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CONSUMER PERCEPTION ON ORGANIC MERGERS AND TECHNOLOGY ADOPTION

Abstract

by Ae Rin Jung, Ph.D.
Washington State University
May 2019

Co-Chairs: Ana Espinola-Arredondo and R. Karina Gallardo
This dissertation consists of three studies on consumer perception on organic mergers and
technology adoption. The first paper examines the competition between organic and non-organic
firms, their incentives to undertake a horizontal merger, and the effect of mergers on firms’
market shares. We also consider an alternative setting where one firm can acquire its rival. Our
results show that both organic and non-organic firms have incentives to merge under large
conditions. When demand and cost differentials are significant, we identify settings under which
a firm purchases its rival, to subsequently shut it down, and yet increase its profits. We then find
the merger can be welfare improving, which is more likely when goods are highly differentiated
and their production costs are relatively symmetric. The second paper examines consumers’
preferences for organic foods and analyzes the effect of the merger information on their
perceptions and willingness to pay for organic foods with regard to the business size, ownership,
and the location of the business. Our results indicate that the merger information negatively
affects the willingness to pay for organic while it positively affects that for vitamin. Using factor
analysis, we find that the effect of the merger information depends on consumers’ attitudes,
preferences, and perceptions. Stronger preferences for organic products attenuate the negative
impact of the merger information on the individual’s willingness to pay for organic. The third
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paper examines the choice of optimal harvesting technology in the three major blueberry
producing regions in the United States. We first compute the net present value (NPV) of the
technologies, to assess outcomes under risk neutrality. Then, we apply stochastic dominance to
account for risk. Modified OTR is the most profitable method in the Northwest and Southeast
while in the Eastern OTR is. The Northwest region has a relatively shorter payback period for all
technologies. Although the results of stochastic dominance indicate that modified OTR harvester
is considered to be the most riskless methods in all regions, growers’ risk aversion level and the
characteristics of farm operations may play an important role in the determination of harvest
technologies.
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CHAPTER ONE: ORGANIC MERGERS AND ACQUISITIONS

Abstract
This paper examines the competition between organic and non-organic firms, their incentives to
undertake a horizontal merger, and the effect of mergers on firms’ market shares. We also
consider an alternative setting where one firm can acquire its rival. For generality, we allow for
product differentiation, demand and cost asymmetries. Our results show that both organic and
non-organic firms, despite their cost asymmetries and demand differentials, have incentives to
merge under large conditions. When demand and cost differentials are significant, we identify
settings under which a firm (either organic or non-organic) purchases its rival, to subsequently
shut it down, and yet increase its profits. We then study under which conditions the merger can
be welfare improving, which is more likely when goods are highly differentiated and their
production costs are relatively symmetric.

1

1. Introduction
U.S. sales of organic products grew from $28.4 billion in 2012 to $47 billion in 2016.
Importantly, this industry experienced a large amount of mergers and acquisitions since 2014,
exceeding US$20 billion.1 In most cases, an established firm producing non-organic goods
acquired a relatively new firm selling organic, natural, or healthy food in the same (or close)
market, which could be understood as a strategy to ameliorate competition. In other cases,
however, the acquired firm produced goods extremely differentiated from those of the acquirer,
which could be rationalized on the basis of portfolio diversification. After the acquisition, both
firms remained active, but their output levels were often adjusted under the new management.
Recent examples include United Natural Foods Inc. purchasing Nor-Cal Produce (a distributor of
organic produce and flowers) in March 2016 and Gourmet Guru (organic and better-for-you
food) in August 2016; PepsiCo acquiring KeVita (which produces coconut-based probiotic
drinks) in November 2016; and Coca Cola purchasing Suja Juice (organic cold-pressed juice) in
August 2015, Blue Sky Beverage Company (organic, all natural soft drinks and energy drinks) in
June 2015, and minority stakes in companies such as Aloe Gloe (organic aloe-water beverages).2
Similarly, organic firms have acquired other organic companies during this short period,
including Albert’s Organics purchasing Global Organic Specialty Source (organic produce

1

Some of the largest operations include Danone purchasing WhiteWave in July 2016 for US$12.5 billion,
TreeHouse Foods acquiring Ralcorp (from ConAgra) in November 2015 for US$2.7 billion, Hormel Foods
Corporation purchasing Applegate Farms in May 2015 for US$775 million, or Coca-Cola company acquiring AdeS
from Unilever in June 2016 for US$ 575 million.
2
Other examples include Amplify Snack Brands purchasing Boundless Nutrition (an allergen-free, nonGMO, snack manufacturer) in May 2016; Preferred Popcorn acquiring K&W Popcorn (a producer of organic
popcorn) in April 2016; ConAgra Foods purchasing Blake’s All Natural Food (organic frozen meals) in May 2015;
General Meals acquiring Annie’s (organic foods and snacks) in September 2014; J.M. Smucker purchasing Sahale
Snacks (gluten free and non-GMO snacks) in August 2014, and the Millstone Coffee Company (organic coffee
manufacturer) in November 2008; and WhiteWave Foods acquiring So Delicious (organic and dairy-free foods and
beverages) in September 2014.
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distributor) in March 2016; Nature Path’s Foods acquiring Country Choice Organic (organic
breakfast cereals and snacks) in July 2015; and Jusu Bars Inc. purchasing Cru Juice Inc. (organic
cold-pressed juice, plant-based shots, and raw meals) in September 2016.3
In this paper, we seek to understand the incentives that drive both organic and nonorganic firms to acquire other companies, how their market shares change after the acquisition,
and how these results are affected by demand and cost differentials across firms. Our model
considers two firms, one producing an organic good while its rival producing a non-organic
good. For generality, we allow for differentiated products and for the demand intensities of
organic and non-organic goods to differ.4 The model also permits for different production costs,
to account for the fact that organic goods are often more costly to produce than non-organic
varieties. We examine a two-stage game where, in the first stage, firms choose whether to merge
and, in the second stage, they select their output levels (as part of the merger, or as independent
firms if the merger does not occur). For completeness, we then consider an alternative first-stage
setting, whereby one firm (e.g., the industry leader) chooses whether to acquire the other firm, to
subsequently determine optimal production levels for both firms during the second stage.
In the second stage, we show that only the most efficient firm (and/or the firm with the
strongest relative demand) produces a positive output when firms are relatively asymmetric in
their production costs, while both firms remain active otherwise. In the first stage, we
demonstrate that the merger can be supported for large parameter conditions, but firms stay

3

Other examples include SunOpta (a Canadian organic and specialty food company) acquiring Sunrise
Growers (a leading producer of organic foods) and Niagara Natural Food Snacks (healthy fruit snacks) in October
2015; Natural American Foods purchasing Sweet Harvest Foods (a producer of organic peanut butter, honey, and
syrups) in December 2016; and Fresca Foods acquiring Wonderfully Raw and Open Road Snacks (both firms
produce organic, gluten-free and vegan snacks) in October 2015 and February 2017, respectively.
4
Krissoff (1998) summarizes studies on consumer demand for organic food, indicating that a large
proportion of consumers prefer organic foods because of taste, appearance, or personal health reasons. For other
articles evaluating consumer perceptions of organic product quality, see Grunert (2007) and Agyekum et al. (2015).
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active only if their production costs are relatively symmetric. Otherwise, the most inefficient
firm substantially reduces its output, relative to prior to the merger, and can even shut down its
operations if its cost disadvantage is sufficiently severe.5 We then evaluate how our results are
affected by firms’ degree of product differentiation, as well as by their relative demand
intensities and cost efficiencies.
Our findings provide several implications. First, similar to Salant et al. (1993), we show
that inefficient firms also seek to merge, even if they anticipate that their output will substantially
decrease after the merger; in the extreme case, shutting it down to zero. Intuitively, this type of
firm expects to share merger profits with its more efficient rival. The latter reduces its current
competition since its inefficient rival produces fewer units; yielding a monopoly market when
the cost advantage of the efficient firm is sufficiently strong. Therefore, both firms, despite their
initial differences, have incentives to merge.
Second, our results help predict changes in market shares upon a merger between firms
producing organic and non-organic goods. Specifically, while the former are often more costly
than the latter,6 we find that the market share of organic (non-organic) products can increase
(decrease, respectively) after the merger if the demand for organic varieties is sufficiently strong.
Intuitively, the merged firm, by internalizing all sales, decreases the production of the relatively

5

Our paper therefore connects with the literature on mergers between firms with asymmetric costs, such as
Fauli-Oller (2002), which finds that the merger chooses to close the plant exhibiting a significant cost inefficiency,
thus exclusively producing in the efficient plant. Our paper finds a similar result in equilibrium, but allowing for
product differentiation and demand differentials, evaluating afterwards its welfare implications.
6
Butler (2002) analyzes dairy production in California, reporting a 10-20% cost differential (on $U.S. per
cow); Klonsky (2012) examines products such as field corn, broccoli, almonds and walnuts, finding cost
differentials between $51 and $312 per acre; Taylor and Granatstein (2013) studies Washington State apples,
reporting a cost differential of 5-10% per acre; and McBride et al. (2015), which examines corn, soybeans and
wheat, finding cost differentials between $55-$125. Some empirical studies analyzing other products, however, find
a negative cost differential, thus reflecting that organic goods are cheaper to produce than their nonorganic varieties,
such as corn in Indiana, Clark (2009), alfalfa and lettuce in California, Klonsky (2012), and Idaho and Washington
State potatoes, Ecotrust (2016).
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less profitable product (that with the weakest demand), increasing sales of the product with the
strongest demand, which yields a larger profit margin per unit of output. If demand for the
organic good is sufficiently strong and its cost is not significantly larger than that of the nonorganic variety, the merger could have incentives to shut down the non-organic firm, selling the
organic product as a monopoly.7 Importantly, our results apply to the opposite case, whereby the
organic product has a similar demand to the non-organic good, perhaps because it is still in its
infancy or consumers do not yet know about its properties, and it suffers a cost disadvantage
relative to the non-organic variety. In this setting, the non-organic firm would have incentives to
acquire the organic company to, essentially, shut it down thus limiting its competition.8 We
demonstrate that these results are emphasized when products are relatively homogeneous, where
our findings can be sustained under larger parameter conditions.
We compare equilibrium output after the merger against the socially optimal output (first
best). While the merger reduces output relative to pre-merger outcomes, we show that postmerger production can be socially insufficient or excessive. A socially insufficient output arises
under large parameter conditions, and becomes more likely to occur when firms sell highly
differentiated goods, or when their costs are sufficiently symmetric. In this setting, mergers can
be welfare reducing, leading antitrust authorities to block mergers under large conditions. In

7

Hershey Co. acquired the organic non-GMO companies Dagoba in October 2006, Krave Pure Foods in
February 2015, and barkTHINS in April 2016. In addition, Hershey has been replacing sugar from sugar beets for
non-GMO cane sugar, accounting for more than 75% of its sugar use in February 2016. A similar argument applies
to Flower Foods, Inc. (a firm mainly selling non-organic products before 2015), which acquired two organic
producers, Dave’s Killer Bread in August 2015 and Alpine Valley Bread in September 2015. After these
acquisitions, the acquirer, Flower Foods, Inc., significantly reduced its non-organic output while increasing the
production of Dave’s Killer Bread by 4 times relative to pre-acquisition levels. See Howard (2009), Gutierrez
(2016), and MarketLine (2017).
8
The J.M. Smucker Company (seller of non-organic products in 2008) acquired the organic firm Millstone
Coffee in November 2008. The acquirer, however, discontinued Millstone Coffee in September 2016, citing lack of
sustainable demand. Their organic coffee brand, therefore, disappeared since the company did not acquire another
organic coffee brand, nor develop its own; as reported by The Vending Times in August 25th, 2016.
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contrast, when firms sell relatively homogeneous goods and/or their costs are relatively
asymmetric, output approaches the first-best outcome, implying that the merger is welfare
improving and should be allowed.
Finally, we extend our model to a setting with several organic and non-organic firms,
showing that our results are qualitatively unaffected. Our findings, however, can be emphasized
when more organic firms enter the industry (expanding the region of parameter values where the
merger chooses to shut down the non-organic firm/s) or when more non-organic firms join the
market (making more prevalent the settings where the merger shuts down the organic firm/s).

Related literature. Our model builds on the literature on horizontal mergers, as in Salant
et al. (1983) and Farrell and Shapiro (1990), which consider homogeneous goods and cost
symmetry among firms. The literature was then extended to allow for product differentiation, as
in Norman and Pepall (2000) and Escrihuela-Villar (2011), and both product differentiation with
cost asymmetries, as in Zanchettin (2006), Kao and Menezes (2010), and Gelves (2014). Unlike
our paper, Zanchettin (2006) does not examine firms’ incentives to merge; Kao and Menezes
(2010) consider that demand and cost asymmetries are small enough to guarantee a positive
output; and Gelves (2014) only considers horizontal product differentiation.9 Other studies
consider the possibility that merging firms benefit from a cost-reducing effect; as in Norman et
al. (2005).

9

Gelves (2014) considers an oligopoly setting with N firms similar to that in Salant et al. (1983), but
allowing for cost asymmetries and product differentiation. While Salant et al. (1983) show that mergers can only be
profitable if merging firms represent a large percentage of companies in the industry (i.e., the “80% rule”), Gelves
(2014) demonstrates that cost asymmetry increases firms’ incentives to merge even if they sustain a relatively small
percentage of industry sales.

6

We analyze mergers between firms selling organic and non-organic goods, allowing for
cost asymmetries, product differentiation, and different demand intensities. These three
dimensions of asymmetries separates us from most papers on this literature, which focus on one
or two of these dimensions. Häckner (2000), for instance, considers differentiated goods, but
does not analyze firms’ incentives to merge with their rivals. Norman et al. (2005) allows for
firms to face different demand intensities, and evaluates their incentives to merger, but does not
allow for product differentiation or cost asymmetries. Finally, Savorelli (2012) examines under
which settings firms have incentives to collude when facing asymmetric production costs, but
does not allow for product differentiation or distinct demands across products.
Section 2 presents the model, Section 3 describes the time structure of the game, and
solves for equilibrium output (second stage) and for merger and acquisition decisions (first
stage). Section 4 evaluates equilibrium welfare, to understand in which contexts mergers can
become welfare improving. Section 5 extends our model to settings with several organic and
non-organic firms. Finally, section 6 discusses our findings.

2. Model
Consider that firm 𝑂 produces an organic good, with marginal cost 𝑐𝑂 > 0; while firm 𝑁𝑂
produces a non-organic good with marginal cost 𝑐𝑁𝑂 , where 𝑐𝑂 ≥ 𝑐𝑁𝑂 . The production of
organic goods can affect the demand for non-organic products when both goods are sufficiently
homogeneous. In particular, firm 1’s (firm 2’s) inverse demand function for the non-organic
(organic) product, 𝑞𝑁𝑂 (𝑞𝑂 , respectively) is10

10
This demand specification is, thus, similar to that of Singh and Vives (1984) for the analysis of firms’
incentives to compete in either quantities or prices when they produce differentiated products. These demand
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𝑝(𝑞𝑁𝑂 , 𝑞𝑂 ) = 𝑎𝑁𝑂 − 𝑞𝑁𝑂 − 𝜆𝑞𝑂 and 𝑝(𝑞𝑂 , 𝑞𝑁𝑂 ) = 𝑎𝑂 − 𝑞𝑂 − 𝜆𝑞𝑁𝑂 .
Demand intercept 𝑎𝑘 captures consumers’ overall preference for organic and non-organic
products, where 𝑘 = {𝑂, 𝑁𝑂}. We assume that 𝑎𝑂 ≥ 𝑎𝑁𝑂 thus indicating that consumers regard
organic goods as (weakly) superior, i.e., if both goods had the same price, consumers would opt
for the organic variety. Furthermore, 𝑎𝑘 > 𝑐𝑘 for every firm 𝑘. In addition, parameter 𝜆 ∈ [0, 1]
describes the degree of product differentiation between both goods. Specifically, if 𝜆 = 0
products are completely differentiated, and sales of organic goods do not affect the demand of
non-organic products; as in two separate monopolies. However, when 𝜆 = 1 products are
homogeneous. Therefore, we consider representative consumers for each product.

3. Equilibrium analysis
We consider the following two-stage game:
1. In the first stage, every firm decides whether or not to merge with its rival. A merger
only occurs if both firms choose to merge.
2. In the second stage, if firms did not merge, they compete in output. Otherwise, they
coordinate their production decisions, which may entail shutting down the operations
of one firm.
For completeness, we first examine the setting in which firms, during the first stage,
choose whether to merge; and then analyze an alternative scenario where one firm has the ability
to acquire its rival. The game is solved by backward induction.

functions assume, for simplicity, that price sensitivities are symmetric between goods. Assuming asymmetric price
sensitivities, however, leads to highly intractable results, which do not allow for a clear economic interpretation.
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3.1. Second-stage output
Case 1, No merger. If one or both firms chose to not merge during the first period, a merger
does not occur, leading each firm to simultaneously and independently set its own output. In
particular, every firm 𝑘 solves
𝜋𝑘𝑁𝑀 ≡ max 𝑝(𝑞𝑘 , 𝑞𝑗 )𝑞𝑘 − 𝑐𝑘 𝑞𝑘 ,
𝑞𝑘

(1)

where 𝑗 ≠ 𝑘 indicates firm 𝑘’s rival, 𝜋𝑘𝑁𝑀 is the value function arising from this problem (i.e.,
maximal profits for firm 𝑘 under no merger), and superscript 𝑁𝑀 denotes “no merger.” This
problem yields output
𝑞𝑘𝑁𝑀 =

2(𝑎𝑘 −𝑐𝑘 )−𝜆(𝑎𝑗 −𝑐𝑗 )
4−𝜆2

for every firm 𝑘.

Intuitively, when goods are completely differentiated, 𝜆 = 0, this production level
collapses to that under standard monopoly,
output becomes

2(𝑎𝑘 −𝑐𝑘 )−(𝑎𝑗 −𝑐𝑗 )
3

𝑎𝑘 −𝑐𝑘
2

; but as goods become more homogeneous, this

when 𝜆 = 1.11 Firm 𝑘’s output under no merger is positive if its

cost satisfies 𝑐𝑘 < 𝑐𝑘𝑁𝑀 ≡ (𝑎𝑘 −

𝜆𝑎𝑗
2

)+

𝜆𝑐𝑗
2

; which collapses to the standard condition 𝑐𝑘 < 𝑎𝑘

when firms sell completely differentiated goods, 𝜆 = 0, but becomes more restrictive as their
products are more homogeneous (higher 𝜆). Similarly firm 𝑗 produces a positive output only if
𝑐𝑗 < 𝑐𝑗𝑁𝑀 .12
Last, we can evaluate profits emerging from problem (1), as follows
𝜋𝑘𝑁𝑀 = [

2(𝑎𝑘 −𝑐𝑘 )−𝜆(𝑎𝑗 −𝑐𝑗 )
4−𝜆2

11

2

] .

Furthermore, if demands satisfy 𝑎𝑘 = 𝑎𝑗 , and both products are equally costly, 𝑐𝑘 = 𝑐𝑗 , this output level
𝑎 −𝑐
reduces to the stand result in duopoly markets with symmetric firms and homogeneous products, i.e., 𝑘 𝑘 .
3
12
Note that both cutoffs 𝑐𝑘𝑁𝑀 and 𝑐𝑗𝑁𝑀 are less demanding than all the cutoffs we identify in subsequent
sections of the paper, which implies that conditions 𝑐𝑘 < 𝑐𝑘𝑁𝑀 and 𝑐𝑗 < 𝑐𝑗𝑁𝑀 hold throughout our analysis.
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Since this profit can be alternatively represented as 𝜋𝑘𝑁𝑀 = (𝑞𝑘𝑁𝑀 )2 , we can extend similar
comparative statics results as those for output in our above discussion.

Case 2, Merger. A merger occurs if both firms agree to merge during the first period.
Therefore, firms coordinate their production decisions (choice of 𝑞𝑘 and 𝑞𝑗 ) to maximize their
joint profits, which entails either of three options: (i) produce positive units of both goods,
obtaining profits 𝜋 𝑀,𝐵𝑜𝑡ℎ , where the superscript indicates a merger where both plants are active;
(ii) produce a positive amount of good 𝑘 alone, yielding profits 𝜋 𝑀,𝑘 ; or (iii) produce positive
units of good 𝑗 alone, earning 𝜋 𝑀,𝑗 . We analyze each case separately below, and subsequently
compare profits.
Both firms are active. When both firms are active, they maximize their joint profits as
follows
𝜋 𝑀,𝐵𝑜𝑡ℎ ≡ max [𝑝(𝑞𝑘 , 𝑞𝑗 )𝑞𝑘 − 𝑐𝑘 𝑞𝑘 ] + [𝑝(𝑞𝑗 , 𝑞𝑘 )𝑞𝑗 − 𝑐𝑗 𝑞𝑗 ],
𝑞𝑘 ,𝑞𝑗

(2)

where 𝜋 𝑀,𝐵𝑜𝑡ℎ denotes the overall profits for the merged firm (which explains why it does not
include a firm’s subscript). Differentiating with respect to 𝑞𝑘 and 𝑞𝑗 , and simultaneously solving,
we obtain
𝑞𝑘𝑀,𝐵𝑜𝑡ℎ =

(𝑎𝑘 −𝑐𝑘 )−𝜆(𝑎𝑗 −𝑐𝑗 )
2(1−𝜆2 )

.

