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Executive Summary

damaging to processors, retailers, and foodservice operators. Romaine that was planted
but not harvested and sold due to reduced
demand also resulted in losses, but at a lesser
amount per pound because harvesting, processing, and handling costs were not incurred.

On November 20, 2018, health agencies in
the U.S. and Canada issued a food safety
advisory, warning consumers, retailers, and
restaurants not to eat, sell, or serve any romaine lettuce or mixed salads containing romaine due to an outbreak of E. coli infections
linked to romaine. This advisory followed a
multi-state outbreak of E. coli infections reported from October 8 to October 31. Although the geographic scope of the advisory
was reduced over time, it remained in eﬀect
until January 9, 2019, a period of approximately eight weeks. Romaine markets, however, remained unsettled for many weeks after
the advisory was lifted.

Our methodology involved using econometric
analysis to predict the path that markets for
romaine and its close substitute leafy greens
would have taken “but for” the E. coli incident. These estimates provide our best assessment of what prices and sales would have
been if the incident had not occurred. We
then compare these but-for prices and quantities to the prices and quantities that actually did occur during the advisory period
and aftermath for romaine and its substitutes
In this report, we analyze the economic imand compute economic impacts from price
pacts of the advisory, the E. coli incident that
changes and lost sales.
precipitated it, and its aftermath. Our analysis is facilitated by access to exceptionally Increasingly, exchange in the leafy-greens ingood data on prices and sales within the leafy- dustries is dominated by contracts. Spot margreens supply chain. In addition to public kets comprise an estimated 10% of sales acdata on spot-market prices and movement pro- cording to industry experts. Contract provivided by the USDA-Agricultural Marketing sions vary. Product produced for the grocery
Service (AMS), we acquired wholesale data retail channel generally has a ﬁxed grower
from a cooperating processor that supplies price and a ﬁxed processor-retailer price for
both food-service and retail outlets, and re- the various retail products. Contracts for protail scanner data from the Nielsen Company. duction and sale to the food-service sector
generally have more price ﬂexibility based on
price “triggers” built into the contracts. However, only spot sales were exposed fully to the
forces of supply and demand in eﬀect at the
time.

Our analysis identiﬁes two essential elements
of damage to supply-chain actors from the incident and its aftermath—price eﬀects caused
by disruptions to both supply and demand,
and quantity eﬀects caused by removal of romaine product from the supply chain and,
later in the advisory period, from am inability to sell product due to reduced demand.
Damages from non-salable product depend
on where in the supply chain the product was
located at the time of the advisory. Product
that was harvested, processed, in transit, or
on retail shelves or food-service refrigerators
had incurred most or all production and handling costs, and its removal was particularly

Our analysis shows that spot prices for romaine hearts and heads/leaf increased for the
ﬁrst several weeks of the advisory period compared to the but-for world, before the weekly
eﬀect turned negative around week 7 and remained negative for up to 12 weeks after the
all-clear was issued. Growers and processors
who had safe romaine to sell earned a premium in these early weeks, but eventually
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severe demand impacts due to the incident
and advisory.

reduced demand due to the incident caused
prices to fall. The main price eﬀect detected
for other leafy greens was for iceberg lettuce,
which saw higher prices relative to the butfor world throughout most of the advisory
period, as buyers sought to replace romaine
with iceberg in salads.

Our analysis also detected little movement in
prices charged to retail consumers for romainebased salads, an unsurprising result given that
most retailers as a strategy prefer to keep stable consumer prices and that prices paid by
retailers for leafy greens were themselves relatively stable. However, we found one notable
exception: romaine hearts were more expensive by several percent throughout most of
the advisory period relative to prediction in
the but-for setting, but then its price did not
fall in the post-advisory period, despite retailers’ acquisition costs being lower.

Data from the cooperating processor indicate
that it incurred higher acquisition costs in
the range of 11% – 30% for the retail channel
throughout the advisory period and 12 weeks
of aftermath. Acquisition costs for the processor were also substantially higher in the
food-service channel in the early weeks of the
advisory—from 78% to 121% higher in weeks
2—4 of the advisory, but then settled down
and were little diﬀerent from what we predict would have occurred in the but-for world.
Given that grower prices are generally ﬁxed
in the retail channel, higher acquisition costs
in that channel reﬂect plowing under of unsalable product or harvesting of product at
sub-optimal times to accommodate the strictures of the advisory. Cost eﬀects in the foodservice channel reﬂect these same eﬀects, as
well as the implementation of price trigger in
these contracts.

We also utilized econometric models to predict the decrease in sales volumes caused by
the advisory and aftermath relative to the
but-for world. We considered the USDA-AMS
movement data to be unreliable as a source
of sales data because spot sales are idiosyncratic, depending on market conditions. We
were, however, able to study sales data for
food service provided by the cooperating processor and for retail based on the Nielsen data.

Prices received by processors for romaine in
the food-service channel increased in the range
of 24% to 41% in the early weeks of the advisory, but then were modestly lower in subsequent weeks including the aftermath period,
reﬂecting reduced demand for romaine. Prices
received for the key romaine-based bagged
salads (hearts, blends, kits, and premium classics) changed relatively little in most cases,
reﬂecting the ﬁxed-price basis of processorretailer contracts. However, we detected a
signiﬁcant and persistent decrease in the price
for romaine hearts throughout most of the 12
weeks of the aftermath period. Hearts is a
romaine product that is easily identiﬁed by
consumers, and it may have suﬀered the most
2

Sales to food service decreased 72% in the
ﬁrst week of the advisory, with smaller decreases relative to prediction occurring for the
remainder of the advisory period and for 10
weeks thereafter in the aftermath period. Retail sales were reduced most dramatically in
week 2 of the advisory period—e.g., down
91% for salad blends and 96% for romaine
hearts. (Week 1 reductions were somewhat
less because the advisory was issued midweek
relative to Nielsen’s recording period.) These
early sales reductions were due to retailers
having to remove romaine products from their
shelves. Sales of bagged salads containing
romaine, however, remained low relative to
the but-for prediction throughout the advisory period and through 11 weeks in the af-

The net loss to society from the E. coli incident involves more than the leafy-green supplychain participants. It also involves consumers
who were unable to access romaine products
during the early weeks of the incident and
in the later weeks due to unfounded fears regarding product safety. Losses were also incurred by suppliers of inputs, such as labor
and materials, to the industry who lost employment and sales due to the incident. We
developed a methodology to estimate the societal loss from the incident based on reduced
sales of romaine through the advisory period
and relevant aftermath. Our estimates indicate a total social loss in the range of $280 to
$350 million.

termath of the all clear being issued. Across
the advisory and aftermath period, we estimate that retail sales were down 25% for romaine hearts, with similar decreases for salad
products containing romaine.

We estimated damages from the incident and
its aftermath for growers, processors/shippers,
retailers, and food-service operators, as well
as the overall societal loss from the incident.
Due largely to the nature of contracting for
leafy greens, growers were largely insulated
from the economic fallout caused by the incident. Only spot sellers were fully exposed,
and we estimate their losses at $650,000. Contract sellers actually gained slightly (about
$600,000) because prices for food-service sales
Ultimately it was determined that the entire
rose on average due to the incident.
Fall 2018 E. coli incident was due to conOur analysis suggests that processors and ship- taminated romaine emanating from a single
pers were hit hardest by the incident. We es- farm. Yet it resulted in widespread unavailtimate that this group lost $20.6 million due ability of romaine product, long-lasting fears
to having to pull harvested product from the among some consumers about the safety of
supply chain and another $37.3 million from eating this healthy product, and signiﬁcant
product under their control that could not be economic losses incurred by a wide range of
harvested or sold due to the advisory and re- participants in the leafy-greens industries and
duced demand for romaine. We estimate that beyond. The magnitude and breadth of losses
processors actually gained a few million dol- from this single incident indicates the imporlars on net from price changes precipitated by tance for the industry to adopt universal foodthe incident, but in total, across the various safety standards that can either prevent, or,
impacts, lost $52.7 million.
at worst, sharply reduce the likelihood of such
Grocery retailers lost $18.3 million due to hav- incidents occurring in the future.
ing to pull product that was under their control from shelves and distribution channels.
Retailers lost another $7.3 million due to price
changes for their purchases and sales, for a
total estimated loss of $25.7 million. Food
service operators experienced little net loss
based on our analysis. These ﬁrms lost $3.6
million from inability to sell product under
their control when the advisory was issued,
but gained about $2.4 million from reduced
acquisition costs, resulting in an estimated
net loss of only $1.2 million.
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Introduction

On November 20, 2018, health agencies in the U.S. and Canada issued a food safety advisory,
warning consumers, retailers, and restaurants not to eat, sell, or serve any romaine lettuce or
mixed salads containing romaine due to an outbreak of E. coli infections linked to romaine.
This outbreak, others before it, and subsequent to it have signiﬁcantly disrupted the leafy
green industry and engendered signiﬁcant economic losses. This report seeks to quantify
losses due to the incident in the Fall of 2018 and its aftermath. We identify losses to supplychain participants in both the food service and retail marketing channels. We also estimate
the total social losses from the incident, including losses to consumers and providers of inputs.
Damages from a food-safety advisory can be widespread. Detected outbreaks including the
one we study are usually characterized by uncertainty and lack of information for regulators
and market participants as to the scope of products and production regions that are implicated and to be avoided. The result is broad-based advisories that impact production that
is determined ultimately to have not been implicated in the incident.
Despite public health agencies’ and industry groups’ best eﬀorts to provide accurate information, consumers may adopt broad-based avoidance strategies, such as not eating any lettuce
or leafy-green products during an advisory period and even after an all clear is issued. Similarly retailers and food service establishments may simply clear their shelves and menus of
leafy greens, given consumer avoidance and liability concerns, until they obtain clarity as to
the scope of an outbreak.
Impacts on participants in the leafy-greens supply chains are very strongly inﬂuenced by
the nature of contracting between growers and processors and between processors and their
downstream buyers in retail and food service. Nearly all product is procured through contracts. Traditional spot exchanges today account for only about 10% of product movement.
Contracts, of course, vary in their provisions, but it is common for contracts in the retail channel to involve ﬁxed prices, while contracts for food service have more ﬂexibility
based upon price “triggers.” Grower-processor contracts generally attach responsibility for
the product to the processor, who, thus, bears most of the loss when product cannot be sold
due to a food-safety incident.
Our analytical framework involves using econometric methods to forecast prices and sales
for romaine and its close substitutes that would have prevailed in the “but-for world” of
no outbreak and comparing those predicted prices and volumes to what in fact occurred
during the advisory period and its aftermath. Armed with these estimated impacts, we are
able to then calculate economic losses from the incident to growers, processors/shippers,
grocery retailers, and food-service operators. For reasons noted, our analysis indicates that
the processor/shipper group was most impacted by the incident and its aftermath, losing
approximately $52.7 million from price and quantity impacts. Retailers were also impacted
signiﬁcantly, with the lion’s share of the impact due to having to pull product from their
distribution channels and shelves in response to the advisory. We estimate that on net
retailers lost $25.7 million due to the incident.
Conversely, food-service operators were little impacted. These ﬁrms would have had to
4

destroy product in their possession at the time of the incident, but much of this loss was
oﬀset by lower acquisition costs for romaine on net over the life of the advisory and aftermath
period. Growers, too, were little impacted, even though the incident originated at the grower
level. Contracts provide growers with either ﬁxed prices or prices that only ﬂuctuate when
certain triggers are met. Further, as noted, processors bear responsibility in most cases if
product is unable to be sold due to a food-safety incident or reduced demand. We estimate,
in fact, that contract growers actually gained several hundred thousand dollars due to the
incident based on price movements that were favorable on net. Only spot-market sellers were
exposed to the full impact of the incident, losing several hundred thousand dollars from lost
sales and adverse price movements.
Social losses also include consumers who were unable to consume romaine products due to
the advisory or their fears regarding food safety even after the all clear was issued, and input
suppliers to the leafy-greens industries who lost employment and sales due to the incident.
We estimate that societal losses from the Fall 2018 incident were in the range of $280 to
$350 million.
In what follows, we ﬁrst remind readers of the chronology of the Fall 2018 E. coli incident, and
then discuss the key characteristics of the modern leafy greens industry and supply chain that
are essential for understanding how a food-safety incident impacts participants. We present
our analytical framework for identifying and developing a means to quantify the various
damage components. Our study is beneﬁted greatly by outstanding data access, which
is described in the following section. Next we present our econometric analysis intended to
estimate prices and quantities that would have prevailed for romaine and its close substitutes
but-for the E. coli incident. We are then in position to present our estimates of economic
impacts to the various supply-chain participants, and to society as a whole. Finally, we oﬀer
concluding comments.
2

