sumers have a deep sense (unfounded) that food, as a fundamental good, should be
safer.

One collective, industry-wide motivation for improved traceability is the pro-

tection of the general reputation of an industry from negative demand shocks caused

1Senator Sherrod Brown is reacting to data showing 1,900 cases of foodborne-illness injuries in Ohio
in 2008. Available at http://tinyurl.com/29qwnz3. In 2009, Senator Brown introduced bill S. 425
that establishes a national traceability system for all food under the Food and Drug Administration
jurisdiction.



by safety incidents. The finding of E. coli tainted spinach in September 2006 illus-
trates the potential role for traceability to protect the reputation of an industry. Soon
after spinach was identified as the vector of E. coli, the contaminated spinach was
traced to Natural Selection Foods as the packer. However, because the Food and Drug
Administration (FDA) was unable to rapidly identify the farm source of the outbreak
and to isolate the contaminated spinach, it advised consumers on September 14 not
to eat bagged spinach. Stores did not limit their response to the bagged product and
pulled all fresh spinach from the shelves (CDC 2006). The farm of origin was only
identified with further extensive investigation. However, the precise means by which
spinach was contaminated could not be identified. The delivery of tainted spinach by
one grower caused the largest recall ever for leafy-green products (USDA Agricultural
Marketing Service 2007). Six months after the outbreak, the retail sales of bagged
spinach were still below the previous year level while the consumption of bunched
spinach had rebounded (Calvin 2007).

Similarly, the FDA recommended on March 25, 2009 that consumers not con-
sume pistachios or pistachio-containing products. This announcement was made
following the discovery by a Kraft supplier, Georgia Nut Company, that a sample
of pistachios delivered by Setton Pistachios had tested positive for four strains of
Salmonella. The FDA recommended that consumers avoid eating pistachios and
pistachio-containing products from all origins. No case of foodborne illnesses related
to Salmonella contaminated pistachios has been reported and only a single sample of
pistachios has tested positive for Salmonella. The strong reaction of the FDA came
at a high price for the pistachio industry and the economic consequences are not yet

known.?2

2 At the time of the discovery of Salmonella in pistachios, the FDA was facing harsh criticism after
the case of Salmonella in peanut butter.



Consumers sharp response to announcements of product safety failure is not
unique to the food industry. In 2007, several toys mostly produced in China were
subject to recalls because of high levels of lead content. Freedman, Kearney, and Led-
erman (2009) find that the sales of the type of toys involved in the recalls experienced
above average losses during the Christmas season. The authors also find evidence of
industry-wide spillovers as manufacturers not involved in the recalls also saw their
sales decrease.

These incidents show how a single source of contamination can affect an entire
industry because of a lack of traceability. For instance, if the origin of the contami-
nated spinach had been identified quickly, a much smaller quantity of spinach could
have been removed from the market, a smaller share of the industry could have been
affected, and consumers could have been provided with information much sooner.
Delays in traceability can have important consequences for an industry.

This article examines analytically how traceability systems that protect the
general reputation of an industry affect safety and profits. In the model developed
in this article, the safety reputation of an industry, defined simply as a group of
firms producing a homogenous product, is challenged by randomly occurring safety
incidents. Unlike Pouliot and Sumner (2008), we do not deal with the traceability of
products through a supply chain. Also, we do not deal with contractual arrangements
and the potential for traceability to reduce information asymmetry. Rather, we focus
on how product safety incidents affect demand and how the potential rapid traceback
affects safety and profits under alternative demand specifications.

In our model, output is sold in two marketing periods and each farm plans to
deliver a food product in each period. Before delivery in the second marketing period
however, the safety of each unit of food delivered in the first period is discovered.
When traceability is successful, only farms that delivered a safe food product in

the first marketing period can sell their product in the second marketing period. If



the traceability of unsafe food to the specific farms and products of origin is not
successful, all farms are deemed potential sources of contamination and the food
products supplied by every farm in the industry are withdrawn under an industry-
wide recall or recommendation by health authorities to avoid consumption of that
product.

The model in this article builds on the absolute response of authorities when
there is any doubt about safety. The model assumes that rather than leaving any
potentially contaminated food in the market, authorities recommend the removal of
all suspect food or recommend that consumers stop consuming the food product. The
recent cases of E. coli in spinach and Salmonella in pistachios are examples of the
strong reaction of food safety authorities.

We compare the profit maximizing level of safety for identical farms in a com-
petitive industry and for a collective industry-wide organization that maximizes the
profit of its members. We investigate how the incentives for farms to deliver safe food
change when food traceability is augmented. We show that under some demand spec-
ifications, expected revenue of farms may increase when food is less safe and therefore
more product is withdrawn from the market. We demonstrate that, in some cases,
farms acting collectively have a reduced incentive to supply safe food compared to
farms acting individually when traceability is increased. However, we find that an
industry organization does not increase members’ profits by using traceability strate-
gically to induce farms to reduce food safety. Moreover, we show that an industry
organization increases traceability by more when individual members under-supply

safety.



2. Related literature on reputation and recalls

This paper relates to literature on firm reputation and product recalls. We discuss
related literature on moral hazard, adverse selection and signaling in the section that
describes the model.

Our model differs from much of the reputation literature where the focus is
on how a reputation is established and how reputation can be used strategically.
For instance, in Klein and Leffler (1981), reputation may serve to enforce contracts
without a third party enforcer. Kreps and Wilson (1982) and Milgrom and Roberts
(1982) show that reputation effects can be obtained in their finite horizon models of
entry deterrence if information is imperfect. In Tirole (1996), the reputation of a
group is determined by the action of its members.

The reputation model of Carriquiry and Babcock (2007) applies to the collec-
tive reputation of food suppliers for food quality. In their model, firms can implement
Quality Assurance Programs of varying stringency. The authors find in their duopoly
scenario that firms invest less in Quality Assurance Program when reputation is pub-
lic, i.e. there is no traceability to the firm of origin, than when reputation is private,
i.e. perfect traceability to the firm of origin.

McQuade, Salant, and Winfree (2010) links traceability to the collective rep-
utation of firms. The authors consider that firms can choose a profit maximizing
quantity and a profit maximizing quality. McQuade, Salant, and Winfree (2010) do
not model the implementation of a traceability but consider the case where consumers
know the country origin of food products and consumers observe the reputation of
a country food suppliers for supplying quality products. Thus, traceability in their
model is not specific to the firms but to the country of origin, similar to the Country
Of Origin Labeling (COOL) now applied to fresh produce, meat and seafood in the

United States.