Like in Case 1, where firm did not merge, output in this setting converges to monopoly
output

𝑎𝑘 −𝑐𝑘
2

when firms sell completely differentiated products, 𝜆 = 0. Firm 𝑘’s output under

the merger is positive if its cost satisfies 𝑐𝑘 < 𝑐𝑘𝑀 ≡ (𝑎𝑘 − 𝜆𝑎𝑗 ) + 𝜆𝑐𝑗 . The intuition behind
cutoff 𝑐𝑘𝑀 is similar to that behind 𝑐𝑘𝑁𝑀 in Case 1, but since cutoffs satisfy 𝑐𝑘𝑀 < 𝑐𝑘𝑁𝑀 , the
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condition for both firms to be active, 𝑐𝑘 < 𝑐𝑘𝑀 , is more restrictive than that in the no merger case,
𝑐𝑘 < 𝑐𝑘𝑁𝑀 . Intuitively, since the merged firm seeks to limit production to raise prices, merged
firms are willing to stay active for a wider range of costs than non-merged firms.
Last, we can evaluate profits emerging from problem (2), as follows
𝜋𝑘𝑀,𝐵𝑜𝑡ℎ =

(𝑎𝑘 − 𝑐𝑘 )[(𝑎𝑘 −𝑐𝑘 )−𝜆(𝑎𝑗 −𝑐𝑗 )]
4(1−𝜆2 )

=

(𝑎𝑘 −𝑐𝑘 )
2

𝑞𝑘𝑀

and similarly for firm 𝑗. Therefore, overall profits for the merged firms are
𝜋 𝑀,𝐵𝑜𝑡ℎ =

(𝑎𝑘 −𝑐𝑘 )[(𝑎𝑘 −𝑐𝑘 )−2𝜆(𝑎𝑗 −𝑐𝑗 )]+(𝑎𝑗 −𝑐𝑗 )
4(1−𝜆2 )

2

.

Only firm 𝑘 is active. If the merged firm shuts down firm 𝑗, its profit-maximization
problem becomes
𝜋𝑘𝑀,𝑘 ≡ max 𝑝(𝑞𝑘 , 0)𝑞𝑘 − 𝑐𝑘 𝑞𝑘

(3)

𝑞𝑘

yielding the standard monopoly output 𝑞𝑘𝑀,𝑘 =

𝑎𝑘 −𝑐𝑘
2

, with associated profits 𝜋𝑘𝑀,𝑘 =

(𝑎𝑘 −𝑐𝑘 )2
4

.A

similar argument applies to the case in which the merger shuts down firm 𝑘, entailing profits of
𝑀,𝑗
𝜋𝑗

=

(𝑎𝑗 −𝑐𝑗 )
4

2

.

Comparing the profits that the merged firm obtains from keeping producing both goods,
𝜋 𝑀,𝐵𝑜𝑡ℎ , against those where only firm 𝑘 remains active, 𝜋𝑘𝑀,𝑘 , we obtain the following lemma.
For presentation purposes, recall that firm 𝑗’s output under the merger is positive if its cost 𝑐𝑗
satisfies 𝑐𝑗 < 𝑎𝑗 − 𝜆(𝑎𝑘 − 𝑐𝑘 ).13

13

𝑎𝑗

𝑐𝑗

𝜆

𝜆

In addition, we solve for 𝑐𝑘 in this inequality to obtain 𝑐𝑘 < 𝑐𝑗𝑀 ≡ (𝑎𝑘 − ) + . Graphically, cutoff 𝑐𝑗𝑀

is easier to plot in the (𝑐𝑗 , 𝑐𝑘 )-quadrant, and to compare against other cutoffs found above.
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While the previous discussion allowed for a generic firm 𝑘, our subsequent analysis
considers firm 𝑘 as the organic producer, firm 𝑂, and its rival 𝑗 as the non-organic firm, 𝑁𝑂;
which helps in the interpretation of results.

Lemma 1. The following three regions can arise in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant:
𝑀
1. Region I. Only the organic firm produces positive output if 𝑐𝑂 < 𝑐𝑁𝑂
.
𝑀
2. Region II. Both firms produce positive output if 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑀 .

3. Region III. Only the non-organic firm produces positive output if 𝑐𝑂 ≥ 𝑐𝑂𝑀 .

𝑀
Figures 1 depicts cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
, to identify the three regions in Lemma 1, where we

focus on admissible cost pairs 𝑐𝑂 ≥ 𝑐𝑁𝑂 above the 45-degree line. Since 𝑎𝑂 > 𝑐𝑂 for every
organic firm, we only focus on (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in the left-hand corner of the figure below 𝑎𝑂 . In
Region I, the organic firm suffers a small cost disadvantage, relative to the non-organic producer,
while its demand is stronger, leading the merged firm to produce organic goods alone. The
opposite case emerges in Region III, where now the non-organic firm is the only one producing a
positive output.14 Last, when the costs of both firms are relatively low, they both remain active
after the merger; as depicted in Region II.15

𝜆
𝑎 ) + 𝑐𝑁𝑂
2 𝑁𝑂
2
originates above the vertical intercept of cutoff 𝑐𝑂𝑀 , 𝑎𝑂 − 𝜆𝑎𝑁𝑂 . In addition, cutoff 𝑐𝑂𝑁𝑀 crosses 𝑐𝑂𝑀 at 𝑐𝑁𝑂 = 𝑎𝑁𝑂
and a height of 𝑐𝑂 = 𝑎𝑂 . Therefore, cutoff 𝑐𝑂𝑁𝑀 divides Region III into two areas: (1) if 𝑐𝑂𝑀 ≤ 𝑐𝑂 < 𝑐𝑂𝑁𝑀 , the organic
firm shuts down under the merger, but would produce a positive output if no merger occurs; and (2) if 𝑐𝑂 ≥ 𝑐𝑂𝑁𝑀 , the
14

Comparing cutoff 𝑐𝑂𝑀 against that under no mergers, 𝑐𝑂𝑁𝑀 , we find that 𝑐𝑂𝑁𝑀 ≡ (𝑎𝑂 −

𝜆

organic firm shuts down both when the merger occurs and when it does not. Since we have showed that a merger
can be sustained in Region III, the discussion about whether the organic firm would have been active had the merger
𝑁𝑀
not occurred is inconsequential. A similar argument applies to cutoff 𝑐𝑁𝑂
, which splits Region I into two areas.
𝑀
15
Note that cutoff 𝑐𝑂 originates in the positive quadrant if 𝑎𝑂 − 𝜆𝑎𝑁𝑂 ≥ 0, or 𝑎𝑂 ≥ 𝜆𝑎𝑁𝑂 ; while cutoff
𝑎
𝑎
𝑀
𝑐𝑁𝑂
does when 𝑎𝑂 – 𝑁𝑂 ≥ 0, or 𝑎𝑂 ≥ 𝑁𝑂. That is, when 𝑎𝑂 is low, 𝑎𝑂 < 𝜆𝑎𝑁𝑂 , both cutoffs originate in the
𝜆

𝜆
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𝑀
Cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
cross at point (𝑎𝑁𝑂 , 𝑎𝑂 ), thus lying above the 45-degree line.

Because the demand for organic goods is stronger than that of non-organics, Region I is larger
than III, since the merged firm can extract a larger margin from every unit of the organic good.
In words, the stronger demand for the organic product justifies shutting down the non-organic
firm, despite its relative cost advantage, keeping only the organic firm active under larger
parameter conditions.
We can apply our result to special cases, such as when products are homogeneous, 𝜆 = 1.
As depicted in Figure 2a, in this case both cutoffs collapse to the same line (i.e., they both
originate at 𝑎𝑂 − 𝑎𝑁𝑂 , and have a slope of 1), yielding only two possible outcomes: Region I,
𝑀
where the organic firm is the only active plant, if 𝑐𝑂 < 𝑐𝑂𝑀 = 𝑐𝑁𝑂
; or Region III, where only the

non-organic firm operates.16
Figure 2b considers another special case where both firms face the same demand, 𝑎𝑂 =
𝑀
𝑎𝑁𝑂 = 𝑎. In this context, cutoff 𝑐𝑂𝑀 originates at (1 − 𝜆)𝑎, cutoff 𝑐𝑁𝑂
originates in the negative
1

quadrant, i.e., at (1 − 𝜆) 𝑎, and both cutoffs cross at the 45-degree line, i.e., at 𝑐𝑂 = 𝑐𝑁𝑂 = 𝑎. In
this context, Region I cannot be sustained since both firms exhibit the same demand intensity and
the organic firm suffers from a cost disadvantage. Therefore, under no circumstances the merger
chooses to keep only the organic plant active. Region II, however, can be sustained where the
organic firm’s cost disadvantage is relatively small, and thus both plants are active; as well as
Region III where this cost disadvantage is larger, and only the non-organic firm is active.

negative quadrant; when 𝑎𝑂 takes intermediate values, 𝜆𝑎𝑁𝑂 ≤ 𝑎𝑂 <
𝑎

𝑎𝑁𝑂
𝜆

, only cutoff 𝑐𝑂𝑀 originates in the positive

quadrant; and when 𝑎𝑂 is relatively high, 𝑎𝑂 ≥ 𝑁𝑂 , both cutoffs start at the positive quadrant.
𝜆
16
If, in addition, firms face the same demand, i.e., 𝑎𝑂 = 𝑎𝑁𝑂 = 𝑎, both cutoffs originate at zero, thus
coinciding with the 45-degree line. In this context, when the non-organic firm enjoys even a minor cost advantage,
the merged firm chooses only this plant to be active.
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3.2. First stage
For each (𝑐𝑁𝑂 , 𝑐𝑂 )-pair, every firm 𝑘 anticipates the output profile that will emerge in the second
stage of the game, i.e., Regions I-III. For completeness, we consider that during the first stage
firms choose whether to merge; and subsequently examine how the results would change if,
instead, one firm is allowed to acquire its rival.

3.2.1. Mergers
In the first stage, every firm 𝑘 chooses whether to merge or not. In particular, for each region IIII, the firm compares the profits that it currently obtains as an independent firm, 𝜋𝑘𝑁𝑀 , against
the profits it would obtain under the merger:
𝜋 𝑀,𝐵𝑜𝑡ℎ
2

𝜋𝑘𝑀,𝑘
2

in Region I where only firm 𝑘 remains active,
𝑀,𝑗

in Region II where both firms stay active, and

𝜋𝑗

2

in Region III, where only firm 𝑗 ≠ 𝑘 is

active. For simplicity, we assume that firms evenly share merger profits.17

Proposition 1. During the first stage, the organic firm chooses to merge as follows:
1. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region I, the organic firm merges if and only if 𝑐𝑂 ∈ [𝑐1 , 𝑐2 ];
2. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region II, the organic firm merges if and only if 𝑐𝑂 ∈ [𝑐3 , 𝑐4 ];
and
3. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region III, the organic firm merges if and only if 𝑐𝑂 ∈ [𝑐5 , 𝑐6 ].

17

An alternative sharing rule could assign every firm 𝑘 a larger share of profits when it produces a larger

share of output, as follows:

𝑀,𝑘
𝜋𝑘
𝑀,𝑘 𝑀,𝑘
𝑞𝑘 /𝑄

in Region I,

𝜋𝑀,𝐵𝑜𝑡ℎ
𝑀,𝐵𝑜𝑡ℎ
𝑞𝑘
/ 𝑄𝑀,𝐵𝑜𝑡ℎ

in Region II, and

𝑀,𝑗
𝜋𝑗
𝑀,𝑗 𝑀,𝑗
𝑞𝑗 /𝑄

in Region III, where

𝑄𝑀,𝑥 denotes aggregate output in setting 𝑥 = {𝑂, 𝐵𝑜𝑡ℎ, 𝑁𝑂}. However, this profit sharing rule entails that the nonorganic (organic) firm would not receive any profits from the organic (non-organic) plant, which is the only firm
remaining active after the merger in Region I (III, respectively).
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Form compactness, cutoffs 𝑐1 − 𝑐6 are defined in the appendix.

While the proposition allows for several patterns to emerge, in specific settings mergers
may only be sustained if firms expect one of the three regions to arise during the second-period
game. To understand this point, consider, for instance, parameter values 𝑎𝑂 = 1, 𝑎𝑁𝑂 =
2/3, 𝜆 = 1/2, and 𝑐𝑁𝑂 = 1/4. As shown in the first row of Table 1.1 (benchmark set of
𝑀
parameters), the cutoffs identifying Regions I-III in Proposition 1 become 𝑐𝑂𝑀 = 0.79 and 𝑐𝑁𝑂
=
𝑀
0.16. For illustration purposes, Figure 3 depicts cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
in this setting, along with

cutoffs 𝑐1 through 𝑐6 .
Since 𝑐𝑂 > 𝑐𝑁𝑂 by definition, 𝑐𝑂 must satisfy 𝑐𝑂 > 0.25 in this setting, entailing that
Region I cannot be sustained in equilibrium. A similar argument applies to the left segment of
Region II for all 𝑐𝑂 < 0.25. We can then conclude that: (1) the range of parameters [𝑐3 , 𝑐4 ] =
[0.57, 1.51] is compatible with Region II as long as 𝑐𝑂 ∈ [0.57, 0.79], which entails that this
region can be supported in equilibrium when costs are relatively high; and (2) the range of
parameters [𝑐5 , 𝑐6 ] = [0.61, 1.17] is compatible for all values of 𝑐𝑂 in Region III, implying that
this region can be sustained in equilibrium. Overall, a merger can only be sustained in Region III
and in Region II (as long as 𝑐𝑂 > c3 = 0.57). Intuitively, when the organic firm is relatively
inefficient (in Region III and in the right-hand portion of Region II, as depicted in Figure 3), it
prefers to join the merger rather than continue operating as an independent firm. In other words,
the most inefficient firm seeks to ameliorate the tough competition it faces from its rival by
entering the merger. If the merger is successful, this firm accepts to shut down its operations
when its cost disadvantage is sufficiently large (in Region III), but continues producing a
positive output level when such cost disadvantage is minor.

15

Appendix 1 provides a detailed analysis of the regions that can/cannot be sustained in
equilibrium for each row in Table 1.1. Overall, the merger finds it profitable to produce using the
organic firm alone when products become more homogeneous and the demand for the organic
good becomes stronger.

3.2.2. Acquisitions
In this subsection, we consider an alternative setting for the first-stage game. We now allow the
non-organic firm to make a take-it-or-leave-it offer to acquire the organic firm. The non-organic
firm might have more experience in the industry, and thus act as the leader, making an offer to
the organic firm, who observes the offer and responds accepting it or not. If the organic firm
accepts the offer, the non-organic firm manages both firms, seeking to maximize joint profits. If,
instead, the organic firm rejects the offer, both firms continue to operate independently,
competing in quantities.
In this setting, the organic firm accepts an offer from the non-organic firm if and only if it
weakly exceeds its profits under no merger, 𝜋𝑂𝑁𝑀 . Anticipating this decision rule by the organic
firm, the non-organic company makes its acquisition offer. To understand the non-organic firm’s
willingness to pay to acquire the organic firm, let us separately consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lying in
Region I, II, and III. In Region I, the non-organic firm anticipates that only the organic firm
remains active after the acquisition, obtaining profits of 𝜋 𝑀,𝑂 . (Unlike in the merger, the nonorganic firm now earns all profit 𝜋 𝑀,𝑂 , rather than half of it.) If this profit exceeds that from
𝑁𝑀
competing as an independent firm, 𝜋𝑁𝑂
, the non-organic firm acquires the organic firm, and its
𝑁𝑀
maximum willingness to pay is captured by profit gain 𝑊𝑃𝐼 ≡ 𝜋 𝑀,𝑂 − 𝜋𝑁𝑂
. A similar argument

applies when (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region II, as in this case the non-organic firm can expect both
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firms remaining active after the acquisition, yielding profits of 𝜋 𝐵𝑜𝑡ℎ . Therefore, the non-organic
𝑁𝑀
firm is willing to pay up to 𝑊𝑃𝐼𝐼 ≡ 𝜋 𝐵𝑜𝑡ℎ − 𝜋𝑁𝑂
. Finally, when (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region III,

the non-organic firm anticipates that, given the substantial cost disadvantage of the organic firm,
it will shut this company down after the acquisition, operating the non-organic firm as a
monopolist, earning profit 𝜋 𝑀,𝑁𝑂 . In this context, the non-organic firm is willing to pay 𝑊𝑃𝐼𝐼𝐼 ≡
𝑁𝑀
𝜋 𝑀,𝑁𝑂 − 𝜋𝑁𝑂
to acquire its organic rival.

Figure 4 depicts the three regions of willingness to pay considering the same parameter
values as in Table 1.1 (benchmark). Region I cannot be sustained, as discussed in Figure 3
above. Region II, however, can be supported for all 0.57 ≤ 𝑐𝑂 < 𝑐𝑂𝑀 = 0.79 (intermediate
values of 𝑐𝑂 at the center of the figure). In this region, the non-organic firm chooses to acquire
the organic given that curve 𝑊𝑃𝐼𝐼 is positive. Finally, Region III can exist for all 𝑐𝑂 ≥ 0.79
(right-hand side of figure), which leads the non-organic firm to acquire the organic since curve
𝑊𝑃𝐼𝐼𝐼 lies in the positive quadrant as well.
While our above discussion analyzes the profit gain that the non-organic firm experiences
from acquiring its organic rival, it was silent about the specific offer that the non-organic firm
makes in equilibrium. In particular, the non-organic firm is willing to make an acceptable offer if
its willingness to pay exceeds the organic firm’s profits from continuing as an independent firm,
𝜋𝑂𝑁𝑀 . That is, if 𝑊𝑃𝑥 ≥ 𝜋𝑂𝑁𝑀 holds in Region 𝑥 = {𝐼, 𝐼𝐼, 𝐼𝐼𝐼}, the non-organic firm makes an
offer of exactly 𝜋𝑂𝑁𝑀 to the organic company. This offer yields a (weak) Pareto improvement: on
one hand, it weakly compensates the organic firm for its foregone profits; and, on the other hand,
the non-organic firm’s profit gain (as captured by 𝑊𝑃𝑥 ) exceeds the monetary outlay 𝜋𝑂𝑁𝑀
provided to the organic firm.
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Figure 5 depicts the above discussion. In Region II, the difference 𝑊𝑃𝐼𝐼 − 𝜋𝑂𝑁𝑀 is
positive for all admissible 𝑐𝑂 , which implies that the non-organic firm has incentives to offer
𝜋𝑂𝑁𝑀 to the organic firm as well. In this context, an equilibrium arises in which both firms are
active. Finally, in Region III, the difference 𝑊𝑃𝐼𝐼𝐼 − 𝜋𝑂𝑁𝑀 is only positive for relatively low
costs, entailing that the non-organic firm has incentives to offer 𝜋𝑂𝑁𝑀 to the organic firm when
the former is sufficiently efficient, but does not otherwise.
When the costs of the non-organic firm decrease to 𝑐𝑁𝑂 = 1/10 (i.e., second row of
Table 1.1), Region II can be supported for intermediate values of 𝑐𝑂 , and the curve 𝑊𝑃𝐼𝐼 − 𝜋𝑂𝑁𝑀
of Figure 5 still lies on the positive quadrant, indicating that the non-organic firm has incentives
to acquire the organic firm as prescribed in Proposition 1, and subsequently keeping both firms
active. Region III can be sustained, but like in our above discussion, only leads the non-organic
firm to acquire the organic firm if the former is relatively efficient (low values of 𝑐𝑁𝑂 ). A similar
argument applies when the non-organic firm’s demand increases (third row of Table 1.1), since
the non-organic firm is relatively inefficient and, upon acquiring the organic firm, does not find
it profitable to become the only active firm in the industry.

4. Welfare analysis
This section investigates if equilibrium output is excessive or insufficient (relative to the social
optimum) for each region of cost pairs, where firms have incentives to merge or not to merge.
The following lemma identifies the welfare-maximizing output pair. Social welfare is given
1

2
by the sum of consumer and producer surplus, 𝑊 = 𝐶𝑆 + 𝑃𝑆, where 𝐶𝑆 ≡ 2 (𝑞𝑂2 + 𝑞𝑁𝑂
+

2𝜆𝑞𝑂 𝑞𝑁𝑂 ) and 𝑃𝑆 ≡ 𝜋𝑂 + 𝜋𝑁𝑂 .
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Lemma 2. The socially optimal output for the organic firm is 𝑞𝑂𝑆𝑂 =

𝑎𝑂 −𝑐𝑂 −𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )
1−𝜆2

,

which is positive if and only if 𝑐𝑂 satisfies 𝑐𝑂 ≤ 𝑐𝑂𝑆𝑂 ≡ 𝑎𝑂 − 𝜆(𝑎𝑁𝑂 − 𝑐𝑁𝑂 ); and that of the non𝑆𝑂
organic firm is 𝑞𝑁𝑂
=

(𝑎𝑂 −

𝑎𝑁𝑂
𝜆

)+

𝑐𝑁𝑂
𝜆

𝑎𝑁𝑂 −𝑐𝑁𝑂 −𝜆(𝑎𝑂 −𝑐𝑂 )
1−𝜆2

𝑆𝑂
, which is positive if and only if 𝑐𝑂 ≥ 𝑐𝑁𝑂
≡

. Therefore, it is socially optimal that:

𝑆𝑂 };
1. Only the organic firm produces a positive output if 𝑐𝑂 < 𝑚𝑖𝑛{𝑐𝑂𝑆𝑂 , 𝑐𝑁𝑂
𝑆𝑂 }
𝑆𝑂 };
2. Both firms produce a positive output if 𝑚𝑖𝑛{𝑐𝑂𝑆𝑂 , 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑚𝑎𝑥{𝑐𝑂𝑆𝑂 , 𝑐𝑁𝑂
and
𝑆𝑂 }.
3. Only the non-organic firm produces a positive output if 𝑐𝑂 ≥ 𝑚𝑎𝑥{𝑐𝑂𝑆𝑂 , 𝑐𝑁𝑂

Graphically, Lemma 2 divides the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant into three areas; as depicted in
Figure 6. First, when the organic firm’s costs are low relative to those of the non-organic’s, the
social planner assigns a positive production level to this firm alone, leaving the non-organic firm
inactive. (This argument is emphasized when the organic product exhibits a significantly
stronger demand than the non-organic.) A symmetric argument applies when the organic firm’s
𝑆𝑂
costs are high relative to the non-organic’s, where 𝑞𝑂𝑆𝑂 = 0 while 𝑞𝑁𝑂
> 0. Finally, when firms’

costs are relatively symmetric, the social planner assigns a positive output to both firms.
Therefore, for every (𝑐𝑁𝑂 , 𝑐𝑂 )-pair, Lemma 2 informs us about which output profile to
𝑆𝑂 )
implement (𝑞𝑂𝑆𝑂 , 𝑞𝑁𝑂
to maximize social welfare. Our results are, however, silent about whether

such output is higher than that emerging in equilibrium (as examined in Lemma 1 and
Proposition 1), which entails that equilibrium output is socially insufficient; or whether socially
optimal output is lower than that in equilibrium, thus giving rise to a socially excessive
production. We analyze that below.
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Proposition 2. Equilibrium output is socially insufficient when 𝑐𝑂 < 𝑐𝑂𝑆𝑂 , but socially
excessive otherwise.

