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Abstract

Labeling of genetically modified (GM) foods has increasingly become a topic at the consumer and policymaker
level. Using an online survey that included a conjoint analysis experiment, consumer preference for GM
labeling on both fresh tomatoes and tomato plants was evaluated. Retailer (farmers market, grocery stores,
mass merchandisers) sales and quantity sold were simulated to examine the impact of introducing GM
labeling as well as certified GM labeling. Results indicate that retailers can increase revenues via price

increases associated with the introduction of GM labeling.
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1. Introduction

Labeling genetically modified organisms (GMO) has been a contentious issue among consumers and producers
in the US and abroad. On December 20™, 2018 the USDA announced the National Bioengineered Food
Disclosure Law which will require labeling of all genetically modified and bioengineered foods by 2020.
Many proponents of GMO labeling are not satisfied with the law, however, indicating that the resulting labels
will not clearly identify GM foods and will ultimately create more confusion (Organic Trade Association,
2019). This creates the opportunity for food processors and retailers to further distinguish their non-GMO
foods with their own GMO-free labels. In fact, there is a growing effort by companies and organizations to
differentiate their products using ‘GMO-free’ style labels, such as the Non-GMO Project (2019). In effect,
these emphasize the absence of GMOs to contrast the proposed law that highlights the presence of GMOs.

Work on GMO labeling (Costanigro and Lusk, 2014; Liaukonyte ef al., 2013) suggests that labels which
identify the presence of GMOs (i.e. ‘Contains GMOs’) have a larger effect on consumer willingness to
pay than labels which identify the absence of GMOs (i.e. ‘GMO-free’). Further, Golan and Kuchler (2011)
note that a strategy to promote non-GM foods will only be feasible if it is affordable to consumers, thus
highlighting the price wedge between non-GM foods and the less expensive GM foods. Given the forthcoming
change in the law and the growing use of GMO-free labels in retail markets, the purpose of this research is
to examine what effect GMO-free labels, in conjunction with other marketing factors such as price discounts
and marketing channel decisions, affect consumer demand.

The effect of GMO labels on consumers has been well-studied in the US and abroad, providing mixed findings
and significant heterogeneity in consumer preferences (Costa-Font et al., 2008; Lusk et al., 2005). For
instance, in a study of Canadian consumers, Heslop (2006) found minimal effect of GM labels. But reactions
varied based on levels of consumer activism, perceived benefits and interest in novel foods. Noussair ef al.
(2002) found that consumers in France appeared not to notice GMO labels in an experimental auction. Once
the label was highlighted, consumers bid significantly less for GM foods. However, given a price discount,
consumers were still willing to purchase GM foods. And Noussair et al. (2003) found French consumers
are willing to purchase GMOs if they are sufficiently inexpensive.

In Germany, Wuepper (2018) found a negligible average effect of GMO labels, but also found that consumers
who are more accepting of GMOs tend to be younger, less educated and less concerned about their nutrition.
Kalaitzandonakes et al. (2005) found that consumers in the Netherlands did not alter their purchases when
labels were introduced into their market.

In their assessment of countries with GM labeling policies, Golan and Kuchler (2011) found that overall
labels had a small effect on consumer choice, suggesting that labeling was a weak policy tool for changing
consumer behavior. In particular, time-constrained consumers often make little use of information and fail
to recognize GM labels.

To date, research on GMO labels has emphasized heterogeneous consumer preferences. The primary
contribution of this research is to compare GMO labeling introductions on market share, quantity sold, and
sales across retail outlets given varying price premiums. Notably, we estimate the impact of GMO-free labels
on consumer demand while simultaneously considering effect of other marketing factors. To do so, a conjoint
analysis (CA) of almost 1,400 consumers in Connecticut was conducted. Connecticut was the first state to
approve labeling GM foods in 2013, although the law was never implemented. Using the results of the CA,
the market was then simulated to examine the potential market outcomes given common marketing tactics.

A key assumption was that GMO labeled products will to some extent vertically differentiate from non-
labeled products. To this point, this study examined how price premiums paid for GMO labeled products
affect consumer preferences. Clearly, demand was expected to decline as price increases, but the rate of
decline has important implications for market share and revenues earned.
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Next, the effect of two GMO labels (GMO-free and Certified GMO-free) on consumer preferences was
examined. Both labels help consumers to overcome the difficulty of identifying GMO products, which
provides value to certain consumer segments. The latter label was assumed to offer a certain credibility
that consumers might prefer and seek out. Thereby, this study examines how the price premium and GMO
labels affect consumers shopping preferences across several marketing channels: farmers markets, grocery
stores and mass merchandisers.

Finally, simulations using two products (fresh tomatoes and tomato plants) were compared. These produce
the same end product; however, fresh tomatoes are ready-to-eat, whereas tomato plants require additional
consumer effort before consumption. This comparison examines how such differences might impact consumer
preferences for GMOs.

