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Abstract
In October 2015, the International Agency for Research on Cancer (IARC) released a report
classifying processedmeat as a type 1 carcinogen. The report prompted headlines and attracted
immediate public attention, but the economic impacts remain unknown. In this paper, we
investigate the impacts of the IARC report on selected processed meat prices and purchases
using retail scanner data from US grocery stores. We compare changes in prices and sales of
selected processed meat products to a constructed synthetic control group (using a convex
combination of nonmeat food products). We find a significant decrease in bacon prices in
the wake of the IARC report release, but we find no evidence of a sales reduction. We find
no significant changes in price and sales for ham and sausage. The pattern of price and quan-
tity changes are consistent with downward shifts in demand and outward shifts in supply for
bacon and sausage following the release of the IARC report.
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Introduction

In October 2015, the International Agency for Research on Cancer (IARC), a body
of the World Health Organization, released a report classifying processed meat as a
type 1 carcinogen.1 The announcement immediately led to panicked headlines, such as
“The Great Bacon Freakout,” “Bacon Causes Cancer,” and “The End of the Road for
Bacon.” Despite the high level of national attention given to the IARC report, it remains
unclear what, if any, impact the report had on sales of processed meat products.

To the extent the information in the IARC report dampened consumer demand, one
would expect lower prices and purchase volumes as a result. In this paper, we utilize retail
scanner data to investigate whether and to what extent the IARC report indeed led to these
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Resource Economics Association. This is an Open Access article, distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike licence (https://creativecommons.org/licenses/by-nc-sa/4.0/), which
permits non-commercial re-use, distribution, and reproduction in any medium, provided the same Creative Commons
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be obtained for commercial re-use.

1Following this, the WHO made a health recommendation that encouraged people to moderate
consumption of processed meat. In addition, the US Department of Health and Human Services
Dietary Guidelines for Americans 2015 to 2020 also suggests people limit processed meat consumption.
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outcomes. A challenge in identifying the effects of the report is that the information was
widely distributed and may have affected multiple meat products, making it difficult to
construct a counterfactual prediction of the trends in processed meat prices and purchases
that would have occurred absent the IARC information. To overcome these challenges, we
employ a synthetic control method (SCM) to empirically identify products, pre-IARC
release, that co-move with processed meat prices and purchases.

Empirical evidence of market response to the IARC report is limited. Related studies
exploring the effect of health information on meat demand finds various market responses
to different information. Traditional studies have estimated structural demand models,
and have included counts of media or scientific reports about health consequences of meat
consumption. Some studies find such health information shifts meat demand (Brown and
Schrader 1990; Kinnucan et al. 1997; Tonsor, Mintert, and Schroeder 2010; Piggott and
Marsh 2004), while others find that impact depends on type of information. For instance,
high risk events, such as food scares, tend to have higher impacts on food consumption
than other types of information (e.g. Liu, Lien, and Asche 2016; Rieger, Kuhlgatz, and
Anders 2016). The impact of health information is found to be relatively small compared
with other effects such as income, price, and tastiness of food. For instance, Malone and
Lusk (2017) find health perceptions affect consumers’ willingness to pay for meat prod-
ucts, but the effect is much smaller than perceptions of tastiness. Marsh, Schroeder, and
Mintert (2004) find that although meat recall events significantly impact demand, news-
paper reports do not. Yadavalli and Jones (2014) observe significant effects of media
broadcasting on meat demand, but the effects are temporary and disappeared within a
week. Moreover, when both positive and negative information is present at the same time,
the combination of the impacts is muted (Tonsor, Mintert, and Schroeder 2010), with
research often suggesting that negative information is more impactful than positive infor-
mation (Chang and Kinnucan 1991). Thus, much remains to be learned about the impact
of health information on meat demand generally, and about the impact of the IARC report
on processed meat consumption specifically.

The IARC report concluded that regular consumption of processed meat increases risk
of colorectal cancer2. Consumers exposed to this information may interpret it to imply
processed meat is a health threat, leading to reduction in willingness to pay for processed
meat products. Likewise, firms (packers or retailers) might adjust prices in response to the
demand change. In this paper, we test for these hypothesized shifts via inspecting the
changes in prices, quantities, and expenditures of selected processed meat products before
and after the release of the IARC report relative to a synthetic control.

We advance the literature from several perspectives. To our knowledge, there has been
little work examining the effect of the IARC report on the prices or sales of processed meat
products despite the wide media coverage of the event at the time it was released.
Even though many studies have explored the impacts of health information on meat
demand, none of them has investigated the economic outcome of the IARC report.
In addition, existing studies showing adverse relationships between meat demand and
negative health information (such as fat, cholesterol, etc.) have mainly use structural
demand estimation approaches that incorporate media indices as one determinant
of consumer demand (e.g. Kinnucan et al. 1997; Brown and Schrader 1990;
Tonsor, Mintert, and Schroeder 2010). Instead of using a structural approach, we conduct
an intervention analysis and estimate the relative changes in economic outcomes
(price, sales, and expenditures) after the IARC report was released. We utilize the SCM

2According to the report, consuming 4 grams of processed meat per day increases risk of getting
colorectal cancer by 18%.
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for intervention analysis using weekly transaction grocery scanner data. To the best of our
knowledge, this method has not been applied to this topic to date.

We construct a synthetic control group, which consists of food products that are not
(or at least are plausibly weak) substitutes for processed meat. The synthetic control is a
convex combination of these products’ prices, quantities, or expenditures, where each
potential control product is assigned a different weight. We estimate the weight by mini-
mizing the difference between the synthetic control product and target product price,
quantity, or expenditure prior to the report release. The constructed control product is,
thus, designed to have parallel trends with the treatment product pre-intervention.
By comparing the simulated counterfactual outcomes (i.e., the constructed synthetic
control) with observed outcomes, we are able to measure the effect of the IARC report
on prices, sales and expenditures for selected processed meat products.