Figure 6 illustrates the results in Proposition 2, indicating that equilibrium output is lower
than the social optimum when the organic firm’s costs satisfy 𝑐𝑂 < 𝑐𝑂𝑆𝑂 , which occurs in Region
I and II. Specifically, the organic firm behaves as a monopolist (if only this firm is active after
the merger, in Region I) or firms produce a smaller output than prior to the merger (if both firms
are active, in Region II). In both cases, aggregate output lies below what a social planner would
assign, yielding insufficient production. In contrast, equilibrium output is socially excessive in
the entire Region III.
For illustration purposes, the next corollary identifies the regions where equilibrium
output is socially insufficient or excessive in the extreme cases of completely differentiated
products (𝜆 = 0) or homogeneous goods (𝜆 = 1).

Corollary 1. When 𝜆 = 1, socially insufficient output arises when 𝑐𝑂 < 𝑐𝑂𝑆𝑂 , whereas
socially excessive production arises otherwise. When 𝜆 = 0, only socially insufficient production
𝑀
can be sustained, which occurs in Region I (i.e., 𝑐𝑂 < 𝑐𝑁𝑂
).

When firms sell a completely differentiated product, 𝜆 = 0, several cutoffs coincide, i.e.,
𝑀
𝑆𝑂
𝑐𝑂𝑀 = 𝑐𝑁𝑂
= 𝑐𝑂𝑆𝑂 = 𝑐𝑁𝑂
. As a result, only Region I emerges in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant, where

only the organic firm is active after the merger, ultimately leading a socially insufficient output
level. In contrast, when firms sell homogeneous products, 𝜆 = 1, all cutoffs coincide, giving rise
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to only Region I and III. In this context, we can still find costs for which insufficient or excessive
production occurs; as in Proposition 2. In particular, socially insufficient output exists when the
organic firm’s cost advantage is sufficiently strong, 𝑐𝑂 < 𝑐𝑂𝑆𝑂 ;18 whereas socially excessive
production emerges when 𝑐𝑂 takes relatively high values, 𝑐𝑂 ≥ 𝑐𝑂𝑆𝑂 .

5. Extension to more firms
For presentation purposes, previous sections consider one organic and ono non-organic firm.
Appendix 2 allows for 𝑁 ≥ 1 organic and 𝑀 ≥ 1 non-organic firms, and we verbally describe
our results next. First, we show that, when the industry has the same number of each type of
firm, 𝑀 = 𝑁 ≥ 1, our results in Lemma 1 still apply, regardless of how many firms of each type
exist. Graphically, the findings in figure 1 readily apply in this context.
However, as non-organic firms become relatively more common (as captured by the
difference 𝑀 − 𝑁), organic firms produce a positive output under more restrictive conditions. As
a result, when the costs of organic firms are extremely high, as in Region III of figure 1, the
merged firm produces non-organic goods alone. When the costs of both firms are relatively
similar and high, as in Region II, they both remain active after the merger. Otherwise, the
merged firm produces organic goods alone, as depicted in Region I.
When products are homogeneous, 𝜆 = 1, our results in the main body of the paper still
apply when the number of organic and non-organic firms coincides, 𝑀 = 𝑁, as depicted in figure
2a. However, when 𝑀 > 𝑁, Region II can be sustained, where both firms are active; a result that
could not be sustained when products are homogeneous and 𝑀 = 𝑁. In contrast, when products

18
However, since 𝜆 = 1, cutoff 𝑐𝑂𝑆𝑂 originates at a low vertical intercept, 𝑎𝑂 − 𝑎𝑁𝑂 , which lies in Region I.
Therefore, insufficient output can only arise if the organic firm’s cost advantage is extremely strong.
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are completely differentiated, 𝜆 = 0, all cutoffs identified simplify to 𝑎𝑂 (i.e., they all become a
horizontal line originating at 𝑎𝑂 ), yielding only one possible outcome in equilibrium: Region I,
where the organic firm is the only active plant.
We then identify results analogues to Proposition 1, but in the context of several firms of
each type. The position of these cutoffs for several regions to emerge in equilibrium, but become
more difficult to interpret analytically. For presentation purposes, we consider the same
parameter values as in the benchmark (see first row of Table 1.1 in the main body of the paper),
first fixing the number of non-organic firms at 𝑀 = 1, and increasing the number of organic
firms (𝑁) one at a time; as illustrated in Table 1.2. This helps us understand the effect of
𝑀
introducing more organic firms in previous sections. Both cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
shift downwards,

shrinking Region I (which can become not sustainable in equilibrium) and Region II, while
expanding Region III. Intuitively, when more than one organic firm (𝑁 > 1) merge with a nonorganic firm (𝑀 = 1), the organic firms suffer from a cost disadvantage, leading the merged
firm to shut down the organic firms; graphically represented by a smaller Region I and a larger
Region III. However, both firms are active after the merger when the organic firms’ cost
disadvantage is relatively small.
Table 1.3 considers, in contrast, that the number of organic firms is fixed at 𝑁 = 1, while
𝑀
that of non-organic firms (𝑀) increases. In this setting, cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
shift upwards,

shrinking Region II and III while expanding Region I. Intuitively, when an organic firm (𝑁 = 1)
merges with more than one non-organic firm (𝑀 > 1), the merged firm chooses to keep only the
non-organic firm active when the organic firm’s cost disadvantage is severe; graphically
represented by a shrink in Region III. Since the demand for the organic product is relatively
stronger, the merged firm produces more organic products resulting a smaller Region II. When
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the organic firm suffers firm a small cost disadvantage, the merged firm choose to shut down the
non-organic firms keeping only the organic firm active (Region I).
Finally, when both 𝑀 and 𝑁 increase, as reported in Table 1.4, we first find that cutoff 𝑐1
shifts upwards while 𝑐2 shifts downwards, expanding Region I as a consequence. After the
merger, the organic firms remain active under larger conditions since the profit gain from the
organic firms’ stronger demand becomes more significant as 𝑁 grows. Second, we obtain that
cutoff 𝑐3 shifts upwards while 𝑐4 shifts downwards resulting in Region II shrinking. As in
Region I, this result can be interpreted as that the merger is less likely to keep both types of firm
active. Third, we find that cutoff 𝑐5 shifts upwards while 𝑐6 shifts downwards, shrinking Region
III. Intuitively, when the organic firm’s cost disadvantage is severe, organic firms choose to
merge anticipating that their plants will be shut down (as the merger only keep the non-organic
firms active). As in the baseline model, this occurs because the profit that organic firm earn from
the merger exceed that from competing as independent firms.

6. Discussion
Changing production profiles. Our results suggest that all firms remain active only if their
production costs are relatively symmetric. Otherwise, the new management (i.e., the merged firm
or the acquirer) chooses to shut down the most inefficient company, only leaving the relatively
efficient firm active, which operates as a monopolist. In less extreme cases, a similar result
emerges, whereby the most inefficient firm is active after the merger but producing substantially
fewer units than prior to the merger. In most real-world examples, we observe both firms being
active after the merger, even if they alter their market shares, thus indicating that, while organic
products are more costly than its non-organic rivals, their cost differentials are not extreme
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and/or their demand is substantially stronger than that of the non-organic variety. This, however,
can be empirically confirmed in future studies.
Inefficient firms also seek to merge. Our findings also highlight that companies have
incentives to merge regardless of their relative efficiency. Specifically, inefficient firms seek to
merge, even if they anticipate that their output will significantly decrease after the merger. When
their inefficiency is sufficiently severe, this type of firm expects to shut down its operations after
the merger, yet obtain a share of merger profits that exceeds its small profits when operating as
an independent firm.
Larger production of more costly organic products? If the demand for the organic good
is sufficiently strong (such as for organic milks or certain berries), our results indicate that the
merger chooses to increase output for this product, while reducing that of its non-organic rival.
This finding can be emphasized when the organic product receives a certification from a thirdparty agency, such as USDA. When the demand differential between organic and non-organic
varieties is sufficiently large, we demonstrate that the merger might shut down the production of
the non-organic variety. Importantly, the increase (decrease) in organic (non-organic) production
occurs despite the organic product being more costly to produce than its non-organic rival. The
current demand trend for organic products explains the increase in mergers between non-organic
and organic firms during 2015-17.
Purchasing a company to shut it down? Our results also suggest that a non-organic firm,
often benefiting from lower production costs than organic companies, has incentives to acquire
its organic competitor. After the acquisition, we showed that both firms can coexist producing a
positive output when the non-organic cost advantage is not extreme; otherwise, the acquirer
would choose to shut down the organic firm, as when the J.M. Smucker Company acquired the
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organic firm Millstone Coffee in 2008 to subsequently shut it down. In this case, the non-organic
company undergoes a costly acquisition just to shut down its organic rival after the purchase.
Intuitively, the benefit from the acquisition, in the form of lower competition for the non-organic
good which in this case becomes nil, offset the cost of the purchase.
Antimerger implications. We also show that the output reduction that arises after the
merger yields underproduction relative to the socially optimal output under larger parameter
conditions. This is more likely to occur when firms sell highly differentiated goods, or when
their costs are sufficiently asymmetric. In this setting, antitrust authorities can have incentives to
block mergers and acquisitions, as they anticipate welfare reducing outcomes. However, we also
identify that, when firms sell relatively homogeneous goods and/or their costs are not extremely
asymmetric, a socially excessive output can arise after the merger. In this context, while output
decreases as a result of the merger, it approaches the first-best output (𝑞𝑂𝑆𝑂 , as identified in
Lemma 2), indicating that the merger is welfare improving.
Our model assumed a representative consumer for each type of product, but further
research could allow for a continuum of horizontally differentiated consumers.
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Table 1.1. Cutoffs from Proposition 1
𝑐𝑂𝑀

𝑀
𝑐𝑁𝑂

𝑐1

𝑐2

𝑐3

𝑐4

𝑐5

𝑐6

Benchmark

0.79

0.16

0.69

0.93

0.57

1.51

0.61

1.17

Lower cost, 𝑐𝑁𝑂 = 1/10

0.71

-0.13

0.57

0.91

0.41

1.69

0.48

1.23

Higher demand, 𝑎𝑁𝑂 = 1

0.62

-0.50

0.44

0.88

0.23

1.92

0.31

1.31

Homogeneous goods, 𝜆 = 1

0.58

0.58

0.55

0.86

0.58

0.58

0.57

1.01

𝜆 = 1 and 𝑎𝑁𝑂 = 1

0.25

0.25

0.20

0.75

0.25

0.25

0.22

0.10
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Table 1.2. Introducing more organic firms (higher 𝑁)
𝑐𝑂𝑀

𝑀
𝑐𝑁𝑂

𝑐1

𝑐2

𝑐3

𝑐4

𝑐5

𝑐6

𝑀 = 1, 𝑁 = 1

0.79

0.16

0.69

0.93

0.57

1.51

0.61

1.17

𝑀 = 1, 𝑁 = 2

0.68

-0.11

0.76

0.93

0.55

1.56

0.56

1.22

𝑀 = 1, 𝑁 = 3

0.58

-0.25

0.78

0.93

0.51

1.71

0.51

1.27

𝑀 = 1, 𝑁 = 4

0.479 -0.33

0.79

0.93

0.476 1.90
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0.476 1.31

Table 1.3. Introducing more non-organic firms (higher 𝑀)
𝑐𝑂𝑀

𝑀
𝑐𝑁𝑂

𝑐1

𝑐2

𝑐3

𝑐4

𝑐5

𝑐6

𝑀 = 1, 𝑁 = 1

0.79

0.16

0.69

0.93

0.57

1.51

0.61

1.17

𝑀 = 2, 𝑁 = 1

0.84

0.44

0.70

0.90

0.67

1.07

0.70

1.01

𝑀 = 3, 𝑁 = 1

0.86

0.58

0.71

0.89

0.70

0.96

0.73

0.95

𝑀 = 4, 𝑁 = 1

0.86

0.66

0.72

0.88

0.71

0.92

0.74

0.91
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Table 1.4. Introducing more firms of both types
𝑐𝑂𝑀

𝑀
𝑐𝑁𝑂

𝑐1

𝑐2

𝑐3

𝑐4

𝑐5

𝑐6

𝑀=𝑁=1

0.79

0.16

0.69

0.93

0.57

1.51

0.61

1.17

𝑀=𝑁=2

0.79

0.16

0.737 0.90

0.65

1.13

0.66

1.05

𝑀=𝑁=3

0.79

0.16

0.737 0.88

0.66

1.05

0.67

1.01

𝑀=𝑁=4

0.79

0.16

0.734 0.87

0.67

1.01

0.67

0.98

𝑀=𝑁=5

0.79

0.16

0.732 0.87

0.67

0.99

0.68

0.97
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Figure 1.1. Output profiles
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Figure 1.2a. 𝜆 = 1
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Figure 1.2b. 𝑎𝑂 = 𝑎𝑁𝑂 = 𝑎
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Figure 1.3. Cutoffs in benchmark case
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Figure 1.4. Profit gains from acquisition
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Figure 1.5. Difference 𝑊𝑃𝑥 − 𝜋𝑂𝑁𝑀
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Figure 1.6. Production regions.

39

Appendix
Appendix 1 - Numerical example
Benchmark case. Applying Lemma 1 to this parametric example yields cutoffs 𝑐𝑂𝑀 = 0.79, and
𝑀
𝑐𝑁𝑂
= 0.16. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I cannot be

sustained in equilibrium; Region II can be supported for all costs satisfying 0.25 ≤ 𝑐𝑂 < 0.79;
and Region III for all 𝑐𝑂 ≥ 0.79. From Proposition 1, we obtain cutoffs 𝑐1 through 𝑐6 (see first
row of Table 1.1). Figure 3 depicts all nine cutoffs to facilitate their comparison. We can then
conclude that: (1) the range of parameters [𝑐3 , 𝑐4 ] = [0.57, 1.51] is compatible with Region II as
long as 𝑐𝑂 ∈ [0.57,0.79], which entails that this region can be supported in equilibrium when
costs are relatively high; and (3) the range of parameters [𝑐5 , 𝑐6 ] = [0.61, 1.17] is compatible for
all values of 𝑐𝑂 in Region III, implying that this region can be sustained for all admissible 𝑐𝑂 .
We next examine the previous cutoffs on rows 2-5 of Table 1.1.
𝟏

Lower cost, 𝒄𝑵𝑶 = 𝟏𝟎. Applying Lemma 1 to this parametric example yields cutoffs
𝑀
𝑐𝑂𝑀 = 0.71 and 𝑐𝑁𝑂
= −0.13. Since 𝑐𝑂 > 0 and 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, Region I cannot be

sustained in equilibrium. Region II can be sustained for all costs satisfying 0.1 ≤ 𝑐𝑂 < 0.71; and
Region III for all 𝑐𝑂 ≥ 0.71. Proposition 1 implies that: (1) the range of parameters [𝑐3 , 𝑐4 ] =
[0.41, 1.69] is compatible with Region II as long as 𝑐𝑂 ∈ [0.41, 0.71], which entails that this
region can be supported in equilibrium when costs are moderately high; and (2) the range of
parameters [𝑐5 , 𝑐6 ] = [0.48, 1.23] is compatible for all values of 𝑐𝑂 in Region III, entailing that
this region can be sustained for all admissible 𝑐𝑂 .
Higher demand, 𝒂𝑵𝑶 = 𝟏. Applying Lemma 1 to this parametric example yields cutoffs
𝑀
𝑀
𝑐𝑂𝑀 = 0.62 and 𝑐𝑁𝑂
= −0.5. Since cutoff 𝑐𝑁𝑂
< 0 and costs must be positive by definition,
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Region I cannot be sustained in equilibrium. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, Region II can be
sustained for all costs satisfying 0.25 ≤ 𝑐𝑂 < 0.62; and Region III for all remaining costs 𝑐𝑂 ≥
0.62. Proposition 1 implies that: (1) the range of parameters [𝑐3 , 𝑐4 ] = [0.23, 1.92] is compatible
with Region II as long as 𝑐𝑂 ∈ [0.23, 0.62]; and (3) the range of parameters [𝑐5 , 𝑐6 ] =
[0.31, 1.31] is compatible for all values of 𝑐𝑂 in Region III, implying that this region can be
sustained for all admissible 𝑐𝑂 .
Homogeneous goods, 𝝀 = 𝟏. Applying Lemma 1 to this parametric example yields
𝑀
cutoffs 𝑐𝑂𝑀 = 𝑐𝑁𝑂
= 0.58. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I

can be sustained for all costs satisfying 0.25 ≤ 𝑐𝑂 < 0.58. Region II cannot be sustained since
𝑀
cutoffs coincide 𝑐𝑁𝑂
= 𝑐𝑂 = 𝑐𝑂𝑀 ; and Region III can be sustained for all 𝑐𝑂 ≥ 0.58. Proposition

1 implies that: (1) the range of parameters [𝑐1 , 𝑐2 ] = [0.55, 0.86] is compatible with Region I as
long as 𝑐𝑂 ∈ [0.55, 0.58]; and (2) the range of parameters [𝑐5 , 𝑐6 ] = [0.57, 1.01] is compatible
for all values of 𝑐𝑂 in Region III, implying that this region can be sustained for all admissible 𝑐𝑂 .
𝝀 = 𝟏 and 𝒂𝑵𝑶 = 𝟏. Applying Lemma 1 to this parametric example yields cutoffs 𝑐𝑂𝑀 =
𝑀
𝑐𝑁𝑂
= 0.25. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I can be
𝑀
sustained in equilibrium. Region II cannot be sustained since cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
coincide; and

Region III can be sustained for all 𝑐𝑂 ≥ 0.25. Proposition 1 implies that: (1) the range of
parameters [𝑐5 , 𝑐6 ] = [0.22, 0.10] is not compatible with Region III.
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Appendix 2 – Extension to 𝑵 organic and 𝑴 non-organic firms
1. Second-stage output
Case 1, No merger. If one or more firms chose to not merge during the first period, a merger
does not occur, leading each firm to simultaneously and independently set its own output. In
particular, every organic firm chooses its output level 𝑞𝑘 to solve
𝜋𝑘𝑁𝑀 ≡ max (𝑎𝑘 − 𝑞𝑘 − 𝑞−𝑘 − 𝜆𝑄𝑗 )𝑞𝑘 − 𝑐𝑘 𝑞𝑘 .
𝑞𝑘

where 𝑞−𝑘 = ∑𝑁
𝑖≠𝑗 𝑞𝑖 denotes the aggregate output by the other 𝑁 − 1 organic firms, and 𝑄𝑗 =
∑𝑀
𝑟=1 𝑞𝑟 represents the aggregate output by all non-organic firms. Differentiating with respect to
𝑞𝑘 , we obtain a best response function
1

𝑞𝑘 (𝑞−𝑘 , 𝑄𝑗 ) = 2 ( 𝑎𝑘 − 𝑐𝑘 − 𝑞−𝑘 − 𝜆𝑄𝑗 ).
Invoking symmetry (𝑞𝑘 = 𝑞𝑖 for every pair of organic firms 𝑘 and 𝑖), we find
𝑎𝑘 −𝑐𝑘 −𝜆 𝑄𝑗

𝑞𝑘 (𝑄𝑗 ) =

𝑁+1

.

(A1)

Solving a similar problem for every non-organic firm j, we have
𝜋𝑗𝑁𝑀 ≡ max (𝑎𝑗 − 𝑞𝑗 − 𝑞−𝑗 − 𝜆 𝑄𝑘 )𝑞𝑗 − 𝑐𝑗 𝑞𝑗
𝑞𝑘

which yields a symmetric best response function to 𝑞𝑘 (𝑞−𝑘 , 𝑄𝑗 ), that is,
1

𝑞𝑗 (𝑞−𝑗 , 𝑄𝑘 ) = 2 (𝑎𝑗 − 𝑐𝑗 − 𝑞−𝑗 − 𝜆𝑄𝑘 ).
Invoking symmetry (𝑞𝑗 = 𝑞𝑟 for every pair of non-organic firms 𝑗 and 𝑟), we find
𝑞𝑗 (𝑄𝑘 ) =

𝑎𝑗 −𝑐𝑗 −𝜆𝑄𝑘
𝑀+1

.

(A2)

In a symmetric equilibrium, aggregate output from organic firms is 𝑄𝑘 = 𝑁𝑞𝑘 while that
from non-organic firms is 𝑄𝑗 = 𝑀𝑞𝑗 . Inserting these two properties in expressions (A1) and
(A2), and simultaneously solving, yields
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𝑞𝑘𝑁𝑀 =

(𝑀+1)(𝑎𝑘 −𝑐𝑘 )−(𝑎𝑗 −𝑐𝑗 )𝑀𝜆
(𝑁+1)(𝑀+1)−𝑀𝑁𝜆2

and 𝑞𝑗𝑁𝑀 =

(𝑁+1)(𝑎𝑗 −𝑐𝑗 )−(𝑎𝑘 −𝑐𝑘 )𝑁𝜆
(𝑁+1)(𝑀+1)−𝑀𝑁𝜆2

.