The results of the simulations highlight important considerations regarding the impact of GMO labeling on
market share outcomes. As might be expected, there was a great amount of variation in the effect of GMO-
free labels which is contingent on the marketing channel, certification of label, and associated price mark-
ups. This has important implications for understanding what impact GMO-free labels might have on retail
markets. Of particular note, this study finds that due to inelastic preferences, even though higher prices for
GMO-free drive down demand, total revenue was still increasing. Consequently, the promotion of GMO-free
labels may incentivize retailers to raise prices resulting in lower demand for GMO-free products, ultimately
creating an unintended consequence for advocates of GMO-free products.

2. Methods

During the summer of 2016, an online survey was implemented to examine consumer preference and
knowledge of local, organic, and GMO labeling on food and non-food products. Respondents were obtained
from the panel database of Global Market Insite, Inc. (GMI, Bellevue, WA, USA). Panelists were randomly
selected to receive an invitation from GMI’s panel database. The only precursor to participating was to be 18
years of age or older and to reside in Connecticut. The survey was limited to the state of Connecticut (CT)
given the funding agency’s desire to understand the CT market. However, CT does offer an interesting test
case for a variety of reasons. Notably, CT enacted the first state-mandated GMO labeling laws in the U.S.
(CGA, 2013). Even though this law, and other state-based GMO labeling mandates, have been nullified due
to the signing of federal labeling requirements (Radelat, 2016), the fact that CT passed their own law shows
they are at the forefront of the GMO debate. Furthermore, CT has made a commitment to local foods by
implementing a plan to increase local food sales to 5% of total food sales by 2020 (CGA, 2011).

Panelists agreeing to participate were directed to the survey. A total of 1,374 panelists completed the conjoint
section of the survey and demographics representing a 92% completion rate. Prior to entering the conjoint
section of the survey, respondents were asked about their purchasing habits of fresh tomatoes or tomato
plants (depending on which product they would evaluate in the conjoint section. However, only 500 panelists
(318 purchased fresh tomatoes and 182 purchased tomato plants) were included in the final analysis because
they indicated they were buyers of fresh tomatoes or tomato plants. Respondents were also reminded
about to keep in mind their normal household budget constraints that they face when shopping for food.
The sample is fairly representative of the CT population with respect to age, racial profile, gender and
income (U.S. Census Bureau, 2011, 2015). The sample was slightly older (40 census vs 45 sample) than
the CT population (U.S. Census Bureau, 2015). However, this comparison is misleading given the census
includes all residents regardless of age, while our sample only included respondents over 18 years of age.
Accounting for this difference aligns our sample’s mean age with the CT population. Median household
income is in-line with the CT population with the median sample household (U.S. Census Bureau, 2015).
The one demographic that is out-of-line with the CT census is % females in the sample. For this study,
women were oversampled as they have been shown to more likely be the primary shoppers in households
(Flagg et al., 2013; Wolfe, 2013; Zepeda, 2009). While the population is limited to CT, the takeaway
messages are generalizable to other populations in so much as the data is representative of other areas.
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At the very least, the takeaway messages offer a glimpse into how varying markets will react to varying
pricing schemes across retailers.

To examine consumer preferences, CA was utilized. CA has been used extensively for measuring preferences
in both fruits and vegetables (Behe, 2006; Campbell et al., 2010, 2013, 2016; Darby et al., 2008; Ekelund
et al., 2007; Frank et al., 2001; Onozaka and McFadden, 2011) and plants (Behe et al., 2005, 2014; Hall et
al.,2010; Mason et al., 2008; Zagaden et al., 2008). A total of four products were examined in the CA, with
fresh tomatoes and tomato plants being the focus of this paper. After agreeing to participate in the survey,
respondents were randomly assigned to one of the four products to answer the CA question and purchasing
behavior questions.

One of the first steps in CA is to identify the products, attributes, and levels to be evaluated. Important
attributes identified via the literature were variety, price, retail location, product origin, production practices,
and GMO label (Table 1). For each product four varieties were included: two highly demanded varieties,
one variety with average demand, and a new variety with low demand. Specifically, beefsteak and cherry
tomatoes are highly demand fresh/plant tomatoes, Brandy Wine has average demand and Sara Black is a
relatively new variety with low demand.

The unit of measure was one-pint for fresh tomatoes and a four-inch container for the tomato plant. Prices
were selected after examining local retail and online product pricing and were the same across products,
ranging from $0.79 to $4.69. Retail locations consisted of mass merchandiser (e.g. WalMart, Target), grocery
store, and farmers markets. With respect to product origin, there were five attribute levels: no label, New
England, Canada, Connecticut, and California. These origins provide varying levels of geography, such as
state, regional, and international. Production practices included no label, organic practices but not certified,
certified organic, environmentally friendly, and sustainably grown.

Of keen interest to this paper was the impact of GMO labeling on consumer preference. Attribute levels
for the GMO attribute included no label, GMO-free (but not certified), and Certified GMO-free. Within the
experiment, the following wording was used: ‘Certified GMO-free,” ‘GMO free,” and no text included to
indicate lack of labeling. Understanding the distinction between certification and non-certification is critical
as many firms will be tasked with deciding whether to spend money to certify or not.

Table 1. Attributes and levels for the conjoint experiment.