Our manuscript also differs from previous literature on product recall. The
literature on product recall focuses mostly on durable good. However, the assumptions
in our model are consistent with findings in the empirical literature on product recalls.

The literature has emphasized on the effects of product recalls on market
stock and product demand. Findings are mixed regarding the effect of recalls on
shareholders. Jarrel and Peltzman (1985) find that shareholders bear losses that are
larger than the cost of recalls. Hoffer, Pruitt, and Reilly (1988) revisited that analysis
and find little evidence that shareholders are significantly affected by recalls. Hartman
(1987) finds that a recall negatively affects the resale value of a car model. Our model
relates to the theoretical work of Marino (1997) where regulation, liability or recalls
provide incentives for firms to deliver a safe product. Our work differs in that firms are
anonymous when traceability is not available such that liability cannot be allocated.
The lack of traceability also causes all firms to be affected by the discovery of unsafe
product.

Our model offers new insights by relating the recall of a product to the speci-

ficity of an incident and the number of firms that it can be linked to.

3. Definition and setup of the model

The model is designed to apply to food traceability. Slight modifications of the model
would accommodate other industries. The model considers that a government agency
or an industry organization decides of the minimum degree of traceability. Either the
industry organization sets a minimum food safety effort or individual farms choose
their effort to make food safe. Then, given traceability and food safety requirements
(if any), farms deliver food over two marketing periods: marketing period 1 and mar-
keting period 2. The model is meant to replicate a typical industry where production

decisions occur during the “off season” and where information about the quality of the



crop is realized at marketing.® Figure 1 shows the sequence of events in the model.
We explain details of the sequence of events and other model specifications in this
section.

Each of the N identical risk-neutral farms produces two units of food: the farm
delivers one unit of food in marketing period 1 and is prepared to deliver one unit of
food in marketing period 2. Safety is measured by the probability that food is safe.
Being identical, every farm has the same chance of producing unsafe food. The safety
of the food delivered by a farm in marketing period 1 is the same as the safety of the
food delivered in marketing period 2. Thus, if food delivered by a farm in marketing
period 1 is tainted, the food that would have been delivered by that farm in marketing
period 2 is also tainted.?

At delivery, a farm does not know whether its output is tainted or not.”> Before
the beginning of the second period, the safety of food delivered in the first period is
discovered and a governmental agency attempts to trace the contaminated food to its
origin.

Note that the timing regarding the discovery of the quality of food is different
than prior literature on product quality. Here firms are unable to signal the quality of
their product because it too costly for them to test its quality. This is unlike Viscusi
(1978) where a firm can incur a cost to reveal the risk of a hazardous job. A similar
certification (imperfect) process takes place in Mason and Sterbenz (1994). In these
papers and in other literature, testing or quality certification happens before the sale
of the product. Here we explore the effects on an industry of food safety accidents

that are discovered after a food product is sold. Note also that the lack of information

3The model applies in the form presented applies to other industry where season is important. For
example, in the toy industry where most sales occur during the Christmas season.

4 Alternatively, we could assume that the safety of food in marketing period 1 is not perfectly
correlated with the safety of food in marketing period 2. This would imply that some unsafe food is
marketed in period 2.

5We also use words “tainted” and “contaminated” to describe unsafe food.



about the quality of the product is symmetric. Neither the seller nor the buyer know
whether a particular unit of food is safe or tainted ex ante. Thus, there is no adverse
selection in our model.

The model considers the implementation of an industry-wide traceability sys-
tem. The same degree of traceability applies to all farms. In practice, for some
products traceability is implemented by private firms as a signaling device to resolve
an adverse selection problem. We do not consider such product differentiation in this
model with identical farms.

Traceability refers to the ability to trace the origin of a food product. Trace-
ability is accurate in the sense that an innocent farm is never accused and a guilty
farm is never exonerated. Relaxing the assumption of accurate traceability by allow-
ing for errors in traceability does not affect our results. The degree of traceability is
simply the probability of identifying the farm of origin.® Let T € [Tin, 1) be the prob-
ability that the product of a farm can be traced to its origin. Background traceability,
Tin = 0, is the degree of traceability when no food traceability system is implemented
and farms spend no resources on traceability.

When delivering its unit of output in period 1, a farm knows that if its prod-
uct is tainted, it will be accurately traced back with probability T. Note that the
traceability system fails to identify the origin of a tainted unit of food with proba-
bility 1 —T. Therefore, farms know that even if their own food turns out to be safe,
the lower the degree of traceability, the more likely it is that a food safety incident
originating from a single farm blocks sales in marketing period 2 for every farms in

the industry.

6We consider that traceability is either successful or not. In some situation, traceability success
increases when investigators can use time-intensive technologies. However, the current model does
not deal with the dynamics of traceability other than during a harvest season.



3.1. The market price

The equilibrium prices of food in marketing periods 1 and 2 are determined by the
intersection of the demand and the supply. For simplicity, in the first marketing
period, buyers base their expectation of food safety only on the observed safety of
food in the previous year crop, which is exogenous to our model. This is consistent
with the evidence in Boecker and Hanf (2000). Each of the N farms is paid P; in the
first period and sells one unit of food in marketing period 1. Thus N is also the total
quantity of food in the first marketing period.

The safety of food in marketing period 1 is discovered by buyers before the
beginning of marketing period 2 (figure 1 shows the sequence of events). In the second
marketing period, the price paid to a farm for delivering food depends on the size
of a food safety incident in the first marketing period, if any. When k farms other
than farm i deliver unsafe food in marketing period 1, the price received by farm i in
marketing period 2 depends on whether the defective products can be traced to their
origin. Only the farms that delivered safe food in marketing period 1 are allowed to
deliver one unit of food in marketing period 2. In the case where all the unsafe food is
traced, the equilibrium price of food in the second marketing period is P[(N —k),d(k)],
where (N —k) is the quantity of safe food when k farms deliver unsafe food and d(k)
is a demand shifter that reflects the perceived reliability of the industry by buyers
when traceability works. If no unsafe food is detected in marketing period 1, the
price of food in marketing period 2 is P[N,d(0)] > P;. For simplicity, when unsafe
food cannot be traced to its origin, all farms are considered as the potential supplier
of unsafe food and no farm can sell food in the second marketing period. That is, the

effective price of food to sellers equals zero.”