Last, equilibrium profits under no merger for the organic and non-organic firms are
𝜋𝑘𝑁𝑀 = [

(𝑀+1)(𝑎𝑘 −𝑐𝑘 )−(𝑎𝑗 −𝑐𝑗 )𝑀𝜆

𝜋𝑗𝑁𝑀

(𝑁+1)(𝑎𝑗 −𝑐𝑗 )−(𝑎𝑘 −𝑐𝑘 )𝑁𝜆

(𝑁+1)(𝑀+1)−𝑀𝑁𝜆2

2

] = (𝑞𝑘𝑁𝑀 )2

and
=[

(𝑁+1)(𝑀+1)−𝑀𝑁𝜆2

2

2

] = (𝑞𝑗𝑁𝑀 ) .

𝑁𝑀
Firm 𝑘’s output under no merger is positive if its cost satisfies 𝑐𝑘 < 𝑐𝑁,𝑘
≡

(𝑎𝑘 −
(𝑎𝑗 −

𝑀 𝜆 𝑎𝑗
𝑀+1
𝑁𝜆 𝑎𝑘
𝑁+1

)+

)+

𝑀 𝜆 𝑐𝑗
𝑀+1
𝑁𝜆 𝑐𝑘
𝑁+1

𝑁𝑀
. Similarly firm 𝑗 produces a positive output if only if 𝑐𝑗 < 𝑐𝑀,𝑗
≡

.

Case 2, Merger. As in the model with only one firm of each type, we next examine each
case separately.

Both firms are active. When all types of firm are active, they maximize their joint profits
as follows
𝜋 𝑀,𝐵𝑜𝑡ℎ ≡ max [(𝑎𝑘 − 𝑞𝑘 − 𝑞−𝑘 − 𝜆 𝑄𝑗 )𝑞𝑘 − 𝑐𝑘 𝑞𝑘 ] + [(𝑎𝑗 − 𝑞𝑗 − 𝑞−𝑗 − 𝜆 𝑄𝑘 )𝑞𝑗 − 𝑐𝑗 𝑞𝑗 ].
𝑞𝑘 , 𝑞𝑗

Differentiating with respect to 𝑞𝑘 and 𝑞𝑗 , and invoking symmetry for organic firms, 𝑞−𝑘 =
(𝑁 − 1)𝑞𝑘 , and for non-organic firms, 𝑞−𝑗 = (𝑀 − 1)𝑞𝑗 , we obtain
𝑞𝑘𝑀,𝐵𝑜𝑡ℎ =

2𝑀(𝑎𝑘 −𝑐𝑘 )−(𝑎𝑗 −𝑐𝑗 )(𝑀+𝑁)𝜆
4𝑀𝑁−(𝑀+𝑁)2 𝜆2

and 𝑞𝑗𝑀,𝐵𝑜𝑡ℎ =

yielding equilibrium profits of
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2𝑀(𝑎𝑗 −𝑐𝑗 )−(𝑎𝑘 −𝑐𝑘 )(𝑀+𝑁)𝜆
4𝑀𝑁−(𝑀+𝑁)2 𝜆2

.

𝜋𝑘𝑀,𝐵𝑜𝑡ℎ =

𝑁[(𝑎𝑗 −𝑐𝑗 )(𝑀+𝑁)𝜆−2𝑀(𝑎𝑘 −𝑐𝑘 )][(𝑎𝑗 −𝑐𝑗 )(𝑀−𝑁)𝜆+((𝑀+𝑁)𝜆2 −2𝑀)(𝑎𝑘 −𝑐𝑘 )]
[4𝑀𝑁−(𝑀+𝑁)2 𝜆2 ]2

and
𝜋𝑗𝑀,𝐵𝑜𝑡ℎ =

𝑀[(𝑎𝑘 −𝑐𝑘 )(𝑀+𝑁)𝜆−2𝑁(𝑎𝑗 −𝑐𝑗 )][(𝑎𝑗 −𝑐𝑗 )((𝑀+𝑁)𝜆2 −2𝑁)−(𝑎𝑘 −𝑐𝑘 )(𝑀−𝑁)𝜆]
[4𝑀𝑁−(𝑀+𝑁)2 𝜆2 ]2

.

𝑀
Firm 𝑘’s output under the merger is positive if its cost satisfies 𝑐𝑘 < 𝑐𝑁,𝑘
≡ (𝑎𝑘 −
(𝑀+𝑁)𝜆 𝑐𝑗
2𝑀

(𝑀+𝑁)𝜆 𝑎𝑗
2𝑀

) +

.

Only firm 𝑘 is active. If the merged firm shuts down all non-organic firms 𝑗, its profitmaximization problem becomes
𝜋𝑘𝑀,𝑘 ≡ max (𝑎𝑘 − 𝑞𝑘 − 𝑞−𝑘 ) 𝑞𝑘 − 𝑐𝑘 𝑞𝑘 .
𝑞𝑘

Differentiating with respect to 𝑞𝑘 and invoking symmetry, 𝑞−𝑘 = (𝑁 − 1)𝑞𝑘 , yields output
𝑞𝑘𝑀,𝑘 =

𝑎𝑘 −𝑐𝑘

𝜋𝑘𝑀,𝑘 =

(𝑎𝑘 −𝑐𝑘 )2

2𝑁

,

with associated profits
4𝑁

.

Comparing the profits that the merged firm obtains from keeping producing both goods,
𝜋 𝑀,𝐵𝑜𝑡ℎ , against those where only firm 𝑘 remains active, 𝜋𝑘𝑀,𝑘 , we obtain the following lemma.
For presentation purposes, recall that firm 𝑗’s output under the merger is positive if its cost 𝑐𝑗
satisfies 𝑐𝑗 < 𝑎𝑗 −
2𝑁𝑐𝑗
(𝑀+𝑁)𝜆

(𝑀+𝑁)𝜆
2𝑁

2𝑁𝑎

𝑗
𝑀
(𝑎𝑘 − 𝑐𝑘 ) which is equivalent to 𝑐𝑘 < 𝑐𝑀,𝑗
≡ ( 𝑎𝑘 − (𝑀+𝑁)𝜆 ) +

.
As in the main body of the paper, our subsequent analysis considers firm 𝑘 as the organic

producer, firm 𝑂, and its rival 𝑗 as the non-organic firm, 𝑁𝑂.
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Lemma A1. The following three regions can arise in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant:
𝑀
1. Region I. Only firm 𝑂 produces positive output if 𝑐𝑂 < 𝑐𝑀,𝑁𝑂
.
𝑀
𝑀
2. Region II. Both firms produce positive output if 𝑐𝑀,𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑁,𝑂
.
𝑀
3. Region III. Only firm 𝑁𝑂 produces positive output if 𝑐𝑂 ≥ 𝑐𝑁,𝑂
.

Proof of Lemma A1. The profit difference 𝜋 𝑀,𝐵𝑜𝑡ℎ − 𝜋𝑂𝑀,𝑂 yields a U-shaped curve,
2𝑁𝑎

2𝑁𝑐

𝑁𝑂
𝑁𝑂
𝑀
which becomes zero at exactly 𝑐𝑂 = 𝑐𝑀,𝑁𝑂
≡ ( 𝑎𝑂 − (𝑀+𝑁)𝜆
) + (𝑀+𝑁)𝜆
. As a consequence,

𝜋 𝑀,𝐵𝑜𝑡ℎ ≥ 𝜋𝑂𝑀,𝑂 holds for all parameter values. For the non-organic firm, the profit difference
𝑀,𝑁𝑂
𝑀
𝜋 𝑀,𝐵𝑜𝑡ℎ − 𝜋𝑁𝑂
exhibits a similar shape, becoming zero at 𝑐𝑂 = 𝑐𝑁,𝑂
; thus implying that
𝑀,𝑁𝑂
𝜋 𝑀,𝐵𝑜𝑡ℎ ≥ 𝜋𝑁𝑂
also holds for all parameter values. Summarizing, it is profitable to maintain

both firms active, rather than shutting one of them down.
𝑀
𝑀
𝑀
𝑀
We can now compare cutoffs 𝑐𝑁,𝑂
and 𝑐𝑀,𝑁𝑂
. First, cutoff 𝑐𝑁,𝑂
originates above 𝑐𝑀,𝑁𝑂

since their vertical intercepts satisfy 𝑎𝑂 −

(𝑀+𝑁)𝜆 𝑎𝑁𝑂
2𝑀

2𝑁𝑎

𝑁𝑂
> 𝑎𝑂 − (𝑀+𝑁)𝜆
, which holds given that 𝜆 ∈

𝑀
[0,1] by definition. Second, the positive slope of cutoff 𝑐𝑁,𝑂
is

(𝑀+𝑁)𝜆
2𝑀

, whereas that of cutoff

2𝑁

𝑀
𝑀
𝑀
𝑐𝑀,𝑁𝑂
is (𝑀+𝑁)𝜆, thus indicating that cutoff 𝑐𝑀,𝑁𝑂
grows faster than 𝑐𝑁,𝑂
does. In addition, cutoffs
𝑀
𝑀
𝑐𝑁,𝑂
and 𝑐𝑀,𝑁𝑂
cross each other at 𝑐𝑁𝑂 = 𝑎𝑁𝑂 and a height of 𝑐𝑂 = 𝑎𝑂 . Recalling that 𝑎𝑂 > 𝑐𝑂

for every firm 𝑂, only three regions can be sustained in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant: (1) when 𝑐𝑂 <
𝑀
𝑀
𝑀
𝑐𝑀,𝑁𝑂
, only firm 𝑂 is active; (2) when 𝑐𝑀,𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑁,𝑂
, both firms are active; and (3) when
𝑀
𝑐𝑂 ≥ 𝑐𝑁,𝑂
, only firm 𝑁𝑂 is active. Q.E.D.
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We next examine how the results in Lemma A1 differ relative to its analogous result in
the main body of the paper, Lemma 1.

Corollary A1. When the number of organic and non-organic firms coincide, 𝑀 = 𝑁,
𝑀
𝑀
𝑀
cutoff 𝑐𝑁,𝑂
becomes 𝑐𝑂𝑀 and cutoff 𝑐𝑀,𝑁𝑂
becomes 𝑐𝑁𝑂
. When the difference 𝑀 − 𝑁 increases,
𝑀
𝑀
both cutoffs 𝑐𝑀,𝑁𝑂
and 𝑐𝑁,𝑂
shift upwards, shrinking Regions II and III while expanding Region

I.

Therefore, our results in Lemma 1 (which assumes one firm of each type) coincide with
those where 𝑀 firms of each type regardless of how large the number of firms is, i.e., for all 𝑀 =
𝑁 ≥ 1. The findings depicted in figure 1 readily apply in this context.
However, as the difference in the number of non-organic and organic firms (as captured
by 𝑀 − 𝑁) increases, organic firms produce a positive output under more restrictive cost
conditions. As a result, when the costs of organic firms are extremely high, as in Region III (see
figure 1 in the main body of the paper), the merged firm produces non-organic goods alone.
When the costs of both firms are relatively similar and high, as in Region II, they both remain
active after the merger. In the rest of the cases, the merged firm produces organic goods alone as
in Region I.
When products are homogeneous, 𝜆 = 1, our results in the main body of the paper still
apply when the number of organic and non-organic firms coincides, 𝑀 = 𝑁, as depicted in figure
𝑀
𝑀
2a. However, when 𝑀 > 𝑁, cutoff 𝑐𝑁,𝑂
originates below 𝑐𝑀,𝑂
, giving rise to Region II, where

both firms are active; a result that could not be sustained when products are homogeneous and
𝑀 = 𝑁. In contrast, when products are completely differentiated, 𝜆 = 0, all cutoffs identified in
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Lemma A1 simplify to 𝑎𝑂 (i.e., they all become a horizontal line originating at 𝑎𝑂 ), yielding only
one possible outcome in equilibrium: Region I, where the organic firm is the only active plant.

2. First stage
For each (𝑐𝑁𝑂 , 𝑐𝑂 )-pair, every firm 𝑂 anticipates the output profile that will emerge in the second
stage of the game, i.e., Regions I-III. For completeness, we consider that during the first stage
firms choose whether to merge; and subsequently examine how the results would change if,
instead, one firm is allowed to acquire its rival.
In the first stage, every firm chooses whether to merge or not. In particular, for each
𝑁𝑀
region I-III, the firm compares the profits that it currently obtains as an independent firm, 𝜋𝑁,𝑂
,
𝜋 𝑀,𝑂

𝑁,𝑂
against the profits it would obtain under the merger: 𝑀+𝑁
in Region I,
𝑀,𝑁𝑂
𝜋𝑀,𝑁𝑂

𝑀+𝑁

𝑀,𝐵𝑜𝑡ℎ
𝜋𝑁,𝑀

𝑀+𝑁

in Region II, and

in Region III. For simplicity, we assume that firms evenly share merger profits.

Proposition A1. During the first stage, every firm 𝑂 chooses to merge as follows:
1. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region I, firm 𝑂 merges if and only if 𝑐𝑂 ∈ [𝑐1 , 𝑐2 ];
2. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region II, firm 𝑂 merges if and only if 𝑐𝑂 ∈ [𝑐3 , 𝑐4 ]; and
3. If (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs lie in Region III, firm 𝑂 merges if and only if 𝑐𝑂 ∈ [𝑐5 , 𝑐6 ].
For compactness, cutoffs 𝑐1 − 𝑐6 are defined in the proof below.

𝑀
Proof of Proposition A1. First, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region I, i.e., 𝑐𝑂 < 𝑐𝑀,𝑁𝑂
. In

this region, only firm 𝑂 operates under a merger in the second stage. Therefore, every firm 𝑂
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𝜋 𝑀,𝑂

𝑁,𝑂
chooses to merge in the first stage if and only if its share of profits under the merger, 𝑀+𝑁
,

𝜋 𝑀,𝑂

𝑁,𝑂
𝑁𝑀
𝑁𝑀
exceeds the profits it would obtain as an independent firm, 𝜋𝑁,𝑂
. Setting 𝑀+𝑁
≥ 𝜋𝑁,𝑂
, and

𝜋 𝑀,𝑂

𝑁,𝑂
𝑁𝑀
solving for cost 𝑐𝑂 , we find that 𝑀+𝑁
≥ 𝜋𝑁,𝑂
holds for all 𝑐𝑂 ∈ [𝑐1 , 𝑐2 ], where

𝑐1 ≡
−

−

(4𝑎𝑂 𝑁(𝑀+𝑁)(𝑀+1)2 −𝑎𝑂 (𝑁+1)(𝑀+1)−𝑀𝜆2 )
4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

2

4𝑀𝑁(𝑀+𝑁)(𝑀+1)𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )
4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

2𝑀(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )
√𝑁(𝑀+𝑁)

4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

and
𝑐2 ≡
−

+

(4𝑎𝑂 𝑁(𝑀+𝑁)(𝑀+1)2 −𝑎𝑂 (𝑁+1)(𝑀+1)−𝑀𝜆2 )
4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

2

4𝑀𝑁(𝑀+𝑁)(𝑀+1)𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )
4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

2𝑀(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆( (𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )
√𝑁(𝑀+𝑁)

4𝑁(𝑀+𝑁)(𝑀+1)2 −((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2

.

𝑀
𝑀
Second, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region II, i.e., 𝑐𝑀,𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑁,𝑂
. In this region,

both firms are active under a merger in the second stage. Therefore, every firm 𝑂 chooses to
merge in the first stage if and only if its share of profits under the merger,
𝑁𝑀
profits it would obtain as an independent firm, 𝜋𝑁,𝑂
. Setting

𝑐𝑂 , we find that

𝑀,𝐵𝑜𝑡ℎ
𝜋𝑁,𝑀

𝑀+𝑁

𝑀,𝐵𝑜𝑡ℎ
𝜋𝑁,𝑀

𝑀+𝑁

𝑁𝑀
≥ 𝜋𝑁,𝑂
holds for all 𝑐𝑂 ∈ [𝑐3 , 𝑐4 ], where
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𝑀,𝐵𝑜𝑡ℎ
𝜋𝑁,𝑀

𝑀+𝑁

, exceeds the

𝑁𝑀
≥ 𝜋𝑁,𝑂
, and solving for cost

2𝑎𝑂 𝑀−(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(𝑀+𝑁)𝜆
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

𝑐3 ≡

2𝑀
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

(

2(𝑀+1)2

2)
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

(𝑎𝑂 −𝑐𝑂 )(𝑀+1)√1+𝑁(2−4𝑀𝑁−3𝑁2 )−√2𝑀(𝑁−2(𝑀+𝑁)(𝑀+𝑁+𝑀𝑁))𝜆+𝑀𝑁𝜆2
(𝑀+𝑁)((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )√4𝑀𝑁−(𝑀+𝑁)2 𝜆2

−
(

−

2𝑀
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

2(𝑀+1)2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2)

2𝑎𝑂 (𝑀+1)2 −2𝑀(𝑀+1)(𝑎𝑂 −𝑐𝑂 )𝜆
2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )
2𝑀
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

2(𝑀+1)2
2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

and
4𝑀𝑎𝑂 −2(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(𝑀+𝑁)𝜆
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

𝑐4 ≡

4𝑀
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

(

4(𝑀+1)2

2)
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2(𝑎𝑂 −𝑐𝑂 )(𝑀+1)√1+𝑁(2−4𝑀𝑁−3𝑁2 )−√2𝑀(𝑁−(2𝑀+𝑁)(𝑀+𝑁+𝑀𝑁))𝜆+𝑀𝑁𝜆2
(𝑀+𝑁)((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )√4𝑀𝑁−(𝑀+𝑁)2 𝜆2

+

4𝑀
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

(

−

4(𝑀+1)2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

4(𝑀+1)(𝑎𝑂 (𝑀+1)−(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝑀𝜆)
2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )
4𝑀
(
−
(𝑀+𝑁)(4𝑀𝑁−(𝑀+𝑁)2 𝜆2 )

2)

.

4(𝑀+1)2
((𝑁+1)(𝑀+1)−𝑀𝑁𝜆2 )

2)

𝑀
Third, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region III, i.e., 𝑐𝑂 ≥ 𝑐𝑁,𝑂
. In this region, only firm 𝑁𝑂

operates under a merger in the second stage. Therefore, every firm 𝑂 chooses to merge in the
first stage if and only if its share of profits under the merger,
𝑁𝑀
obtain as an independent firm, 𝜋𝑁,𝑂
. Setting

𝑀,𝑁𝑂
𝜋𝑀,𝑁𝑂

𝑀+𝑁

this inequality holds for all 𝑐𝑂 ∈ [𝑐5 , 𝑐6 ], where
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𝑀,𝑁𝑂
𝜋𝑀,𝑁𝑂

𝑀+𝑁

, exceeds the profits it would

𝑁𝑀
≥ 𝜋𝑁,𝑂
, and solving for cost 𝑐𝑂 , we find that

𝑐5 ≡ 𝑎𝑂 −
−

(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝑀𝜆
𝑀+1

(𝑀+1)(𝑁+1)2

𝑎𝑁𝑂 −𝑐𝑁𝑂
√𝑀(𝑀+𝑁)(𝑁+1)(𝑀+1)−𝑀𝑁𝜆2

(

2

𝑀2 𝜆2

+ 2(𝑀+1) + 𝜆2 − 1)

and
𝑐6 ≡ 𝑎𝑂 −
+

𝑎𝑁𝑂 −𝑐𝑁𝑂
√𝑀(𝑀+𝑁)(𝑁+1)(𝑀+1)−𝑀𝑁𝜆

(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝑀𝜆
𝑀+1

(𝑀+1)(𝑁+1)2

(
2

2

𝑀2 𝜆2

+ 2(𝑀+1) + 𝜆2 − 1) .

Q.E.D.