Fresh tomato (1 pint)

Variety Price  Retail location Product origin Production practice GMO'! label
Brandy wine $0.79 mass merchandiser no label no label no label
Cherry $1.59 farmer’s market =~ New England organic practices, not certified certified GMO-free
Sara black $2.39  grocery store Canada certified organic GMO-free, not certified
Beef steak $3.59 Connecticut  environmentally friendly

$4.69 California sustainably grown

Tomato plant (4 in container)

Brandy wine $0.79 mass merchandiser no label no label no label
Cherry $1.59 farmer’s market =~ New England organic practices, not certified certified GMO-free
Sara black $2.39  grocery store Canada certified organic GMO-free, not certified
Beefsteak $3.59 Connecticut  environmentally friendly

$4.69 California sustainably grown

I GMO = genetically modified organisms.
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CA requires that respondents evaluate products consisting of one level of each attribute. Given the large
number of attribute level combinations (53x4?x3), it would be infeasible for a respondent to evaluate all
products derived from the combination of attribute levels. Therefore, a fractional factorial design was
used to limit the number of products needed to be evaluated. Within the survey, respondents were asked
to evaluate 25 products on a 0-100 willingness to purchase scale (0 = extremely unlikely to purchase,
50 = neither likely or unlikely, 100 = extremely likely to purchase). Products were randomized to limit order
bias. After completing the CA experiment, respondents were asked a purchase behavior question about the
product they evaluated, followed by local, organic, and GMO purchase and perception questions as well as
demographic questions.

CA is based on the theory that overall product valuations are made up of the utility associated with attributes
and attribute levels that make up the product (Baker, 1998). A consumer’s total product utility can be
characterized as:

Uim = Vim + €im (1)

where, U is total produce utility for the m™ product of respondent i, V is a vector or product attribute utilities,
and ¢ is a stochastic error term (Lusk and Schroeder, 2004). Utilizing individual regression models, part-
worth utilities were obtained by estimating the following model for each respondent:

RTy = X2, X1 Pri + € (2

where, RT is the rating of product k of individual i, X is a vector of effects coded attribute levels of product
k, B represents a vector of coefficients (i.e. part-worth utilities), and ¢ is a random error term. Effects coding
requires the part-worth coefficients sum to zero, so the base (left out dummy variable) coefficient can be
recovered. Relative importance values can then be calculated as:

RI; = (range;/ ¥.5_, range;) X 100 3)

where, RI represents the relative importance of the it" attribute, range is the difference between the maximum
and minimum coefficients for each attribute whereby there are six attributes (Hair et al., 1998). Relative
importance can be thought of as the weight each attribute has on each consumer’s buying decision.

2.1 Labeling scenarios

After computing the part-worth utilities, market shares, market demand (Ib), and revenues ($) for tomatoes
and tomato plants were simulated based on several defined scenarios. The first choice model was applied
in conjunction with CA as popularized by Bretton-Clark (1992). This technique has been used to simulate
market scenarios in mandarin oranges (Campbell et al., 2006), peanuts (Nelson et al., 2005) and peaches
(Campbell et al., 2013), among others. The first choice model is based on economic theory in that a consumer
will choose the product with the highest utility. The market simulations are performed by adding or removing
attribute levels from products to identify market shares based on utility.

With respect to market simulations, a market was established by adding varying products to the market. For
the market simulations, the same tomato product (i.e. variety), price ($2.39), CT origin, and no production
label is used. These attributes, except for price, were held constant throughout the simulations. Given the
attributes remained constant, their utilities are held constant across the various simulations allowing the
impacts of changing GMO labeling, price, and retailer to be evaluated. In each of the scenarios, the price
across retailers was kept equal at the beginning of the simulation with the only price change being from
the systematic price premium added to GMO labeling. Given Salisbury et a/l. (2018) found some tomato
varieties higher priced at farmers markets while other varieties were lowered priced compared to grocery
stores, keeping equal average prices across retailers is consistent with the market for tomatoes. For each
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market simulation scenario, GMO labeling and/or retailers are then introduced into the market with price
premiums added according to the specific scenario.

In order to assess how changing prices and labeling introductions would impact varying retailers in the market,
changes in market share, revenues, and potential volume sold are assessed. Given basic microeconomic
demand theory, a consumer would purchase the product with the highest total utility. Market shares were
calculated based on the % of respondents choosing each product. The price premium of the GMO-free product
was systematically increased by 10% (from 0 to 100%) to assess how a higher price premium GMO-free
product would impact demand. 10% was chosen as it allows researchers to systematically examine how price
changes impact the market from no price change to a doubling of price, while also keeping the number of price
variations manageable. To better assess demand and revenues, the respondent’s answers to the purchasing
questions (i.e. how many Ib/plants purchase, when purchase, and how often purchase tomatoes) were utilized
to identify how much a respondent would purchase per year (Ib for fresh tomatoes and number of plants for
four-inch containers). Aggregate demand was then calculated by aggregating quantity across the products
chosen. Multiplying quantity by product price gives revenue for each product. Own-price elasticities were
calculated for each product at different price points from the base price. After assessing the two product
(no label, GMO-free but not certified) model, a new product was added to the market (Certified GMO-free)
and repeated the same analysis as the two-product simulation.