"The seemingly extreme assumption that a lack of traceability precludes any marketing was ap-
proximately satisfied in the 2006 spinach case. Nonetheless, the results of our analysis change only
slightly if some products were sold in marketing period 2 even if complete traceability was not
successful.



In practice, food safety agencies sometimes seem more cautious than what our
model assumes. The agencies might warn consumers to stop eatings all products from
an industry when a food safety incident happens regardless of whether traceability
is successful. In such cases the role of traceability is to reduce to delay before the
agency rescinds the warning. Thus, even in this case, the role of traceability is similar
to the one assumed here because farms not involved in the incident benefit from more
rapid traceback while farm(s) responsible of the incident cannot sell their product.
That is, the profit of farms not involve in the food safety event is larger because the
tainted food is more rapidly traced to its origin.

The model focuses on the choice of food safety by farms rather than on the
socially optimal level of food safety. Thus, this model does not deal with the health
consequences of unsafe food but recognizes that the detection of unsafe food in mar-
keting period 1 affects the demand in marketing period 2. In our model, food is safer
in marketing period 2 because governmental authorities remove all unsafe food in
marketing period 1. However, the model includes buyer’s reaction to the announce-
ment that unsafe food has been detected. This assumption captures the fact that
buyers are often not fully informed and data show that they often over-react to an-
nouncements of food safety events. Empirical evidence suggests that consumers do
not react positively to the discovery of unsafe food even though food is said to be
safe. Examples include the long lasting effect on the demand for spinach following
the September 2006 E. coli outbreak (Calvin 2007) and the case of pesticide contam-
inated milk in Hawaii in 1982 (Liu, Huang, and Brown 1998). One interpretation of
the shift in the demand is that consumers make Bayesian inferences on the reliability
of food providers. For instance, in Boecker and Hanf (2000) consumers revise their
beliefs in the reliability of suppliers at each period depending on the safety of the

products their delivered in the previous period.

10



The price in marketing period 2 is a decreasing function of the quantity of safe
food marketed, oP[(N —k),d(k)]/d(N — k) < 0. The price is an increasing function of
the magnitude of the demand shift caused by the delivery of unsafe food, dP[(N —
k),d(k)]/od(k) > 0, where d(k) is a decreasing function of the number of farms that
delivered unsafe food in marketing period 1 such that dd(k)/dk < 0. Buyers revise
their beliefs on the safety of food delivered by the industry in response to the number
of farms that have delivered unsafe food in the first marketing period.

The confidence of buyers in marketing period 2 depends only on the share of
food that is found unsafe in marketing period 1, which is conveniently represented by
the number of farms failing to supply safe food, k. That is, if the problem is thought
to be widespread, the demand curve shifts down by more. Of course, the confidence
of buyers could be influenced by other factors, but we abstract from other demand
shifters.

The model recognizes that when k farms failed to supply safe food in marketing
period 1 has an ambiguous effect on the equilibrium price in marketing period 2 when

food is traced to its origin

 PIV-R.d®) PN K),d(K) PN k), d(R)] ()
(1) ok ST aN—k T adw) T

We refer to the first term on the right-hand-side of (1),

OP[(N —k),d (k)] O(N — k)
 o(N—k) ok

>0,

as the quantity effect. It says that the price increases when a smaller quantity of food is
made available to buyers (the demand curve slopes down). This effect recognizes that
farms whose products are not recalled or otherwise remain the market benefit when

competitors’ products are removed. We label the second term on the right-hand-side

11



of (1),

oP[(N —k),d (k)]
ad (k)

<0,

as the confidence effect. This effect recognizes that the shift in demand affects nega-
tively the suppliers that are not responsible for a food safety problem. If the quantity
effect is larger than the effect of the loss in confidence then an increase in the number
of farms delivering unsafe food increases the price. The price falls when the confidence
dominates the output effect.

Figure 2 illustrates how the price in the second marketing period is determined.
In both panels, k farms delivered unsafe food in marketing period 1 such that the
supply shifts from N to (N —k). The supply is perfectly inelastic because each farm
has one unit of output and we do not consider the entry or the exit of farms. In panel
a), the demand shifts from D(0) to D,(k) but the equilibrium price is larger when
k farms deliver unsafe food than when all food is safe because the quantity effect is
larger than the confidence effect. In panel b), the demand shifts from D(0) to Dy (k)
so that the loss in confidence is larger than the output effect which implies that the
equilibrium price is smaller when k farms deliver unsafe food compare to when all
food is safe.

In the 2006 E. coli outbreak in spinach, the confidence effect clearly dominated
the quantity effect. It appears that some consumers still did not trust the safety
of spinach six months after the incident because sales of spinach were significantly
below their previous-year level (Calvin 2007). The case of the discovery of Bovine
Spongiform Encephalopathy (BSE or mad cow) in Canada in May 2003 is not a
direct application of the model in this article but illustrates a case where consumers

did not seem to have reacted negatively to the discovery of unsafe beef. Cattle and

12



beef markets in the United States and Canada were highly integrated.® After the
discovery of BSE in Canada, imports of cattle and beef from Canada were banned in
the United States, reducing the supply of beef in the United States by almost 4%.
However, the discovery of BSE in Canada did not trigger a strong negative reaction
for beef as a whole from American consumers and the quantity effect dominated the

confidence effect, driving the price of beef up (Mathews, Vandeveer, and Gustafson

2006).

3.2. The expected revenue of farms

The production of unsafe food is accidental. However, farms can devote more re-
sources to food safety and reduce the probability of tainted food. The food supplied
by a farm i in both marketing periods is safe with probability p; and tainted with prob-
ability (1 —p;). The probability that a farm i delivers safe food is independent of the
probability that farm j delivers safe food. Since an unsafe food item occurs randomly
and all farms are identical, p; is the ez ante probability of safety and p; = p;Vi, j.

The expected revenue for a farm i in the second marketing period is conditional

on the delivery of safe food

(2) E[Ri|Si] = piE[Ri|S]]+ (1 — pi)E[Ri|S)] = piE[RiIS]],

where Sl-1 means that the food from farm i is safe and S? means that the food from
farm i is unsafe. The payoff to farms that delivered unsafe food in marketing period 1
is always zero in marketing period 2 because these farms are not allowed to sell such
that E[R|SY] = 0. Therefore, the expected revenue of a farm i in marketing period

2 depends on the probability that its food is safe in marketing period 1, p;, and the

8Before the adoption of country of origin labeling requirements by the United States, Canadian
beef and American beef were not differentiated in the market.