3. Numerical example
We evaluate cutoffs 𝑐1 through 𝑐6 at 𝑀 = 𝑁 = 5 firms throughout this appendix. A similar
analysis applies to settings with different numbers of firms.
Benchmark case. Applying Lemma 1 to this parametric example yields cutoffs 𝑐𝑂𝑀 =
𝑀
0.79 and 𝑐𝑁𝑂
= 0.16. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I

cannot be sustained in equilibrium; Region II can be supported for all 0.25 ≤ 𝑐𝑂 < 0.79; and
Region III for all 𝑐𝑂 ≥ 0.79. From Proposition 1, we obtain cutoffs 𝑐1 through 𝑐6 . We can then
conclude that: (1) the range of parameters [𝑐3 , 𝑐4 ] = [0.67,0.99] is compatible with Region II as
long as 𝑐𝑂 ∈ [0.67,0.79], which entails that this region can be supported in equilibrium when
costs are relatively high; and (2) the range of parameters [𝑐5 , 𝑐6 ] = [0.68,0.97] is compatible for
all values of 𝑐𝑂 in Region III, implying that this region can be sustained for all admissible 𝑐𝑂 .
We next examine the previous cutoffs on rows 2-5 of Table 1.1.
Lower cost, 𝒄𝑵𝑶 = 𝟏/𝟏𝟎. Applying Lemma 1 to this parametric example yields cutoffs
𝑀
𝑐𝑂𝑀 = 0.71 and 𝑐𝑁𝑂
= −0.13. Since 𝑐𝑂 > 0 and 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, Region I cannot be
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sustained in equilibrium. Region II can be sustained for all costs satisfying 0.1 ≤ 𝑐𝑂 < 0.71; and
Region III for all 𝑐𝑂 ≥ 0.71. Proposition 1 implies that: (1) the range of parameters [𝑐3 , 𝑐4 ] =
[0.55,0.99] is compatible with Region II for all costs 𝑐𝑂 ∈ [0.55,0.71], which entails that this
region can be supported in equilibrium when costs are moderately high; and (2) the range of
parameters [𝑐5 , 𝑐6 ] = [0.56, 0.96] is compatible for all values of 𝑐𝑂 in Region III, entailing that
this region can be sustained for all admissible 𝑐𝑂 .
Higher demand, 𝒂𝑵𝑶 = 𝟏. Applying Lemma 1 to this parametric example yields cutoffs
𝑀
𝑀
𝑐𝑂𝑀 = 0.62 and 𝑐𝑁𝑂
= −0.5. Since cutoff 𝑐𝑁𝑂
< 0 and costs must be positive by definition,

Region I cannot be sustained in equilibrium. Region II can be sustained for all costs satisfying
0.25 ≤ 𝑐𝑂 < 0.62; and Region III for all remaining costs 𝑐𝑂 ≥ 0.62. Proposition 1 implies that:
(1) the range of parameters [𝑐3 , 𝑐4 ] = [0.41,0.98] is compatible with Region II as long as 𝑐𝑂 ∈
[0.41,0.62]; and (2) the range of parameters [𝑐5 , 𝑐6 ] = [0.42,0.95] is compatible for all values of
𝑐𝑂 in Region III, implying that this region can be sustained for all admissible 𝑐𝑂 .
Homogeneous goods, 𝝀 = 𝟏. Applying Lemma 1 to this parametric example yields
𝑀
cutoffs 𝑐𝑂𝑀 = 𝑐𝑁𝑂
= 0.58. Since 𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I

can be sustained for all costs satisfying 0.25 ≤ 𝑐𝑂 < 0.58. Region II cannot be sustained since
𝑀
cutoffs coincide 𝑐𝑁𝑂
= 𝑐𝑂 = 𝑐𝑂𝑀 ; and Region III can be sustained for all 𝑐𝑂 ≥ 0.58. Proposition

1 implies that: (1) the range of parameters [𝑐1 , 𝑐2 ] = [0.60,0.69] is not compatible in Region I,
implying that this region cannot be sustained in equilibrium; and (2) the range of parameters
[𝑐5 , 𝑐6 ] = [0.59,0.70] is compatible for all values of 𝑐𝑂 in Region III, implying that this region
can be sustained for all admissible 𝑐𝑂 .
𝝀 = 𝟏 and 𝒂𝑵𝑶 = 𝟏. For the case when the number of organic and non-organic firms are
𝑀
equal, applying Lemma 1 to this parametric example yields cutoffs 𝑐𝑂𝑀 = 𝑐𝑁𝑂
= 0.25. Since
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𝑐𝑂 ≥ 𝑐𝑁𝑂 by definition, 𝑐𝑂 ≥ 0.25. As a consequence, Region I cannot be sustained in
𝑀
equilibrium; Region II cannot be sustained since cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
coincide; and Region III can

be sustained for all 𝑐𝑂 ≥ 0.25. Proposition 1 implies that the range of parameters [𝑐5 , 𝑐6 ] =
[0.27,0.47] is compatible for all values of 𝑐𝑂 in Region III, entailing that this region can be
sustained for all admissible 𝑐𝑂 .

Proof of Lemma 1
First, note that the profit difference 𝜋 𝑀,𝐵𝑜𝑡ℎ − 𝜋𝑂𝑀,𝑂 yields a U-shaped curve, which becomes
zero at exactly 𝑐𝑂 = 𝑎𝑂 −

𝑎𝑁𝑂 −𝑐𝑁𝑂
𝜆

. As a consequence, 𝜋 𝑀,𝐵𝑜𝑡ℎ ≥ 𝜋𝑂𝑀,𝑂 holds for all parameter

𝑀,𝑁𝑂
values. For the non-organic firm, the profit difference 𝜋 𝑀,𝐵𝑜𝑡ℎ − 𝜋𝑁𝑂
exhibits a similar shape,
𝑀,𝑁𝑂
becoming zero at 𝑐𝑂 = 𝑐𝑂𝑀 ; thus implying that 𝜋 𝑀,𝐵𝑜𝑡ℎ ≥ 𝜋𝑁𝑂
also holds for all parameter

values. Summarizing, it is profitable to maintain both firms active, rather than shutting one of
𝑀
them down. However, conditions 𝑐𝑂 < 𝑐𝑂𝑀 and 𝑐𝑁𝑂 < 𝑐𝑁𝑂
still apply yielding different regions

in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant.
𝑀
𝑀
We can now compare cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
. First, cutoff 𝑐𝑂𝑀 originates above 𝑐𝑁𝑂
since

their vertical intercepts satisfy 𝑎𝑂 − 𝜆𝑎𝑁𝑂 > 𝑎𝑂 −

𝑎𝑁𝑂
𝜆

, which holds given that 𝜆 ∈ [0, 1] by

𝑀
definition. Second, the positive slope of cutoff 𝑐𝑂𝑀 , is 𝜆, whereas that of cutoff 𝑐𝑁𝑂
is 1/𝜆, thus
𝑀
𝑀
indicating that cutoff 𝑐𝑁𝑂
grows faster than 𝑐𝑂𝑀 does. In addition, cutoffs 𝑐𝑂𝑀 and 𝑐𝑁𝑂
cross each

other at 𝑐𝑁𝑂 = 𝑎𝑁𝑂 and a height of 𝑐𝑂 = 𝑎𝑂 . Recalling that 𝑎𝑂 > 𝑐𝑂 for the organic firm, only
𝑀
three regions can be sustained in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant: (1) when 𝑐𝑂 < 𝑐𝑁𝑂
, only the organic
𝑀
firm is active; (2) when 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑀 , both firms are active; and (3) when 𝑐𝑂 ≥ 𝑐𝑂𝑀 , only the

non-organic firm is active.
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Proof of Proposition 1
𝑀
First, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region I, i.e., 𝑐𝑂 < 𝑐𝑁𝑂
. In this region, only the organic firm

operates under a merger in the second stage. Therefore, the organic firm chooses to merge in the
first stage if and only if its share of profits under the merger,
obtain as an independent firm, 𝜋𝑂𝑁𝑀 . Setting
𝑀,𝑂
𝜋𝑂

2

𝑀,𝑂
𝜋𝑂

2

𝑀,𝑂
𝜋𝑂

2

, exceeds the profits it would

≥ 𝜋𝑂𝑁𝑀 , and solving for cost 𝑐𝑂 , we find that

≥ 𝜋𝑂𝑁𝑀 holds for all 𝑐𝑂 ∈ [𝑐1 , 𝑐2 ], where
𝑐1 ≡

𝑎𝑂 (16+8𝜆2 −𝜆4 )−16𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )−2√2(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆(4−𝜆2 )
16+8𝜆2 −𝜆4

and
𝑐2 ≡

𝑎𝑂 (16+8𝜆2 −𝜆4 )−16𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )+2√2(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆(4−𝜆2 )

.

16+8𝜆2 −𝜆4

𝑀
Second, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region II, i.e., 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑀 . In this region, both

firms are active under a merger in the second stage. Therefore, the organic firm chooses to merge
in the first stage if and only if its share of profits under the merger,
would obtain as an independent firm, 𝜋𝑂𝑁𝑀 . Setting
find that

𝜋 𝑀,𝐵𝑜𝑡ℎ
2

𝜋 𝑀,𝐵𝑜𝑡ℎ
2

𝜋 𝑀,𝐵𝑜𝑡ℎ
2

, exceeds the profits it

≥ 𝜋𝑂𝑁𝑀 , and solving for cost 𝑐𝑂 , we

≥ 𝜋𝑂𝑁𝑀 holds for all 𝑐𝑂 ∈ [𝑐3 , 𝑐4 ], where
1/2

𝑐3 ≡

(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆3 (8+𝜆2 )+𝑎𝑂 (16−24𝜆2 −𝜆4 )+(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(4−𝜆2 )[16−32𝜆2 +15𝜆4 +𝜆6 ]
16−24𝜆2 −𝜆4

and
1/2

𝑐4 ≡

(𝑎𝑁𝑂 −𝑐𝑁𝑂 )𝜆3 (8+𝜆2 )+𝑎𝑂 (16−24𝜆2 −𝜆4 )−(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(4−𝜆2 )[16−32𝜆2 +15𝜆4 +𝜆6 ]
16−24𝜆2 −𝜆4
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.

Third, consider (𝑐𝑁𝑂 , 𝑐𝑂 )-pairs in Region III, i.e., 𝑐𝑂 ≥ 𝑐𝑂𝑀 . In this region, only the nonorganic firm operates under a merger in the second stage. Therefore, the organic firm chooses to
merge in the first stage if and only if its share of profits under the merger,
profits it would obtain as an independent firm, 𝜋𝑂𝑁𝑀 . Setting
𝑐𝑂 , we find that

𝑀,𝑁𝑂
𝜋𝑁𝑂

2

𝑀,𝑁𝑂
𝜋𝑁𝑂

2

𝑀,𝑁𝑂
𝜋𝑁𝑂

2

, exceeds the

≥ 𝜋𝑂𝑁𝑀 , and solving for cost

≥ 𝜋𝑂𝑁𝑀 holds for all 𝑐𝑂 ∈ [𝑐5 , 𝑐6 ], where
𝑐5 ≡

4[2𝑎𝑂 −𝜆(𝑎𝑁𝑂 +𝑐𝑁𝑂 )]+√2(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(4−𝜆2 )
8

and
𝑐6 ≡

4[2𝑎𝑂 −𝜆(𝑎𝑁𝑂 +𝑐𝑁𝑂 )]−√2(𝑎𝑁𝑂 −𝑐𝑁𝑂 )(4−𝜆2 )
8

.

Proof of Lemma 2
As discussed in the main body of the paper, social welfare is given by the sum of consumer and
1

2
producer surplus, 𝑊 = 𝐶𝑆 + 𝑃𝑆, where 𝐶𝑆 ≡ 2 (𝑞𝑂2 + 𝑞𝑁𝑂
+ 2𝜆𝑞𝑂 𝑞𝑁𝑂 ) and 𝑃𝑆 ≡

[𝑝(𝑞𝑂 , 𝑞𝑁𝑂 )𝑞𝑂 − 𝑐𝑂 𝑞𝑂 ] + [𝑝(𝑞𝑁𝑂 , 𝑞𝑂 )𝑞𝑁𝑂 − 𝑐𝑁𝑂 𝑞𝑁𝑂 ]. Using the inverse demands 𝑝(𝑞𝑂 , 𝑞𝑁𝑂 )
and 𝑝(𝑞𝑁𝑂 , 𝑞𝑂 ), the expression of producer surplus, 𝑃𝑆, collapses to 𝑃𝑆 = 𝑎𝑂 𝑞𝑂 + 𝑞𝑁𝑂 (𝑎𝑁𝑂 −
𝑐𝑁𝑂 − 𝑞𝑁𝑂 ) − 𝑞𝑂 (𝑞𝑂 + 𝑐𝑂 + 2𝜆 𝑞𝑁𝑂 ). Differentiating welfare 𝑊 with respect to 𝑞𝑂 , we obtain
𝑎𝑂 − 𝑐𝑂 − 𝑞𝑂 − 𝜆𝑞𝑁𝑂 = 0
and a symmetric expression when we differentiate 𝑊 with respect to 𝑞𝑁𝑂 , 𝑎𝑁𝑂 − 𝑐𝑁𝑂 − 𝑞𝑁𝑂 −
𝜆𝑞𝑂 = 0. Simultaneously solving for 𝑞𝑂 and 𝑞𝑁𝑂 , yields 𝑞𝑂𝑆𝑂 =
𝑎𝑁𝑂 −𝑐𝑁𝑂 −𝜆(𝑎𝑂 −𝑐𝑂 )
1−𝜆2

.
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𝑎𝑂 −𝑐𝑂 −𝜆(𝑎𝑁𝑂 −𝑐𝑁𝑂 )
1−𝜆2

𝑆𝑂
and 𝑞𝑁𝑂
=

Comparing 𝑞𝑂𝑆𝑂 against 𝑞𝑂𝑀,𝐵𝑜𝑡ℎ , we obtain that 𝑞𝑂𝑆𝑂 ≥ 𝑞𝑂𝑀,𝐵𝑜𝑡ℎ for all 𝑐𝑂 ≤ 𝑐𝑂𝐴 ≡
(𝑎𝑂 − 𝜆𝑎𝑁𝑂 ) + 𝜆𝑐𝑁𝑂 , where the term in parenthesis indicates the vertical intercept of cutoff 𝑐𝑂𝐴
in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant (see Figure 1 for a reference), while 𝜆 represents its positive slope.
Similarly, comparing 𝑞𝑂𝑆𝑂 against 𝑞𝑂𝑀,𝑂 , we obtain that 𝑞𝑂𝑆𝑂 ≥ 𝑞𝑂𝑀,𝑂 for all 𝑐𝑂 ≤ 𝑐𝑂𝐵 ≡
(𝑎𝑂 −

2𝜆𝑎𝑁𝑂
1+𝜆2

2𝜆

) + 1+𝜆2 𝑐𝑁𝑂 , where the term in parenthesis indicates the vertical intercept of cutoff
2𝜆

𝑐𝑂𝐵 in the (𝑐𝑁𝑂 , 𝑐𝑂 )-quadrant (such as that in Figure 1), while 1+𝜆2 represents its positive slope. A
𝑀,𝑁𝑂
𝑆𝑂
similar argument for the output levels of the non-organic firm yields that 𝑞𝑁𝑂
≥ 𝑞𝑁𝑂
if and

only if 𝑐𝑂 ≤ (𝑎𝑂 −

(1+𝜆2 )𝑎𝑁𝑂
2𝜆

)+

(1+𝜆2 )𝑐𝑁𝑂
2𝜆

𝐵
≡ 𝑐𝑁𝑂
.

Proof of Proposition 2
Let us now analyze each of the regions in Figure 1. Since we are simultaneously plotting several
cutoffs for 𝑐𝑂 , their ranking does not depend on 𝜆.
As depicted in Figure A1, cutoffs 𝑐𝑂𝑀 , 𝑐𝑂𝐴 , and 𝑐𝑂𝑆𝑂 coincide and originate above cutoff 𝑐𝑂𝐵
since 𝑎𝑂 − 𝜆𝑎𝑁𝑂 > 𝑎𝑂 −
(1+𝜆2 )𝑎𝑁𝑂
2𝜆

2𝜆𝑎𝑁𝑂
1+𝜆2

𝐵
, cutoff 𝑐𝑂𝐵 originates above 𝑐𝑁𝑂
since 𝑎𝑘 −

𝐵
𝑀
, and cutoff 𝑐𝑁𝑂
originates above 𝑐𝑁𝑂
since 𝑎𝑂 −

(1+𝜆2 )𝑎𝑁𝑂
2𝜆

2𝜆𝑎𝑁𝑂

> 𝑎𝑂 −

1+𝜆2
𝑎𝑁𝑂
𝜆

> 𝑎𝑂 −

. Furthermore,

𝑀
𝑆𝑂
cutoffs 𝑐𝑂𝑀 and 𝑐𝑂𝑆𝑂 coincide and originate above cutoffs 𝑐𝑁𝑂
and 𝑐𝑁𝑂
since 𝑎𝑂 − 𝜆𝑎𝑁𝑂 > 𝑎𝑂 −
𝑎𝑁𝑂
𝜆

.
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Figure A1.

𝑀
Starting at Region I, where 𝑐𝑂 < 𝑐𝑁𝑂
, only the organic firm is active in equilibrium. The

social planner would also have only the organic firm being active since in this region 𝑐𝑂 satisfies
𝑆𝑂
𝑐𝑂 < 𝑐𝑂𝑆𝑂 and 𝑐𝑂 < 𝑐𝑁𝑂
. We can then compare equilibrium and socially optimal output, 𝑞𝑂𝑀,𝑂 and

𝑞𝑂𝑆𝑂 , obtaining that 𝑞𝑂𝑆𝑂 ≥ 𝑞𝑂𝑀,𝑂 since Region I lies entirely below cutoff 𝑐𝑂𝐵 . Therefore, a socially
insufficient output emerges in Region I, relative to the social optimum.
𝑀
In Region II, where 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑀 , both firms are active in equilibrium where
𝑀,𝐵𝑜𝑡ℎ
𝑞𝑂𝑀,𝐵𝑜𝑡ℎ , 𝑞𝑁𝑂
> 0. The social planner would also only recommend that both firms are active
𝑆𝑂
since 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑆𝑂 . Comparing equilibrium and optimal output, we obtain that 𝑞𝑂𝑆𝑂 ≥ 𝑞𝑂𝑀,𝐵𝑜𝑡ℎ

since 𝑐𝑂 ≤ 𝑐𝑂𝐴 . Therefore, a socially insufficient output emerges in Region II.
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In Region III, only the non-organic firm is active in equilibrium, which coincides with the
𝑆𝑂
𝑆𝑂
social optimum since 𝑐𝑂 > 𝑐𝑂𝑆𝑂 and 𝑐𝑂 > 𝑐𝑁𝑂
. Comparing output levels, we find that 𝑞𝑁𝑂
<
𝑀,𝑁𝑂
𝐵
𝑞𝑁𝑂
since Region III lies entirely above cutoff 𝑐𝑁𝑂
. Therefore, a socially excessive output

emerges for all costs in Region III.
In summary, socially insufficient production occurs in two regions: (a) Region I, where
𝑀
𝑆𝑂
𝑀
𝑐𝑂 < 𝑐𝑁𝑂
= 𝑐𝑁𝑂
; and (b) Region II, where 𝑐𝑁𝑂
≤ 𝑐𝑂 < 𝑐𝑂𝑀 = 𝑐𝑂𝑆𝑂 . Furthermore, we can collapse

the conditions to just 𝑐𝑂 < 𝑐𝑂𝑆𝑂 . Socially excessive production occurs in Region III, where 𝑐𝑂 ≥
𝑐𝑂𝑀 = 𝑐𝑂𝑆𝑂 .

Proof of Corollary 1
Undifferentiated products, 𝜆 = 1. In this context, all cutoffs collapse to the same line (i.2., they
are all originating at 𝑎𝑂 − 𝑎𝑁𝑂 ), dividing into two regions, Region I and Region III; as depicted
in Figure A2.
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Figure A2. Cutoffs when 𝜆 = 1.

𝑀
Starting at Region I, where 𝑐𝑂 < 𝑐𝑁𝑂
, only the organic firm is active in equilibrium. The

social would also have only the organic firm being active since in this region 𝑐𝑂 satisfies 𝑐𝑂 <
𝑆𝑂
𝑐𝑂𝑆𝑂 and 𝑐𝑂 < 𝑐𝑁𝑂
. Comparing equilibrium and socially optimal output, we obtain that 𝑞𝑂𝑆𝑂 ≥

𝑞𝑂𝑀,𝑂 since Region I lies entirely below cutoff 𝑐𝑂𝐵 . As a result, a socially insufficient output
emerges in Region I.
In Region III, only the non-organic firm is active in equilibrium. The social planner
𝑆𝑂
would also have only the non-organic firm being active since 𝑐𝑂 satisfies 𝑐𝑂 ≥ 𝑐𝑁𝑂
. Comparing
𝑀,𝑁𝑂
𝑆𝑂
𝐵
output levels, we find that 𝑞𝑁𝑂
< 𝑞𝑁𝑂
since Region III lies entirely above 𝑐𝑁𝑂
. Therefore, a

socially excessive output emerges in Region III.

Completely differentiated products, 𝜆 = 0. As depicted in Figure A3, in this setting, all
cutoffs collapse to the same line (i.e., they are all horizontal line originating at 𝑎𝑂 ), yielding only
𝑀
one possible outcome: Region I, where organic firm is the only active plant if 𝑐𝑂 < 𝑐𝑁𝑂
.
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Figure A3. Cutoffs when 𝜆 = 0.