Because the IARC report content was widely accessible and reported globally, conven-
tional difference-in-difference methods would likely produce biased results because, for
example, it would be virtually impossible to find a control location not affected by the
information. The SCM sidesteps this problem and uses a combination of candidate
product controls instead. We use Nielsen retail scanner data to determine the effect of
the IARC report on selected processed meat products. This data contains weekly informa-
tion regarding sales, price, and revenue for processed meat categories as well as categories
that are included in the synthetic control group. We use the data from 2014 to 2016, which
includes approximately one year of data before and one year of data after IARC report
released date. The post-IARC time period is long enough to determine if any impact exists
and how long it lasts.

In addition to estimating the information effect on selected processed meat markets,
we check whether our results are spurious by conducting placebo tests using products
within the synthetic control group. Specifically we estimate the change for each presum-
ably unaffected (nonprocessed meat) product as if these were influenced by the IARC
information. By ranking the magnitude of estimated effects for all products, we obtain
statistical inference as to whether price/sales/expenditure of target products have changed
significantly after the IARC report was released. Our final results indicate a significant
reduction in price and expenditures on bacon. At the same time, there was a significant
increase in quantity of beef purchased.

In the following, we introduce the SCM. In the next section, we describe the data. We
discuss placebo tests in the “Placebo test methods” section and describe our estimation
results in the “Results” section. In the “Results” section, we also discuss what the estimated
price, quantity, and revenue changes imply about demand and supply shifts. We end with a
conclusion.

Synthetic Control Method
To investigate the impact of the IARCreport,weuse the synthetic control algorithmdeveloped
by Abadie and Gardeazabal (2003) and Abadie, Diamond, and Hainmueller (2010). This
method computes a synthetic control group that simulates counterfactual outcomes as if
the IARC report were absent. This computed control group ensures the satisfaction of parallel
trend between treated and control variables before intervention, as it calculates weights for
products in the product candidate pool that minimizes the difference between control and
treatment products. Instead of looking for one control product, thismethodhelps to construct
an appropriate comparison unit using a convex combination of many candidate products.

In practice, we assume j � 1; 2; . . . ; J are the products of interest that are affected
by the report, and we take these products as treated products in our analysis. We assume
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k � 1; 2; . . . ;K are products that are not affected by the IARC report; we use the
K candidate products to compute a synthetic control. Essentially, we make use of these
candidate products to construct a new product that simulates the cases where the product
of interest was not affected by intervention.

Suppose we have a balanced sample, which contains weekly price, sales, and revenue
records of each product in our treatment and control group. The sample has T 0 periods in
total, pre-intervention periods last from t � 1 to T;T < T 0, and post-intervention
periods are from t � T � 1 to T 0. To distinguish between the two, we use t to denote
pre-intervention periods and t0 denotes post-intervention periods.

We construct a synthetic control product for each treated product and variable that is
presumably affected by the IARC report. We assign a weight to each candidate product in
the control group, and these weights are denoted as W � �w1;w2; . . . ;wk�. The sum of
weights equals one (0 ≤ wk ≤ 1 and

P
K
k�1 wk � 1). In this way, we construct a synthetic

control product as a convex combination of candidate products by selecting an appropriate
weight vector W. The best synthetic control should well represent the trends of treated
products during the pre-intervention periods. Based on this objective, we select W that
minimizes the distance between the outcomes of synthetic control product and treated
product during pre-intervention periods.

Suppose Yjt is the outcome variable (i.e., price, volume purchased, or expenditures) of
each treated product during pre-intervention periods, and Ykt is the outcome variable of
each product in the control group. The difference between treated and synthetic control
product is calculated through Yjt � YktW, where Yjt is a T × 1 vector, Ykt is T × K vector
and W is a K × 1 vector. We choose W� that minimizes the absolute value of the differ-
ence. We solve the problem

W� � AW�Yjt � YktW	0V�Yjt � YktW	 (1)

Where Vk is the K × K weight matrix that determines the importance of each product
within the synthetic control group. In general, Vk assigns higher weights to products with
greater power in predicting price/sales/revenue of the treated product. The prediction
power of each product can be estimated using a cross-validation method and assign
weights accordingly. In our analysis, we assume a uniform prediction power across
products within the candidate product pool, so Vk is a k × k matrix with all diagonal
elements equal to 1.

Data
In our analysis, we use weekly Nielsen retail scanner data. The data we use runs from
January 2014 to December 2016. This data set has been widely used in food market analysis
and is generated from a point-of-sale system that collects information from more than
35,000 retail stores belonging to over 90 chains in the United States. This data contains
representative stores with store types including grocery, drug store, mass merchandiser,
convenience stores, etc. Stores in this data set cover over half of the sales volume of grocery
and drug stores and over 30% of the sales volume of mass merchandisers in the USA. The
retail scanner data contains weekly transaction information of products at the Universal
Product Code (UPC) level for each sampled store. Every week, the participating stores
report sale units, prices, and other product features (e.g. display, promotion, etc.). In total,
this data contains 2.6 million UPCs, including food products, nonfood groceries, and
health and beauty products.

In this study, we focus on three processed meat items: bacon, sausage, and ham.
These are processed meat items that consumers might plausibly link to the information
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in the IARC report (i.e., these are “treated” products). Because each of these categories
consists of products of different type, flavor and packaging, we aggregate within each
category and calculate average unit price, total sale volume, and revenue/expenditure
for each category and each week.

Our analysis does not estimate impacts of the IARC report on all possible processed meat
products, as we do not study items such as hot dogs, canned meat, and lunch meats. However,
in the pork sector, sales of bacon, sausage, and ham are substantially higher than those of
other processedmeats such as frankfurters, bologna, etc. If the IARC report impacts processed
meat demand, one would expect it to affect the major processed meat categories of bacon,
sausage, and ham; if these key processed pork items are not affected by the IARC report, one
must question whether the report had a substantive impact on overall processed meat
demand. Nonetheless, our findings may or may not apply to other processed pork items.

As previously indicated, a challenge rests in identifying a control set of products or
locations that: (1) are not affected by the IARC report but; (2) are good predictors of proc-
essed meat purchases. We select a group of food products that are plausibly
independent of or are weak substitutes for processed meat. In addition, we select products
that are most frequently purchased by consumers to ensure we have sufficient data points
(for each week, we need price, sales, and revenue for each category at each store). We use
these products to construct a synthetic control group as described in the previous section.
As indicated, the method thus ensures that the parallel trend assumption is maintained
prior to the report release. The key assumption is that the relationship between
price/sales/purchase of the synthetic control and target product would have continued
had the IARC report not been released.