9Such a normalization of demand to zero when a farm has a reputation for delivering an unsafe
food product is roughly consistent with a sharp decline in the aggregate demand when consumers
react to a food safety event.

13



expected revenue given that it has delivered safe food in marketing period 1, E [R,-|Sl-1].
To avoid notation clutter, we write that E[R;|S!] = E[R] such that we can write that
the expected revenue for the second marketing period is E[R;|S;] = piE[R].

The expression for E[R;|S;] includes the probability that food from farm i is safe
but the expression for E[R;|S}] = E[R] does not. The expression for E[R] accounts for
the expected number of farms other than farm i delivering unsafe food in marketing
period 1 and whether traceability to the origin of the food safety problem succeeds.
E[R)] is therefore exogeneous to farm i. We develop below the expression for E[R].

The probability that k farms other than farm i deliver unsafe food in period 1
is given by a binomial distribution function

@ provti) = (V1 )pV -

Nfl)

N-1)! . . . .
where ( X (W—1) - is the binomial coefficient.'” Because the occurrence of un-

= A(N-1-%)
safe food and successful tracing are independent events, the probability that each
unsafe food unit from k farms is traced successfully is given by TX. The joint proba-

bility that k& farms supply unsafe food and that all the contaminated food is traceable

to the k farms is given by
. N—=1\ N1k kork
(4)  Prob(k, Traceability succeeds) = . )P (1—p)*T".

Analogously, the probability that k farms other than farm i deliver unsafe food but

that traceability to the k farms fails is

(5)  Prob(k, Traceability fails) = (le 1> pV IR (1 —p)k(1 = T%).

100ne alternative to the binomial distribution function is the poison distribution function: Prob(k) =

Ak
o 2 where A =N(1—p). The results are not affected by the choice of the distribution function.

14



In this model, the probability of tracing a food product to farms i is independent
of the probability of tracing a food product to farms j and therefore the probability
of tracing a food product to its origin does not depend on the number of farms N.
Moreover, traceability is used only to identify the origin of unsafe food and is not
used to show that a farm is not involved in a food safety incident. Recall that a single
failure is enough to assure that no food is marketed in period 2.

Farms delivering safe food in marketing period 1 are paid P[(N —k),d(k)] in
marketing period 2 when k farms deliver unsafe food and all unsafe food is traceable.
Multiplying the price in period 2 by the probability expressions (4) and (5) and
summing over all possible outcomes allows us to write the expected revenue of farm

i in marketing period 2 as

N—1
E[R;|Si] = piE[R] = pi Z Prob(k, Traceability succeeds) x P[(N —k),d(k)]
k=0
N-1
+pi Y Prob(k, Traceability fails) x (0)
k=0
N—1

o N—=1\ N_i—k/y  \kpk _
o X (V) ey - )

Hence, the expected revenue for one unit of food delivered by farm i in marketing
period 2, depends on the probability that farms i delivers safe food, p;, the quantity
of safe food delivered in marketing period 1, (N —k), the ex ante probability that food
is safe, p, the degree of traceability, T, and the reaction of buyers in period 2 to the

delivery of unsafe food by k farms in marketing period 1, d(k).

3.3. The profit mazimizing level of food safety for individual farms

The expected profit of a farm i over the two marketing periods is given by

(6) E[I] =P —2C(p;;T)+ piE[R],

15



where C(p;,T) is the cost in each period of supplying one unit of food that is safe
with probability p; and traceable with probability T.'' The gains from increased
traceability, through an increase in E[R], occur only in the second marketing period
and depend on the probabilistic occurrence of lapses in the safety of food.
Implementing a traceability system and making food safe is costly. We there-
fore write that the cost per unit of food depends on the safety of food and on the
degree of traceability and is denoted by C(p;,T). The cost of maintaining traceability
per unit of food may include the cost of labeling, the cost of segregating product
from different origins, and the cost of certification. For simplicity and consistent
with empirical evidence, we assume that the cost function is separable such that
0°C(p;,T)/9p;0T = 0. Traceability systems are generally recordkeeping procedures
that in general do not affect the cost of sanitation or other food safety measures.
Note that there is no cost associated with liability for unsafe food in (6).
Liability could easily be added to the model. However, the incentives for farms to
supply safer food from expected liability would be the same as in Pouliot and Sumner
(2008) and adding liability to the model would not affect the qualitative results. Thus,
for ease of presentation and to focus on the reputation effects, we ignore liability in the
rest of this article. Furthermore, traceability for the allocation of liability is different
from traceability to protect the reputation of an industry. It likely requires a higher
degree of specificity (or precision) to assign legal liability for a food safety problem to
an individual farms than the specificity needed to protect the general reputation of an
industry. However, the tracing process can take many months and still be the basis
for establishing legal liability and imposing cost on farms. If the time required to

trace is long, however, the damage on the reputation of an industry could be severe.

1YWe do not include a discount and storage factor to the revenue in the second marketing period
because its value is does not affect the model results.

16



Each of the N farms maximizes profit by choosing an optimal level of food
safety before marketing (and since they are identical, all farms choose the same p;).
Assuming that the safety of food is not regulated or regulation is not binding, the
interior solution for the maximization of (6) by identical farms with respect to the

safety of food, p;, is implicitly given by

(7)  E[R]—2C, =0,

where C, = dC(p;,T)/dp > 0.12 We assume that the marginal cost of safety increases
at an increasing rate, that is Cpp = 9°C(p;,T)/dp7 > 0, so that the second order
condition for profit maximization is satisfied. Denote by pf the equilibrium level of
food safety from solving (7).

Expression (7) does not include the price in the first marketing period. That
is because the price of food in the first period is fixed and does not depend on the
current level of food safety. This suggests a moral hazard problem in the delivery of
safe food. However, a firm is allowed to sell in the second period only if it delivers safe
food in the first period, whether the product is traced to its origin or not. Therefore,
the firm has private market incentives to deliver safe food to secure E[R] in the second

period and there is no moral hazard problem in this model.