𝑀
In Region I, where 𝑐𝑂 < 𝑐𝑁𝑂
, only the organic firm is active in equilibrium. The social

planner would also have only the organic firm being active since in this region 𝑐𝑂 satisfies 𝑐𝑂 <
𝑆𝑂
𝑐𝑂𝑆𝑂 and 𝑐𝑂 < 𝑐𝑁𝑂
. We can then compare equilibrium and socially optimal output, 𝑞𝑂𝑀,𝑂 and 𝑞𝑂𝑆𝑂 ,

obtaining that 𝑞𝑂𝑆𝑂 ≥ 𝑞𝑂𝑀,𝑂 since Region I lies entirely below cutoff 𝑐𝑂𝐵 . Therefore, a socially
insufficient output emerges in Region I, relative to the social optimum.
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CHAPTER TWO: DOES CONSUMER PERCEPTIONS ABOUT MERGERS IN THE
ORGANIC FOOD INDUSTRY MATTER? A PILOT STUDY

Abstract
The organic food market has experienced an important number of mergers and acquisitions. The
entrance of large-scale companies into the organic food industry leads people to question the
quality of the product they buy and prompts them to seek more information about how products
are made. We examine consumers’ preferences for organic food products and analyze the effect
of the merger information on consumer perceptions and willingness to pay for organic food
products with regard to the business size, ownership, and the location of the business. Our results
indicate that the merger information negatively affects the willingness to pay for organic, while it
positively affects that for vitamin D enhancement. Using factor analysis, we evaluate the
attitudes and preferences toward organic foods, and perceptions on the size of the company. We
find that the effect of the merger information depend on consumers’ attitudes, preferences, and
perceptions. Stronger preferences for organic products regardless of the business size, ownership,
and the location of the business, attenuate the negative impact of the merger information on the
individual’s willingness to pay for organic.
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1. Introduction
Consolidation in the organic food sector has occurred steadily since 2002 when the U.S.
Department of Agriculture released the national organic standards (USDA, AMS, 2002). Only in
2016, there were 86 mergers and acquisitions (M&A) in the natural and organic products
compared to 72 in 2015 (Capstone Partners, 2017). Large-scale food manufacturers have rapidly
invested in organic food production, processing, and distribution, sweeping formerly
independent businesses into large food conglomerates (Howard, 2009; Porterfield, 2015)
Meanwhile, the Organic Trade Association (2017) announced that organic food sales in 2016
amounted to $43 billion of the total organic sales of $47 billion. With an 8.4% increase from the
previous year, organic food accounted for 5.3% of total food sales in the United States in 2016.
Growing demand for organic food products is commonly related to consumer values and
beliefs about health (e.g., fewer pesticide residues and greater nutrient content), environment
(e.g., better soil management and more biodiversity), and social equity (e.g., farmworker
treatment and support for local farms) (Hartman Group, 1996; 1997). Although consumers
associate these aspects with organic food production and processing in a general way, they often
misunderstand the details as consumers often confuse the meaning of organic and local
terminology (Campbell et al., 2013, 2014). Given the consolidation in the organic food sector
and confusion in understanding the real dimensions of organic food, it is important to understand
the effect of the information about the company producing and processing the organic food on
the consumers’ consumption patterns. Information on the food company becomes even more
important considering newer generations of consumers such as millennials (Bizzozero, 2015;
Schultz, 2015; Steinmetz, 2015; Watson, 2015; Kuhns and Saksena, 2017). However, it is yet
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unclear how the consolidation of the organic food sector would affect perceptions from different
generations of consumers.
The entrance of large-scale companies into the organic food business line has a number
of consequences. For instance, it has driven prices down (Johnson, 2013; Gasparro et al., 2017),
broadening the clientele of the organic market (Market View, 2015; Mergent Industry Report,
2016). The Center for Food Integrity (2014) surveys 2,005 consumers and finds that more than
90% of their sample of respondents think that large food companies are likely to put their interest
ahead of those of the consumer. Therefore, it would be useful to uncover the influence of the
M&A in the food industry on consumers’ perceptions toward organic food products.
The objective of this research is twofold. First, to identify consumers’ preferences for
organic food products with regard to the business size, ownership, and the location of the
business. Second, to identify the effect of the merger information on consumers’ perceptions
toward organic food products and their purchase decision. To accomplish these objectives, a
choice-based conjoint analysis is used to estimate consumers’ willingness to pay for a specific
set of quality attributes under the different information schemes on the merge status of the food
manufacturing company. We estimate three models: (1) before the merger; (2) after the merger;
and (3) the pooled model. We also evaluate statements about consumers’ attitudes and
preferences toward organic foods, and perceptions on the size, ownership, and the location of the
food manufacturing company. We use factor analysis to classify respondents into groups
(factors) according to their attitudes toward the business size, ownership, and the location of the
food manufacturing company. Finally, we retrieve individual willingness to pay and regress on
the factors mentioned above to examine whether attitudes, preferences, and perceptions drive
choices by individual respondents.
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This is a pilot study in which we use an online survey administered via Qualtrics and
distribute to a rather limited sample of respondents comprised of faculty, staff and students in the
College of Agriculture and Natural Resources at Washington State University. We acknowledge
that results from this study might not be generalized to the broad population but could give some
cues on the effect of information on the manufacturing company regarding perceptions of
organic foods. Fresh milk is chosen as the subject of our study as the sales of dairy product
accounts 15% of all organic food sales followed by the largest category of fruit and vegetables
(Organic Trade Association, 2017).
Section 2 reviews the existing literature. Section 3 presents the methodology followed by
the results in Section 4. Section 5 provides conclusions.

2. Literature review
Research on consumers’ preferences for organic foods has been conducted to identify the
motivation behind purchasing behavior and an increasing number of studies have focused on
fresh produce such as apples, potatoes, strawberries, and tomatoes (Loureiro et al., 2001;
Loureiro and Hine, 2002; Darby et al., 2008; and Yue and Tong, 2009). For example, Loureiro et
al. (2001) assess the consumer choice of eco-labeled, organic, and conventional apples in
Oregon. They find that organic products are preferred for consumers having children and strong
environmental and food safety concerns. Loureiro and Hine (2002) find that Colorado consumers
are willing to pay a higher premium for locally grown potatoes compared to potatoes identified
as organic or GMO-free. Darby et al. (2008) study strawberries and find that consumers in Ohio
prefer locally grown products by paying twice more for buying on-site at farms and farmers’
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market venues. Whereas, Yue and Tong (2009) find a similar WTP for organic and local
tomatoes in Minnesota.
Other studies examine preferences for organic processed fruit products such as processed
blueberry products, applesauce, strawberry preserves, and blackberry jam (Hu et al., 2009; James
et al., 2009; Onken et al., 2011; Hu et al., 2012; and Meas et al., 2015). Hu et al. (2009) examine
processed blueberry products and find that consumers in Kentucky prefer local compared to
organic or sugar-free products. James et al. (2009) show that consumers are willing to pay more
for locally grown applesauce over products labeled USDA Organic, Low Fat, or No Sugar
Added. Interestingly, they find that more knowledge about agriculture decreases the willingness
to pay for organic and locally grown applesauce. Onken et al. (2011) examine the willingness to
pay for the attributes of organic, natural, locally grown, and state marketing program promoted
for strawberry preserves and find that consumers in Maryland and Pennsylvania prefer local
while those in New Jersey prefer products included in the state marketing program. Hu et al.
(2012) study blackberry jam and find that consumers are willing to pay more for the local
compared to the non-local product. Meas et al. (2015) study organic and local attributes of
processed blackberry jam in Kentucky and Ohio and find that substantial substitution effects
between organic and local attributes. Consumers, however, are willing to pay comparatively
more for local products in regions smaller than the border of a state compared to organic
products. Also, the small farm attribute is considered to be a substitute for organic and local
attributes.
In sum, the literature indicates that consumers are more likely to have a higher WTP for
locally produced products although results depend on what is considered to be local to
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consumers. However, unlike our study, previous studies have not considered the structural
change in the food industry and its consequences on consumers’ preferences.
Other studies (Bernard and Bernard, 2009; Wong et al., 2010; Brooks and Lusk, 2010;
Wolf et al., 2011; and Schott and Bernard, 2015) have focused on consumers’ preferences on
milk products. Bernard and Bernard (2009) find that higher income leads to higher WTP for
hormone and antibiotic free attributes in fresh milk. Brook and Lusk (2010) combine scanner
data with choice experiment and examine willingness to pay for organic, cloned, and rbST-free
fresh milk. They find consumers are willing to pay three times more to avoid milk from cloned
cows (almost $5/gallon) compared to organic or rbST-free (about $1.50/gallon). Wolf et al.
(2011) focus on the milk produced on a family farm with and without enhanced food safety
claims. The results show that a $0.39 premium for a half gallon of milk produced on a family
farm with enhanced food safety claims and a $0.46 premium for milk without enhanced food
safety claims, compared to that of no claims. Schott and Bernard (2015) study local milk with
three types of products (i.e., conventional, non-certified organic, and USDA certified organic)
produced by small and large dairy farms and find no significant effects on WTP for any of three
milk product. They assert that local attribute might have reduced the influence of both farm size
and organic attribute on the WTP. Similar to other papers, however, they do not consider the
change in the ownership status of the business as in our study.
The literature does not offer a conclusive statement on the effects on consumers’
preferences of the location where the product is produced, the product itself (e.g., produce or
processed), and the socio-demographic profile of the consumer. While past studies have analyzed
organic, local, and business size, we are not aware of studies that looked at the change in the
ownership status of the business. This paper can provide information to companies that are
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considering merging or acquiring other companies and/or already went through mergers and
acquisitions in the way they should convey the M&A information to their clientele base.

3. Methodology
Data collection
A survey is conducted using QualtricsTM online software during the period of September 13 – 29,
2017. We use the internal Washington State University (WSU) College of Agriculture, Human,
and Natural Resources (CAHNRS) listing of electronic addresses. This list comprises a total of
1,703 individuals’ electronic mail addresses: 507 from faculty, 630 from staff, and 566 from
students affiliated with WSU-CAHNRS. A total of 268 complete responses are obtained (Table
A1). We justify using this respondent sample on the purpose of this study which is to test
hypotheses on choice behavior under different sets of information and not to make generalizable
predictions on the willingness to pay for organic food products.
To guarantee that the survey respondents must be the primary food shopper in the
household, a screening question is included at the beginning of the questionnaire. The
questionnaire consists of three sections. The first section includes the choice experiment to
quantify the relative importance of various combinations of product attributes. The second
section includes questions on grocery shopping habits, attitudes, and perceptions toward organic
food products as well as their knowledge about family- and corporate-owned companies along
with the merger activities. In the last section, respondents are asked about the socio-demographic
characteristics of sex, age, household size, number of children, education level, income, location,
and ethnicity. For more details on the questionnaire, see Appendix B.
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A choice-based conjoint analysis is used to measure the effect of the information on the
probability of choosing a milk product with a different combination of attributes. Choice
experiment questions are presented in two parts. In the first part, it is announced that the milk
processing company is small-scale, family-owned, and local. The second part presents the same
scenarios as before but indicates that a merger and acquisition take place and the previous
company is operated now by a large-scale, corporate-owned, and non-local company. In each
scenario, respondents are requested to choose one of the following alternatives: Option A, B, and
C (would not purchase). Each alternative represents an opportunity to purchase a gallon of milk
with a random combination of two price levels and processing form: if organic or not, and if
enriched with vitamin D or not. Table 2.1 presents a list of product attributes and their respective
levels used in the choice experiment.
The price levels included are obtained from the U.S. Department of Agriculture National
Retail Report of Dairy. As of June 2017, the weighted average price nationwide for conventional
milk is $3.66/ gallon, and organic milk is $5.99 /gallon. Throughout the experiment, we use the
unlabeled alternatives such as Option A and Option B which allow the respondent to determine
how the choices differ for themselves and eliminate the potential bias of informative labels.
Labeling the choices may be tempting to products with known brand names if some brands are
associated with higher quality which can influence the respondent’s decision (Paczkowski,
2016).
Prior to the presentation of the scenarios, definitions on the small/large scale, and local or
non-local food manufacturing companies are given. For this study, we use the definitions of
small/large, local, family-owned given by the USDA National Institute of Food and Agriculture
(USDA, NIFA, 2018). A small-scale company implies having gross sales under $250,000 /year
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and employing fewer than 100 workers. Conversely, a large-scale company means having gross
sales of over $250,000 /year and employing more than 100 workers. Local means products
produced in any state within 100 miles of where the respondents live (USDA, NIFA, 2018). A
family-owned company is defined as any farm organized as a sole proprietorship, partnership, or
family corporation. Family farms exclude farms organized as nonfamily corporations or
cooperatives, as well as farms with hired managers (USDA, NIFA, 2018).
For the experiment design, based on the selected product attributes and their levels, a full
factorial generates a total of 8 possible product profiles (i.e., 23=8). The JMP® Version 1319 is
used, and two product profiles are randomly paired in each choice scenario (Louviere et al.,
2000). Since we have a two-part choice experiment (without and with the merger information)
and the estimated time for survey completion is calculated about 20 minutes, four scenarios are
selected for each set given that the quality of the responses could be affected by respondent
fatigue (Johnson and Orme, 1996). A sample of a choice scenario is presented in Figure 2.1. Each
question includes three alternatives: option A and B by the combination of three attributes and
option C of would not purchase option.

Estimation - Theoretical model
The discrete choice model is based on Lancaster’s (1966) theory of consumer demand in which
consumption decisions are determined by the utility that is derived from the attributes of a
product rather than a product itself. McFadden (1974) advances Lancaster’s theory, devising the
random utility model in which the utility of an individual 𝑖 derives from alternative 𝑗 is

19

JMP is a statistical package developed by the SAS Institute (Cary, NC).
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composed of the systematic (𝑉𝑖𝑗 ) and random components (𝜀𝑖𝑗 ). The systematic component is
observable and a function of the product attributes and individual characteristics, while the
random component is unobservable factors that influence the choice process. The random utility
equation can be expressed as:
𝑈𝑖𝑗 = 𝑉𝑖𝑗 + 𝜀𝑖𝑗 = 𝛽𝑋𝑖𝑗 + 𝜀𝑖𝑗 , 𝑖 = 1, … , 𝑛 and 𝑗 = 1, … , 𝐽

(1)

where 𝑈𝑖𝑗 represents the utility obtained by the individual 𝑖 from choosing the 𝑗th alternative, 𝛽
is a vector of parameters to be estimated, 𝑋𝑖𝑗 represents a vector of product attributes, and 𝜀𝑖𝑗
denotes the random components that affect the purchase decision, independently and identically
distributed across product attributes and individual characteristics. Specifically in our study, 𝑋𝑖𝑗
includes selected product attributes of price, organic, and vitamin D. Assuming that a rational
individual always chooses product 𝑗 over product 𝑘 if the utility from product 𝑗 is greater than
that from alternative product 𝑘. The choice probability that individual 𝑖 chooses alternative 𝑗, 𝑃𝑖𝑗 ,
is given by:
𝑃𝑖𝑗 = Prob (𝑈𝑖𝑗 > 𝑈𝑖𝑘 ), where 𝑘 = 1, … , 𝐽 and 𝑗 ≠ 𝑘,
= Prob (𝛽𝑋𝑖𝑗 + 𝜀𝑖𝑗 > 𝛽𝑋𝑖𝑘 + 𝜀𝑖𝑘 )
= Prob (𝜀𝑖𝑘 − 𝜀𝑖𝑗 < 𝛽𝑋𝑖𝑗 − 𝛽𝑋𝑖𝑘 ).

(2)

𝑃𝑖𝑗 is a cumulative distribution that the probability of each random term, 𝜀𝑖𝑘 − 𝜀𝑖𝑗 is below the
observed quantity, 𝛽𝑋𝑖𝑗 − 𝛽𝑋𝑖𝑘 . Different discrete choice models are obtained from different
assumptions about the probability distribution of the error terms (Train, 2003; Hole, 2007).
Specifically, the error term will be defined relative to the methodology selected to represent a
particular choice situation (Train, 2003). The conditional logit model in which random
components are assumed to be an independently and identically distributed (IID) across product
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attributes and individual characteristics has been widely used despite of few drawbacks (Hensher
et al., 2005). For instance, it does not allow preference heterogeneity within choice data, that is,
imposes a constant error variance across all alternatives assuming homogeneity in consumer
preferences within the model. In addition, it assumes that adding or eliminating alternatives will
not affect the actual choice, known as the irrelevant independent alternative (IIA) assumption
(Train, 2003).
However, when using a mixed logit model we relax the IIA assumption and allow both
preference heterogeneity across the population and alternatives (Hensher and Greene, 2003).
That is, parameters in vector 𝛽 in the equation (1) are assumed as random variables and may
vary in the population with density 𝑓(𝛽|𝜃) where 𝜃 is the parameters of the distribution such as
the mean and variance. If we know 𝛽, the conditional probability that individual 𝑖 chooses
alternative 𝑗 is standard logit, 𝐿𝑖𝑗 (𝛽) =

𝑒

𝛽𝑥𝑖𝑗

𝐽
Σ𝑘=1 𝑒 𝛽𝑥𝑖𝑘

. However, we do not know 𝛽. Thus, the

unconditional choice probability for a mixed logit model is
𝑃𝑖𝑗 = ∫ 𝐿𝑖𝑗 (𝛽)𝑓(𝛽|𝜃)𝑑𝛽,

(3)

the integral of the conditional probability over all possible values of 𝛽.
Since equation (3) cannot be evaluated analytically, the probabilities are approximated
through simulation (Train, 2003). The simulated probability, 𝑃̂𝑖𝑗 , is
1 𝑅
𝑃̂𝑖𝑗 = 𝑅 Σ𝑟=1
𝐿𝑖𝑗 (𝛽 𝑟 ),

(4)

where r=1,…, R is the number of draws. Mixed logit regression is performed using StataTM
version 12. As suggested by Hole (2007), 1,000 Halton draws are used to estimate the model.

Empirical specification
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To analyze the effect of the merger information on consumers’ preferences and willingness to
pay (WTP), we estimate following three models: Model 1 is before the merger; Model 2 is after
the merger; and Model 3 is the pooled model. For the first two models, the systematic portion of
the utility function for milk product option 𝑗 is
𝑉𝑖𝑗 = 𝛽1 𝑁𝑜𝑛𝑒 + 𝛽2 𝑃𝑟𝑖𝑐𝑒 + 𝛽3 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 + 𝛽4 𝑉𝑖𝑡𝑎𝑚𝑖𝑛

(5)

where 𝑁𝑜𝑛𝑒 is a dummy variable which takes value 1 for the would not purchase (option C) and
0 otherwise (i.e., option A or B). 𝑁𝑜𝑛𝑒 is expected to have a negative impact on the utility
indicating that consumers will gain a higher utlity from choosing any given alternative than from
the option C. 𝑃𝑟𝑖𝑐𝑒 represents the price level given to respondents for each option and expected
to have a negative effect on the utility. This variable is set to be fixed assuming consumers have
homogenous preferences on price. 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 is taking value 1 for organic and 0 otherwise.
𝑉𝑖𝑡𝑎𝑚𝑖𝑛 is representing the presence of vitamin D which takes value 1 for enriched vitamin D
and 0 otherwise. It has been known that in dummy coding the attribute effects confound with the
intercept, but they are theoretically equivalent (see Bech and Gyrd-Hansen, 2005 and Daly et al.,
2016). In addition, the interpretation of coefficient is clearer with dummy coding. Specifically,
dummy coding uses zero for the base level while effects coding uses -1. Also, the coefficient in
dummy coding gives the value for one level relative to a base level while that in effects coding
gives the value for one level relative to minus the sum of all coefficients for that attribute. Thus
in our analysis for the attributes of 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 and 𝑉𝑖𝑡𝑎𝑚𝑖𝑛, we have used dummy coding instead
of effects coding. For the pooled model, the systematic portion of the utility function can be
similarly written,
𝑉𝑖𝑗 = 𝛾1 𝑁𝑜𝑛𝑒 + 𝛾2 𝑃𝑟𝑖𝑐𝑒 + 𝛾3 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 + 𝛾4 𝑉𝑖𝑡𝑎𝑚𝑖𝑛 + 𝛾5 𝑁𝑜𝑛𝑒 × 𝐼𝑛𝑓𝑜

(6)

where 𝐼𝑛𝑓𝑜 is a dummy variable taking value 1 for the merger information and 0 otherwise.
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WTP calculation
Generally, the WTP for the product attribute is calculated as the negative ratio between the mean
of the random parameter of the particular attribute 𝑗, denoted as 𝛽𝑗 , and the price coefficient,
denoted as 𝛽𝑝𝑟𝑖𝑐𝑒 . In this analysis, the WTP ratio follows
𝑊𝑇𝑃𝑗 = − 𝛽

𝛽𝑗

𝑝𝑟𝑖𝑐𝑒

.

(7)

In addition, the standard deviation of WTP is calculated as the ratio between the standard
deviation coefficient of the random parameters and the price coefficient (Train, 2003).

Factor analysis: consumer attitudes, preferences, and perceptions on information
Previous research has identified the underlying motivation for purchasing organic foods as
consumers’ perceptions that usually depend on demographics, personal health, product quality,
and concerns about the environmental degradation (Yiridoe et al. 2005; Pearson et al., 2007;
Pearson et al., 2010). To complement our choice based analysis, we identify consumer attitudes
and preferences toward organic food products along with their perceptions with regard to the
business size, ownership, and the location of the business. Respondents are asked 21 statements
regarding their attitudes, preferences on organic foods, and perceptions with regard to the
business size, ownership, and the location of the business in a 5-point Likert scale, where 1=
strongly disagree and 5=strongly agree (see Appendix A Table A7-Table A9). Specifically,
statements in Q23 are asked about respondents’ past purchasing habits while statements in Q24
are related to their future preferences for organic foods. Statements in Q26 are asked about
respondents’ perceived perceptions regarding small- versus large-scale companies.
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Prior to the analysis, we encounter the issue of a large number of variables to be included
in the econometric model, and most of them are correlated with each other. To overcome this, we
conduct factor analysis to combine statements of respondents’ attitudes, preferences toward
organic food processing, and perceptions on the size of the company into single factors for the
variables composed of more than one statements. We apply the principal component factor
method using a varimax rotation procedure. The purpose of the later procedure is to simplify the
factor matrix to facilitate the interpretation of grouped statements called as a factor. The factors
having an eigenvalue greater than 1 are retained following Kaiser (1958). As is, five factors
accounting for 85% of the total variance are retained for our analysis. Factor loadings are the
correlation coefficients between the statements (rows) and factors (columns), and the most
heavily loaded indicators in each column are assigned a factor label. Statements with factor
loadings higher than 0.4 are considered in this study. The last column indicates the unique
variance of the statement that cannot be explained by factors jointly and is independent of the
correlation with other statements. Thus we exclude three statements (Q24_1, Q24_6, and Q26_6)
having a value of uniqueness higher than 0.4 from the analysis.
Results of rotated factor loadings are presented in Table 2.2. The statements related to the
attitudes, preferences, and perceptions are grouped into five factors. Factor 1 contains five
statements (Q26_1-Q26_5) related to perceptions on the size of business that a small-scale
company produces healthier, better quality, more environmentally friendly, and using more of
local and organic ingredients – named ‘Perceived small-scale better’. Factor 2 contains three
statements (Q23_4-Q23_6) related to consumers’ motivations to buy organic foods, that is, to
support a small-scale, family-owned, and local company – named ‘Organic support small-scale’.
Factor 3 contains four statements (Q23_1-Q23_3 and Q24_2) related to another set of
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consumers’ motivations to buy organic food, that is, to protect the environment, due to personal
health concerns, and to avoid GMO – named ‘Organic protect environment’. Factor 4 contains
three statements (Q24_7-Q24_9) related to the consumers’ intentions to buy organic foods even
if they are not from a small-scale, family-owned, and local company – named ‘Organic
regardless of size.’ Factor 5 contains three statements (Q24_3-Q24_5) related to consumers’
intentions to buy or consider buying organic foods only if they are from a small-scale, familyowned, and local company – named ‘Organic only small-scale’.