E. coli Infections and the November 2018 Food-Safety Advisory

The November 20, 2018 food safety advisory issued by government agencies in the U.S. and
Canada followed a multi-state outbreak of E. coli infections reported from October 8 to
October 31. The advisory cautioned everyone not to buy, serve, sell, or eat romaine lettuce.
In response, the Leafy Greens Marketing Agreement (LGMA) and other industry produce
associations urged an voluntary industry withdrawal of all romaine lettuce in marketing
channels and inventory. On November 26, the U.S. Centers for Disease Control (CDC) and
Food and Drug Administration (FDA) updated their advisories to specify avoidance of only
romaine lettuce harvested from growing regions on California’s Central Coast. In a second
update issued on December 6, the CDC continued to advise avoidance of romaine lettuce
from Monterey, San Benito, San Luis Obispo, Santa Barbara, Santa Cruz, and Ventura
counties.
On December 13, the source of the outbreak was identiﬁed and produce from Adam Bros.
Farming Inc. in Santa Barbara County was recalled. The CDC and FDA further restricted
the advisory to encompass only the Salinas-Watsonville and Santa Maria growing regions.
On January 9, 2019, the CDC and FDA lifted the advisory for the ﬁnal two regions, thus
marking its oﬃcial end. As a result of the outbreak, 62 people in 16 states and the District
5

of Columbia reported illnesses traced to E.coli infections, with the last incident reported on
December 4.1
Notably, the scope and timing of the government-issued advisory in response to the outbreak
inﬂuenced the size and incidence of losses. The initial advisory was issued for romaine from
all U.S. production regions, and was not narrowed for six days. This decision exposed all
production regions to economic losses. Signiﬁcantly, lettuce production was in the middle
of its seasonal transition from producing on the Central Coast to producing in the Yuma
region on the California-Arizona border. The source of the contamination was in California, where production was winding down, while market supplies during the incident were
increasingly sourced from Yuma. Thus, losses sustained by the industry were potentially
disproportionately borne by those outside the source region.

Industry Background

3

Leafy greens have distinct, seasonal growing regions in the U.S., with most lettuces harvested
across diﬀerent regions in California and Arizona. From April to November, production is
concentrated in the Central Cost region of California. Operations then move to the Yuma
region in Arizona and along the Southern California border. In February, production returns
to California and is concentrated in the San Joaquin Valley region until April. The planting,
growing, and harvesting cycle for leafy greens ranges from 60-90 days in spring and up to
120 days in fall.
The structure of the produce industry has changed signiﬁcantly in recent decades. Today
only about 10% of production of leafy greens is transacted through spot or cash markets,
with the remainder being transacted through various forms of vertical coordination, including
contracts and vertical integration by processors and shippers into the production of the leafy
greens they market. Even most independent growers operate with contracts that coordinate
their activities with their downstream buyers. Similarly, the wholesale terminal markets in
major U.S. cities that served as key distribution centers for fresh produce have largely been
supplanted by contract exchange between shippers and processors and downstream buyers
in both the retail and food-service market channels. Most product that is moved through
the terminal markets or other spot transactions is production in excess of what is needed for
contract sales due to unplanned demand or supply shocks.
The leafy greens industry maintains two relatively distinct marketing channels—food service
and retail. The retail channel is the far more important of the two. We estimate based on the
data gathered for this project that retail accounts for 78% of product movement for romaine,
with food service comprising the remaining 22%. Growers tend to specialize in producing for
one channel or the other. Processors may specialize in one channel or serve both. Romaine
is grown and harvested either as hearts or heads, although substitution between the two
can be made at time of harvest if market conditions warrant. Harvesting of hearts is more
expensive than heads because harvest workers remove the outer leaves on romaine harvested
for hearts and pack them diﬀerently than heads going to processing plants. Food service
1

Those made ill by E. coli likely incurred damages due to lost income and medical expenses. We have no
way to measure such impacts, and they play no role in our analysis of damages.
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utilizes only romaine heads, while retail utilizes both hearts and heads.
Contracts between growers and processor/shippers vary in terms of their duration and pricing
arrangements. Contracts may specify prices that are ﬁxed over a given time period or that
are subject to change only if a reference price, such as a government-reported spot-market
price, changes by a given (trigger) amount. Trigger prices are more commonly observed in
contracts associated with the food service marketing channel, while growers producing for the
retail channel typically are paid a ﬁxed price per pound or acre of production. Responsibility
for the payment of harvest costs also varies across contracts and inﬂuences pricing. In the
typical case, the processor/shipper pays for harvesting, although in some cases harvesting is
the grower’s responsibility, or the cost is shared between the grower and shipper.
Financial impacts from a market shock such as the November 2018 E. coli advisory depend
importantly on the nature of the grower-shipper contract. For example, contracts that
specify a ﬁxed per acre return to growers for romaine production during a particular harvest
window result in the shipper or processor bearing the loss in the event some romaine cannot
be sold and is plowed under due to a food-safety advisory.
Processor-retailer contracts generally also involve a ﬁxed price and may have a duration of
up to two years, precluding transmission of market shocks between processors and retailers.
Contracts between processors and food-service distributors tend to have more price ﬂexibility
than retail contracts, and in some cases may allow product substitutions when prices spike
as a result of severe market shocks.
Thus, although shocks such as the November 2018 E. coli incident roil the market, causing
supplies to be removed from the supply chain and consumer conﬁdence in product safety to
be shaken, participants operating with ﬁxed-price contracts may have been largely insulated
from the disruption at the time. Our industry contacts indicated, however, that market
disruptions that adversely aﬀected one party to a contract might be addressed when the
contract is renegotiated. Thus, even with ﬁxed price contracts, some transmission of gains
or losses may eventually occur but be largely invisible to the outside analyst. The wide range
of contracts in use in the leafy greens sector between growers and processors and between
processors and their downstream customers in retail and food service, combined with the
fact that contract provisions are not public information, creates an unavoidable element of
uncertainty in our imputation of impacts from the November 2018 E. coli incident across
supply-chain participants.
A second signiﬁcant change in the leafy greens industry that complicates analysis of damages
from an external shock like an E. coli outbreak is the proliferation of value-added products
oﬀered by the industry. Bulk or random-weight sales have largely been supplanted by valueadded packaged products of diﬀerent sizes and ingredient mixes. The leafy greens processor
that contributed data to our study maintains nearly 1,000 diﬀerent products identiﬁed by
stock-keeping unit (SKU) across four categories of leafy greens included in our study—
romaine, iceberg, spinach, and spring mix. Our source for retail sales data, the Nielsen
Corporation, reports nearly 2,000 product codes in the pre-packaged salads category.

7

Packaged leafy greens have a marketable shelf life of 16 days on average once the product is
harvested. Products are stored in warehouses for 4-8 of these days, and delivered frequently
to retailers to ensure freshness (often twice a week). In the food service sector, large distributors serve a variety of operations and any given restaurant might only have 2-3 days of
product on hand at any given time.
Ownership and thus ﬁnancial responsibility for recalled product varies and creates another
element of uncertainty in our analysis. Products that arrive at retailers’ stores and warehouses are the responsibility of the retailer. Responsibility for products in transit depends on
the delivery methods speciﬁed in contracts, such as who owns the truck making the delivery.
Ownership is less uncertain in the food-service channel. Once product leaves the processor’s
cooler and loading dock, the distributor has ownership of it. Any produce in transit, stored
at distributor warehouses, or already delivered that has to be discarded due to a food-safety
incident is the responsibility of the distributor or food-service provider.
4

Methodology for Damage Calculations

In order to estimate the magnitude of damages caused by the November 2018 - January
2019 advisory to avoid romaine, it is necessary to consider the direct impact for all products
containing romaine while an advisory was in eﬀect, and also during the aftermath. Even
after an advisory has been lifted, some consumers may remain wary of consuming products
with romaine. Further, we need to consider whether, and the extent to which, the romaine
incident spilled over to impact sales of related leafy-green products.
Food-safety incidents and associated advisories will have impacts on both prices and sales
for impacted products and, possibly, for related products that incur demand shifts due to
consumers’ avoidance behaviors. An immediate and direct impact is that products included
under the government-issued advisory might be removed from the supply chain. Because
these products are perishable, they are destroyed and cannot re-enter the supply chain even
if they are later found to be safe.
The loss of supplies from impacted production regions will aﬀect prices received by sellers
of romaine producing outside of the impacted regions because total supply of the product
to the market is reduced. However, consumer demands are also impacted because, as noted,
consumers may adopt simple avoidance strategies such as “eat no leafy greens” because they
either don’t understand the scope of the advisory or they don’t trust that the risk is conﬁned
to the indicated producing regions. Reductions in both supply and demand have oﬀsetting
eﬀects on prices, making the net eﬀect an empirical question that can be resolved with the
appropriate data.
Our goal is to project the path of the market for romaine products and close substitutes in
terms of prices and volumes in the “but-for world” that would have unfolded had the incident
not occurred and compare it to what in fact did happen due to the incident. The diﬀerence
in the two scenarios for growers, handlers, and retailers or food-service establishments will
reveal who beneﬁted and who lost as a consequence of the incident and provide estimates of
the gains and losses.
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We decompose the damages due to the November 2018 romaine food-safety advisory into
three components consistent with this overview. Damage Component 1 (DC1) measures
impacts from changes in market prices that occurred due to the E. coli incident. Damage
Components 2 and 3 (DC2, DC3) pertain to economic losses for romaine products that were
in various stages of the supply chain but could not be sold due to the product recalls.
We separate quantity eﬀects into two damage components because the cost associated with
unsold product varies with a product’s location within the supply chain when the recall was
announced. DC3 refers to product that had been harvested and processed and was on route
to retail or food service or was on retail shelves or in food-service refrigerators. Thus it had
incurred all or nearly all costs of production, processing, and transportation before it had to
be pulled from the supply chain. The economic loss for this product is the sales revenue it
would have earned in the but-for world of no incident.
DC2 pertains to product that was planted but not harvested due to the recall. DC2 may
be due both to product that was simply unsalable because it was located within an area
subject to the advisory or because of reduced demand caused by the incident. Inability to
harvest and sell such product also results in economic losses, but to a lesser extent per unit
volume than the product considered in DC3 due to avoided costs of harvesting, processing,
transportation, etc.
In addition to quantifying the magnitude of these three damage components to produceindustry participants, our analysis seeks to apportion the gains and losses across the diﬀerent
stages of the supply chain, speciﬁcally to growers, processors, and retailers or food-service
sellers. As noted, apportionment is an especially challenging aspect of our analysis, given
the widespread use of contracts in the industry, lack of information on speciﬁc contract
provisions, and uncertainty in some cases as to who bore ﬁnancial responsibility for product
that was destroyed due to the advisory. In section 7, we provide a rough apportionment
of gains and losses to operators at diﬀerent stages of the supply chain based on guidance
provided by industry sources.
4.1