3.4. The profit maximizing level of food safety for the industry collective

Industry organizations sometimes attempt to collectively influence product safety.
For instance, following the 2006 E. coli outbreak in spinach, the leafy-green industry
in California adopted a federal marketing order that mandates agricultural practices.
Almost all the leafy-green handlers participate in the agreement (California Leafy

Green Products Handler Marketing Agreement 2007). Similarly, in the late 1990s, the

12Recall that E[R] is not a function of p; but a function of p; where j is different than i. Therefore,
we find that E[R]p, = 0.
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California pistachios industry was concerned about aflatoxin. The industry initiated
a federal marketing order for California pistachios that sets mandatory testing and
inspection to lower the risk of food safety incidents (Gray et al. 2005). Filson et al.
(2001) studied the determinants of the implementation of a marketing order.
Consider an industry organization with the objective of maximizing the sum of
farms’ expected profits by choosing a uniform p for all farms. The profit maximizing
safety of food for the industry is implicitly given by the first order condition for the

maximization of (6), replacing p; by p because farms are identical

(8) E[R]+pE[R], —2Cp, =0,

where, with our assumption of a binomial distribution

N—1 _
(9) ERjp=1Y (Nk 1)pN1"(1—p)"TkP[(N—k),d(k)]
k=0

The difference between (7) and (8) is that the term pE[R], does not appear in (7).
The industry organization internalizes the effect of a change in the safety of food in
marketing period 1 on the expected revenue in marketing period 2 while individual
farms do not.!3

We assume that the second order condition is satisfied such that
(10) 2E[R]p + pE[R]pp —2Cpp <0.

Maximizing the profit of the industry collective by solving (8) yields p’, the profit

maximizing level of food safety for the industry collective.

13The comparison (7) and (8) is analogous to the comparison of the first order condition of com-
petitive farms maximizing profits with respect to output to the first order condition of a monopoly
maximizing profit with respect to output. That is, for competitive farms the price is exogenous while
a monopoly internalizes the effect of a change in the output on the price.
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Finally, consider as an alternative to food safety chosen by farms a minimum
food safety imposed by government regulation. Let p® denote the probability that
food is safe under regulation that government imposes on farms. Here, p® is exoge-
nously determined because the government considers issues that are outside the scope
of this model such as the societal cost of foodborne illnesses. We will bypass the reg-
ulatory details and simply call pX the mandated level of food safety resulting from
governmental regulation. If the government mandates a level of food safety that is
higher than the profit maximizing level of food safety for the farms or by the industry
organization, regulation is binding and p = pR. However, if the mandated level of food
safety is lower than the profit maximizing level of food safety for the farms, regulation
is not binding and p = p or p = p’. The comparison of pf and p’ is the subject of

the next section.

4. Comparison of the profit maximizing levels of food safety

Comparing equation (7) and equation (8), we observe that the pf may be larger or
smaller than p/ depending on the sign of the derivative of the expected revenue when

food is safe, E[R],. The following lemma provides conditions for the sign of E[R]p.

Lemma 1. The expected revenue for delivering one unit of food in marketing period
2, E[R|, decreases with respect to the probability that food is safe, p, when 1) the
confidence effect is small compared to the quantity effect so the price in the second
marketing period increases with respect to k, and 2) the degree of traceability is large

so the farms can secure revenue even when k is large.

Proof: See the appendix A.

For E[R], to be negative, the price when k is large must be high compared to
the price when k is small. This happens when the confidence effect is small compared
to the output effect. Moreover, the degree of traceability must be sufficiently large

such that the likelihood that a farm is paid when k is large is also high. The role of
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traceability is to secure revenue for a farm in period 2 when other farms delivered
unsafe food in marketing period 1. Still, because T € [Tyin, 1), the larger the number
of farms delivering unsafe food, the less likely it is that a farm delivering safe food
will be paid in marketing period 2.

Let us now turn to the comparison of an industry organization choice of food
safety and individual farms choice of food safety. Proposition 1 compares the choice of
food safety by farms acting independently to the choice of food safety by an industry

organization that maximizes the collective industry profit.

Proposition 1. A) If the confidence effect is large compared to the quantity effect,
the profit mazimizing level of food safety for individual farms is smaller than the
profit mazimizing level of food safety for the industry acting together, p¥ < p!. B)
Conversely, if the confidence effect is small compared to the quantity effect, the profit
mazimizing level of food safety for farms acting individually is larger than the profit

mazimizing level of food safety for the industry acting as a group, pf' > p'.

Proof: See the appendix A.

Part A) of proposition 1 highlights a potential industry collective good of
product safety. Each farm contributes to maintain the general reputation of the
industry by delivering safe food. If the industry cannot enforce its level of food
safety, individual farms choose a level of food safety that is low compared to what
is optimal for the industry. For part A) of proposition 1 to hold, buyers must react
relatively strongly in the second marketing period to the discovery of contaminated
food in the first period such that safe farms do not benefit from food safety events.
As a consequence, farms do not sufficiently internalize the effect of supplying unsafe
food on the other farms.

Part B) of proposition 1 states that individual farms may supply too much

food safety compared to what is profit maximizing for the industry collective. In such
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circumstances, the industry benefits from unsafe food being removed in marketing
period 2. This is equivalent to the industry excising a kind of market power.'4 Of
course, individual farms want their own product to be safe but gain revenue when
the product of some other farms is found to be unsafe. Thus, an industry agreement
to maintain loose food safety standards may be accepted by the group but individual
farms have an incentive to uphold higher than the agreed standard in order to become
more likely allowed in the market when a food safety event occurs and prices rise.
Obviously, the explicit and public encouragement of unsafe food as a volume
control mechanism would be difficult to justify by an industry organization. Part B)
of proposition 1 acknowledges that in some cases an industry may benefit from unsafe
food. It does not suggest that we would observe an industry organization explicitly
seeking to reduce the safety of food to achieve volume control.'”® However, we often

observe industries resisting governmental regulations that may increase food safety.

5. Effects of increased traceability on the safety of food

In this section, we examine the effects of an exogenous increase in traceability on the
safety of food chosen by individual farms or by an industry organization. The increase
in the degree of traceability can be set by the industry organization, or mandated by
the government or induced by a change in technology. We assume throughout that

background traceability, Thin, is achieved at zero costs to farms.

14WWe assume that the number of farms, which is also the quantity of food in the first period, is large
enough such that the total quantity of food marketed is larger than the profit maximizing quantity
for a cartel. This implies that the removal of food increases the total revenue of the industry if the
confidence effect is zero.