4. Results
Descriptive summary statistics of the survey respondents are presented in Table 2.3. Most
respondents are female (71.64%), primary food shoppers of the household (88.06%), white
(83.46%) and live in a small town (61.19%). The participants’ average age is 42 years, the
average household size is 2 people, and 73.03% of respondents have no children under the age of
18. Our respondents are highly educated as 29.85% and 62.31% of respondents have 4-year
college or university and an advanced or professional degree, respectively. Comparing to the
general population of Washington state and the U.S. population, our sample is more female,
smaller household size, more child under 18, and highly educated but has a similar portion of
white and income level of general population of Washington while has a more portion of white
and income level of the U.S. population (Table 2.4). Mean annual household income ranges from
$50,000 to $74,999, 23.77% of respondents and the majority of respondents (66.41%) report
their income is above the average income level.

Places for grocery shopping
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Consumers are asked where they buy groceries. Responses indicate that they buy most often
from food retailers such as supermarkets (91.79%), warehouses (63.43%), and supercenters
(50.37%). A smaller percentage, 38% buy from direct markets as well as from organic/specialty
store (37.69%). See Figure A1 in Appendix A.

Organic food consumption
According to the 2017 U.S. Families’ Organic Attitudes and Behaviors by the Organic Trade
Association, 83% of U.S. families have at least some experience buying organic products. 20 Most
respondents in our sample are also familiar with organic food products. 95.15% of respondents
report that they have consumed organic food products, and 2.24% of respondents have
considered consuming organic food products. Only 2.61% report that they have not consumed
any organic food products (Appendix A Table A2). On the frequency of consumption, 43% of
respondents purchase organic food products once a week or more and, in general, 76% of
respondents purchase organic food products at least once a month (Appendix A Table A3).

Consumption of organic foods
The most purchased category is fresh fruits and vegetables by 93% of respondents, followed by
dairy products 70%, and fresh meat and seafood category, 63% (Appendix A Figure A2). The
primary reason of purchasing organic foods for respondents who have consumed from a list of
options provided is for healthy/nutritious (17.65%) and environmental concerns (16.86%)
whereas respondents who have considered consuming choose environmental concerns (33.33%)

20
Respondents of 2017 U.S. Families’ Organic Attitudes and Behaviors are asked to self-identify their
level of consumption from non-buyer, light, moderate, and heavy.
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as the most critical reason if they have consumed. The list includes price, taste, health/nutrition,
environmental concerns, safety concerns, affordable, readily available, quality, free-trade label,
animal welfare label, non-GMO label, country of origin, company name, brand name, no specific
reason, and other (See Appendix B). However, price is the primary barrier for whom have not
consumed organic foods (42.86%) followed by safety concern (28.57%).

Perception of the term “local foods” and “organic foods”
The respondents are asked what the term ‘local foods’ and ‘organic food’ meant to them, in order
to evaluate whether or not they confuse the terminology. 91.42% of respondents agree with the
statement that local foods are produced in any state within 100 miles of where they live, in
contrast of the finding of Wolf et al. (2011) that local is considered within 50 miles and within
the state. In addition, 30.6% and 24.25% of the respondents associate the term ‘local foods’ with
a product produced by a small-scale and family-owned company, respectively.
On the other hand, 70% of the respondents indicate that they consider organic foods as
foods without chemicals or pesticides. 18% of respondents associate ‘organic foods’ with
natural/herbal foods and 17% indicate healthy/nutritious foods. Less than 5%, however, agree
that organic foods are produced/processed by a small-scale or family-owned company. As
Yiridoe et al. (2005) point out, our respondents have common perceptions that organic is
associated with less or no chemical residues while distinguishing organic from local is consistent
with the finding of Onken et al. (2011). According to the results, we presume that respondents
recognize a small-scale and family-owned company as local foods but not necessarily organic
foods, indicating the possibility of heterogeneous preferences on the operation size of the organic
products.
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Attitudes and perceptions related to organic food consumption
Respondents’ attitudes are assessed to identify the reasons and motivation regarding organic food
consumption. 48.31% and 61.05% of respondents strongly or somewhat agree that they buy
organic foods because of environmental concerns and their health or the health of their family,
respectively. In addition, 46.44%, 48.69%, and 46.82% of respondents strongly or somewhat
agree that they buy organic foods to support small-scale, family-owned, and local companies,
respectively. 57.67% of respondents, however, strongly or somewhat disagree that they purchase
organic foods to avoid GMO foods.
Even though 47.02% of respondents strongly or somewhat agree that they will only buy
organic foods only when they are cheaper than its counterparts, 40.67% of respondents strongly
or somewhat agree that they will buy organic foods even if they are more expensive than its
counterparts. Also, 59.93% of respondents strongly or somewhat disagree that they will only
purchase organic foods when it is non-GMO. 56.35%, 56.34%, and 54.11% of respondents
strongly or somewhat disagree that they will only buy organic foods from small-scale, familyowned, and local companies, respectively. In addition, 61.19%, 56.56%, and 61.57% of
respondents strongly or somewhat agree that they will purchase organic foods even if they are
not from small-scale, family-owned, and local companies, respectively.

Perceptions with regard to the business size of food processing companies
The respondents are asked about their perceptions regard to the products from a small- vs. largescale company. Although 32.21% of respondents strongly or somewhat agree that a product
produced by a small-scale company has more local ingredients than that from a large-scale
company, 40.07% of respondents strongly or somewhat disagree that a product from a small-
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scale company has more organic ingredients than that from a large-scale company. In addition,
46.82%, 37.82%, and 35.21% of respondents strongly or somewhat disagree that a product from
a small-scale company is healthier, better quality, or more environmentally friendly than that
from a large-scale company, respectively. Furthermore, only 13.08% of respondent strongly or
somewhat agree that a small-scale company is owned by the family.

The level of knowledge about the ownership status of food processing companies
Assessing the current level of awareness about the ownership status of the company
manufacturing a number of organic food products would serve to better understand the responses
to the choice scenarios. Respondents are asked to answer their familiarity with the ownership
status of food processing companies from a provided list that included ‘family-owned’,
‘corporate-owned’, and ‘merger activities between small- and large-scale companies. The list is
presented in Appendix B. Respondents who have not consumed organic food products report
they only know 1 family-owned company and 2 corporate-owned companies on average.
Whereas, respondents who have consumed organic foods report they know on average 2 familyowned companies and 3 corporate-owned companies (29.8% of them know 3 family-owned
companies). Respondents who have considered consuming organic foods say they know 2
family-owned companies (50% of them indicate they heard only 1 family-owned company) and
2 corporate-owned companies on average. However, regardless of the previous organic
consumption experience, respondents are not aware of the merger in the food industry as they
report they only know 1 merger activity on average, the majority of them (53.73%) answer they
have not recognized any merger activity in the list provided.
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Mixed logit model results
Table 2.5 shows the results from mixed logit models both before and after announcing the
merger information as well as the pooled model encompassing all observations in one single
model. In all models, the variable None is negative and statistically significant indicating
respondents receive higher utility from choosing either of alternatives than from choosing None
(would not purchase option). The negative and statistically significant coefficient of the price
variable in all three models, means that an increase in price decreased the utility level of
respondents. Similarly in all three models, the coefficient of Organic variable is positive and
statistically significant at the 1% level indicating respondents are getting higher utility from
choosing organic compared to non-organic products. The magnitude of the Organic estimate is
lower after respondents know about the merger compared to before. Across all three models, the
coefficient of Vitamin is also positive and statistically significant at the 1% level indicating
respondents are getting higher utility from choosing a product with enhanced vitamin D. The
magnitude of the Vitamin estimate is larger after respondents know about the merger compared
to before. In the pooled model, a positive and statistically significant coefficient of interaction
term of merger information and None option indicates the disutility stated by respondents from
choosing the would not purchase option, after knowing about the merger. That is, respondents
are more likely to choose None options when they have heard about the merger. In addition,
statistically significant standard deviation estimates of Organic imply that there exists
heterogeneity across the respondents around mean parameter estimates of attributes while
homogeneity preference exists on Vitamin.
The estimated WTP is presented in Table 2.6. When respondents are not informed about
the merger, their WTP for the organic attribute is $1.250/gallon, and WTP for the vitamin
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attribute is $0.332/gallon. However, after informed about the merger, WTP for organic decreases
to $1.089/gallon while WTP for vitamin increases to $0.356/gallon. We note a discrepancy in
WTP, while the merger information affects the WTP negatively for the organic attribute, it
impacts the WTP positively for vitamin D even though the magnitude is small.
Although consumer interest in transparency from food manufacturers has grown
continuously, our respondents are mostly not aware of merger activities. 53.73% of consumers
who have consumed organic food products, have not recognized the provided list of merger
activities, hence giving the negative impact on WTP for organic. Some literature suggests that
consumers distrust products from large food companies (The Center for Food Integrity, 2014;
Deloitte, 2016) and in the same vein the merger activities in general often negatively influences
consumers’ attitudes and purchasing decisions (McLelland et al., 2014). In addition, as the
statistically significant standard deviations of organic attribute suggest our respondents exhibit
heterogeneity preference over organic. We suspect those heterogeneous preferences for organic
may come from the differences in each generation in terms of personality, lifestyle, values,
attitudes, and experiences as in Kuhns and Saksena (2017).
On the other hand, our respondents report their primary reason for purchasing organic
foods is for healthy/nutritious aspects (17.65%). Vitamin D has been considered a supplement
for good health and well-being and such perceptions might not be affected by the merger
information. Furthermore, statistically not significant standard deviations of vitamin attribute
suggest our respondents exhibit homogeneity preference.

Factor analysis results
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We examine the relationship between each factor variable and consumer demographic
characteristics (Table 2.7). The results provide insights on the profile of the individuals more
likely to agree with each statement or to be grouped under one of the five factors previously
explained. Factor 1 contains five statements related to perceptions regarding the size of business
that a small-scale company produces healthier, better quality, more environmentally friendly, and
using more local and organic ingredients. Factor 2 contains three statements related to
consumers’ motivations for organic foods, that is, to support a small-scale, family-owned, and
local company. Factor 3 contains four statements related to another set of consumers’
motivations to buy organic food, that is, to protect the environment, due to personal health
concerns, and to avoid GMO. Factor 4 contains three statements related to the consumers’
intentions toward buying organic foods even if they are not from a small-scale, family-owned,
and local company. Factor 5 contains three statements related to consumers’ intentions to buy or
consider buying organic foods only if they are from a small-scale, family-owned, and local
company. We have also included the interaction terms between generations and children to
examine whether having more than one child has different effects on factor variables.
Respondents grouped under Factor 1, perceiving a small-scale company is better, exhibit
lower than the average income in the sample of respondents, achieve higher education levels
than the average sample, belong to millennials or generation Xs having more than one child
compared to baby boomers without children, live in an urban area, and are not of white ethnicity.
Respondents under Factor 2, purchasing organic to support a small-scale, family-owned, and
local company, exhibit lower than the average income in the sample of respondents, achieve
higher education levels than the average sample, belong to millennials without children or the
generation Xs having more than one child compared to baby boomers without children, live in an
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urban area and are of white ethnicity. Respondents under Factor 3, purchasing to support the
environment, exhibit lower than the average income in the sample of respondents, achieve higher
education levels than the average sample, belong to millennials without children but belong to
the generation Xs without children compared to baby boomers without children, not live in an
urban area and are not of white ethnicity. Respondents under Factor 4, purchasing organic
regardless of the size, attain lower education levels than the average sample of respondents,
belong to millennials or generation Xs without children compared to baby boomers without
children, live in an urban area and are of white ethnicity. Respondents under Factor 5, purchasing
organic only from a small-scale company, are of less income than the average, attain lower
education levels, belong to millennials or baby boomers with more than one child compared to
baby boomers without children, and are not of white ethnicity.
In sum, millennials with more than one child perceive a small-scale company is better
and will purchase only from a small-scale company while millennials without children compared
to baby boomers without children have intentions to buy organic foods regardless of the size,
ownership, and the location of the business. However, millennials without children have bought
organic foods to support a small, family-owned, and local company. Generation Xs without
children compared to baby boomers purchased/will purchase organic foods to support the
environment, due to personal health concerns and to avoid GMO. The results also reflect that
respondents with lower education levels could be classified into two groups, one not caring about
the size and another only wanting products from the small-scale company. In addition, white
respondents buy organic foods to support a small-scale, family-owned, and local company but at
the same time they purchase organic foods regardless of the size.
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Effects of attitudes, preferences, and perceptions on WTP for attributes
Given the estimated results of the mixed logit model, we are able to calculate the individual’s
willingness to pay for each attribute. We then regress the individual WTP on factor variables to
examine whether some factors may drive choices made by individual respondents and how
different the results are by the merger information (see Table 2.8).
Starting from the Factor 1, respondents who perceive a product from a small-scale
company is better than that from a large-scale company in healthiness and quality aspects, are
willing to pay $0.233/gallon more for organic than its counterpart, but their WTP decrease to
$0.079/gallon after informed about the merger. These respondents belong to millennials or
generation Xs having more than one child compared to baby boomers without children (see
Table 2.7). They prefer the small-scale company because they perceive products from this
company as having more local and organic ingredients. Results suggest that these individuals
show greater preferences for products with more local and organic ingredients but less for
vitamin D enhancement.
Respondents who have consumed organic to support the small-scale company (Factor 2)
are willing to pay $0.305/gallon more for organic but their WTP decrease to $0.195/gallon after
informed about the merger. Because their primary purpose for consuming organic is to support
the small-scale, family-owned, and local company, the information about the merger negatively
affects their willingness to pay for organic. In addition, these respondents are not willing to pay a
premium for vitamin D enhancement, and their WTP for vitamin are not affected by the merger
information. Millennials without children or the generation Xs having more than one child
compared to baby boomers without children belong to this group. Results also suggest that
millennials without children are the group likely to consume organic food products.
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Respondents consuming organic to protect the environment, due to personal health
concerns, and to avoid GMO (Factor 3) are willing to pay $0.617/gallon for organic but their
WTP decrease to $0.484/gallon after informed about the merger. These group of respondents,
likely be the generation Xs without children compared to baby boomers without children, are
more health conscious and knowledgeable about what they are eating and where the product
comes from. Their concerns on personal health and desire to avoid GMO result in the negative
effect of the merger information on WTP for organic.
Respondents with the intentions of buying organic foods regardless of the size,
ownership, and the location of the company (Factor 4) are willing to pay $0.196/gallon for
organic but after informed about the merger their WTP decrease to $0.121/gallon. Although the
results indicate that the merger information negatively affects these group of respondents, they
might be less concerned about their health and the environment compared to other groups of
respondents and likely to purchase products based on factors such as prices.
One surprising finding is that respondents stating their intentions of purchasing organic
foods only from a small-scale, family-owned, and local company (Factor 5) exhibit a negative
willingness to pay for organic. Millennials and baby boomers with more than one child
compared to baby boomers without children belong to this group. These respondents, however,
are likely to have less income than the average. We can infer that higher prices exhibited by
organic foods might have deterred their purchase intentions. In addition, less than 5% of our
respondents agree that organic foods are produced by a small-scale or family-owned company.
Thus if they do not perceive organic foods are actually from a small-scale or family-owned
company their WTP for organic could be low.
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When comparing the individual’s WTP for organic, we find that as the more people
perceive a product from a small-scale company is better and care about the environment and
their health, the differences in WTP are more substantial. In addition, when respondents are less
concerned about what they are eating and where the products come from, it attenuates the
negative effects of the merger information on the individual’s willingness to pay for organic.
We have also examined the effect of factor variables on the individual willingness to pay
for vitamin D. Specifically, respondents who perceive the small-scale company is better than the
large-scale company (Factor 1) exhibit significantly negative WTP for vitamin after receiving
the merger information. Respondents who have consumed organic to support the small-scale
company (Factor 2) exhibit significantly negative WTP for vitamin as well yet before they
receive the merger information. The merger information affects the WTP of respondents under
Factor 3 and Factor 5 in a different direction. That is, the willingness to pay of respondents under
Factor 3 is positively affected while that of respondents under Factor 5 is negatively affected by
the merger information. For those who purchase products to protect the environment due to
personal health concerns, and to avoid GMO (Factor 3), the merger information influences
positively and makes them pay even more for the vitamin attribute. Respondents under Factor 5
exhibit significantly negative WTP after the merger information. We can think of this as these
respondents prefer organic products only from a small-scale, family-owned, and local company,
when they hear about the merged large firm it also negatively affects them resulting in negative
WTP for vitamin. Respondents with the intentions of buying organic foods regardless of the size,
ownership, and the location of the company (Factor 4) exhibit negative WTP for vitamin before
receiving the merger information.
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Overall, the merger information also affects an individual’s WTP for vitamin but its
magnitude of coefficients is relatively trivial compared with that for organic. Besides, our
respondents consume organic food more frequently, every two weeks in average, compared to
occasionally, less than once in a month, from a report of Organic & Natural 2016 by The
Hartman Group. We also infer such results from the fact that the statements used for factor
analysis are about respondents’ attitudes and preferences for organic products, and perceptions
on the size of food processing companies which might not be enough to represent their WTP for
vitamin appropriately. In addition, supported by the results of mixed logit model in Table 2.5,
standard deviations of vitamin D are not statistically significant which means preference
homogeneity in respondents. Therefore, we conclude that the existence of vitamin D increases
the utility level of respondents based on the results of mixed logit model.

5. Conclusions
Literature suggests that consumers’ understanding of the implications of organic food processing
are usually imprecise. In many instances, organic food processing is perceived as healthier, good
for the environment, being processed by a small, family-owned, and local manufacturing
company. Given the number of mergers and acquisitions in the organic food sector, one
questions if the perception of organic foods and the willingness to pay for it, would change when
the size, ownership, and the location of the food manufacturing company is different than what
we usually perceive. In this study, we analyze the effect of the business size, ownership, and the
location of the business manufacturing organic food products on the consumers’ preferences and
WTP for organic and vitamin content.

86

We assess the reasons motivating our sample of respondents to buy organic foods, and
17.65% of respondents indicate it is due to higher benefits to health, 16.86% due to
environmental concerns. Yet, the price premiums for organic are the barrier for consumption. We
also assess consumers’ understanding of the term locally produced, 21.27% of respondents
associate local with the small-scale and family-owned company. Less than 5%, however, agree
that organic foods are processed by a small-scale and family-owned company.
When comparing WTP before and after the merger of the company processing the
organic foods, such information negatively impacts the WTP for organic. We have grouped
consumers’ attitudes and preferences toward organic foods, and perceptions on the size of a food
manufacturing company, and examine the effect of grouped factors on the WTP for attributes.
The results indicate that there exists discrepancy; the merger information negatively affects the
WTP for organic while positively affects that for vitamin D. The effect of the merger
information, however, somewhat depends on consumers’ attitudes, preferences, and perceptions.
When respondents have strong preferences on organic foods regardless of the business size,
ownership, and the location of the business, it attenuates the negative effect on the individual’s
willingness to pay for organic.
The motivation to protect the environment, due to personal health concerns, and to avoid
GMO seems to be the most significant factor to make a purchase decision as respondents under
Factor 3 exhibit the highest WTP for the organic attribute. The second highest WTP for organic
is the motivation to buy organic foods to support the small-scale, family-owned, and local
company which contrasts to the findings of Schott and Bernard (2015). Regardless of the
negative impacts of the merger information, however, results show respondents’ positive WTP
for organic.
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The results are consistent with the 2017 U.S. Families’ Organic Attitudes and Behaviors
Study by the Organic Trade Association, indicating that millennials or generation Xs with
children prefer organic products from the small-scale company and the one possible reason can
be the desire to be a good parent. However, the potential influences are uncertain as more than
half of the respondents are not knowledgeable and informed about the merger in the food
industry. Our results indicate that millennials perceive the small-scale company is better but at
the same time, they express they will purchase organic regardless of the size.
With higher input costs and lower output prices, the small-scale companies are struggling
to compete with large corporates by appealing consumers through special packaging. In the dairy
industry, for example, Aurora Organic Dairy Corporation is the industry’s largest producer and
processor of store-brand organic milk and butter for U.S. retailers including Costco, Target, and
Wal-Mart. Competing with large operations has accelerated to make many smaller farms left in
the market. Thus, our study can provide information to companies that are considering merging
or acquiring other companies and/or already went through mergers and acquisitions seeking
information about consumers’ perceptions of the subgroup of each generation on the structural
change.
Lastly, in our study we assume small-scale companies are family-owned and local.
However, it would be meaningful to consider the attribute of small-scale, local, and familyowned separately as we often observed in reality family-owned companies could also be largescale such as Newman’s Own Organics and Eden Organic.
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Table 2.1. Selected attributes and attributes levels in the choice experiment
Attributes

Levels

Price ($/gallon)

$3.66, $5.99

Organic

Organic, Not organic (conventional)

Vitamin D

Enriched vitamin D, No vitamin D
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Table 2.2. Rotated factor loadings of consumer attitudes, preferences, and perceptions statements
Variable

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Uniqueness

Q23_1

0.2159

0.4315

0.6202

0.2319

-0.0417

0.3270

Q23_2

0.3280

0.3730

0.6604

0.1976

0.0564

0.2750

Q23_3

0.2290

-0.0228

0.8365

0.0627

0.2130

0.1980

Q23_4

0.2809

0.8794

0.1632

0.1184

0.2093

0.0632

Q23_5

0.2664

0.8893

0.1509

0.1007

0.2163

0.0585

Q23_6

0.2934

0.8788

0.1425

0.0884

0.2399

0.0560

Q24_1

-0.0165

-0.2466

-0.6501

-0.0569

0.3151

0.4138

Q24_2

0.1430

-0.1396

0.7578

-0.0781

0.3778

0.2370

Q24_3

0.3001

0.2294

0.1349

-0.1027

0.8294

0.1406

Q24_4

0.2889

0.2242

0.0317

-0.1428

0.8587

0.1076

Q24_5

0.3245

0.1962

0.0506

-0.1366

0.8221

0.1592

Q24_6

0.1257

0.3087

0.5297

0.3879

-0.0060

0.4579

Q24_7

-0.0125

0.1134

0.1107

0.9514

-0.0891

0.0616

Q24_8

0.0279

0.1001

0.1258

0.9587

-0.0957

0.0452

Q24_9

0.0361

0.0401

0.0617

0.9347

-0.1265

0.1037

Q26_1

0.8460

0.0634

0.2338

-0.0083

0.1712

0.1962

Q26_2

0.8572

0.1983

0.2029

0.0121

0.1207

0.1699

Q26_3

0.8031

0.2521

0.1718

0.1400

0.1166

0.2288

Q26_4

0.8392

0.1658

0.1097

0.0514

0.1542

0.2298

Q26_5

0.8208

0.1987

0.1238

0.0043

0.2727

0.1971
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Q26_6

0.6906

0.1637

0.0383
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-0.0291

0.2385

0.4370

Table 2.3. Summary statistics of the demographic characteristics of the respondents (N=268)
Frequency
Variable

Description

Mean SD
(%)

Sex

0.716 0.451
1 = female

1 = 71.64

0 = male

0 = 28.36

Primary
0.881 0.324
shopper
1 = primary shopper

1 = 88.06

0 = otherwise

0 = 11.94

Occupation

1.854 0.731
1 = Faculty

1 = 35.07

2 = Staff

2 = 44.40

3 = Student

3 = 20.52

Age

Ranged from 20 to 74

42.83 14.210

Household size

Number in the household

2.022 0.979

Under18

1 = One

1 = 35.21

2 = Two

2 = 38.95

3 = Three

3 = 14.23

4 = Four or more

4 = 11.61

Number of children under 18
1 = None

0.453 0.857
1 = 73.03
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2 = One

2 = 13.86

3 = Two

3 = 8.61

4 = Three

4 = 3.75

5 = Four or more

5 = 0.75

Education

4.519 0.715
1 = Some school
2 = High school graduate

2 = 2.61

3 = Community college

3 = 5.22

4 = 4-year college or university

4 = 29.85

5 = Advanced or professional degree

5 = 62.31

Income

3.966 1.714
1 = Less than $25,000

1 = 14.34

2 = $25,000-$34,999

2 = 9.06

3 = $35,000-$49,999

3 = 10.19

4 = $50,000-$74,999

4 = 23.77

5 = $75,000-$99,999

5 = 17.36

6 = $100,000 or more

6 = 25.28

Ethnic
White, European American, Non83.46
Hispanic
Asian, Asian American

6.39

Hispanic or Latino American

1.88
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Black, African American, Non-Hispanic

1.13

Middle Eastern American

0.38

Mixed race

3.01

Prefer not to respond

3.76

Region

2.179 0.776
1 = Rural area
14.55
(Population 2,500 or less)
2 = Small town
61.19
(Population between 2,500 and 50,000)
3 = Small city
16.04
(Population between 50,000 and 250,000)
4 = Large city
8.21
(Population 250,000 or more)
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Table 2.4. Respondents demographic compared to the Washington state population and U.S.
population
Respondents

2017

2017

(N=268)

Washington

U.S.