Damage Component 1

DC1 measures damages associated with changes in prices for product that was sold during
the outbreak and its aftermath. Such product may have sold at a diﬀerent price and, thus,
generated a diﬀerent amount of revenue or cost than would have occurred in absence of
the outbreak. We were able to observe actual prices at three stages of the supply chain:
grower, wholesale (i.e., processor), and retail. Growers experience DC1 only as sellers and
then only to the extent that they sell in the spot market or through contracts with price
ﬂexibility. Processors incur price impacts as both buyers and sellers, but, once again, the
impact depends on the extent, if any, of price ﬂexibility in the processor’s contracts with
growers and downstream buyers. Retailers incur price impacts as both buyers and sellers.
We assumed that food-service operators’ prices would have been unaﬀected by the E. coli
incident, and, thus, food-service operators experienced price impacts only as buyers.
Because the E. coli incident caused oﬀsetting impacts on demand and supply of leafy greens,
the impact on prices at the various stages of the supply chain is uncertain ex ante and is an
9

empirical question we seek to answer in section 6. Higher prices of course, beneﬁt supplychain participants as sellers and harm buyers, with the outcome reversed for price decreases.
A food-safety incident by its very nature creates market volatility as additional information
becomes available and consumers’ perceptions change, and as the geographic area of the
recall is reﬁned. Thus, it is important to estimate estimate price impacts on a weekly basis
in order to capture the eﬀects of shifting market conditions.
We illustrate computation of DC1 for growers selling via contract for food-service sales.
These contracts typically have some price ﬂexibility based on trigger-price provisions. Let
t = 1, ..., m denote the m weeks between the ﬁrst FDA alert and the issuance of the all clear—
roughly eight weeks in total. Then let weeks t = m+1, ..., m+n denote the aftermath period
following the recall when the romaine market was still roiled by consumer concerns about
the safety of romaine. The duration of the aftermath period may vary by commodity and is
an empirical question addressed in this study. We ﬁnd signiﬁcant impacts extending for up
to 12 weeks after the all clear for some romaine-based products, i.e., n = 12, whereas others
appear to have returned to normal conditions more quickly.
Let Qt and Pt denote the actual food-service sales volume and grower food-service contract
price for period t = 1, ..., m, m + 1, ..., m + n. We use statistical (econometric) methods to
estimate what the price would have been in the but-for world of no outbreak (see section 6).
Let this predicted price for period t be P̂t . Then estimated damages for DC1 for food-service
contract growers in week t are:

DC1t = Qt (Pt − P̂t ), t = 1, ..., m, m + 1, ..., m + ni .
DC1 can be negative (a loss) or positive (a gain) in any week t depending on how the
outbreak aﬀected prices.
Total grower damages in the food-service channel are the weekly damages summed over the
incident period and the relevant aftermath period:
DC1 =

m+n


DC1t .

t=1

4.2

Damage Components 2 and 3

DC2 and DC3 measure damages associated with romaine that could not be harvested, processed, and sold due to the advisory and its aftermath. Based on information provided by
industry sources, DC2 applies to weeks 3 through 8 of the outbreak in the retail channel, and
weeks 2 through 8 for food service. Product moves more quickly from harvest to consumer
in the food-service channel than in the retail channel, and the data available varies slightly
across channels, resulting in this slight diﬀerence in our calculations. DC2 may also extend
into the outbreak aftermath if romaine product that was planted cannot be harvested and
sold due to reduced consumer demand caused by the outbreak. The initial weeks of the
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outbreak must be treated separately because they involve romaine that had already been
harvested, and was in the supply chain when it had to be pulled and destroyed upon issuance
of the advisory.
We ﬁrst estimated separately the change, ΔQi,t in sales for romaine product i for each week
t during the advisory and post-advisory periods for the retail and food-service channels:
ΔQi,t = Q̂i,t − Qi,t , t = 1, ..., m, m + 1, ..., m + ni ,
where Qi,t is the actual pounds sold of product i in week t, and Q̂i,t is the predicted pounds
sold but-for the outbreak. In the but-for world of no outbreak and advisory issued, these
sales would have earned the predicted but-for price, P̂i,t as described for DC1. Some cost
savings would also have been realized depending upon where product was in the supply chain
when it was pulled from the market. Romaine that was not harvested from the ﬁeld due to
reduced demand, i.e., category DC2, saves harvest costs and variable costs of processing.
Romaine is grown and harvested in two forms—hearts and heads, and harvest costs diﬀer
depending on the harvested form.2 Harvesting hearts is a more labor intensive process than
harvesting heads because ﬁeld workers remove outer leaves of product harvested as hearts
and package hearts diﬀerently than heads intended for additional processing. Let these
combined harvest and processing cost savings be denoted as ci , where i denotes romaine
hearts or romaine heads on a per pound basis. These per-unit cost savings for unharvested
product are assumed to be constant over the damage period.
Subtracting cost savings from predicted price, we arrive at the following estimate of DC2 in
week t.
DC2i,t = ΔQi,t (P̂i,t − c), t = 3, ..., m, m + 1, ..., m + ni ∀n ≤ 6,
for the retail channel, with t indexed from week 2 to m + ni for the food-service channel.
We limited the possible eﬀects in the aftermath of the advisory to a maximum of 6 weeks
to reﬂect an approximately 90-day industry planning horizon. Following week six of the
aftermath period, all ﬁelds planted prior to the issued advisory should have been harvested
or plowed under. Total damages for volumes of romaine product i that could not be harvested
and sold due to the outbreak are the summation of the weekly losses:
DC2i =

m+n
i

DC2i,t .

t=2(3)

DC3 measures damages associated with product already in the pipeline at the time of the
Nov. 20, 2018 alert issued. This product had incurred harvesting, processing, and (possibly)
shipping expense but could not be sold due to the advisory. As noted we assume that DC3
applies in the ﬁrst two weeks (weeks 1 and 2) after the announcement for the retail sector and
2

Planting methods diﬀer for romaine intended to be harvested as hearts vs. heads as well. For example,
spacing in the ﬁeld will be less for romaine planted for hearts. However, product intended for heads can be
harvested as hearts and vice versa if market conditions warrant the change.
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one week prior to and after the announcement (weeks -1 and 1) for food service. We estimate
sales in these two weeks in the but-for world of no outbreak using the same approach used
to estimate but-for quantities for DC2. This product would have been sold at the estimated
but-for price computed for DC1.
We assume there is no cost savings for DC3 because product has been harvested and was in
the distribution pipeline when the outbreak was announced. Estimated damages in each of
the two weeks are:
DC3i = P̂i,1 ∗ Q̂i,1 + P̂i,2 ∗ Q̂i,2 .
4.3 Apportionment of Losses to Supply-Chain Participants
Figures 1 and 2 compare AMS spot prices for romaine leaf (romaine harvested as heads is
designated as romaine leaf by AMS) with raw product costs provided by the cooperating
processor for food-service and retail suppliers, respectively.3 We assumed that these prices
were representative of contract prices paid in the industry overall. The ﬁgures aptly illustrate
that growers selling under contract are exposed to much less price volatility than sellers in
the spot market. Spot prices spiked upward in Nov. 2018 around the time of the E. coli
incident. Raw products costs for the food-service channel also spiked, although with delay,
reﬂecting the trigger price provisions contained in the food-service contracts as well as higher
processor costs per unit due to plow under or sub-optimal harvest times. In contrast, raw
product costs in the retail channel increased only modestly and also with delay relative to
the spot price.
3

AMS spot prices are plotted on a weekly basis in ﬁgure 1 and a monthly basis in ﬁgure 2 for consistency
with the reporting provided to us for the corresponding wholesale price. This causes the two spot-price plots
to look somewhat diﬀerent.
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Figure 1: AMS Spot-Market Price and Food Service Channel Contract Price for Romaine
Leaf

†

Both raw product costs and spot prices are weekly averages. The vertical lines represent the approximate beginning and end
of the advisory.

Figure 2: AMS Spot-Market Price and Retail Channel Contract Price for Romaine Leaf

†

Both raw product costs and spot prices are monthly averages because we do not have weekly contract prices for the retail
sector. The vertical lines represent the approximate beginning and end of the advisory.

Apportionment of DC1 to growers required that we estimate but-for prices for spot-market
sales, as well for food service and retail contract sales. Industry sources suggested that spot
sales represented about 10% of total sales, but the identities of spot buyers and sellers are
not clear. We assumed that spot buyers were either food-service operators or retailers, and
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that each sector purchased 10% of its supplies through spot purchases. Handlers and growers
may each act as sellers on the spot market if they have supply over and above what can be
sold via contract. We assumed that half of spot sales were by growers and half by handlers.4
For DC2 and DC3 in the retail channel we assumed that all volume reductions were captured in the reduced sales observed in the retail scanner data. We are then able to feed
these quantity reductions through the supply chain and compute DC2 and DC3 separately.
Whether processors or retailers incurred losses associated with DC3 depends on where in
the supply chain the product was at the time of the E. coli advisory and who controlled it
at that point. Based on feedback from the industry, we assumed that retailers incurred DC3
in week 1 of the advisory period and processors incurred it in week 2.
We lacked comprehensive consumer market data for the food-service channel comparable
to what we had access to for retail, and only observed volume reductions at the processor
level. Processor sales dropped immediately upon issuance of the advisory, but the advisory
also impacted product that had already left processors’ facilities and was in distributors’ or
food-service operations’ facilities or en route to them. Such product also had to be removed
and destroyed.
We assumed that the quantity reductions observed during the outbreak week correspond to
product that was still in coolers of processors or shippers (wholesale). We further assumed
that the product that was sold the week prior to the outbreak advisory in the food service
channel was en route or had already arrived at distributors, restaurants or institutions, and
constituted a loss to food service operations. We, thus, added romaine that was sold to
distributors one week prior to the issued advisory to the observed quantity reductions in
week one of the outbreak. We then used average distributor marketing margins to calculate
losses incurred by food service sellers or distributors as a result of removing these products.
We were not able to estimate lost sales to restaurants, cafeterias, etc. due to the the advisory.
In our view such losses would have been small and limited to cases of consumers who elected
not to eat food away from home because of the advisory.
4.4 Total Societal Loss Due to the Outbreak
Damage components 1 - 3 are intended to measure losses to participants in the romaine
supply chain, but they cannot simply be summed to obtain the total loss from the incident.
Price changes, in particular, as measured in DC1, largely net out in calculating social costs
and beneﬁts because higher prices represent gains to sellers and losses to buyers and vice
versa. Similarly, our analysis to this point has not considered how the welfare of consumers
or that of suppliers of inputs to the romaine industry was impacted by the issued advisory
overall.
The societal loss from the outbreak is based on the total value of product that was unable
to be produced, harvested, and sold due to the incident. Losses to processors, food-service
4