15Some industry organizations can achieve volume control with more direct instruments than product
safety. Volume control schemes have been common in agriculture (Filson et al. 2001). In the United
States, some federal marketing orders allow volume control practices. In Canada, the production of
milk, poultry and eggs are under supply control. The incidence of volume control on surplus is the
subject of a voluminous literature (see for example Rucker and Thurman 1990; Rucker, Thurman,
and Sumner 1995).
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5.1. Effects of increased traceability on individual farms’ choice of food safety
To derive the effect of an exogenous increase in the degree of traceability on the profit
maximizing level of food safety for farms acting individually, take the total differential
of the first order condition for profit maximization given by (7), holding constant the

number of farms
(11) E[R]pdp” +E[R)7dT —2Cppdp" = 0.

In evaluating (7), E[R]p, = 0 because E[R] is not a function of p;. However,
in (11), when performing comparative statics on (7), the partial derivative of the
expected revenue with respect to the probability that food is safe does not equal zero
because the displacement recognizes that all farms are identical, i.e p; = pf'Vi. Recall
that the sign of E[R], is the subject of lemma 1.

The partial derivative of the expected revenue when food is safe with respect

to traceability is given by

12) Rl - Y, (M )R e P )0
k=1

That is, more traceability increases the probability that a food safety incident is
isolated, thereby leading to a higher expected revenue in the second marketing period.

Solving (11) for the change in the profit maximizing level of food safety for
farms with respect to a change in the degree of traceability yields

dp" _ —E[R]r

13) 7 ~ E[R]p,—2Cpp’

As shown above, E[R]r is always positive, which implies that the numerator in (13) is

always negative. Thus the sign of (13) is the negative of the sign of the denominator.
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From the denominator of (13), the profit maximizing level of food safety for
individual farms increases when E[R], < 2Cpp. This condition is satisfied when E[R], is
negative or when E[R], is positive but small compared to 2Cpp. Analogously, the profit
maximizing level of food safety for individual farms decreases when E[R], > 2Cp,. The
condition can only be satisfied when E[R], is positive.

Let us consider how the denominator in (13) behaves as p/ approaches 1.0,
that is near complete safety. First, E[R], is positive but relatively small because E[R]
tends toward P[N,d(0)] as p approaches 1.0. However, Cpp is large because it is not
possible to make all food safe such that the cost function has an asymptote at p = 1.
This implies that the denominator in (13) becomes negative as p approaches 1 and
the level of food safety chosen by farms increases with respect to an increase in the

degree of traceability.

5.2. Effects of increased traceability on an industry collective choice of food safety
Next, let us consider the effect of increased traceability on the profit maximizing
level of food safety for the industry when farms are able to set food safety standards
collectively. We start by taking the total differential of the first order condition for
profit maximization with respect to the safety of food given by (8), holding the number

of farms constant
(14) 2E[R|pdp" + E[R]7dT + pE[R]ppdp’ + pE[R]prdT —2Cppdp’ =0,

where E[R]pr = 0°E[R]/dpdT .
Solving (14) for the change in the profit maximizing level of food safety for

the industry collective with respect to a change in the degree of traceability yields

dp’ _ —(PE[Rlpr +E[R]r)

15) —— = .
(15) dT  2E[R]p+ pE[R]pp —2Cpp
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The denominator is negative from the second order condition given by (10). Thus, the
sign of dp’ /dT is the negative of the sign of the numerator. When pE[R]pr +E[R]7 >0,
(E[R]pr can be positive or negative) the profit maximizing degree of food safety for
the industry increases with respect to increased traceability, that is dp’ /dT>0. When
PE[R|pr + E[R|7 < 0, the profit maximizing degree of food safety for the industry

decreases with respect to the degree of traceability, that is dp!/dT < 0.

5.8. Comparison of the effects of traceability on food safety

Proposition 1 shows that farms acting individually choose less food safety than farms
acting collectively when the confidence effect dominates the quantity effect. In this
case, the industry organization may have difficulties in enforcing a designated food
safety minimum standard.

Moreover, proposition 1 shows that the profit maximizing level of food safety
for farms acting individually is larger than that of the industry collective when the
quantity effect dominates the confidence effect. Of course, it is not likely that any
industry organization would explicitly limit the safety efforts chosen by its members.
However, an industry organization could discourage industry-wide traceability so that
individual farms choose lower levels of food safety. Proposition 2 shows when an
industry organization can use traceability to induce individual farms to choose a level

of food safety that approaches the optimal food safety for the industry.

Proposition 2. If food safety requlation is not binding and p¥ < p', increased trace-
ability induces farms to deliver safer food. Furthermore, in such a case, the profit
mazimizing safety of food for farms acting individually may approach the profit maxi-
mazing of level food safety for the industry collective. However, if food safety requlation
is not binding and p¥ > p!, then the industry organization cannot induce its members

to deliver food that is less safe by increasing the traceability of food.

Proof: See appendix A.
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Proposition 2 implies that food traceability can play only a limited role for an
industry organization to induce individual farms to spend resources to achieve a food
safety level that is closer to the profit maximizing level of food safety for the industry
collective. However, proposition 2 says that the industry organization cannot use
traceability to induce individual farms to lower the safety of their food in order to
exert volume control.

We examine the profit maximizing degree of traceability for the industry col-

lective in the next section.

6. Profit maximizing degree of traceability for the industry as a whole

Unlike earlier sections, here we consider endogenous traceability. We analyze the
conditions under which the industry organization increases the degree of traceability
given that augmented traceability induces changes in food safety.'® We first derive
the profit maximizing degree of traceability when the industry organization can set
both the safety of food and the degree of traceability. Then, we show the profit
maximizing degree of traceability for the industry collective when the safety of food
is set by individual farms. In both cases, we assume that before the intervention of
the industry organization that traceability equals T, We do not consider the case
where an industry strategically increases traceability to avoid future political action
and regulation as studied in Maxwell, Lyon, and Hackett (2000) in the context of

environmental regulation.

6.1. Profit maximizing traceability when the industry organization sets the safety of
food
Assume that the industry organization is able to enforce a minimum level of food

safety. The first order condition for the maximization of profit for the industry col-

I6Here, we do not consider the degree of traceability desired by individual farms lobbying for trace-
ability. The degree of traceability would differ from the industry collective desired degree of trace-
ability because individual farms do not internalize the quantity effect.
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lective with respect to the degree of traceability is given by

(16) % ol = pE[R]T —2Cr.

The first order conditions for the maximization of profit for the industry collective
with respect to the safety of food, expression (8), and with respect to the degree of
traceability, expression (16), together define the profit maximizing level of food safety
and the profit maximizing degree of traceability for the industry collective.