Scenario 1: GMO-free label introduction with price premiums

The purpose of the first scenario is to examine how the introduction of new information about GMO products
might impact the market for fresh tomatoes and tomato plants; and how various price premiums further
change market outcomes. This provides a baseline understanding of changes to markets with GMO products.
The simulation started with 100% of the market comprised of a single product (fresh tomatoes or tomato
plants depending on the simulation) with no information about GMOs. A GMO-free labeled product was
then introduced to the market, holding all other attribute levels constant. Then the market was simulated
with the same product introduction with a price premium for the GMO labeled product ranging from 10 to
100%. Market share, demand (Ib) and, and revenue for each level were then calculated.

Scenario 2: Certified GMO-free label introduction with price premiums

In the second scenario, the introduction of a Certified GMO-free label was explored to determine the impact
a certified GMO-free label would have on a product with no label and products with GMO-free labels that
are not certified. The purpose of this scenario was to understand the additional impact of a label that provides
additional credibility for GMO claims. Currently, certain products are displaying ‘GMO-free’ labels even
though the product is not known to contain GMOs to begin with. This can have the effect of watering down
any relevant GMO-free claims. Presumably, a certified GMO-free label would require additional costs and
effort to acquire. As such, a certified claim might imply that the distinction between labeled and unlabeled
products is meaningful.

In this scenario, the simulation starts with a market consisting of products with no label and products with a
GMO-free label. A certified GMO-free label was then introduced into the market, holding all other attribute
levels constant. Then the price of the GMO-free and certified GMO-free products is increased by 10 to 100%
and market shares, demand (Ib) and revenues for each level were calculated.

Scenario 3: GMO-free label introduction in farmers markets with price premium

The introduction of GMO-free labeled products does not appeal to all consumers the same. Further, their
introduction may be more prominent in certain marketing channels that have more receptive consumers.
Given varied preferences for both GMO-free products and marketing channels, this study considers the
impact of the introduction of a GMO-free label for products sold at farmers markets only. First, simulations
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for an unlabeled product sold in three marketing channels is conducted: mass merchandiser, grocery store,
and farmers markets. A GMO-free label was then introduced to the farmers market channel only. Again,
increasing price premiums with the new product introduction was examined.

Scenario 4: Certified GMO-free label introduction in all marketing channels with price premiums

Building off of scenario 3, a certified GMO-free label was introduced into farmers markets. Specifically, the
initial market includes three marketing channels and a GMO-free label only in the farmers market marketing
channel. Then, the impact of adding a certified GMO-free label to the farmers market was examined. This
was intended to examine the impact of certification on non-verifiable GMO claims.

Scenario 5: Certified GMO-free label introduction in all marketing channels with price premiums

Finally, the introduction of both GMO-free and certified GMO-free labels in all three marketing channels was
examined. Initially, the simulation consisted of a market with three marketing channels (mass merchandisers,
grocery stores and farmers markets), and products with no labels and a GMO-free label sold in farmers
markets only. Then, a GMO-free label was introduced in mass merchandisers and grocery stores. Next, a
certified GMO-free label was introduced across all marketing channels. Price premium increases for both
GMO labels were examined in all marketing channels. That is, not only do the GMO-free label products have
higher prices in farmers markets, but in mass merchandisers and grocery stores as well. The purpose of this
simulation was to understand the impact of a more ‘mature’ product market where multiple channels carry
all available GMO-free products. This was used to provide a long-term perspective on the market for GMOs.

3. Results

3.1 Conjoint analysis results

Based on the CA results, price is the largest driver in the decision to purchase both fresh tomatoes and
tomato plants. Specifically, price accounts for 27 and 23% of the purchase decision, respectively (Table 2).
For both products, tomato variety is the second most important attribute at around 22%. Shopping location,
origin, and production practice have approximately the same impact on the decision to purchase making up
between 11-17% of the purchase decision. GMO labeling has the smallest impact on the purchase decision
for both fresh tomatoes and tomato plants. With respect to differences between fresh tomatoes and tomato
plants, price is more important for fresh, while origin and production practices are more important for plants
compared to fresh.

Evaluating part-worth utilities for fresh tomatoes, the beef steak tomatoes generate the highest part-worth
utility gain (5.33 on the 100-point scale) with Sara Black generating a 11.3 reduction in utility. Respondents

Table 2. Relative importance values from the conjoint analysis by product type.!-

Fresh Plants
Attribute Relative importance  90% CI Relative importance  90% CI
Tomato variety 21.5% 20.0%  23.0% 21.9% 20.1%  23.8%
Price 27.9% 26.4% 29.5% 22.7% 21.1%  24.3%%**
Shopping location 11.7% 10.7% 12.6% 13.0% 11.6% 14.4%
Origin 15.5% 14.7% 16.3% 16.8% 15.8%  17.7%*
Production practice  14.6% 14.0% 15.2% 16.1% 15.3%  16.9%**
GMO 8.8% 8.2% 9.4% 9.6% 8.8% 10.3%

1 GMO = genetically modified organisms; CI = confidence interval.
2 % and *** represents significance at the 0.01, 0.05, and 0.1 levels, respectively.
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also preferred, as expected, lower prices to higher prices. Farmers markets and grocery stores generated
positive utility while mass merchandisers had a negative utility associated with them. Also, as expected
Connecticut tomatoes produced the highest utility increase with Canadian product decreasing utility by 3.2
points on the 100-point scale. Also, of interest, organic produced a negative utility while certified organic
generated positive utility. Finally, both the GMO-free and certified GMO-free labels generated similar part-
worth utility gains (Table 3).