Handlers may sell on spot markets when their contracted acquisitions exceed the total amount demanded
by downstream buyers. Processors and shippers could also make purchases on the spot market in situations
when their contracted production was less than buyer demands. This seems less likely during the advisory
and aftermath periods when demand for romaine was low.
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operators and retailers from reduced sales volumes are measured by DC2 and DC3, but these
losses need to be expanded to account for losses incurred by consumers who were unable to
purchase romaine products and by suppliers of inputs to the romaine industry, e.g., harvest
and processing labor, who lost employment or sales to the industry in regions that were
unable to harvest and sell romaine due to the outbreak and the issued advisory.
Here we present a methodology for estimating the total societal loss from the E. coli incident
based on production and sales of romaine products that were lost during the outbreak period
and extending into its aftermath. We describe the methodology for the retail channel, but
a similar approach was also applied to the food-service channel. Let Q̂i,t ∀t = 1, ..., m, m +
1, ..., ni represent the predicted weekly retail romaine sales in product category i in week t in
the but-for world of no outbreak, where ni represents the last period where a quantity eﬀect
due to the outbreak is detected for product category i based on our econometric analysis.
Then let Qi,t be the actual retail volume sold in category i and period t. Our predicted retail
price in the but-for world of no outbreak is P̂i,t , as deﬁned previously.
The last piece of information needed for the retail channel is the retail price associated
with sales volume Qi,t . The actual retail prices that prevailed during the the outbreak and
its aftermath are not appropriate because they reﬂect reduced demand due to consumer
avoidance of romaine products. We need the retail price in the but-for world associated with
sales volume Qi,t for each romaine category. In this regard, we assume demand for romaine
products would have been constant over the period of analysis but-for the outbreak and
issued advisory and project the price associated with Qi,t based on estimates of the price
elasticity of retail consumer demand for each romaine category i.5
The scientiﬁc literature does not provide precise estimates of price elasticity of demand for
speciﬁc romaine products. Thus, our approach was to estimate the societal loss under a range
of plausible values for these price elasticities. The price elasticities play a minor role in the
calculations, so our lack of precise information on their values is not a major limitation.
Let the weekly but-for total inverse demand curve for product i be represented by Pi,t =
Di (Qi, ). Then the price associated with a speciﬁc sales volume, e.g., Qi,1 based on the butfor demand curve for product i is i,1 = Di (Qi,1 ). Our estimate of the societal loss from lost
sales of romaine product i is illustrated in ﬁgure 1. The total shaded area in ﬁgure 1 reﬂects
retail consumer willingness to pay for romaine product i for the volumes between Qi,t and
Q̂i,t . The diﬀerence between Q̂i,t and Qi,t represents valuable production and consumption
that was lost due to the outbreak. The entire area indicated in ﬁgure 1 represents either
net beneﬁt to consumers or payments to participants in the supply chain including retailers,
handlers, growers, and those who supply inputs to them.
Importantly, these calculations assume that labor that was unemployed in the romaine supply
chain due to the E. coli outbreak did not ﬁnd alternative employment during the outbreak
and the relevant aftermath period. Given the relatively short-term nature of the incident,
this seems like a reasonable assumption. To the extent that workers were able to obtain
5

Price elasticity of demand is the percentage change in quantity demanded that results from a one percent
change in price.
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Figure 3: Total Societal Loss for Product i in Week t: Si,t
Pi

P̃i,t
P̂i,t

Si,t
Di (Qi )
Qi,t Q̂i,t

Qi

alternative employment and comparable wages, our estimates will overstate the true social
loss from the incident.6
Now we have everything we need to compute the total surplus loss, Si , for each romaine
commodity i due to the outbreak week by week for the outbreak and aftermath periods (as
we deﬁne them based on our econometrics). It is simply the sum across weeks of the area or
integral under our demand curve:
Si =

m+n
i
t=1



Q̂i,t
Qi,t

Di (Qi,t ) dτ ,

(1)

where the equation mathematically represents the sum across weeks of the shaded area in
ﬁgure 3.

Data

5

Estimating ﬁnancial impacts from the November 2018 E. coli incident required accessing
data from several sources, as well as relying on industry contacts for additional information
regarding contract provisions that would impact gains or losses to supply-chain participants.
In this section we describe the data utilized to estimate damage components 1 - 3.
5.1 Spot-Market Transaction Data
The USDA Agricultural Marketing Service (AMS) is the key provider of information on prices
and quantities for produce items being transacted through open-market exchange. AMS
publishes Market News Reports that contain daily data on shipping-point prices, volumes,
6

Some workers who lost employment due to the outbreak and accompanying advisory may have received
unemployment compensation. The loss of employment still, however, represents a societal loss, with government bearing the burden for unemployment compensation payments.
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quality, and condition for many fruits, vegetables, and specialty crops.7 The data specify
daily high and low prices and identify production method (e.g., organic vs conventional),
product size, and city or region of origin. We gathered AMS data for ﬁve leafy greens
commodities—romaine lettuce, romaine hearts, leaf lettuce, iceberg lettuce, and spinach—
to analyze direct and indirect price and quantity eﬀects of the outbreak on spot-market
sales.
AMS reports information for a wide range of container types and sizes. We converted all price
and quantity information into per pound measures, relying for this purpose on information
provided in the AMS Shipping Point and Market Inspections Instructions (2004), as well as
other industry sources.8 To capture movements in spot market prices year round, we used
reported prices across all North American growing regions and computed weekly average
commodity prices per pound for the three-year period from January 2017- December 2019.
5.2 Contract Production: Processor’s Cost per Pound Harvested
Grower prices received under contracts with shippers and processors are not included in
the AMS data. Although trends observed in spot prices serve as an important signal to
market participants in contract negotiations, contract prices, as noted earlier, are generally
less volatile than spot-market prices and may even be ﬁxed over the term of the contract.
We used procurement cost data provided by a large leafy-greens processor with signiﬁcant
presence in both the food service and retail channels to estimate contract procurement costs
for romaine.
For the food service channel, the data we received included the weekly raw product cost per
pound for the processor, pounds shipped, gross product income, and direct labor cost per lb.
for romaine, iceberg lettuce, green leaf, spring mix, and spinach from January 2017 through
December 2019. The gross product income per lb. corresponds to the wholesale price per
lb. received by the processor when contracting with distributors.
For the retail channel, the data received included weekly pounds sold and revenue received
for close to 1,000 products identiﬁed by stock-keeping unit (SKU) across four categories:
romaine, lettuce, spinach, and spring mix. SKUs reported in the romaine category include
romaine hearts, romaine heads, as well as salad mixes that contain romaine. For products
that include ingredients other than romaine, the pounds reported for each SKU correspond
to the weight of romaine only. We aggregated these data to an average weekly price per
pound per product category. We also obtained monthly raw product costs (per pound) for
the processor for contracts to serve the retail channel.
5.3 Grocery Retail Data
For the retail channel, we had access to national scanner data for pre-packaged salads (PPS)
collected by the Nielsen Company. This Nielsen data provided weekly sales by Universal
Product Code (UPC) in 9 leafy greens product subcategories: romaine hearts, classics,
7

Please see https://marketnews.usda.gov/mnp/fv-report-config-step1?type=termPrice for further detail. The data were last accessed on July, 21, 2020.
8
Please
see
https://www.ams.usda.gov/sites/default/files/media/Lettuce_Inspection_
Instructions for further detail. The instructions were last accessed on April 20, 2020.
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premium classics, kits, blends, bowls, greens, spinach, and cole slaw over the 2017 - 2019
study period. Nielsen reported that 93% of all lettuce were sold as PPS in 2019 while only
7% were sold as random weight, indicating that PPS sales dominate the consumer market.
Nielsen collects data from a variety of retailers (e.g., grocery stores, mass-merchandisers,
drugstores, convenience stores, specialty markets) with sales above $2 million annually. Not
all retailers share their data but Nielsen estimates sales for large non-cooperators such as
such as Aldi and Trader Joe’s to attain total food sales. Although coverage varies slightly
depending on product category, these data capture an estimated 85% of the retail market
overall. We adjusted our estimates to represent a 100% coverage for PPS but did not make
additional adjustments for random weight sales due to data limitations.9
The Nielsen data include over 2,000 distinct products based on UPC codes in the PPS
product category. In collaboration with the processor that shared both retail and food
service data, we created an identiﬁer for all UPCs that include romaine in the kits, blends,
and bowls category. We then matched UPCs that contain romaine to SKUs listed in the
romaine category in the wholesale data provided by the processor. We converted retail
quantity reductions of kits and blends into wholesale and grower quantity reductions for
romaine using product weight in lbs and a conversion factor of 83% romaine for kits and
31% romaine for blends based on consultation with the cooperating processor.10
5.4 Additional Production-Cost Data
Estimating damages associated with produce that was not harvested and processed as a
result of the advisory (damage component 2) required information on average harvest costs
and variable processing costs, e.g., labor, since these costs were avoided on product that was
plowed under in ﬁelds. Harvest costs for romaine hearts were available from a 2019 University
of California Cooperative Extension-Agricultural Issues Center study on production costs for
romaine hearts.11 Based on this study, we estimated an average per pound harvest cost saving
of 31.2 cents for romaine that was planted but not harvested. Romaine heads are less costly
to harvest than hearts because workers do not need to remove the outer leaves for heads and
package them diﬀerently. We relied on industry feedback to adjust harvest costs downward
for romaine heads.
The data provided by the processor allowed us to compute an average processing labor cost
saving of 10.3 cents per pound for romaine that was not processed. We applied these average
cost savings uniformly across the produce categories included in our damage calculations.