The industry organization does not increase the traceability of food when (16)
is less than zero at Thin. In that case, the marginal gains of increasing traceability,
PE(R]r, are smaller than the marginal costs of increasing traceability, 2Cr.

If expression (16) is greater than zero at T = Tpin, the industry organization
increases the degree of traceability until the marginal gains of increasing traceability

PE[R]r equals the marginal cost of increasing traceability 2Cr.

6.2. Profit maximizing traceability when individual farms set the safety of food
Proposition 2 states that when pf < p, the industry organization may be able to
induce farms to increase the safety of food by increasing the degree of traceability.
However, proposition 2 also states that when pf > p/ the industry organization is not
able to induce farms to reduce the safety of food by increasing traceability. Here, we
show how the induced change in the profit maximizing level of food safety for indi-
vidual farms affects the degree of traceability that maximizes profits for the industry
collective.

The industry organization knows how a change in the degree of traceability
affects farms’ choice of food safety and therefore sets the degree of traceability to

maximize the industry profit accordingly. After simplifying and using expression (7),
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the first order condition for the industry profit maximization is

OEM]| ap”
(17) AT o PE[R]r —2Cr +PE[R]pa_T-

Expression (17) equals zero for the interior solution.

When individual farms choose the level of food safety, the degree of traceability
chosen by the industry organization is influenced by the induced change in p*. In
(17), this is apparent because the term pE[R],(dpf /dT) does not equal to zero.

Clearly, the industry organization does not seek to increase the traceability
of food if (17) is smaller than zero when evaluated at Tyi,. In such case, the net
marginal gains from increased traceability are negative or the net marginal gains are
positive but are totally offset by the change in the profit maximizing level of food
safety for individual farms.

Proposition 2 shows that increased traceability does not cause pf to approach
p! when pf" > p!. If the industry organization encourages more traceability the net
marginal gains from increased traceability are partially offset because the product of
dp’'/dT and E[R], is negative (see proposition 1 and proposition 2).

Proposition 3 shows that when individual farms pick p, the induced change in
the safety of food from increased traceability may cause the industry organization to

augment the degree of traceability beyond what it chooses when it also chooses p.

Proposition 3. The industry organization increases the traceability of food beyond
the equality of pE[R]r and 2Cr (see equation (16)) if and only if: A) the level of food
safety chosen by individual farms is smaller than the profit mazimizing level of food
safety for the industry organization, pf' < p!, and B) augmented traceability induces

individual farms to increase the safety of food, dp* /OT > 0.

Proof: See the appendix A.
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The product of E[R], and dpF /oT must be positive for the induced change in
food safety to cause the industry organization to augment the degree of traceability
beyond the equality of the marginal gains from traceability and the marginal cost
of traceability such that E[R|r < 2Cr. Proposition 3 says that this can only happen
when pf < p! and 9p” /0T > 0.

The results of proposition 2 and proposition 3 taken together provide addi-
tional insights. Only when increased traceability induces the profit maximizing level
of food safety for individual farms to approach the profit maximizing level of food
safety for the industry collectively will the industry organization seek to increase the
traceability of food beyond the equality of pE[R|r and 2C7. When the industry or-
ganization cannot control food safety itself, it may choose more T than otherwise (or
to implement a new traceability system). This only happens when more traceability
causes the farm-chosen level of food safety to approach the industry-chosen level of

food safety.

7. Summary and conclusions

This article focuses on situations in which firms act collectively (directly or through
government regulation) to impose a traceability system on their industry in order to
limit the scope of product safety incidents that would otherwise affect a large group
of firms. Examples of industries adopting traceability to protect their reputation
include California strawberries and California cantaloupes. Other recent examples
include the efforts that have been undertaken by the U.S. and the Canadian cattle
industries to implement identification and traceability systems.

In this article, increased traceability protects the reputation of an industry
from randomly occurring incidents by isolating the product from firms that were the
source of the problem. The expected revenue of a competitive firm depends on the

probability that other firms have delivered unsafe products in an earlier period, the
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probability that unsafe products are traced to their origins, and the reaction of buyers
to the discovery of unsafe products. Increased traceability changes the incentives
for individual firms to supply safe products. The sign of the induced change in
safety depends on how much the confidence of buyers is shaken by the announcement
that unsafe products have been found compared to the price gain caused by reduced
quantities in the market.

We derive four main results related to traceability. First, we show that the
expected revenue of a farm delivering safe food may decrease when food is generally
made safer. This is possible when buyers react mildly to food safety incidents (small
confidence effect) while the price of food increases substantially when less food remains
on the market after a food safety recall (large quantity effect).

Second, as a consequence of the first result, the profit maximizing level of food
safety for individual farms does not equal the profit maximizing level of food safety
for the industry acting collectively. The level of food safety chosen by individual
farms may be higher than the level of food safety that would be specified by an
industry organization. As opposed to individual farms, the industry organization
takes into account the price impacts of reduced quantity of product remaining on
the market when unsafe food is detected and removed. The model incorporates the
fact that the industry collectively may benefit from food safety problems of some
suppliers when consumer confidence reacts mildly to discoveries of unsafe food.!” In
such case, one approach for an industry organization is to discourage traceability,
especially mandated traceability, to reduce food safety supplied by individual firms.
Conversely, when the confidence of consumers is more sensitive to food safety lapses,
the profit maximizing level of food safety for individual farms is lower than the profit

maximizing level of food safety for the industry collectively.

170f course, as emphasized above, we do not claim that industry organizations would explicitly use
food contamination as a volume control device.
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Third, we show that whereas an industry organization can use traceability
to encourage food safety, it cannot increase industry profits by strategically using
more traceability to induce farms to reduce food safety. We show that in such a
case increased traceability induces individual farms to augment food safety above the
level that would be chosen collectively and thus increased traceability would not be
pursued by an industry organization.

Fourth, the induced change in food safety from increased traceability may
cause the industry organization to increase investments in traceability by more when
farms individually under-supply food safety. The industry organization may want
to increase the degree of traceability even when individual farms over-supply food
safety. However, in such a case, the profit gains from better traceability are partially
or totally offset by the loss in profit from induced changes in the safety of food.

Our model can be applied to explore a number of food safety issues. For
instance, country of origin labeling may offer a sufficient degree of traceability to
protect the reputation of the home country if a food safety incident originates from
an imported food product. The results presented in this article suggest that home
country farms may benefit from an incident originating in the foreign country if the
confidence of consumers in the safety of the home product is not significantly affected
by the safety induced ban of the foreign product.