To construct the control, we picked 50 food and food-related categories with top
purchase frequencies within all the 1,100 categories in the Nielsen data. The categories that
are included in our synthetic control group include apples, baby food, dry beans,
broccoli, butter, cake, candy, carrots, celery, cereal, cheese, chili sauce, corn, corn chip, eggs,
entree, frozen fruit, green bean, ice cream, jams, macaroni, Mexican sauce, milk, nuts, orange
juice, oranges, pasta, peanut butter, peppers, pizza, popcorn, pork rinds, potatoes, pretzels,
raisins, refrigerated fruit, rice mix, rice, salt, soup, tea, tomatoes, vinegar, and yogurt.

For each category, in both the control and treatment group, we aggregate outcomes into
weekly data at national level. Aggregate prices are calculated by weighting by store sales
volume. That is, rather than summing unit prices across stores and dividing by the number
of stores (pjt � 1

N ×
P

N
i�1 pijt), we weight the unit price of each store by the ratio of store

sales to total sales of all stores in the USA (in equation 2). Therefore, stores with higher
weekly sales have higher weights in determining the average product price in the USA. This
helps ensure we are utilizing nationally representative average prices paid by consumers.

The calculation is as follows

pjt �
XN

i�1

pijt ×
qijt
Qjt ;

(2)

where

Qjt �
XN

i�1

qijt :

Here, pjt is weighted average unit price of product j at week t. pijt denotes the unit price of
product j in week t at store i. qijt denotes total unit sales of product j at store i in week t, Qjt
is the total sales of product j at week t across all stores. The way we calculate pjt is equiva-
lent to summing revenues and then dividing total sales across all stores.
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Figures 1–6 illustrate the constructed weekly prices, sales, and revenues for each proc-
essed meat product before and after the IARC report release date. The red lines represent
processed meat products and blue line denotes counterfactuals, which use the synthetic
control to simulate the outcome variables absent the intervention. Figures 1 and 2 describe
the actual and simulated bacon price and quantity sold. Figure 1 shows a remarkable dip in

Figure 1. Unit price of bacon ($/oz).

Figure 2. Total sales of bacon (oz).
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simulated bacon price immediately following the IARC report release. The periods during
which bacon price fell overlap with holidays such as Thanksgiving and Christmas. The
observed price dip might be partially caused by the price promotions during holidays.
However, it should be noted that weights were assigned to control products in the

Figure 3. Unit price of sausage ($/oz).

Figure 4. Total sales of sausage (oz).
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SCM that would have also matched the usual seasonal trends in product prices in the
pre-intervention period.

After the holidays (the week after Dec 25), the simulated control price increases
dramatically and ends up with a higher price relative to the actual bacon price. That is,

Figure 5. Unit price of ham ($/oz).

Figure 6. Total sales of ham (oz).
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the actual bacon price failed to return to its normal level after the holiday season, which is
likely the result of the IARC report impact. Unlike price, the deviation between the actual
and simulated bacon sales quantity is not noticeable from the plot.

Figure 3 illustrates the trends in sausage price. We observe a good fit between actual and
simulated price of sausage during pre-intervention periods. A remarkable divergence is
observed right after the intervention, with actual sausage price below the synthetic control.
There is also a tendency for quantity of sausage sold to increase in the post-intervention
period relative to the synthetic control (see Figure 4). Figure 5 reveals only slight differ-
ences between real and simulated prices for ham. The quantity of ham sold was generally
lower in the post-IARC report period relative to the counterfactual synthetic control quan-
tity (see Figure 6).

Placebo test methods
In addition to estimating the intervention effect on each treated product, we conduct
placebo tests to determine the statistical significance of the estimated effects. To achieve
this goal, we calculate the probability that the effects for target products are larger than for
products where intervention is presumed not to exist. In this way, we provide statistical
evidence that the changes we find (in price and sales) are caused by the IARC report rather
than some random factors. In this process, we use all the candidate products in the control
group as placebos to estimate the price and sales change for each of the products.

We applied the same approach as Abadie and Gardeazabal (2003), Bertrand, Duflo, and
Mullainathan (2004) and Abadie, Diamond, and Hainmueller (2010) to conduct the
placebo tests. We calculate the intervention effect by applying the synthetic control
approach (as described in the “Synthetic Control Method” section) to products that were
not supposed to be affected by the IARC report. This is to check if the effect estimated
using these placebo products is larger than the effect estimated for the processed meat
category. We use 90% as threshold. If the treated product (processed meat) has a larger
influence (i.e., bigger changes in price, sales, or revenue) than 90% of placebo products, we
conclude that the IARC report has a significant impact on processed meat outcomes.
Otherwise, we conclude that the influence is not significantly different than changes that
would have arisen from chance (or not significantly different from having no effect).

When measuring the changes after intervention, we make some adjustments in
calculating the intervention effect. This adjustment is based on the observation that for
some placebo products the simulated outcome of constructed synthetic control products
is not close to the observed value in pre-intervention period. To incorporate the difference
between actual and simulated outcomes during pre-intervention periods, we adjust
post-intervention effect estimates by subtracting the mean difference in pre-intervention
periods. We denote the difference as D � Ya � Ys, where Ya denotes the actual value of
outcome variables (price, sales and revenue), Ys denotes simulated outcomes. D�t > I	
indicates the difference is derived using values from post-intervention periods and
D�t ≤ I	 denotes mean of difference during pre-intervention.

Specifically,

Dadj � D�t > I	 � D�t ≤ I	

We then use Dadj to measure the information effect instead of D. In this way, we are able
improve our estimates by controlling the goodness of fit during pre-intervention periods.
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Results

As described in previous sections, we construct the synthetic control product as a convex
combination of candidate products in the control group. We use the constructed synthetic
control product to simulate the outcome of treated products as if the intervention effect
were absent. Comparing the difference between treatment and synthetic control outcomes,
we test the effect of health information released in the IARC report on prices, quantity sold,
and expenditures/revenue for selected processed meat products: bacon, sausage, and ham.