Estimated Price and Quantity Eﬀects

6

We utilized econometric analysis to estimate prices and sales volumes that would have prevailed in the leafy-greens supply chain but for the November 2018 advisory issued. The
basic methodology involved statistically correlating (regressing) weekly observed prices and
9

We do not have access to retail prices and quantities or wholesale prices for lettuce sold as random
weight.
10
While the bowls category includes products that contain romaine as well, we were not able to adequately
match UPCs and SKUs and derive a conversion factor for this category.
11
Please see https://coststudies.ucdavis.edu/en/current/ for more detail. The Lettuce (Romaine
hearts) cost study was last accessed accessed July, 19 2019.
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quantities over the three-year period from January 2017 - December 2019 on variables to
account for month of the year (e.g., to account for seasonality in demand or supply), year
(e.g., to account for secular trends in demand across the three years), and {0,1} indicator
variables to denote each speciﬁc week 1 - 8 associated with the advisory period and then
each speciﬁc week 1 - 12 associated with the advisory aftermath period.12 In other words,
we seek to explain weekly prices and quantities over this three-year period based on values
of the aforementioned explanatory variables. These predicted prices and quantities then are
utilized in computing damages components 1 - 3 as described in section 4.
As in the prior sections, Q denotes volume or quantity, P denotes price, i subscript denotes
a particular commodity, and t subscript denotes time period.We express the dependent
variables, Qi,t and Pi,t , in logarithmic form so that that we can easily convert estimated
coeﬃcients on the advisory and post-advisory indicator variables into percent changes in
quantity and price. The speciﬁc form of the estimating equations are the following:
ln(Qi,t ) = β0 + β1 ∗ AdvisoryW eek1 + ... + β8 ∗ AdvisoryW eek8+
β9 ∗ Af termathW eek1 + ... + β20 ∗ Af termathW eek1+
γm + αy + ηw,i ,
ln(Pi,t ) = γ0 + γ1 ∗ AdvisoryW eek1 + ... + γ8 ∗ AdvisoryW eek8+
γ9 ∗ Af termath1 + ... + γ20 ∗ Af termathW eek1+
λm + ωy + νw,i ,
where βj measures the impact of advisory or post advisory (aftermath) week t on the log of
sales in week t, and γt represents the estimated eﬀect on price in week t. The monthly ﬁxed
eﬀects are indicated by γm and λm in the two equations, while αy and ωy denote the year
ﬁxed eﬀects. Finally, ηw,i and νw,i represent mean zero random errors.
We estimated price and quantity eﬀects of the E. coli incident at diﬀerent stages of the
supply chain for a number of diﬀerent leafy greens using these regression speciﬁcations. The
key variables for purposes of the analysis are the indicator variables denoting the advisory
period and its aftermath. The estimated coeﬃcients for these variables, i.e., the βt and the
γt , represent our best estimates as to how the advisory impacted sales or price for weeks
when the advisory was in eﬀect or the weeks in the aftermath period for the commodity and
stage of supply chain being studied.
The signs of the estimated coeﬃcients on the advisory and post-advisory indicator variables
are themselves of interest. For the quantity regressions for romaine, we expect reduced sales
(negative signs on the estimated coeﬃcients) both due to the removal of product during the
advisory period and also to consumers’ concerns about food safety. These concerns may well
have persisted even after the advisory was lifted. The magnitude and statistical signiﬁcance
12

These variables have values of 0 for a week that was not part of the advisory period or aftermath period
and a value of 1 for each speciﬁc week of the advisory and aftermath. Thus, at most one week as a value of
1 for each indicator variable
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of indicator variables for the post-advisory weeks provide a mechanism to detect how long
such eﬀects persisted. We considered post-advisory impacts up to 12 weeks based upon an
initial analysis of USDA-AMS price and movement data.
The expected impact of the advisory and its aftermath on prices of romaine and products
containing romaine is not clear ex ante because both supply and demand were impacted
adversely, with oﬀsetting consequences for price, as discussed in section 4. This price eﬀect
(whether positive or negative) on product that is sold during the advisory and during the
aftermath period is the key consideration in damage component 1 of our damage estimates
for growers and handlers.
Among the outputs from the regression models is a measure for each estimated coeﬃcient of
the statistical precision with which it was estimated. Coeﬃcients are said to be “statistically
signiﬁcant” if one can say with a high degree of conﬁdence, usually set at 95%, that the
true eﬀect is not zero. In the majority of the regressions for romaine, we found statistically
signiﬁcant price and quantify eﬀects extending into the aftermath period for between 8 - 12
weeks, depending on commodity.
Although we estimated the eﬀect on prices and quantities for each week of the advisory period
and through 12 post-advisory weeks, we adopted the rule that three consecutive weeks of
no statistically signiﬁcant eﬀect of the aftermath week indicator variables marked the end of
the advisory’s impact on that particular variable. As such, the weeks for which we measure
price or quantity eﬀects varies by product or commodity based upon this rule.13
6.1 Grower Prices
To capture the eﬀect of the advisory on grower prices, we estimated three regression models. The ﬁrst uses the average weekly North American spot price from USDA-AMS as the
dependent variable. The second and third models utilize the cost per pound paid by the
cooperating processor for produce supplied to it for the retail and food service marketing
channels. Combined, the three models capture movements in the spot market and contract
prices received by romaine growers in both the food service and retail supply chains during
the advisory period and its aftermath.
We report separate estimation results for regression models with AMS data for romaine
hearts, romaine leaf, and iceberg lettuce. Leaf lettuce and spinach represent two other
possible substitutes for romaine, but regression results for these commodities showed little
impact from the advisory on their prices, and results for these commodities are not reported.
Figures 4 and 5 show point estimates for the coeﬃcients on the indicator variables for romaine
hearts and romaine head/leaf for each week of the advisory and post-advisory periods, as
well as a 95% conﬁdence interval for each point estimate.14 If the conﬁdence interval includes
13

This assumption avoids imputing signiﬁcance to spurious correlations that sometimes occur. Consistent
with this cut-oﬀ rule, we also include estimated weekly eﬀects in our analysis even if they are not statistically
signiﬁcant if they occur prior to this three-week period or through the entire 12 week post-advisory period
if no such three-week period exists.
14
The width of the bar in the ﬁgures represents the 95% conﬁdence interval, i.e., we have 95% conﬁdence
that the true impact lies within the range indicated by the bar.
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zero, the estimate is not statistically signiﬁcant at the 95% level.
For both romaine hearts and head/leaf, we see positive price eﬀects through the sixth week
of the outbreak. The coeﬃcients on the advisory dummy variables during these weeks range
from a high of 0.762 (1.058) in week 3 to a low of 0.149 (0.129) in week 6 for hearts (leaf).
These coeﬃcients translate into a 114% (188%) increase in prices in week 1 and 16% (14%)
increase in week 6 for hearts (leaf) relative to the same week under normal market conditions
(i.e., no outbreak).15
These results show that romaine lettuce that was safe and marketable during the advisory
period sold on the spot market at a premium for the ﬁrst several weeks following the initial
alert. Following week six, however, price eﬀects were negative. By this time, the advisory had
been conﬁned to a small region, so most production was saleable, but demand for romaine
had decreased, likely due to reduced consumer conﬁdence in the safety of the product.
Starting in week 4 of the post-advisory period we see in ﬁgure 5 several consecutive weeks
with no signiﬁcant price eﬀect for romaine leaf, thus marking the end of the advisory’s
impact on romaine leaf. Conversely, ﬁgure 4 indicates that signiﬁcant negative price eﬀects
for romaine hearts persisted though the entire 12 weeks of the aftermath period studied.
Figure 6 examines the impact of the advisory on the spot price for iceberg lettuce, commonly
agreed to be the closest substitute for romaine. Iceberg spot prices were signiﬁcantly higher
than in the comparable non-advisory periods for the ﬁrst six weeks of the outbreak. This
corresponds very closely to the positive price impacts for salable romaine in the ﬁrst weeks of
the advisory. After week 6, the advisory was conﬁned to the immediate region of the source
of the outbreak, allowing other romaine production to be sold and largely eliminating the
lettuce shortage that was spurring higher prices.
15

The coeﬃcients in our logarithmic regression models are converted to percentage changes based on the
following formula: %change = 100 × (eβt − 1), where βi is the estimated coeﬃcient on the indicator variable.
Recall from the previous discussion that the indicator variables change from 0 to 1 for a week during the
advisory or aftermath periods. Thus, applying the preceding formula gives us the estimated percentage
impact of the advisory or aftermath in that speciﬁc week on price. Percentage changes in quantities are
derived in a similar manner.
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Figure 4: Average North American Spot Price Regression Estimates for Romaine Hearts
Average North American Spot Market Price: Romaine Hearts
Advisory w1
Advisory w2
Advisory w3
Advisory w4
Advisory w5
Advisory w6
Advisory w7
Advisory w8
Aftermath w1
Aftermath w2
Aftermath w3
Aftermath w4
Aftermath w5
Aftermath w6
Aftermath w7
Aftermath w8
Aftermath w9
Aftermath w10
Aftermath w11
Aftermath w12
-1

-.5

0
ln($/lb.)

.5

1

Figure 5: Average North American Spot Price Regression Estimates for Romaine Leaf
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Figure 6: Average North American Spot Price Regression Estimates for Iceberg
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The second model uses the average monthly cost of romaine for retail sale for the cooperating processor as the dependent variable, while the third model utilized the average weekly
cost of romaine for food service incurred by the same processor as the dependent variable.
Because the retail data provided by the processor are monthly, we designated November and
December 2018 as months 1 and 2 of the advisory period and January, February, and March
of 2019 as months 1–3 of the post-advisory period.16 Tables 1 and 2 display the regression
output for these two models. All months in the advisory and post-advisory periods were
associated with an increase in retail contract costs to acquire romaine. The increases ranged
from approximately 30% in November and December 2018 to 11% in March 2019. Based
on our understanding that growers for retail operate with ﬁxed-price contracts, these statistically signiﬁcant cost increases for the cooperating processor represent mostly or entirely
costs associated with inability to sell contracted product and costs associated with harvesting
contracting product at suboptimal times due to the advisory and its aftermath.
Table 1: Estimated Impacts of Advisory and Aftermath on Processor’s Retail Acquisition
Cost
Romaine
Advisory month 1
Advisory month 2
Aftermath month 1
Aftermath month 2
Aftermath month 3
N
R2

0.256***
0.257***
0.251***
0.219**
0.190***
49
0.218

The dependent variable is the natural log of average monthly price
per pound. Robust Standard Errors.
*/**/*** denotes signiﬁcance at the
95/99/99.9 percent conﬁdence intervals. Regressions include year ﬁxed
eﬀects.

The processor’s procurement costs per pound of romaine for the food service channel were
signiﬁcantly higher for weeks 2 to 4 of the advisory. Thereafter, there were no consistent
eﬀects on cost and relatively few of the estimated eﬀects are statistically signiﬁcant. Cost
eﬀects were especially large weeks 2 through 4 of the advisory, with coeﬃcients corresponding
to price increases of 78%, 131% and 121% in those weeks, respectively.
Higher input costs for the processor in the food-service channel likely reﬂect both adjustments
in price paid to growers, based on price triggers in the typical food-service contract, and loss
of some contracted product that became unsalable due to the advisory. In both the retail and
food-service channels, eﬀects of the advisory on procurement costs were generally less than
in the spot market, consistent with the earlier discussion regarding relative price stability in
produce production contracts.
16

This characterization, though unavoidable given data availability, does not match precisely with the
timing of the advisory as discussed earlier in this report.
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Table 2: Estimated Impacts of Advisory and Aftermath
sition Costs
Romaine
Advisory week 1
-0.030
Advisory week 2
0.579∗∗∗
Advisory week 3
0.837∗∗∗
Advisory week 4
0.791∗∗∗
Advisory week 5
-0.051
Advisory week 6
-0.003
Advisory week 7
0.113∗
Advisory week 8
0.109∗
Aftermath week 1
0.027
Aftermath week 2
0.141∗∗
Aftermath week 3
0.173∗∗∗
Aftermath week 4
0.181∗∗∗
Aftermath week 5
0.031
Aftermath week 6
-0.064
Aftermath week 7
0.057
Aftermath week 8
0.158∗∗∗
Aftermath week 9
0.108∗∗∗
Aftermath week 10
-0.042
Aftermath week 11 -0.110∗∗∗
Aftermath week 12
0.010
Constant
-1.174∗∗∗
N
157
R2
0.770

on Processor’s Food-Service AcquiIceberg
0.086∗∗∗
0.432∗∗∗
0.682∗∗∗
0.691∗∗∗
-0.010
0.223∗∗∗
0.023
-0.122∗∗
-0.045
-0.057
-0.059
0.055
-0.078∗
0.048
0.141∗∗∗
0.298∗∗∗
0.395∗∗∗
0.329∗∗∗
0.303∗∗∗
-0.166
-1.483∗∗∗
157
0.524

The dependent variable is the natural log of average weekly grower contract prices for the food service sector. All regressions have a base of January
2017. Robust Standard Errors. */**/*** denotes
signiﬁcance at the 95/99/99.9 percent conﬁdence intervals. Regressions include month and year ﬁxed
eﬀects.