Other potential applications include analysis of the interaction between trace-
ability and collective minimum quality standards. For example, when wines are la-
beled with a particular region designation, a minimum share of grape must originate
from that region. Wineries that enjoy a positive collective reputation associated with
a high-quality region have incentives to substitute grapes from other regions. Fx post
testing of the origin of grapes is difficult. A traceability system is used to verify the
origin of grapes and punish wineries that misrepresent the origin of their grapes. Our

results extend directly to collective action and related incentives in this context.
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Appendix A: Proofs

This appendix provides the proofs to the propositions in the text.

A.1 Proof of lemma 1

The partial derivative of the expected revenue for a farm that delivers safe food with
respect to the probability that another farm j supplies safe food is given in the text
by (9). The last multiplicative term in (9), (1\/1}()](%‘);)))71(7 is positive for k smaller
than (N—1)(1 —p) but negative for k larger than (N—1)(1 —p). The sign of E[R], is
positive or negative depending on the weight given by p¥~1=%(1 —p)*T*P[(N —k),d (k)]
% since (9) is a weighted sum.

To identify the effect of traceability and the price of food on E[R]p, consider

for each k to in the term

first a case where food is always traceable, T = 1, and that the price is constant
and equal to 1, P[.] =1 for every k. This assumption implies that the confidence
effect and the quantity effect offset each other and that the weight given to positive
and negative values of %{ is not affected by the price or by traceability.
Under these assumptions, expression (9) simplifies to E[R], = 0. This means that
a necessary condition for E[R], to be negative is that the weight given to negative
values by T*P[(N —k),d(k)] for k > (N —1)(1 —p) must be larger in absolute value
than the weight given to positive values by T*P[(N —k),d(k)] for k < (N —1)(1 —p).
Thus, T*P[(N —k),d (k)] must be an increasing function of k.

A necessary condition for TKP[(N —k),d(k)] to be an increasing func-
tion of k is that the quantity effect dominates the confidence effect such that
OP[(N —k),d(k)]/ok > 0. Therefore, the first condition for E[R], < 0 is that the
quantity effect dominates the confidence effect. T¥ is a decreasing function of k
because T € [Tpin,1). However, 0*TX/0koT >0 as T is close to 1. Consequently, a

large degree of traceability contributes to E[R], <0, giving the second condition that

T is close to 1.01
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A.2 Proof of proposition 1
A) At p=pF, (7) must hold such that E[R] —2C, = 0. But if E[R], > 0, (8) cannot
hold when evaluated at pf. Since expression (8) defines p’, it implies that pf" # p!
because E[R], > 0. For expression (8) to hold, p/ > pF such that E[R] —2C, <0
because E[R]p > 0.

B) The proof is analogue to the proof of part A).O]

A.8 Proof of proposition 2

First, we show that E[R], < 0 is a sufficient but not necessary condition for E[R], 7 <O0.

The expression for E[R]p r is given by

2 N—1 _
(A1) PER] 1 (N 1

opoT _?Z k

)pN-l—ku DMTPIN — k), (k)K"
k=0

Following the argument in the proof of lemma 1, the sign of E[R]p 7 is determined by
the sign of the last multiplicative argument k%. Comparing (A1) to (9),
the condition for E[R]p7 < 0 is weaker than the condition for E[R], < 0 because k
multiplies the effects of traceability and the prices, giving more weight to negative
values that occur when k is large. Thus, E[R], < 0 is a sufficient condition for E[R], r <
0. Again, because more weight is given to negative values in the expression for E[R]p 7
compared to the expression for E[R]p, E[R]p r can be negative even though E[R], is
positive. Thus, E[R], < 0 is not a necessary condition for E[R]p7 < 0. Using this
result to sign (15), the sign of the change in the profit maximizing level of food safety

for the industry collective when E[R] p‘ . <0 cannot be determined.

p=p
From lemma 1, we know that ifE[R]p‘ . >0 then pf < pl. Thus, if E[R], >0

p=p
but small compared to 2Cp  such that E[R], —2Cp, < 0, (13) shows that the profit

maximizing level of food safety of individual farms increases with respect to trace-

ability. However, (15) says that p’ also increases with traceability. Therefore, if
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the profit maximizing level of food safety for individual farms increases more rapidly
than the profit maximizing level of food safety for the industry collective, that is
dp¥ /dT > dp'/dT, p¥ moves closer to p! with increased traceability.

Lemma 1 states that if E[R]p| <0, then pf > p!. Expression (13) shows

p=p
that when E[R], . <0, the profit maximizing level of food safety for individual
p=p
farms increases with respect to increased traceability. Thus, the industry organization
cannot induce farms to deliver less safe food by increasing the traceability of food when

pf > pl.0

A.4 Proof of proposition 3
The induced change in the safety of food chosen by the individual farms causes the
industry organization to increase food traceability beyond the equality of E[R]r and
2Cr if and only if the product of E[R|, and dp/dT is positive.

Proposition 1 says that E[R], < 0 implies that pf > p!. However, as shown in
the discussion below expression (13), E[R], < 0 also implies that dp” /dT > 0. Thus,
the product of E[R], and dp/dT is always negative when pf > p’.

Proposition 1 also says that E[R], > 0 implies that p¥ < p/. However, as shown
in the discussion below expression (13), the sign of dp” /dT when E[R], > 0 depends
on the sign of E[R]y —2Cpp. If E[R]p < 2Cpp, it implies that dp”/dT < 0 such that
the product of E[R], and dp/dT is smaller than zero. Nevertheless, if E[R], > 2Cp
it implies that dp” /dT > 0 such that the product of E[R], and dp/dT is greater than

zero.[]
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All N farms produce
two units of food
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marketing period 1

and the traceability

of food.

Degree of
traceability
ig fixed.

!

The safety of each unit
of food 1s discovered.
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are paid P;

If all the / unsafe food units are traced to
their origin, the farms that delivered safe
food in marketing period 1 can deliver their
second unit of food in period 2. Otherwise
no unit of food is marketed in period 2.

Figure 1. Sequence of events in the model
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(b) The confidence effect dominates the output effect

Note: P|.] is the price, N is the number of farms, d(k) is the confidence of consumers
when k farms deliver unsafe food, and D() is the demand curve.

Figure 2. Equilibrium price for food in marketing period 2
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