In this study, we use January 2014 to October 24, 2015 as pre-intervention periods to
calculate weights for each candidate product and construct synthetic controls. We use
October 24, 2015 to December 2016 as post-intervention periods to check the difference
between real and simulated outcome variables to estimate the intervention effect of the
report. Our data consist of weekly observations. Because October 24th is the end of the
week before the week of the intervention (October 26), we use the week ending in
October 24 as threshold to separate pre- and post-intervention periods. This cut-off also
makes sense given that more transactions are made at the end of each week (e.g. weekends)
instead of at the beginning. The week after October 24 is the first week that is subject to the
impact of the IARC report.

Summary statistics for prices, total quantity sales, and expenditures for each of the
selected processed meat categories before and after IARC report release date are reported
in Table 1. Table 1 indicates unit price, purchase volumes and expenditures are, by
construction, nearly the same in treatment and synthetic control group for bacon, sausage
and ham categories before the report was released.

Our result shows that the estimated intervention effect of the IARC report on bacon
price is −0.021. This indicates that after the IARC report release date, bacon price
decreased by 2.1 cents per ounce on average relative to the counterfactual prediction of
what would have happened if the IARC report had not been released. Compared with what
would have been the case had the IARC report been absent, bacon price decreased by
6.54% after report release date. At the same time, consumers’ total expenditures on bacon
fell by $1 million (3.14%) with quantity purchased increasing by 3.56% per week on
average after the IARC report release date, among all the sampled stores in the Nielsen
data set.

Similar to bacon, the estimated information effect of the IARC report on sausage price
is also negative. The report information resulted in sausage price falling by 1.5 cents per
ounce, which is equivalent to a 5.99% price decrease compared to no intervention.
Concurrently, weekly sausage sales increased by 9.2 million ounces, or 6.85%, on average
among all stores sampled by Nielsen in the USA. Total sausage expenditures fell by
$157,264, or −0.1%.

The pattern of price, quantity, and expenditure changes for ham differed from that for
bacon and sausage. Whereas bacon and sausage quantities increased following the IARC
report, ham quantities fell by 6.44%. The intervention effect on ham price is close to zero
but negative (−0.1%). Ham expenditures fell 5.41% after the release date of the IARC
report.

The estimation of intervention effects on each processed meat product is shown in
Table 2. The top part of the table repeats what is shown in Table 1, and for comparison,
the bottom three rows show impacts on aggregate categories of fresh beef, poultry, and
pork. All three fresh product prices fell, and quantities rose, following the release of
the IARC report.

To further test if the changes are statistically significant or spurious, we conduct
placebo tests as described in the previous section. The nonadjusted and adjusted results
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of placebo tests are reported in Tables 3 and 4. In these tables, we rank products according
to their estimated intervention effects from smallest to largest. The products ranked from
1-6 ( < 11%) and 48–53 ( > 89%) are viewed as products having significant changes after
intervention compared to the placebo products. In addition, we plot the price and expen-
diture changes for all processed meat products in Figures 7 to 12.

From the results of placebo tests, we find only bacon price decreased significantly
compared with changes in placebo products. We didn’t find statistically significant price
reductions for ham and sausage. Changes in sales of bacon and ham were not statistically
significant after the intervention as compared to changes in the placebo products; however,
sausage quantity sold significantly increased.

In addition to the processed meat products, we further included fresh meat categories
such as beef, poultry and pork in our analysis. We applied SCM on these categories by
assuming fresh meat had also been affected by the IARC report. Among these fresh meat

Table 1. Summary statistics of price, sale and expenditure of processed meat

Price Bacon Sausage Ham

Before IARC report Observed price ($/oz) 0.309 0.242 0.414

Synthetic control price ($/oz) 0.309 0.242 0.414

Difference 0.000 0.000 0.000

After IARC report Observed price ($/oz) 0.302 0.230 0.427

Synthetic control price ($/oz) 0.323 0.244 0.427

Difference −0.021 −0.015 −0.001

Change % −6.54% −5.99% −0.10%

Sales Bacon Sausage Ham

Before IARC report Observed sale (oz) 93,781,387 131,271,630 275,863

Synthetic control sale (oz) 93,784,545 130,651,838 275,979

Difference −3,158 619,792 −115

After IARC report Observed sale (oz) 95,601,658 136,959,343 252,442

Synthetic control sale (oz) 92,318,908 127,716,722 269,935

Difference 3,282,750 9,242,621 −17,494

Change % 3.56% 6.75% −6.44%

Expenditure Bacon Sausage Ham

Before IARC report Observed expenditure ($) 28,871,826 31,744,172 114,072

Synthetic control exp. ($) 28,944,308 31,680,192 114,464

Difference −72,482 63,980 −392

After IARC report Observed expenditure ($) 28,818,479 31,438,294 107,864

Synthetic control exp. ($) 29,826,782 31,595,558 114,453

Difference −1,008,303 −157,264 −6,589

Change % −3.14% −0.70% −5.41%

Note: Change % = (difference (after) – difference (before))/synthetic control value (after).
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Table 2. Information intervention effect on processed meat and fresh meat

Category

Difference after intervention Difference before intervention After – before

Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($)

Bacon −0.021 3,282,750 −1,008,303 −0.00003 −3,158 −72,482 −0.021 3,285,908 −935,821

Sausage −0.015 9,242,621 −157,264 0.00003 619,792 63,980 −0.015 8,622,829 −221,244

Ham 0.001 −17,494 −6,589 0.00005 −115 −392 0.000 −17,378 −6,197

Beef −0.023 14,956,739 2,055,508 −0.00002 −247,854 32,351 −0.023 15,204,593 2,023,157

Poultry −0.019 403,124 −2,970 −0.00008 10,431 287 −0.019 392,693 −3,257

Pork −0.003 5,217,082 653,305 0.00004 212,871 −8,088 −0.003 5,004,211 661,394
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Table 3. Result of placebo test ranked by effect magnitude

Rank Price ($/oz) Quantity (oz) Revenue ($)