With respect to tomato plants, the part-worth utility results were similar to the fresh tomato results in
sign. Comparing the fresh tomato and tomato plant part-worth utilities showed that cherry tomatoes were
preferred more for fresh tomatoes while Sara Black tomatoes were not as heavily discounted as tomato
plants. Furthermore, tomato plant buyers did not penalize higher prices as much as fresh tomato buyers.

Table 3. Part-worth utilities from the conjoint analysis by product type.!-?

Type Part-worth mean 90% CI Part-worth mean 90% CI
Constant 52.82 51.17 54.47 54.54 52.15 56.92
Tomato variety
Brandy wine 3.46 2.62 4.30 2.94 1.73 4.14
Cherry 2.48 1.31 3.65 -1.48 -3.20 0.24%**
Sara black -11.27 -12.82 -9.71 -7.84 -9.64 -6.05%*
Beef steak 5.33 4.37 6.29 6.39 4.89 7.88
Price
$0.79 15.32 13.77 16.88 7.94 6.07 9.80
$1.59 8.11 6.98 9.24 5.35 3.97 6.72%*
$2.39 0.41 -0.40 1.23 1.19 0.15 2.23
$3.59 -8.65 -9.77 -7.53 -5.13 -6.46 -3.80%**
$4.69 -15.20 -16.65 -13.74 -9.34 -11.03 -7.65%%*
Retail location
Mass merchandiser -4.46 -5.42 -3.51 -2.79 -3.94 -1.65%
Farmers’ market 3.63 2.71 4.55 4.40 2.95 5.84
Grocery store 0.83 0.21 1.45 -1.60 -2.52 -0.69%**
Origin
No origin -1.68 -2.45 -0.91 -1.56 -2.48 -0.63
New England 2.78 2.08 3.49 2.28 1.22 3.34
Canada -3.17 -4.05 -2.29 -2.92 -4.23 -1.62
Connecticut 4.98 4.12 5.84 4.88 3.72 6.04
California -2.91 -3.67 -2.16 -2.68 -3.77 -1.60
Production labels
No label -1.65 -2.36 -0.94 -1.56 -2.70 -0.41
Organic practices -1.15 -2.11 -0.20 -2.43 -3.62 -1.25
Certified organic 1.45 0.51 2.39 2.20 1.17 3.23
Environmentally friendly  1.25 0.57 1.92 1.70 0.73 2.67
Sustainable 0.11 -0.59 0.81 0.09 -0.91 1.09
GMO labels
No GMO label -1.94 -2.66 -1.23 -1.75 -2.63 -0.88
GMO-free 0.85 0.28 1.42 0.94 0.15 1.73
Certified GMO-free 1.09 0.40 1.79 0.81 -0.19 1.82
Adjusted R-squared 0.60 0.45
Observations 318 182

1 GMO = genetically modified organisms; CI = confidence interval.
2 % and *** represents significance at the 0.01, 0.05, and 0.1 levels, respectively.
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Finally, fresh tomato buyers were more accepting of purchasing at grocery stores, while plant buyers were
more accepting of plants available at mass merchandisers.

3.2 Scenario 1. GMO-free label introduction with price premiums

In the first scenario, the initial market was entirely comprised of products with no labels. With the introduction
of the GMO-free label, the market share for unlabeled products declines by 53% (100 to 47%) for fresh
tomatoes and 55% (100 to 45%) for tomato plants (Figure 1). Similar results occur with demand and revenues.
Such a large decline in market share reveals strong consumer preferences for GMO-free labeled products
in our survey sample (Figures 2 and 3).

Next, the impact of having GMO-free products introduced with price premiums was considered. As should be
expected, market share and demand for GMO-free products was lower the higher the price premium (Figures
2 and 3). The impact of price premiums was more extreme with GMO-free fresh tomatoes than GMO-free
tomato plants. For example, a 10% price premium led to an 8% loss in market share for GMO-free fresh
tomatoes compared to no price premium. Whereas GMO-free tomato plants only decline by 5% with the
same price premium. Further, with higher price premiums the effect was much larger for GMO-free fresh
tomatoes compared to GMO-free tomato plants. For example, the demand for GMO-free fresh tomatoes
went from 11,000 Ib to 6,000 1b (45% decrease) with a 100% price premium. Tomato plants decreased from
738 plants to 446 plants (39% decrease) with the same price premium.
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Figure 1. Market share for fresh tomatoes (A) and tomato plants (B) given a GMO-free product introduction
at various price premiums above a non-GMO labeled product.
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Figure 2. Quantity sold for fresh tomatoes (A) and tomato plants (B) given a GMO-free product introduction
at various price premiums above a non-GMO labeled product.
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Figure 3. Revenue for fresh tomatoes (A) and tomato plants (B) given a GMO-free product introduction at
various price premiums above a non-GMO labeled product.
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The change in revenues reveals an important consideration for these products. With GMO-free fresh tomatoes,
revenues were the lowest when the price premium was 40% (i.e. $24,000). With higher price premiums,
however, the revenues grew larger. This reveals that demand was more inelastic with higher price premiums
(Table 4). As a result of the change in elasticity, the loss in demand from higher price premium was more
than offset by the price premiums. This is notable for retailers setting prices for GMO-free products: a price
premium may not necessarily be detrimental to revenues given a less elastic consumer price response.