Table 2 also contains regression results for food-service contract costs for iceberg lettuce
during the advisory period, given iceberg’s role as a key substitute for romaine. Results show
strongly positive price/cost eﬀects during the ﬁrst four weeks during the advisory period,
peaking at a 100% increase in the procurement cost in week 4 of the advisory. Saleable
romaine or iceberg lettuce, sold as a substitute, appear to have earned price premiums
through at least the early weeks of the advisory period. Contract procurement costs for
romaine did not decline at any time during the advisory or aftermath periods. However,
spot-market sellers received consistently lower prices throughout the aftermath period, as
lower consumer demand for products containing romaine caused buyers to have little reason
to enter the spot market to augment their contract purchases.
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6.2 Prices Received by Processors
To assess price eﬀects of the advisory and its aftermath for processors and shippers of leafy
greens, we utilized data provided by the cooperating processor and presumed that they would
be representative of the processing sector and handlers as a whole. For food service sales, we
used the average weekly wholesale price per pound received by the processor as the dependent
variable. Estimation results are contained in table 3 for both romaine and iceberg. Prices
received by processors for romaine increased in weeks 2 through 4 of the outbreak period by
between 24% and 41%. Thereafter, however, prices received by processors for romaine were,
in general, moderately lower throughout the rest of the advisory period and the 12-week
aftermath. Iceberg also received higher prices at the start of the advisory period, but prices
received by processors returned to near normal after the ﬁfth week, with few signiﬁcant price
eﬀects appearing thereafter.
Table 3: Estimated Impacts of Advisory and Aftermath
Sales to Food Service
Romaine
Advisory week 1
-0.020
Advisory week 2
0.214∗∗∗
Advisory week 3
0.344∗∗∗
Advisory week 4
0.295∗∗∗
Advisory week 5
-0.173∗∗∗
Advisory week 6
0.001
Advisory week 7
-0.111∗∗
Advisory week 8
-0.082
Aftermath week 1
-0.099∗
Aftermath week 2
-0.097∗
Aftermath week 3
-0.100∗∗
Aftermath week 4
-0.109∗∗
Aftermath week 5
-0.109∗∗
Aftermath week 6
-0.103∗∗
Aftermath week 7
-0.180∗∗∗
Aftermath week 8
-0.165∗∗∗
Aftermath week 9
-0.162∗∗∗
Aftermath week 10 -0.166∗∗∗
Aftermath week 11 -0.165∗∗∗
Aftermath week 12 -0.212∗∗
Constant
-0.026
N
157
2
R
0.574

on Processor’s Wholesale Price for
Iceberg
0.028
0.381∗∗∗
0.536∗∗∗
0.568∗∗∗
0.160∗∗∗
0.031
-0.017
-0.007
-0.031
-0.042
-0.061
-0.058
-0.045
-0.051
0.014
0.171∗∗∗
-0.005
-0.108∗∗
-0.064
-0.188∗∗
-0.720∗∗∗
157
0.456

The dependent variable is the natural log of average weekly food service wholesale prices. All regressions have a base of January 2017. Robust Standard Errors. */**/*** denotes signiﬁcance at the
95/99/99.9 percent conﬁdence intervals. Regressions include month and year ﬁxed eﬀects.
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We estimated price eﬀects for processors serving the retail channel based on the average
weekly wholesale price per pound received for romaine by the cooperating processor for retail
sales. We estimated regressions for each of the four main product categories: romaine hearts,
kits, blends, and premium classics. For the latter three, we limit our analysis to products
that contain romaine. Estimation results are provided in table 4. All products experienced
a relatively sharp decline in price received in the second week (the ﬁrst full week of the
advisory), with decreases ranging from -25% for kits to -46% for romaine hearts. Small but
positive price eﬀects for kits persisted throughout the entire study period. Price eﬀects for
blends were generally negative for the remaining weeks of the advisory, but quantitatively
small. Similarly, there was little price impact for premium classic salads. With very few
exceptions, romaine hearts experienced statistically signiﬁcantly lower prices throughout the
12-week aftermath period.
To interpret these wholesale price impacts, recall that most contracts between produce processors and retailers have ﬁxed prices for a contract period that is typically one to two years
in duration. The sharp decrease in price shown for each product category in week 2 is likely
the result of some product not being salable. The rather small but statistically signiﬁcant
price eﬀects for hearts, blends, and kits during the aftermath period likely reﬂects new contract provisions with some retail buyers that reﬂect changes in consumer demands for bagged
salad products in the aftermath of the romaine advisory. Romaine hearts experienced the
most adverse demand reaction to the outbreak, most likely because of consumer avoidance
of romaine. The exclusive romaine content of hearts would have been obvious to consumers,
whereas its presence in kits and blends would have been less clear to the average shopper. Indeed, results suggest that possibly kits experienced increasing demand as consumers
substituted away from romaine-only bagged salads.
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Table 4: Estimated Impacts of Advisory and Aftermath on Processor’s Wholesale Price for
Sales to Retail
Romaine Hearts Blends
Kits
Premium Classics
∗∗∗
Advisory week 1
-0.130
-0.058
-0.011
0.061∗∗
∗∗∗
∗∗∗
∗∗∗
Advisory week 2
-0.625
-0.313
-0.294
-0.501∗∗∗
Advisory week 3
0.052
-0.047∗
0.039
0.091∗∗∗
Advisory week 4
0.047
-0.072∗∗∗
0.049∗
0.094∗∗∗
∗
∗
Advisory week 5
-0.012
-0.046
0.045
0.093∗∗∗
Advisory week 6
-0.074
-0.031
0.050∗
0.093∗∗∗
∗∗
Advisory week 7
-0.003
-0.000
0.055
0.004
Advisory week 8
-0.210∗∗
-0.055∗
0.084∗∗∗
0.007
∗∗
∗∗∗
-0.034
0.091
0.007
Aftermath week 1
-0.212
Aftermath week 2
-0.201∗∗
-0.047
0.083∗∗∗
0.007
∗∗
∗
∗∗∗
Aftermath week 3
-0.207
-0.059
0.086
0.007
∗
∗∗∗
Aftermath week 4
-0.154
-0.016
0.097
0.003
Aftermath week 5
-0.139∗
-0.061∗
0.095∗∗∗
0.003
∗∗
∗∗∗
0.092
0.003
Aftermath week 6
-0.092
-0.081
Aftermath week 7
-0.260∗∗∗
-0.092∗∗∗ 0.049∗∗∗
0.003
∗∗∗
∗∗
∗∗∗
Aftermath week 8
-0.341
-0.079
0.043
0.003
∗∗∗
∗∗∗
∗∗∗
Aftermath week 9
-0.364
-0.188
0.057
0.003
Aftermath week 10
-0.324∗∗∗
-0.171∗∗∗ 0.033∗∗∗
0.003
∗∗∗
∗∗
0.029
0.003
Aftermath week 11
0.071
-0.219
Aftermath week 12
-0.376∗∗∗
-0.223∗∗∗ 0.034∗∗∗
0.003
∗∗∗
∗∗∗
∗∗∗
Constant
0.765
0.634
0.708
-0.066∗∗∗
N
145
145
145
145
R2
0.548
0.576
0.829
0.878
The dependent variable is the natural log of average weekly price per pound. All regressions
have a base of January 2017. Robust Standard Errors. */**/*** denotes signiﬁcance at the
95/99/99.9 percent conﬁdence intervals. Regressions include month and year ﬁxed eﬀects.

6.3 Prices Received by Grocery Retailers
We used the average weekly retail price by product category constructed using Nielsen data as
the dependent variable to measure price eﬀects for retailers and estimated regression models
for premium classics, romaine hearts, kits, and blends. We, again, limit our analysis to
only products within those categories that contain romaine. Table 5 contains the estimation
results.
In general, price eﬀects, if any, at retail from the advisory and its aftermath are very minor.
This ﬁnding is consistent with the general understanding of how large food retailers set
prices. Most retailers prefer to maintain stable prices for their customers, especially for
staple products like bagged salads. Indeed, as table 4 showed, retailers’ costs for bagged
salads were themselves little impacted for most weeks of the advisory and aftermath periods,
so even retailers that were inclined to pass changes in acquisition costs forward to consumers
had little reason to adjust prices.
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Table 5: Estimated Impacts of Advisory and
Romaine Hearts Blends
Advisory week 1
0.065∗∗∗
-0.008
-0.016∗∗
Advisory week 2
0.147∗∗∗
-0.002
Advisory week 3
0.123∗∗∗
∗∗∗
Advisory week 4
0.092
-0.007
Advisory week 5
0.070∗∗∗
-0.009
∗∗∗
Advisory week 6
0.063
-0.004
∗
Advisory week 7
0.071
0.085∗∗∗
Advisory week 8
0.001
0.081∗∗∗
Aftermath week 1
0.040
0.078∗∗∗
Aftermath week 2
-0.017
0.058∗∗∗
Aftermath week 3
0.013
0.055∗∗∗
Aftermath week 4
0.015
0.061∗∗∗
Aftermath week 5
-0.021
0.056∗∗∗
Aftermath week 6
-0.048∗
0.057∗∗∗
∗∗∗
Aftermath week 7
-0.087
0.046∗∗∗
Aftermath week 8
-0.037
0.040∗∗∗
Aftermath week 9
-0.017
0.056∗∗∗
Aftermath week 10
-0.024
0.046∗∗∗
Aftermath week 11
-0.035
0.038∗∗∗
∗
Aftermath week 12
-0.089
0.034∗∗∗
Constant
1.593∗∗∗
1.705∗∗∗
N
156
156
R2
0.574
0.758

Aftermath on Retail Prices
Kits
Premium Classics
∗∗
0.013
-0.013
-0.051∗∗∗
-0.014
∗∗∗
-0.023
-0.010
∗∗∗
-0.017
-0.032∗∗
-0.007
-0.025∗
-0.003
-0.035∗∗
∗∗∗
0.030
0.050∗∗
0.003
0.045∗∗
0.023∗∗∗
0.048∗∗
0.008
0.032
∗∗∗
-0.029
0.045∗
-0.004
0.017
0.003
0.002
∗
-0.014
0.051∗∗
∗∗∗
-0.027
0.036∗
-0.002
0.001
0.003
0.007
0.003
0.025
-0.003
0.041∗∗
0.002
0.003
∗∗∗
1.645
1.311∗∗∗
156
156
0.679
0.551

The dependent variable is the natural log of average weekly price per pound. All regressions
have a base of January 2017. Robust Standard Errors. */**/*** denotes signiﬁcance at the
95/99/99.9 percent conﬁdence intervals. Regressions include month and year ﬁxed eﬀects.