1 Candy −0.0464 Ice creamb −59,866,489 Cereal −3,023,280

2 Egg −0.0322 Yg −42,348,036 Celery −2,534,916

3 FreshOrange −0.0317 Celery −31,202,493 Egg −1,400,913

4 Cheese2 −0.0246 Soup −10,289,261 Pretzel −1,046,722

5 Beef −0.0234 Cereal −7,188,841 Bacon −1,008,303

6 Bacon −0.0212 Tea −6,078,024 Nuts −895,305

7 Poultry −0.0189 Carrots −2,710,093 Peanutbutter −563,376

8 Popcorn −0.0155 Nuts −2,465,417 Tea −519,168

9 Sausage −0.0146 Mexsauce −1,890,389 Carrots −359,693

10 Peanutbutter −0.0114 Pretzel −1,851,786 Cheese1 −337,796

11 Milk −0.0086 GreenBean −1,364,846 Cheesecottage −283,556

12 Cheesecottage −0.0066 Icecream −876,936 Cheese2 −238,600

13 Ojuice −0.0066 Macaroni −767,633 Ricemix −222,055

14 Chilisauce −0.0047 Raisin −760,110 Mexsauce −216,979

15 Raisin −0.0040 Ricemix −747,050 Raisin −201,912

16 DryBean −0.0039 Jams −724,142 RefrigFruit −172,012

17 Cheese1 −0.0038 Babyfood −645,793 Sausage −157,264

18 Pizza −0.0037 DryBean −641,476 Cornchip −152,879

19 Pork −0.0029 Cornchip −601,045 Icecream −121,017

20 Ricemix −0.0028 Ojuice −412,545 GreenBean −118,823

21 Cereal −0.0026 RefrigFruit −270,114 DryBean −110,154

22 Potato −0.0021 Potato −179,364 Ojuice −106,080

23 Soup −0.0020 Apple −39,855 Candy −71,979

24 Salt −0.0017 Ham −17,494 FreshOrange −49,545

25 FrozenFruit −0.0015 Pepper 3,875 Salt −48,561

26 Pasta −0.0012 Chilisauce 34,672 Macaroni −44,497

27 Corn −0.0008 Porkrind 130,810 Babyfood −33,569

28 Porkrind −0.0008 Salt 171,814 Corn −12,994

29 Pretzel −0.0003 FreshOrange 199,862 Ham −6,589

30 Cornchip −0.0003 Pasta 267,477 Poultry −2,970

31 Nuts −0.0001 Poultry 403,124 Jams 335

32 Ricepack −0.0001 Butter 411,274 Potato 4,875

33 Entree 0.0002 Brocli 1,064,611 Chilisauce 28,809

(Continued)
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products, beef shows a statistically significant decrease in price after intervention. In addi-
tion, we find beef sales and revenue significantly increased after the intervention. However,
we didn’t find statistically significant changes in price, sales, or revenue for pork and
poultry products. All placebo test results for products in control group can be found in
Table 5.

Changes in demand
The preceding represented a reduced-form analysis to determine whether prices, quanti-
ties, or expenditures changed following the release of the IARC report. It remains an open
question as to whether these changes are consistent with decreases in demand. Following
results in Braekkan (2014) and Lusk and Tonsor (2021), it is possible to determine the
magnitudes of the demand shifts that occurred from the price and quantity changes,
presuming one is willing to make assumptions about the magnitudes of the own-price elas-
ticities of demand for the respective products.

In particular, note that an approximation to changes in any underlying demand func-
tion can be expressed as: Q̂ � ηP̂� δ. Q̂ is the proportionate change in quantity of the
good demanded, P̂ is the proportionate change in price, and η is the own-price elasticity

Table 3. (Continued )

Rank Price ($/oz) Quantity (oz) Revenue ($)

34 Ham 0.0005 Corn 1,113,834 Porkrind 45,231

35 Brocli 0.0005 Ricepack 1,332,332 Apple 55,646

36 Carrots 0.0007 Peanutbutter 1,332,511 Brocli 173,079

37 Macaroni 0.0011 Candy 1,344,180 Ricepack 183,154

38 Mexsauce 0.0011 Cheese1 1,441,965 Pepper 213,595

39 Tomato 0.0012 Cheesecottage 2,125,210 Soup 253,036

40 Yg 0.0012 Tomato 2,250,910 Entree 346,022

41 Tea 0.0013 Popcorn 2,779,206 Tomato 398,568

42 GreenBean 0.0014 Bacon 3,282,750 Vinegar 453,196

43 Icecream 0.0020 Entree 4,070,387 Pasta 497,809

44 Icecreamb 0.0023 Vinegar 4,500,107 Pork 653,305

45 Vinegar 0.0023 FrozenFruit 4,536,172 Yg 968,396

46 RefrigFruit 0.0030 Pork 5,217,082 FrozenFruit 968,562

47 Babyfood 0.0033 Pizza 6,026,887 Pizza 1,339,053

48 Jams 0.0035 Cake 7,272,203 Popcorn 1,548,323

49 Cake 0.0083 Egg 7,974,265 Icecreamb 1,788,367

50 Apple 0.0173 Cheese2 8,763,119 Cake 2,046,616

51 Celery 0.0221 Sausage 9,242,621 Beef 2,055,508

52 Pepper 0.0794 Beef 14,956,739.11 Butter 3,095,159

53 Butter 2.4166 Milk 2,362,197,181.44 Milk 26,246,688
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Table 4. Result of placebo test ranked by effect magnitude (adjusted)

Rank Price ($/oz) Quantity (oz) Revenue ($)