With GMO-free tomato plants, the lowest revenues are calculated at a 10% premium. This was due to the
highly inelastic demand (Table 4). In fact, the 100% price premium for GMO-free tomato plants resulted
in the highest revenue. As a reference point, Consumer Reports found that organic food was 47% more
expensive on average than non-organic (Consumer Reports 2015). This was for 100 products with a large
variation in price premiums, so the reference should be taken lightly.

3.3 Scenario 2. Certified GMO-free label introduction with price premiums

In this scenario, the simulation demonstrates the effect of introducing a certified GMO-free label into a market
that already has unlabeled products and products that are labeled GMO-free, but not certified (Figures 4, 5
and 6). The results indicate that introducing the certified GMO-free tomatoes more greatly reduces market
share for unlabeled tomatoes than GMO-free tomatoes. Specifically, GMO-free lost about 12% whereas
unlabeled lost about 18%. This shows that consumers who will not switch to GMO-free tomatoes switched
to certified GMO-free tomatoes. Further, a sizeable share of consumers switched from GMO-free to certified
GMO tomatoes. This highlights the potential benefit of a certification system for identifying GMO products.
However, the unlabeled tomatoes gained back their entire market share when both the certified GMO product
and the GMO-free product included at least a 20% premium. A variety of price premium combinations for
the GMO-free and certified GMO-free products could have been considered, but this study only considered
a common price premium for both products.

The market shares for tomato plants exhibited slightly different patterns. The unlabeled plants lost about 18%
market share with the certified GMO-free introduction, whereas the GMO-free plants lost about 19% market
share (Figure 4). This suggests the certified GMO-free matters more than the uncertified GMO-free. A larger
price premium associated with a GMO labeled product was needed for the unlabeled plants to regain their
market share, about 40%. Further, even with a 100% price premium for certified GMO-free, the unlabeled
plants gained only a little over half the market share. This is contrary to what might be expected. Initially,
the expectation was that consumers would be more price inelastic with tomatoes they consume rather than
tomatoes they grow. But with our sample, this does not appear to be the case.

Table 4. Demand elasticities associated with a GMO-free label introduction for both products.!

Elasticities

Fresh Plants
Price premium No label GMO-free No label GMO-free
10% 1.49 1.26 1.75 1.49
20% 1.28 1.08 1.06 0.90
30% 1.11 0.94 0.80 0.69
40% 1.01 0.85 0.79 0.67
50% 0.88 0.74 0.62 0.53
60% 0.77 0.65 0.54 0.47
70% 0.71 0.60 0.59 0.50
80% 0.62 0.53 0.53 0.45
90% 0.61 0.52 0.49 0.42
100% 0.55 0.46 0.46 0.40

"' GMO = genetically modified organisms.
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Figure 4. Market share for fresh tomatoes (A) and tomato plants (B) given a GMO-free and certified GMO-
free product introduction at various price premiums above a non-GMO labeled product.

The demand for unlabeled tomatoes was larger with higher price premiums for GMO tomatoes and the demand
for both GMO-free and certified GMO-free declined with higher price premiums (Figure 5). Similar trends
were found for tomato plants. The revenues for the three products display some interesting trends resulting
from survey respondent preferences. With the introduction of the certified GMO-free tomatoes, unlabeled
tomatoes lost around $7,000 in revenues. But with a 20% price premium, their revenues returned to their
base levels. With higher price premiums, unlabeled tomatoes gained significantly in revenues.

At the same time, the GMO-free and certified GMO-free tomatoes maintained fairly consistent revenues
even with the higher price premiums (Figure 6). Again, this was due to the inelastic demand for GMO-free
products at higher prices. Importantly, the revenues exhibited non-monotonic jumps with the various price
premiums. This was a result of the preference structures of certain consumers in our sample. Specifically,
certain consumers switched to GMO-free tomatoes at higher prices, which could be the result of price
premiums being validation for the GMO-free aspect of the product. With tomato plants, both GMO-free
and certified GMO-free had their largest revenues with the highest price premiums. In fact, total revenues
for tomato plants were largest when both GMO-free plants had the highest price premiums.

3.4 Scenario 3: GMO-free label introduction in farmers markets with price premium

In this simulation, the initial market share, demand, and revenues for tomatoes favored the farmers market
marketing channel even with no GMO-free product offered (Supplementary Table S1). When the GMO-
free label was introduced in the farmers market channel, total market share declined for the other marketing
channels and grew for the farmers market from 50 to 64% (20+44%). However, there was cannibalization
of market share for the unlabeled tomatoes sold at the farmers market, which dropped from 50 to 20%. The
same occurred with demand and revenue.