6.4 Impacts of the Advisory on Quantities Sold
Whereas damage component 1 measures price impacts of the advisory and its aftermath
and provides critical information on gainers and losers within the supply chain due to the
E. coli incident, damage components 2 and 3 are based on quantity impacts, which are
the key factors in determining societal loss due to the incident. Although the USDA-AMS
data contain shipment volumes, the data are diﬃcult to interpret because relatively little
volume moves through spot sales. We were able to get evidence on sales impacts to the
food-service channel through information provided by the cooperating processor. We used
the average weekly pounds of product sold to food service providers by this processor as
the dependent variable in a regression model, with the same explanatory variables as in the
models for price eﬀects. Table 6 contains results for both romaine and iceberg lettuce. We
see a large decrease (72%) in the volume of romaine sold to food service in the ﬁrst week
of the advisory, followed by smaller decreases in most subsequent weeks through week 10 of
the post-advisory period. These results suggest that food-service operators reduced orders
of products containing romaine not just during the advisory but for several weeks thereafter.
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Quantity eﬀects for iceberg due to the advisory were mild. There was a signiﬁcant decrease
in sales in week 1, likely reﬂecting confusion over the scope of the advisory, and then some
small but statistically signiﬁcant increases in sales in weeks 2 and 3, as some food-service
operators switched from romaine to iceberg. In general, however, quantity eﬀects for iceberg
are small, inconsistent in sign, and often not statistically signiﬁcant in the remaining weeks
of the advisory and the aftermath period. Given that moderate decreases in romaine sales to
food service were experienced through 10 weeks of the aftermath period, results for iceberg
suggest that food-service operators did not, except for the initial weeks of the advisory,
substitute iceberg in place of romaine and, rather, likely included fewer salad items on their
menus during this period.17
Table 6: Estimated Impacts of Advisory and Aftermath on Processor’s Food-Service Sales
Romaine Iceberg
Advisory week 1
-1.288∗∗∗ -0.213∗∗∗
Advisory week 2
-0.418∗∗∗ 0.122∗∗∗
Advisory week 3
0.045
0.180∗∗∗
∗
Advisory week 4
-0.139
0.078
∗∗∗
Advisory week 5
-0.253
-0.048
∗∗∗
Advisory week 6
-0.318
-0.127∗∗
∗∗∗
Advisory week 7
-0.265
-0.065∗
Advisory week 8
-0.132∗∗∗
0.053
∗∗∗
Aftermath week 1
-0.117
0.022
Aftermath week 2
-0.182∗∗∗
-0.012
Aftermath week 3
-0.231∗∗∗ -0.079∗∗∗
Aftermath week 4
-0.170∗∗∗ -0.073∗∗∗
Aftermath week 5
-0.154∗∗∗ -0.057∗∗∗
Aftermath week 6
-0.158∗∗∗ -0.061∗∗∗
Aftermath week 7
-0.175∗∗∗
-0.043∗
Aftermath week 8
-0.148∗∗∗
0.016
Aftermath week 9
-0.089∗∗
-0.007
Aftermath week 10 -0.142∗∗∗ -0.099∗∗∗
Aftermath week 11
-0.038
0.000
Aftermath week 12
0.008
0.039
∗∗∗
Constant
14.679
15.414∗∗∗
N
157
157
R2
0.874
0.735
The dependent variable is the natural log of average weekly food service wholesale prices. All regressions have a base of January 2017. Robust Standard Errors. */**/*** denotes signiﬁcance at the
95/99/99.9 percent conﬁdence intervals. Regressions
include month and year ﬁxed eﬀects.
17

Ability of downstream operators to acquire additional iceberg product is limited through the advisory
and early portions of the aftermath period by the fact that iceberg supplies are largely ﬁxed during this
period by planting decisions made prior to the issuance of the advisory.
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Impacts of the advisory and its aftermath at retail can be assessed with considerable accuracy using the Nielsen data. We estimated volume sales at retail for the same romaine-based
product categories (hearts, blends, kits, and premium classics) as studied for price eﬀects.
Results are reported in table 7. For each product category, we see statistically signiﬁcant
decreases in sales in nearly every week of the study period. The decreases are most pronounced in week 2 of the advisory when product was largely absent from retail shelves, and
range from a reduction of 91% for blends to 96% for romaine hearts.
Decreases in sales associated with the early weeks of the advisory are largely attributable to
retailers removing romaine products from shelves and shippers and retailers removing product in the supply pipeline. The persistent decreases in sales throughout the post-advisory
period, however, indicate that consumers shifted consumption away from products containing romaine for several weeks after the all clear had been issued. In fact, only in the 12th week
post advisory do we ﬁnally see no sales impact for any of the four romaine-based products.
In total, we estimate that retail sales were down 26% for premium classics, 25% for romaine
hearts, 18.5% for blends containing romaine, and 16.6% for kits containing romaine, when
summing sales across the entire advisory and aftermath periods.
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Table 7: Estimated Impacts of Advisory and
Romaine Hearts Blends
Advisory week 1
-0.479∗∗∗
-0.385∗∗∗
∗∗∗
Advisory week 2
-3.464
-2.435∗∗∗
Advisory week 3
-1.152∗∗∗
-0.647∗∗∗
Advisory week 4
-0.559∗∗∗
-0.330∗∗∗
∗∗∗
Advisory week 5
-0.442
-0.228∗∗
Advisory week 6
-0.439∗∗∗
-0.250∗∗∗
∗∗∗
Advisory week 7
-0.285
-0.224∗∗∗
Advisory week 8
-0.114∗∗∗
-0.051∗
Aftermath week 1
-0.160∗∗∗
-0.084∗∗∗
∗∗∗
Aftermath week 2
-0.254
-0.203∗∗∗
Aftermath week 3
-0.157∗∗∗
-0.165∗∗∗
∗∗∗
Aftermath week 4
-0.175
-0.172∗∗∗
Aftermath week 5
-0.113∗∗∗
-0.095∗∗∗
Aftermath week 6
-0.134∗∗∗
-0.082∗∗∗
∗∗∗
Aftermath week 7
-0.146
-0.102∗∗∗
Aftermath week 8
-0.122∗∗∗
-0.088∗∗∗
Aftermath week 9
-0.148∗∗∗
-0.097∗∗∗
∗∗∗
Aftermath week 10
-0.113
-0.124∗∗∗
Aftermath week 11
-0.091∗∗∗
-0.095∗∗∗
Aftermath week 12
0.014
-0.010
∗∗∗
Constant
14.864
15.294∗∗∗
N
156
156
R2
0.955
0.896

Aftermath on Retail Sales
Kits
Premium Classics
∗∗∗
-0.461
-0.528∗∗∗
∗∗∗
-2.749
-3.010∗∗∗
-0.734∗∗∗
-0.764∗∗∗
-0.286∗∗∗
-0.445∗∗∗
∗∗∗
-0.252
-0.395∗∗∗
-0.350∗∗∗
-0.323∗∗∗
∗∗∗
-0.169
-0.324∗∗∗
-0.025
-0.180∗∗∗
-0.052∗∗
-0.159∗∗∗
∗∗∗
-0.064
-0.235∗∗∗
-0.053∗
-0.272∗∗∗
∗∗
-0.084
-0.253∗∗∗
-0.077∗∗
-0.212∗∗∗
-0.076∗∗
-0.203∗∗∗
-0.043
-0.221∗∗∗
-0.075∗∗∗
-0.207∗∗∗
-0.085∗∗∗
-0.220∗∗∗
∗∗∗
-0.098
-0.147∗∗∗
-0.055∗
-0.196∗∗∗
0.048
-0.042
∗∗∗
15.069
14.513∗∗∗
156
156
0.916
0.916

The dependent variable is the natural log of average weekly lbs sold. All regressions have a base
of January 2017. Robust Standard Errors. */**/*** denotes signiﬁcance at the 95/99/99.9 percent conﬁdence intervals. Regressions include month and year ﬁxed eﬀects.
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Damages Due to the November 2018 Food Safety Advisory

We provide separate estimates for each of the three damage components from the November
2018 food safety advisory for growers, processor/shippers, retailers, and food-service operators. Growers at most incurred damages for only components 1 and 2, because they would
have been compensated for product that had been harvested and delivered or en route to food
service and groceries at the time of the advisory (i.e., DC3). Food retailers and food-service
operators incurred losses for non-salable product under their ownership at the time of the
advisory (DC3) and also were potentially impacted by price eﬀects due to the advisory and
its aftermath (DC1). Processors/shippers were impacted by all three damage components.
7.1 Grower Impacts
Although the E. coli problem originated at the grower stage of the supply chain, the nature
of contracting in the leafy-greens industry insulated growers from most losses due to the
advisory. Contract growers for the retail channel largely operate with ﬁxed-price contracts
and, thus, were unaﬀected by price changes caused by the incident. Conversely, growers
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selling in the spot market were exposed fully to price changes, while most contract growers
for food service were subjected somewhat to price changes based upon trigger price provisions
that are commonly placed in these contracts.
Contract growers were also largely protected from losses due to reduced demand and sales
during the advisory period and its aftermath. Grower-processor contracts specify production on ﬁxed acreage or for ﬁxed volumes, and represent a commitment by processors to
pay for the contracted product. Processors operate under a minimum 60-90 days planning
cycle and contracts often cover an entire growing season. If produce is not needed due to
unanticipated market conditions, such as the E. coli incident, processors bear the loss—DC2
in our framework. Only growers selling on the spot market would have incurred losses for
DC2.
Table 8 contains our estimates of grower losses due to the November 2018 advisory assuming
that growers represented half of the sales occurring through spot markets (assumed to be 10%
of the total trade), while processors comprised the other half. Table 8 shows that growers
as a group only experienced modest eﬀects from the advisory and its aftermath. Whereas
spot sales incurred losses (indicated by parentheses around the dollar values) relative to the
but-for world, contract sellers actually fared better due to price eﬀects that were positive on
net. Spot sellers incurred an estimated $347,000 in losses from DC2.
Table 8: Damages Incurred by Growers
DC1
DC2
DC3 Total
Spot Sales
$ (299,000) $ (347,000)
Contract Sales $ 592,000
NA
Total
$ 293,000
$ (347,000)
7.2

NA
NA
NA

$ (646,000)
$ 592,000
$ (54,000)