1 Candy −0.0469 Icecreamb −62,062,179 Cereal −3,058,463

2 Egg −0.0315 Yg −43,215,904 Celery −2,311,320

3 FreshOrange −0.0315 Celery −30,558,709 Egg −1,753,559

4 Cheese2 −0.0246 Soup −8,045,943 Pretzel −1,042,331

5 Beef −0.0234 Cereal −7,389,592 Bacon −935,821

6 Bacon −0.0211 Tea −6,013,094 Nuts −892,941

7 Poultry −0.0188 Carrots −2,718,712 Peanutbutter −560,453

8 Popcorn −0.0153 Nuts −2,511,765 Tea −517,756

9 Sausage −0.0146 Pretzel −1,979,297 Carrots −361,543

10 Peanutbutter −0.0114 Mexsauce −1,904,992 Cheese1 −318,094

11 Milk −0.0086 GreenBean −1,374,535 Cheesecottage −282,588

12 Cheesecottage −0.0066 Macaroni −760,214 Cheese2 −261,266

13 Ojuice −0.0066 Raisin −745,116 Sausage −221,244

14 Chilisauce −0.0047 Icecream −724,670 Ricemix −215,649

15 Raisin −0.0040 Ricemix −724,187 Mexsauce −204,188

16 Beandry −0.0039 Jams −714,005 Raisin −199,805

17 Cheese1 −0.0038 Babyfood −647,172 RefrigFruit −174,562

18 Pizza −0.0037 Beandry −639,905 Cornchip −153,138

19 Pork −0.0030 Cornchip −583,014 GreenBean −117,646

20 Ricemix −0.0028 Ojuice −414,249 Beandry −109,111

21 Cereal −0.0026 RefrigFruit −263,110 Ojuice −105,172

22 Potato −0.0021 Potato −170,653 Icecream −103,766

23 Soup −0.0020 Apple −35,032 Salt −46,725

24 Salt −0.0017 Ham −17,378 Macaroni −40,864

25 FrozenFruit −0.0015 Pepper 8,453 Babyfood −34,227

26 Pasta −0.0012 Chilisauce 54,958 Candy −30,299

27 Corn −0.0008 Porkrind 130,373 Ham −6,197

28 Porkrind −0.0008 Salt 184,871 Corn −5,670

29 Pretzel −0.0003 Pasta 359,437 Poultry −3,257

30 Cornchip −0.0003 FreshOrange 369,730 Jams 989

31 Nuts −0.0001 Poultry 392,693 FreshOrange 5,778

32 Ricepack −0.0001 Butter 449,397 Potato 6,533

33 Entree 0.0002 Brocli 1,101,624 Chilisauce 31,552

(Continued)
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of demand. δ is a demand shock representing the proportional change in consumers’ quan-
tity demanded, and it is the magnitude of the horizontal shift in the demand curve
expressed relative to the initial equilibrium quantity. This equation can be re-arranged
to give the result: δ � Q̂ � ηP̂: Thus, given an estimate of the percent change in quantity
and price (provided in Table 1), and an assumption about the elasticity of demand, η, one
can estimate the size and magnitude of a demand shift, δ.3

Tonsor and Lusk (2021) recently estimated demand elasticities for disaggregate pork
products in 51 retail markets across the USA using retail scanner data. The expenditure
weighted average own-price elasticity across the 51 markets they studied was −0.87 for
bacon, −3.38 for breakfast sausage, −2.53 for dinner sausage, and −1.47 for all pork prod-
ucts (they did not have a separate ham category). Given these demand elasticities, (−0.87

Table 4. (Continued )

Rank Price ($/oz) Quantity (oz) Revenue ($)

34 Ham 0.0004 Corn 1,125,051 Porkrind 45,643

35 Brocli 0.0005 Peanutbutter 1,203,547 Apple 64,428

36 Carrots 0.0007 Ricepack 1,392,845 Brocli 175,358

37 Macaroni 0.0011 Candy 1,416,059 Ricepack 184,877

38 Mexsauce 0.0011 Cheese1 1,823,184 Pepper 214,710

39 Tomato 0.0012 Cheesecottage 2,126,907 Entree 381,448

40 Yg 0.0012 Tomato 2,235,642 Soup 382,104

41 Tea 0.0013 Popcorn 2,819,831 Tomato 398,731

42 GreenBean 0.0014 Bacon 3,285,908 Vinegar 453,486

43 Icecream 0.0020 Entree 3,987,966 Pasta 503,826

44 Icecreamb 0.0023 FrozenFruit 4,538,172 Pork 661,394

45 Vinegar 0.0023 Vinegar 4,719,377 Yg 865,280

46 RefrigFruit 0.0030 Pork 5,004,211 FrozenFruit 971,752

47 Babyfood 0.0033 Pizza 5,936,808 Pizza 1,365,959

48 Jams 0.0035 Egg 7,124,807 Popcorn 1,558,864

49 Cake 0.0083 Cake 7,303,815 Icecreamb 1,631,407

50 Apple 0.0155 Cheese2 8,596,295 Beef 2,023,157

51 Celery 0.0228 Sausage 8,622,829 Cake 2,038,236

52 Butter 0.0481 Beef 15,204,593 Butter 3,056,633

53 Pepper 0.0780 Milk 325,635,906 Milk 5,004,811

3In this simple specification, demand for a good depends only on its own price, and cross-price effects are
ignored. One could expand the demand curve to include cross-price elasticities to segregate between “gross”
and “net” demand changes that either do or do not include impacts of cross-price changes (see Lusk and
Tonsor [2021]). Here, we keep matters simple and focus on the “gross” demand changes and the demand
elasticities we use in the empirical assessment from Tonsor and Lusk (2021) represent “total” elasticities.

Agricultural and Resource Economics Review 145

ht
tp

s:
//

do
i.o

rg
/1

0.
10

17
/a

ge
.2

02
1.

25
 P

ub
lis

he
d 

on
lin

e 
by

 C
am

br
id

ge
 U

ni
ve

rs
ity

 P
re

ss

https://doi.org/10.1017/age.2021.25


Figure 7. Placebo test – unit price gap of bacon.

Figure 8. Placebo test – sales gap of bacon.
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Figure 9. Placebo test – unit price gap of sausage.

Figure 10. Placebo test – sales gap of sausage.
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Figure 11. Placebo test – unit price gap of ham.