With higher price premiums for GMO-free tomatoes, market share and demand declined. Interestingly, the
market-share and demand at mass merchandisers and grocery stores recovered only moderately. At the same
time, the market share and demand for unlabeled tomatoes at the farmers market recovered the most. This
reflects consumer preferences for the farmers market marketing channel.
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Figure 5. Quantity sold for fresh tomatoes (A) and tomato plants (B) given a GMO-free and certified GMO-
free product introduction at various price premiums above a non-GMO labeled product.
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Figure 6. Revenue for fresh tomatoes (A) and tomato plants (B) given a GMO-free and certified GMO-free
product introduction at various price premiums above a non-GMO labeled product.

With higher price premiums for the GMO-free offered at the farmers market, the mass merchandiser and
grocery store acquired higher revenues due to consumers switching to the cheaper products. However, the
revenues for the mass merchandiser and grocery store did not increase monotonically with price premiums.
This was due to consumer preferences leading to switching across products and marketing channels.
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The revenues at the farmers market were strictly increasing with the price premiums. Ultimately, the revenues
for the farmers market marketing channel were highest when GMO-free tomatoes charged the highest
premium. The unlabeled tomatoes received over $16,000 and the GMO-free received over $24,000. While
higher prices cause consumers to move from GMO-free labeled tomatoes, they did not leave the farmers
market marketing channel. Further, revenues from consumers that still purchased GMO-free tomatoes at
the higher prices, more than made up for the loss in demand.

With tomato plants, similar trends were observed as the farmers market market share remained high even
with higher price premiums. Specifically, after the GMO-free introduction, the farmers market market share
was roughly 64% (21+43%). Even with a 100% premium, the farmers market market share was still 60%.
Again, this was also reflected in the revenues where the highest revenues for the farmers market occurred
when there was a 100% price premium.

3.5 Scenario 4. Certified GMO-free label introduction in all marketing channels with price premiums

Introduction of the certified GMO-free tomatoes at the farmers market led to the greatest reduction in
GMO-free tomatoes at the farmers market followed by unlabeled tomatoes sold at the farmers market
(Supplementary Table S2). The introduction of price premiums for the GMO-free and certified GMO-free
products was associated with greater loss in market share for those products, especially the GMO-free
tomatoes. This loss in market share was largely recovered by the unlabeled tomatoes in the farmers market
rather than in the other marketing channels.

In this case, the price premiums significantly raised the revenues of GMO-free or certified GMO-free tomatoes
as much as the previous scenarios. While the total revenues for the farmers market were the largest when
both GMO-free products had the 100% price premium, the revenues were supported largely by unlabeled
tomatoes as well as GMO-free tomatoes.

With tomato plants, the introduction of certified GMO-free most impacted the market share for GMO-
free and unlabeled tomato plants sold through the farmers market. The price premiums for the GMO-free
and certified GMO-free plants also tended to benefit the unlabeled plants sold through the farmers market
channel. The GMO-free and certified GMO-free plants tended to have higher revenues with the given price
premiums. The unlabeled plants in all marketing channels benefited as well.

3.6 Scenario 5. Certified GMO-free label introduction in all marketing channels with price premiums

The final scenario explored the impact of introducing GMO-free and certified GMO-free products across
several marketing channels (Supplementary Table S3). Again, this was most representative of a mature
market where multiple channels carry a variety of products. Initially, the GMO-free tomatoes sold in the
farmers market dominate market share, sales and revenues across all product-market combinations. The
introduction of GMO-free into the mass merchandiser and grocery store causes a loss in market share for
GMO-free at the farmers market. That is, consumers that favor the GMO-free, but not necessarily farmers
markets, transitioned to the other marketing channels. At the same time, unlabeled tomatoes sold at mass
merchandisers and grocery stores also lost market share. In this case, consumers who shopped primarily at
mass merchandisers and grocery stores transitioned to GMO-free products. The unlabeled tomatoes sold at
farmers markets were unaffected. These were consumers that strictly preferred shopping through the farmers
market marketing channel.

Next, we examined the additional impact of introducing certified GMO-free tomatoes across all of the
marketing channels. In the farmers market channel, the GMO-free tomatoes lost the largest market share
to the certified GMO-free tomatoes. However, in the mass merchandiser and grocery store, the unlabeled
tomatoes lost the greatest market share to the introduction of the certified GMO-free tomatoes.
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Across all marketing channels, the unlabeled tomatoes lost the greatest market share to the certified
GMO-free tomatoes. Specifically, with just the GMO-free and unlabeled tomatoes, unlabeled tomatoes
had 47% market share. When certified GMO-free are introduced, this dropped to 29%. GMO-free dropped
from 54 to 41%. This again shows the potential value in certified labels for consumers that typically select
unlabeled tomatoes.

The impact of introduction with a price premium was primarily seen in the farmers market marketing
channel. In general, unlabeled products gained greater market share and GMO-free lost market share with
higher price premiums for the GMO-free products. Further, this change was largest in the farmers market
channel. The overall reduction in market share for the GMO-free products was minimal in the other two
marketing channels. The reduction in certified GMO-free products was also relatively small across the three
distribution channels.