Damages to Processors and Shippers

Leafy green processors and shippers were the sector most impacted by the November 2018 E.
coli advisory and its aftermath. Processors and shippers incurred losses (DC3) for product
that had been harvested and was in their possession at the time of the advisory. We estimate
that this loss was approximately $20.649 million (table 9). Given the nature of contracting
for leafy greens, processors/shippers also bore primary responsibility for planted romaine
that could not be harvested and sold, either due to the advisory itself or to reduced demand
caused by the incident. We estimate that this loss was substantial—$37.3 million over the
advisory period and the aftermath.
The E. coli incident roiled the leafy-green markets, but transmission of price eﬀects was
muted by the nature of contracting in the industry, as we have discussed. Processors’ contracts with both growers and downstream buyers generally involve either ﬁxed prices, or
prices that only change when certain triggers are reached. We estimate that processors incurred minor losses to the extent they were selling on the spot market during this period,
but actually gained an estimated $5.7 million from improved margins on contract purchases
and sales. On net, across the three damage components, we estimate that processors and
shippers lost $52.7 million because of the E. coli incident.
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Table 9: Damages Incurred by Processors and Shippers
DC1
DC2
DC3
Spot Sales/Purchases
Contract Sales/Purchases
Total
7.3

$ (475,000)
$ 5,716,000
$ 5,241,000

$ (216,000)
$ (37,122,000)
$ (37,338,000)

$ (20,649,000)

Total
$ (644,000)
$ (31,406,000)
$ (52,746,000)

Damages to Grocery Retailers

Our analysis of damages in the retail channel focuses on romaine hearts, premium classics,
kits with romaine, and blends with romaine. As noted, we are able to convert quantity
reductions observed at the UPC level at retail into romaine commodity volume reductions
for these products. We are excluding random weight lettuce sales and romaine sales in
other categories such as bowls. Other categories, in general, have signiﬁcantly lower sales
than hearts, classics, kits, and blends. Additionally, we are not able to account for possible
spillover eﬀects to products that do not include romaine. To the extent losses incurred in
these categories were not oﬀset by possible gains, they cause our damage estimates to be
conservative and can be interpreted as a lower bound on retailer damages due to the outbreak.
Estimated damages incurred by retailers are reported in table 10. Grocery retailers were
impacted by the advisory through eﬀects on prices of products containing romaine and due
to inability to sell romaine products under their ownership control at the time of the advisory
(DC3). DC3 comprises the lion’s share of retailers’ losses, an estimated $18.3 million.
Retailers were impacted as both buyers and sellers due to price eﬀects caused by the advisory.
We assumed that retailers as a sector obtained 90% of their romaine product via contract
purchases and the remaining 10% through spot purchases. Impacts of the advisory and
aftermath period on contract prices paid by retailers for hearts, blends, kits, and premium
classics were reported in table 3, while ﬁgures 4 and 5 indicate impacts on acquisition costs
for retailers sourcing romaine from spot markets.
Given that processor-retailer contracts generally feature ﬁxed prices, table 3 shows little
movement in prices for contract purchases. Indeed, the only statistically signiﬁcant impacts
appear in the aftermath period, and generally show lower prices paid by retailers, perhaps
due to renegotiation of some contracts or reformulation of products to reﬂect changes in
consumer demand for romaine-based products due to the E. coli incident. Retailers who
used the spot market to source romaine were subject to wider price swings for both romaine
hearts and leaf, with prices rising for salable romaine in the early weeks of the advisory.
Prices then turned lower as ﬁgures 4 and 5 document. On balance, our analysis indicates
that retailers lost $7.3 million on net due to price eﬀects, but this net ﬁgure involves a small
price beneﬁt on spot purchases that was more than oﬀset by losses on contract purchases
and sales.
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Table 10: Damages Incurred by Grocery Retailers
DC1
DC2 DC3
Total
Spot Purchases
Contract Purchases
Total

$ 1,186,000
$ (8,521,000)
$ (7,335,000)

NA
NA
NA

$ (1,833,000)
$ (16,501,000)
$ (18,334,000)

$ (647,000)
$ (25,022,000)
$ (25,669,000)

Impacts of the advisory on prices charged by retailers for romaine products (hearts, blends,
kits, and premium classics) were generally minor as well, reﬂecting the tendency of most
retailers to prefer to present stable prices to their customers and the fact that retailers’
acquisition costs experienced only minor changes. As table 5 shows, prices increased in the
early weeks of the advisory for romaine hearts and then in the later weeks and aftermath
period for blends. Summing across DC1 and DC3, our estimate is that grocery retailers lost
approximately $25.7 million due to the incident.
7.4 Damages to Food-Service Operations
We also assumed that food-service operations as a sector acquired 90% of their romaine
through contract and the remaining 10% through spot purchases. Table 11 shows that
impacts of the advisory period and aftermath on food-service operators were minor. We
estimate that food service incurred losses of $3.6 million on romaine product in its possession
at the time of the advisory (DC3). This small loss for DC3 for food service relative to retail
reﬂects the substantial diﬀerence in romaine utilization between the two channels. Our
estimates are representative of distributor losses but do not account for lost restaurant or
institutional sales due to data limitations. To the extend that these lost sales were not oﬀset
by increased sales for other menu items, our estimates can be interpreted as a lower bound
on food-service operations damages due to the outbreak.
The other impact of the advisory on food-service operations based on our analysis is through
acquisition costs for romaine, given we assumed no changes in prices to food service from the
incident. Table 11 shows that food service received a price beneﬁt of about $2.7 million from
lower contract acquisition costs on net over the advisory period and aftermath. Acquisition
costs in the spot market were slightly higher on net, to the tune of $250 thousand. Across
both DC1 and DC3, we estimate that net losses to food service from the incident were only
about $1.2 million.
Table 11: Damages Incurred by Restaurants and Food Service
DC1
DC2 DC3
Total
Spot Purchases
Contract Purchases
Total
7.5

$ (250,000) NA
$ 2,691,000 NA
$ 2,441,000 NA

$ (360,000)
$ (3,236,000)
$ (3,596,000)

$ (609,000)
$ (545,000)
$ (1,154,000)

Impacts on Related Commodities

Our econometric analysis indicated some signiﬁcant price eﬀects for iceberg lettuce in the
early weeks of the advisory period. Prices for other leafy greens were little impacted, con34

ﬁrming that iceberg is the key substitute for romaine. Due to data limitations, we were only
able to examine impacts for iceberg in the food-service sector and not the retail sector.18 Tables 2 and 3 show that processors’ acquisition costs increased for iceberg lettuce in the early
weeks of the advisory, as did the price they received for iceberg from food-service operators.
Conversely, estimated impacts on iceberg volumes were small and mostly not statistically
signiﬁcant, an unsurprising result given that iceberg supplies were largely ﬁxed by planting
decisions made in advance of the E. coli advisory.
Based on the estimated price impacts for iceberg, we estimate that growers of iceberg lettuce
gained $7.3 million due to the romaine advisory, and processors gained $5.0 million because,
although they faced higher acquisition costs, they were able to achieve increased prices to
food service that more than compensated those costs. We estimate that food-service lost
$12.2 million due to higher iceberg acquisition costs caused by the romaine advisory. Notable
and interesting is that the spillover impact on iceberg prices resulted in a much larger loss
for food service than the direct price impacts, DC1, for romaine itself.
7.6 Overall Welfare Losses
We estimated total societal loss for both the retail and food service sectors based on the
methodology described in section 4. We estimate welfare losses in the retail channel at the
consumer level. For the food service channel, the estimates are based on prices paid by
food-service operators, instead of by consumers because we have no way to attach consumer
valuations to salads consumed through the myriad of food-service operations.
Our approach requires imputing an aggregate price elasticity of demand, D , for romaine
products. We used values of -0.5., -1.0, and -1.5 for this purpose for both market channels.19
Total societal losses decrease as demand becomes more elastic, ranging from $280 million
when D = −1.5 to nearly $350 million when D = −0.5. About 95% of societal losses are
associated with the retail sector based on our analysis. This is due to several factors—the
retail channel is much larger, the food-service welfare losses are based on prices paid by foodservice operators, not consumers, and on balance quantity reductions on a percent basis were
larger for retail than for food service.
Table 12: Total Societal Losses
Total Societal Losses
D

= −0.5

Retail
$ (332,082,000)
Food Service $ (17,495,000)
TOTAL
$(349,578,000)

D

= −1

$ (282,223,000)
$ (15,461,000)
$(297,684,000)

D

= −1.5

$ (265,603,000)
$ (14,783,000)
$(280,386,000)

Figure 7 shows the time path of total societal losses for the diﬀerent demand elasticity values
over the advisory period and aftermath. Losses are clearly greatest in the initial weeks when
product that had already been harvested and was in various stages of distribution had to
18

Similarly, as noted, we are not able to include possible spillover eﬀects for other products not containing
romaine in our retail sector analysis.
19
For example, an elasticity of -1.0 implies that a 10% increase in price results in a 10% decrease in sales.
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be pulled and discarded. In general, losses declined monotonically week by week thereafter,
but persisted through 11 weeks after the all clear was issued on January 9, 2019.
Figure 7: Societal Losses by Week and Elasticity Value

8

Conclusion

We have endeavored to estimate the economic impacts of the Fall 2018 E. coli incident for
romaine lettuce. Our analysis beneﬁted greatly from extraordinary data access provided by
a large leafy-greens processor that, in essence, opened its books to us and whose employees
provided great insights into the operations of the industry. We also beneﬁted from the
insights of many other leafy-greens industry professionals.
Even with the extraordinary level of access and cooperation we received, estimating the
magnitude of damages and especially the distribution of damages across industry participants was challenging, given that most exchange is handled via contracts, with the speciﬁc
provisions being conﬁdential to the contracting parties. Nonetheless we were able to show
that an incident that was due to the operations of a single farm caused widespread damages
to industry participants and society as a whole. Growers tended to be relatively insulated
from damages due to the nature of contracts, while processors as a group bore the lion’s
share of damages within the supply chain. Total societal losses of $280 to $350 million vastly
exceeded the losses to any single group of industry participants.
Given that most contracts protect growers from volume losses due to an incident, and price
eﬀects may be positive or negative depending upon the interplay of both supply and demand
reductions, growers have little direct incentive as a group to improve food-safety practices.
The fact that an incident that may eventually be traced to one or a few farms roils the entire
industry and imposes widespread losses is a clear prescription for industry-wide measures
to address food safety. The LGMA is an industry organization devoted to improving foodsafety practices in the leafy greens industries, but participation in LGMA and adherence to
its standards is voluntary.
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We believe our results also carry important lessons for the CDC and FDA, the public agencies
responsible for issuing, reﬁning, and eventually lifting food-safety advisories. Perhaps it is
unavoidable that the initial advisories are broad brush until the source of an outbreak can
be isolated, but we see that the consequence is signiﬁcant economic losses for consumers and
supply-chain participants who bore no responsibility for the incident. To limit damages, it is
imperative that the source of an outbreak be isolated as quickly as possible and then that the
advisories be quickly revised, reﬁned, and publicized to reﬂect new information. Agencies
must recognize that their advisories shake consumer conﬁdence in the impacted product and
also likely for related products. Romaine is a low-calorie and highly nutritious product, but
we saw that reduced sales at retail and food service carried forward for many weeks after
the all clear was issued, with demand down 25% or more for some romaine salads over the
20-week period we studied. In discharging their public responsibilities, it may be reasonable
for FDA and CDC to play a more proactive role in reassuring consumers of the fundamental
safety of a product like romaine in the aftermath of an incident.
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