Figure 12. Placebo test – sales gap of ham.
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Table 5. Placebo test results for products in control group

Category

Difference after intervention Difference before intervention After – before (adjusted)

Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($)

1 Apple 0.0173 −39,855 55,646 0.0018 −4,823 −8,781 0.0155 −35,032 64,428

2 Babyfood 0.0033 −645,793 −33,569 0.0000 1,379 658 0.0033 −647,172 −34,227

3 Beandry −0.0039 −641,476 −110,154 0.0000 −1,571 −1,043 −0.0039 −639,905 −109,111

4 Brocli 0.0005 1,064,611 173,079 0.0000 −37,013 −2,278 0.0005 1,101,624 175,358

5 Butter 2.4166 411,274 3,095,159 2.3685 −38,124 38,526 0.0481 449,397 3,056,633

6 Cake 0.0083 7,272,203 2,046,616 0.0000 −31,612 8,379 0.0083 7,303,815 2,038,236

7 Candy −0.0464 1,344,180 −71,979 0.0005 −71,879 −41,680 −0.0469 1,416,059 −30,299

8 Carrots 0.0007 −2,710,093 −359,693 0.0000 8,619 1,850 0.0007 −2,718,712 −361,543

9 Celery 0.0221 −31,202,493 −2,534,916 −0.0007 −643,783 −223,595 0.0228 −30,558,709 −2,311,320

10 Cereal −0.0026 −7,188,841 −3,023,280 0.0000 200,751 35,182 −0.0026 −7,389,592 −3,058,463

11 Cheese1 −0.0038 1,441,965 −337,796 0.0000 −381,219 −19,702 −0.0038 1,823,184 −318,094

12 Cheese2 −0.0246 8,763,119 −238,600 0.0000 166,825 22,666 −0.0246 8,596,295 −261,266

13 Cheesecottage −0.0066 2,125,210 −283,556 0.0000 −1,697 −969 −0.0066 2,126,907 −282,588

14 Chilisauce −0.0047 34,672 28,809 0.0000 −20,286 −2,743 −0.0047 54,958 31,552

15 Corn −0.0008 1,113,834 −12,994 0.0000 −11,217 −7,324 −0.0008 1,125,051 −5,670

16 Cornchip −0.0003 −601,045 −152,879 0.0000 −18,031 258 −0.0003 −583,014 −153,138

17 Egg −0.0322 7,974,265 −1,400,913 −0.0007 849,458 352,646 −0.0315 7,124,807 −1,753,559

18 Entree 0.0002 4,070,387 346,022 0.0000 82,421 −35,427 0.0002 3,987,966 381,448

(Continued)
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Table 5. (Continued )

Category

Difference after intervention Difference before intervention After – before (adjusted)

Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($)

19 Frozenfrt −0.0015 4,536,172 968,562 0.0000 −2,000 −3,189 −0.0015 4,538,172 971,752

20 Gbean 0.0014 −1,364,846 −118,823 0.0000 9,689 −1,177 0.0014 −1,374,535 −117,646

21 Icecream 0.0020 −876,936 −121,017 0.0000 −152,266 −17,252 0.0020 −724,670 −103,766

22 Icecreamb 0.0023 −59,866,489 1,788,367 0.0000 2,195,690 156,961 0.0023 −62,062,179 1,631,407

23 Jams 0.0035 −724,142 335 0.0000 −10,138 −654 0.0035 −714,005 989

24 Macaroni 0.0011 −767,633 −44,497 0.0000 −7,419 −3,633 0.0011 −760,214 −40,864

25 Mexsauce 0.0011 −1,890,389 −216,979 0.0000 14,603 −12,791 0.0011 −1,904,992 −204,188

26 Milk −0.0086 2,362,197,181 26,246,688 0.0000 2,036,561,276 21,241,877 −0.0086 325,635,906 5,004,811

27 Nuts −0.0001 −2,465,417 −895,305 0.0000 46,348 −2,364 −0.0001 −2,511,765 −892,941

28 Ojuice −0.0066 −412,545 −106,080 0.0000 1,704 −908 −0.0066 −414,249 −105,172

29 Orgfresh −0.0317 199,862 −49,545 −0.0003 −169,868 −55,323 −0.0315 369,730 5,778

30 Pasta −0.0012 267,477 497,809 0.0000 −91,960 −6,017 −0.0012 359,437 503,826

31 Peanutbutter −0.0114 1,332,511 −563,376 0.0000 128,964 −2,922 −0.0114 1,203,547 −560,453

32 Pepper 0.0794 3,875 213,595 0.0013 −4,577 −1,115 0.0780 8,453 214,710

33 Pizza −0.0037 6,026,887 1,339,053 0.0000 90,079 −26,906 −0.0037 5,936,808 1,365,959

34 Popcorn −0.0155 2,779,206 1,548,323 −0.0001 −40,625 −10,541 −0.0153 2,819,831 1,558,864

35 Porkrind −0.0008 130,810 45,231 0.0000 437 −412 −0.0008 130,373 45,643

36 Potato −0.0021 −179,364 4,875 0.0000 −8,711 −1,658 −0.0021 −170,653 6,533
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Table 5. (Continued )

Category

Difference after intervention Difference before intervention After – before (adjusted)

Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($) Price ($/oz) Sales (oz) Rev. ($)

37 Pretzel −0.0003 −1,851,786 −1,046,722 0.0000 127,512 −4,392 −0.0003 −1,979,297 −1,042,331

38 Raisin −0.0040 −760,110 −201,912 0.0000 −14,994 −2,108 −0.0040 −745,116 −199,805

39 Refrigfrt 0.0030 −270,114 −172,012 0.0000 −7,004 2,551 0.0030 −263,110 −174,562

40 Ricemix −0.0028 −747,050 −222,055 0.0000 −22,863 −6,406 −0.0028 −724,187 −215,649

41 Ricepack −0.0001 1,332,332 183,154 0.0000 −60,513 −1,723 −0.0001 1,392,845 184,877

42 Salt −0.0017 171,814 −48,561 0.0000 −13,057 −1,836 −0.0017 184,871 −46,725

43 Soup −0.0020 −10,289,261 253,036 0.0000 −2,243,318 −129,068 −0.0020 −8,045,943 382,104

44 Tea 0.0013 −6,078,024 −519,168 0.0000 −64,930 −1,412 0.0013 −6,013,094 −517,756

45 Tomato 0.0012 2,250,910 398,568 0.0000 15,268 −163 0.0012 2,235,642 398,731

46 Vinegar 0.0023 4,500,107 453,196 0.0000 −219,269 −289 0.0023 4,719,377 453,486

47 Yg 0.0012 −42,348,036 968,396 0.0000 867,867 103,115 0.0012 −43,215,904 865,280
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for bacon, −2.53 for sausage, and using the overall pork elasticity of −1.47 for ham), and
the percent price and quantity changes in Table 1, the resulting calculations for δ are
−2.13%, −8.4%, and −6.59% for bacon, sauage, and ham, respectively. In all three cases,
the pattern of price and quantity changes we estimate are consistent with an inward and
downward shift in demand following the release of the IARC report.