With revenues there were two important findings. First, the introduction of the new products only redistributed
revenues across products and marketing channels. In fact, there was a slight decline in total revenues generated.
The second finding was that total revenues were the largest with the highest price premium. Overall, all three
marketing channels had greater revenues as well with the highest price premium.

With tomato plants, the introduction of GMO-free into the mass merchandiser and grocery store caused a
large loss in market share for GMO-free at the farmers market. Specifically, market share fell from 43 to
30%. Unlabeled tomatoes sold at mass merchandisers and grocery stores also lost market share. Interestingly,
the unlabeled tomato plants sold at farmers markets held market share as these are consumers that did not
value GMO-free labeling, but wanted to purchase at a farmers market.

After introducing certified GMO-free tomato plants across all of the marketing channels, the unlabeled
plants sold at farmers markets now lost market share. The biggest gain in market share went to the certified
GMO-free tomato plants sold at the farmers market. The GMO-free tomato plants at the farmers market lost
just a small 1% of market share with the certified GMO-free tomato plant introduction. Across all marketing
channels, the unlabeled tomato plants lost the greatest market share to the certified GMO-free tomatoes.

The impact of introducing the GMO-free and certified GMO-free plants with a price premium was less
pronounced. In general, unlabeled products in all marketing channels gained greater market share with higher
price premiums for the GMO-free products. The reduction in market share for the GMO-free products was
fairly evenly distributed across both the GMO-free and certified GMO-free products and across the various
distribution channels.

Revenues reveal the same patterns as were found with tomato plants: the introduction of the new products
redistributed revenues across products and marketing channels; total revenues were the largest with the highest
price premium. One difference was that certified GMO-free revenues were lower at mass merchandisers
with the 100% price premium. The certified GMO-free revenues were only slightly larger at grocery stores
with the 100% premium. So, while the product had higher total revenues with higher price premiums, there
may be opportunities to price differently based on marketing channels.

4. Implications

The findings of our CA and subsequent market simulations highlights important considerations for the use of
GMO labeling in retail markets. Across all our results, there was a great amount of variation in the effect of
GMO-free labels contingent on the marketing channel, certification of label, and associated price mark-ups.
Heterogeneous preferences found in our results suggest multiple niche marketing opportunities. Producers
may find it advantageous to market their products via certain market channels. Similarly, both retailers and
producers may have varying incentives to promote their product lines using product labeling. While this is
intuitive, we highlight a few specific findings.
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First, it seems that certification of the GMO label plays an important role in how consumers make their
decisions. As previously mentioned, there is only one certified GMO-free label in the market of any scale,
but food producers often put their own uncertified claims on their packaging. The additional certification
may play an important role in certain marketing channels. Having said that, certification can often be a costly
process both in terms of time and money and the impact it has on supply channels. Producers and retailers
seeking to differentiate themselves using certified labels need to be cognizant of such costs.

A further consideration is that the value of certification may be stronger for certain products. We find that
while fresh tomatoes and tomato plants have similar responses in our simulations, the results indicate that
certified GMO free will impact unlabeled fresh tomatoes more than uncertified GMO free. That is, consumers
prefer to consume GMO free, whether the claim is certified or not. But with tomato plants, consumers tend
to prefer certified GMO free over uncertified claims.

In addition, interesting consumer preferences for channel or product were identified. In particular, consumers
that like to shop at farmers markets, tend to not change their marketing channel, but instead change which
products they select at farmers markets relative to price increases. Alternatively, consumers that prefer
to shop for GM free products will switch marketing channels and pursue the certified GM free products.
This highlights how marketing channel attributes may interact with product attributes to affect consumer
preferences. As such, a one size fits all marketing approach may not be optimal for certain products.

Finally, price naturally plays a role in the outcomes of our simulations, but the net effect of price increases
was a bit surprising. Due to inelastic preferences, price increases often lead to the highest total revenues
across products and markets. This suggests that while price wedges between GMO-free and unlabeled
products may emerge, they may not necessarily hurt the retailer’s bottom line. Of course, in a competitive
market, prices tend to be more elastic. So, firms need to first be aware of the price responsiveness of their
consumer base before attempting to maximize profits in this fashion.

Beyond firm profits, such price elasticity could result in unintended market outcomes resulting from the
promotion of GMO-free labels: prices for GMO-free remain high thus preventing certain consumers from
switching to those products. Ultimately, the GMO-free label could end up being more beneficial for the firm
than the advocate of GMO-free labeling.

Altogether, our findings suggest that marketing opportunities for GM products may be much more nuanced

across multiple dimensions. This is, to some extent, in contrast to previous work finding a shift in willingness

to pay arising solely from GM labeling.

Supplementary material

Supplementary material can be found online at https://doi.org/10.22434/IFAMR2019.0218

Table S1. Market simulation results for the introduction of a GMO-free label at a farmers’ market.

Table S2. Market simulation results for the introduction of a certified GMO-free label at a farmers’ market
(fresh products and plants).

Table S3. Market simulation results for the introduction of a certified GMO-free label at a farmers’ market
(fresh products).
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