Of course, these results depend on the magnitudes of the assumed own-price demand
elasticities. We are not aware of other recent estimates of retail demand elasticities for
disaggregate pork products in the USA, but Hailu, Vyn, and Ma (2014) found, using
Canadian scanner data, own-price elasticity estimates of −1.126, −2.264, and −0.781
for bacon, sausage, and ham. Akaichi and Revoredo-Giha (2016), using Scottish scanner
data, estimated own-price elasticities of −1.306, −1.210, and −1.292 for bacon, sausage,
and ham. The elasticity estimates from these two additional sources, when coupled with
the estimated price and quantity changes from this paper, also imply an inward shift in
demand for all three products caused by the IARC report. In general, the most inelastic
demand could be while continuing to imply an inward demand shift is −0.55 for bacon
and −1.12 for sausage. For ham, no reasonable demand elasticity would imply anything
other than an inward demand shift.4

Changes in supply
Analogous to the demand changes calculated in the preceding sub-section, it is possible to
determine the magnitudes of the supply shifts that occurred from the price and quantity
changes if one is willing to make assumptions about the magnitudes of the own-price elas-
ticities of supply (see Braekkan (2014) and Lusk and Tonsor [2021]). In particular, note
that an approximation to changes in any underlying supply function can be expressed as:
Q̂ � εP̂� λ. ε is the own-price elasticity of supply, λ is the horizontal supply shift
expressed as a proportion of the initial equilibrium quantity, and Q̂ and P̂ are as previously
defined. Re-arranging this equation implies: λ � Q̂ � εP̂: Thus, given an estimate of the
percent change in quantity and price (provided in Table 1), and an assumption about the
elasticity of supply, ε, one can estimate the size and magnitude of a supply shift, λ.

We are not aware of any product-specific retail pork supply elasticities, but there are
several estimates of the farm-level supply elasticities of hogs in the literature, most
suggesting highly inelastic supply, particularly in the short run. Taking a simple average
of the short-run hog supply elasticities in Boetel, Hoffmann, and Liu (2007) and Holt and
Moschini (1992) and the supply elasticities in Lemieux and Wohlgenant (1989) and Suh
and Moss (2017) suggests a supply elasticity of about 0.19. Given this elasticity, and the
estimated price and quantity changes in Table 1, we calculate horizontal supply shifts of
4.8% for bacon, 7.9% for sausage, and −6.4% for ham. If the retail-level supply elasticity is
more elastic than the farm-level supply elasticity, as suggested by results in Kinnucan and
Zhang (2015), at a value of, say, 1, the implied demand shifts are of the same signs. At a

4For “small” changes in prices and quantities, the percent change in revenue/expenditure, E, can be
approximated by the sum of the percent change in price and the percent change in quantity. Thus, it is
possible to repeat the above analysis using estimated changes in expenditure and either the estimated change
in price or quantity. As noted, for small changes Ê � Q̂� P̂. Thus, Q̂ � Ê � P̂. Plugging this into the
previous formula for a demand shift implies: δ � �Ê � P̂	 � ηP̂. Alternatively, we can estimate the demand
shift using changes in expenditure and quantity: δ � Q̂ � η�Ê � Q̂	. Using the same elasticity estimates
above (−0.87 for bacon, −2.53 for sausage, and −1.47 for ham), the implied shifts in demand using
revenue/expenditure and either price or quantity are very similar to those estimates using prices and quan-
tities; a downward demand shift is implied for bacon, sausage, and ham.
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supply value of 1, we calculate horizontal supply shifts of 10.1% for bacon, 12.7% for
sausage, and −6.3% for ham.

The results in this section and the preceding one provide some insights into the
observed price and quantity changes. For bacon and sausage, demand shifted inward at
the same time supply shifted outward. For both products, this resulted in higher quantities
but lower prices. For sausage, both demand and supply shifted inward following the release
of the IARC report, resulting in lower prices and lower quantities.

Conclusions

In this study, we investigated how the widely discussed IARC report, indicating processed
meat products were a type 1 carcinogen, affected market outcomes for processed meat.
The information released from the report serves as an intervention which could potentially
affect consumers’ perception of the healthiness of processed meat products. To explore this
intervention effect, we compare the changes of price and sales for three major processed
meat products, bacon, sausage, and ham, before and after the IARC report release date. We
constructed a synthetic control group to simulate the counterfactual outcomes that would
have occurred had the report not been released. By comparing observed outcomes with the
constructed synthetic outcomes, we obtain insights on whether consumer demand
changed in response to the report.

Our results show bacon price fell by 6.54% and bacon sales increased by 3.56% in the
year following the IARC report release date. The price reduction is statistically significant
compared with placebo products, which were not likely affected by the report information,
while the quantity change was not larger than that likely to have been caused by chance.
If we couple the estimated price and quantity changes with an estimate of the own-price
elasticitiy of demand, we find that the demand curve for bacon shifted inward by about
2% and the supply curve shifted out by about 4.8%. We did not find significant changes in
price, sales, or expenditures of ham or sausage, but the pattern of price and quantity
changes is consistent with inward demand shifts of about 8% for sausage and 6.6% for
ham. The price and quantity changes also suggest an outward shift in supply for sausage
and an inward shift in supply for ham following the IARC report release.

In addition, we found fresh beef sales and revenue increased and fresh beef prices fell
significantly after the report. The IARC report also noted the impacts of red meat
consumption and health outcomes, classifying red meat as a type 2 carcinogen, and the
findings here suggest that even this lesser association (type 2 vs. type 1 carcinogen)
had market impacts. In addition to beef, we also explored changes in the prices, sales,
and revenues for fresh chicken and pork, which might also serve as substitutes for proc-
essed meat. However, unlike beef, we did not observe significant changes for these
products.

This study only investigated selected processed meat products, bacon, sausage, and
ham. Future research might identify whether and to what extent other processed meats,
such as hot dogs, canned meat, or lunch meat, might have been more or less impacted by
the release of the report. This paper highlights the utility of the SCM in estimating such
causal impacts.
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