71.64

50

50.8

Units

Female

%

Household size

Number 2.02

2.57

2.63

Under 18

%

27.97

22.4

22.6

%

92.16

33.6

30.9

White

%

83.46

80

76.6

Median income

$/year

62,5001

62,848

5,7652

Education
(Bachelor’s degree or higher)

Source: U.S. Census Bureau QuickFacts as of July 1, 2017.
1
We take the median from a range of $50,000-$74,999.
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Table 2.5. Mixed logit model results
Model 1

Model 2

Model 3

Before Merger

After Merger

Pooled

-1.692***

-1.727***

-2.052***

(0.137)

(0.135)

(0.122)

2.109***

1.881***

2.449***

(0.271)

(0.252)

(0.297)

0.556***

0.615***

0.756***

(0.138)

(0.142)

(0.152)

-11.99***

-11.68***

-13.29***

(1.180)

(1.133)

(0.968)

Variable

Mean estimates
Price

Organic

Vitamin

None

None×Merger Info.

0.830***
(0.220)

Standard deviation estimates
Organic

Vitamin

None

Number of observations

2.800***

2.555***

3.705***

(0.337)

(0.305)

(0.339)

0.0149

-0.021

1.462***

(0.416)

(0.343)

(0.207)

6.581***

7.170***

7.129***

(1.117)

(1.054)

(1.001)

3129

3132

6261
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Log-likelihood

-581.839

-595.021

-1019.705

LR Chi-square

471.67

484.65

1273.42

Note: Numbers in parentheses are standard errors.
** p<0.05, *** p<0.01
a
The sign of the estimated standard deviations is irrelevant: interpret them as being positive.
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Table 2.6. Willingness to pay estimates
Model 1

Model 2

WTP

Model3

Before Merger

After Merger

Difference1

Pooled

1.250***

1.089***

0.161***

1.193***

(0.134)

(0.129)

0.332***

0.356***

(0.077)

(0.077)

Variable

Organic

Vitamin

Note: Numbers in parentheses are standard errors.
** p<0.05, *** p<0.01
1
P-value represents a test of before merger WTP > after merger WTP.
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(0.130)
-0.023***

0.369***
(0.071)

Table 2.7. OLS estimates for the effect of respondents’ sociodemographic on factors
Dependent variables

Income

Education

Millennials

GenerationXs

Children

F1:

F2:

F3:

F4:

F5:

Perceived small-

Organic support

Organic protect

Organic

Organic only

scale better

small-scale

environment

regardless of size

small-scale

-0.286***

-0.070**

-0.341***

0.050

-0.118***

(0.032)

(0.032)

(0.032)

(0.031)

(0.034)

0.058**

0.086***

0.075***

-0.086***

-0.118***

(0.025)

(0.026)

(0.026)

(0.028)

(0.027)

-0.159***

0.025

-0.424***

-0.060*

-0.115***

(0.037)

(0.038)

(0.036)

(0.036)

(0.038)

-0.078*

-0.054

0.333***

-0.157***

-0.003

(0.040)

(0.040)

(0.043)

(0.043)

(0.045)

-0.487***

-0.142**

0.117

-0119

0.185**

(0.073)

(0.067)

(0.075)

(0.74)

(0.073)

0.680***

-0.187**

0.092

0.032

0.204**

(0.086)

(0.088)

(0.091)

(0.090)

(0.090)

0.463***

0.184**

-0.017

0.033

-0.121

(0.087)

(0.081)

(0.089)

(0.089)

(0.087)

0.254***

0.305***

-0.104***

0.171***

-0.034

(0.029)

(0.030)

(0.030)

(0.028)

(0.029)

-0.093**

0.285***

-0.234***

0.205***

-0.198***

(0.036)

(0.033)

(0.037)

(0.040)

(0.037)

0.261***

-0.295***

0.446***

-0.103*

0.309***

(0.047)

(0.046)

(0.049)

(0.053)

(0.055)

Millennials
× Children

GenerationXs
× Children

City

White

Constant
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Adj R2

0.033

0.039

0.091

0.019

0.019

N

6096

6096

6096

6096

6096

Note: Numbers in parentheses are standard errors.
** p<0.05, *** p<0.01
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Table 2.8. OLS estimates for the effect of factors on WTP for attributes
Individual WTP for Organic

Individual WTP for Vitamin D

Before M&A

After M&A

Before M&A

After M&A

0.233***

0.079***

-3.56e-06

-2.04e-05***

(0.013)

(0.012)

(2.19e-06)

(2.69e-06)

0.305***

0.195***

1.06e-05***

3.79e-06

(0.012)

(0.012)

(1.85e-06)

(2.62e-06)

0.617***

0.484***

-3.34e-05***

-3.29e-05***

(0.013)

(0.012)

(2.68e-06)

(3.07e-06)

0.196***

0.121***

-1.08e-05***

1.16e-06

(0.012)

(0.011)

(1.75e-06)

(2.27e-06)

-0.067***

-0.102***

-4.29e-06**

-1.02e-05***

(0.013)

(0.012)

(1.79e-06)

(2.68e-06)

1.218***

1.077***

0.329***

0.356***

(0.013)

(0.012)

(2.39e-06)

(3.09e-06)

Adj R2

0.338

0.248

0.037

0.026

N

6168

6168

6168

6168

F1: Perceived small-scale better

F2: Organic support small-scale

F3: Organic protect environment

F4: Organic regardless of size

F5: Organic only small-scale

Constant

Note: Numbers in parentheses are robust standard errors.
** p<0.05, *** p<0.01
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A

B

C

I prefer neither of these
products

$5.99/ gallon

$3.99/ gallon

Not organic

Organic

Enriched Vitamin D

No Vitamin D

I would choose this one

I would choose this one

Figure 2.1. A sample of a choice scenario
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I would choose this one

Appendix
Appendix A. Figures and Tables
Table A1. Summary statistics of respondents’ demographic by occupation
Units

Faculty

Staff

Student

Female

%

62.77

83.19

61.82

Age

Years

50.07

43.97

28.69

Household size

Number

2.01

2.20

1.65

Under 18

%

26.88

34.45

10.91

Education (Bachelor’s degree or higher)

%

100

82.35

100

Ethnicity (White)

%

84.95

86.44

74.55

Median income

$/year

87,500

62,500

30,000

94

119

55

Total

Figure A1. Store types where consumers regularly shop for groceries (choose all)
Supermarkets
Warehouses
Supercenter
Direct market
Organic/specialty store
Limited assortment
Other
Ethnic food store
Online-only food store
Convenience store
Drug store

91.79
63.43
50.37
38.43
37.69
11.57
10.07
7.84
5.22
1.87
1.49
0

10

20

30

40

50
%

60

70

80

90

100

Table A2. Organic Foods Consumption Experience
Frequency (%)

109

Yes-have consumed

95.15

Yes-have considered consuming

2.24

No

2.61

Table A3. The Frequency of Organic Foods Consumption
Frequency of consumption

%

Once a week or more (=1)

42.75

Once a month (=3)

22.75

Every two weeks (=2)

10.20

Once every three months (=4)

9.80

Once every six months (=5)

5.49

Never (=7)

5.10

Once per year (=6)

3.92

Weighted average

2.57

Table A4. Meaning of the Term ‘Local Foods’ for the Consumer
Statements

%

Produced in any state within 100 miles of where I live

91.42

Own by a small-scale company

30.60

Own by a family-owned company

24.25

Healthy/nutritious foods

11.19

Traditional/indigenous foods

10.07
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Foods without chemicals/pesticides

5.60

Natural/Herbal foods

5.60

Foods grown with manure

1.87

Table A5. Meaning of ‘Organic Foods’ for the Consumer
Statements

%

Foods without chemicals/pesticides

70.15

Natural/Herbal foods

18.28

Healthy/nutritious foods

17.16

Foods grown with manure

14.93

Locally grown foods

8.21

Traditional/indigenous foods

5.22

Own by a small-scale company

4.85

Own by a family-owned company

3.36

Figure A2. Types of Organic Food Products Purchased by the Respondents
Fresh fruits and vegetables
Dairy products
Fresh meat and seafood
Baked goods and grains
Convenience foods
Processed vegetables
Processed fruits
Processed fats and oils
Confections
Processed meat and seafood
Other

93.1
69.73
62.84
51.72
44.44
43.3
42.15
36.4
32.57
27.2
6.51
0

10

20

30
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40

50
%

60

70

80

90

100

Table A6. The most important reason of consuming or considered consuming organic food
products
Yes

Yes

No –

– have consumed

– considered consuming

have not consumed

(%)

(%)

(%)

17.65

0

0

16.86

33.33

0

Other

13.33

0

28.57

Price

10.98

16.67

42.86

Safety concerns

9.80

16.67

14.29

Quality

7.06

0

0

Tasty

6.27

0

0

No specific reason

5.88

0

14.29

Affordable

5.49

16.67

0

Readily available

5.10

16.67

0

Animal welfare label

0.78

0

0

Non-GMO label

0.39

0

0

Company name

0.39

0

0

Country of origin

0

0

0

Brand name

0

0

0

Free-trade label

0

0

0

Healthy/nutritious
Environmental
concerns
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# of respondents

255

6

7

# of observations

6,120

144

168

Table A7. Respondents’ Attitudes about Organic Foods
Strongly

Somewhat Neither agree

Somewhat

Strongly

Disagree

Disagree

nor disagree

Agree

Agree

=1

=2

=3

=4

=5

%

%

%

%

%

48.31

9.36

18.35

13.11

10.86

2.29

20.22

13.86

17.6

24.34

23.97

3.18

19.85

7.12

24.34

34.46

14.23

3.16

19.85

7.12

26.22

34.46

12.36

3.12

Weighted
average

You buy organic
food products to
avoid GMO foods
You buy organic
food products
because you are
concerned for the
environment
You buy organic
food products to
support local
companies
You buy organic
food products to
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support familyowned companies
You buy organic
food products to
19.48

8.61

25.47

33.33

13.11

3.12

19.1

8.24

11.61

21.72

39.33

3.54

support smallscale companies
You buy organic
food products
because you are
concerned for
your health or the
health of your
family

Table A8. Respondents’ Preferences about Organic Foods
Strongly

Somewhat Neither agree

Somewhat Strongly

Disagree

Disagree

Agree

Weighted
nor disagree

Agree
average

=1

=2

=3

=4

=5

%

%

%

%

%

46.82

13.11

22.47

8.24

9.36

I will only buy or
consider buying
organic food
products if they
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2.20

are not GMO
foods
I will only buy or
consider buying
organic food
29.48

26.87

34.7

8.58

0.37

2.23

28.73

17.54

13.06

26.49

14.18

2.80

27.99

26.12

31.72

11.94

2.24

2.34

products if they
are from smallscale companies
I will buy or
consider buying
organic food
products even if
they are more
expensive than
non-organic food
products
I will only buy or
consider buying
organic food
products if they
are from local
companies
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I will only buy or
consider buying
organic food
27.61

28.73

31.34

11.19

1.12

2.29

19.03

16.79

17.16

28.36

18.66

3.11

9.36

9.74

24.34

38.58

17.98

3.46

8.96

8.21

21.64

42.16

19.03

3.54

products if they
are from familyowned companies
I will only buy or
consider buying
organic food
products if they
are cheaper than
non-organic food
products
I will buy or
consider buying
organic food
products even if
they are from
corporate-owned
companies
I will buy or
consider buying
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organic food
products even if
they are not from
small-scale
companies
I will buy or
consider buying
organic food
8.96

7.46

22.01

42.54

19.03

3.55

products even if
they are not from
local companies

Table A9. Respondents’ perceptions about a small-and large-scale company
Strongly

Somewhat Neither agree

Somewhat Strongly

Disagree

Disagree

nor disagree

Agree

Agree

=1

=2

=3

=4

=5

%

%

%

%

%

30.34

16.48

43.07

8.24

1.87

Weighted

Perceptions

average

A small-scale
company’s product is
healthier than a largescale company’s
product.
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2.35

A small-scale
company’s product
quality is better than a

25.09

12.73

36.33

23.22

2.62

2.66

23.97

16.1

49.81

8.99

1.12

2.47

22.1

13.11

40.82

18.73

5.24

2.72

17.98

10.49

39.33

25.47

6.74

2.93

large-scale company’s
product quality.
A small-scale
company’s product is
produced with more
organic ingredients
than a large-scale
company’s product.
A small-scale
company’s product is
more environmentally
friendly than a largescale company’s
product.
A small-scale
company’ product is
produced with more
local ingredients than

118

a large-scale
company’s product.
A small-scale family12.62

2.34

71.96

11.21

1.87

2.87

owned company

Table A10. The level of knowledge about ‘Family-owned company’
Yes

Yes

No –

– have consumed

– considered consuming

have not consumed

(%)

(%)

(%)

0

1.18

0

0

1

27.84

50

71.48

2

31.37

16.67

28.57

3

29.80

16.67

0

4

9.02

16.67

0

5

0.78

0

0

Mean

2.2

2

1.29

SD

1.01

1.16

0.45

# of respondents

255

6

7

# of observations

6,120

144

168

# of company

Table A11. The level of knowledge about ‘Corporate-owned company’
# of company

Yes

Yes
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No –

– have consumed

– considered consuming

have not consumed

(%)

(%)

(%)

0

8.24

16.67

14.29

1

8.24

16.67

14.29

2

18.82

33.33

28.57

3

23.92

16.67

28.57

4

21.57

0

14.29

5

11.37

0

0

6

5.88

16.67

0

7

1.96

0

0

Mean

3.10

2.33

2.14

SD

1.662

1.892

1.249

# of respondents

255

6

7

# of observations

6,120

144

168

Table A12. The familiarity of ‘Merger activities between small-and large-scale companies’
Yes

Yes

No –

– have consumed

– considered consuming

have not consumed

(%)

(%)

(%)

0

53.73

33.33

57.14

1

16.47

50

0

2

12.55

0

28.57

# of company
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3

10.59

16.67

0

4

4.31

0

0

5

1.96

0

0

6

0.39

0

14.29

Mean

1.03

1

1.43

SD

1.373

1.003

2.066

# of respondents

255

6

7

# of observations

6,120

144

168
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Appendix B. Survey Questionnaire
Q1. Are you the Primary food shopper in your household? (make 50% or more of all purchases)

Yes
No

Q2. Which of the following types of stores do you regularly shop for groceries? Please
check ALL that apply.

Supermarkets (e.g., Albertsons, Safeway, local grocery chain)
Supercenter (e.g., Walmart)
Warehouses (e.g., Costco, Sam’s club, BJ’s Wholesale Club) & Discount (WinCo,
Fareway)
Limited assortment (e.g., Grocery Outlet, Aldi’s, Save-A-Lot)
Organic/specialty store (e.g., Whole Foods, Trader Joe’s)
Drugstore (e.g., CVS pharmacy, Walgreens, Rite Aid)
Convenience store (e.g., 7-Eleven, Circle K, Speedway, Casey’s General Store)
Ethnic food store (e.g., H mart, 99 ranch market, Hong Kong Supermarket)
Online-only food store (e.g., Amazon Grocery, Fresh Direct, Local Harvest, ShopFoodEx)
Direct market (e.g., Farmer’s market, Farm stand, Orchard)
Other please specify ______________________
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Section A. Choice Decisions
In this section you will be asked to make food product choices similar to the choices you make
when you do grocery shopping. You will be presented different scenarios each with three
options. Please select the one option you most prefer: A, B, or C.

When responding consider the following definitions:
Local: a product produced in any state within 100 miles of where you live.
Small-scale companies: having gross sales UNDER $250,000 and employing FEWER than
100 workers.
Large-scale companies: having gross sales OVER $250,000 and employing MORE than 100
workers.

Part 1. Without M&A information
Imagine that you plan to purchase one gallon of milk while shopping for groceries. You see two
milk products, product A and B. They are identical in size and pasteurized, produced by a
SMALL-SCALE, FAMILY-OWNED, and LOCAL company. For each choice below, compare
the products and choose which product you would buy, or none at all. Please assume both
products are available for sale.

Q3. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.
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A

B

C

Product
I prefer neither of these
Price

$5.99/ gallon

$3.99/gallon

Organic

No

Yes

No

Yes

I would choose this one

I would choose this one

products

Enriched
Vitamin D
I would choose this one

Q4. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

Keep in mind that they are identical in size and pasteurized, produced by a SMALLSCALE, FAMILY-OWNED, and LOCAL company.

A

B

C
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Product
I prefer neither of these
Price

$3.99/ gallon

$5.99/ gallon

Organic

No

Yes

No

Yes

products

Enriched
Vitamin D
I would choose this one I would choose this one

I would choose this one

Q5. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

Keep in mind that they are identical in size and pasteurized, produced by a SMALLSCALE, FAMILY-OWNED, and LOCAL company.

A

B

C

I prefer neither of these
Product
products
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Price

$5.99/ gallon

$3.99/ gallon

Organic

No

Yes

Yes

No

I would choose this one

I would choose this one

Enriched
Vitamin D
I would choose this one

Q6. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

Keep in mind that they are identical in size and pasteurized, produced by a SMALLSCALE, FAMILY-OWNED, and LOCAL company.

A

B

C

Product
I prefer neither of these
Price

$5.99/ gallon

$3.99/ gallon

Organic

Yes

No

No

Yes

Enriched
Vitamin D
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products

I would choose this one

I would choose this one

I would choose this one

Part 2. With M&A information
Please read the following statement carefully: A merger and acquisition occur between two
companies producing the milk products. Now the Small-scale, Family-owned, and Local
company is owned by the Large-scale, Corporate-owned, and Non-local company.
Imagine that you plan to purchase one gallon of milk while shopping for groceries. You see two
milk products, product A and B. They are identical in size and pasteurized. For each choice
below, compare the products and choose which product you would buy, or none at all. Please
assume both products are available for sale.

Q7. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

A

B

C

Product
I prefer neither of these
products
Price

$5.99/ gallon

$3.99/ gallon

Organic

No

Yes

Enriched

No

Yes
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Vitamin D
I would choose this one I would choose this one

I would choose this one

Q8. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

Keep in mind that now the Small-scale, Family-owned, and Local company is owned by the
Large-scale, Corporate-owned, and Non-local company.

A

B

C

Product
I prefer neither of these
Price

$3.99/ gallon

$5.99/ gallon

Organic

No

Yes

No

Yes

I would choose this one

I would choose this one

products

Enriched
Vitamin D
I would choose this one

Q9. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.
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Keep in mind that now the Small-scale, Family-owned, and Local company is owned by the
Large-scale, Corporate-owned, and Non-local company.

A

B

C

Product
I prefer neither of these
Price

$5.99/ gallon

$3.99/ gallon

Organic

No

Yes

Yes

No

I would choose this one

I would choose this one

products

Enriched
Vitamin D
I would choose this one

Q10. Please choose only ONE option that you would be willing to buy. You can always choose
none of the options presented, option C. Click on the ONE option you would choose.

Keep in mind that now the Small-scale, Family-owned, and Local company is owned by the
Large-scale, Corporate-owned, and Non-local company.

A

B

C
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Product
I prefer neither of these
Price

$5.99/ gallon

$3.99/ gallon

Organic

Yes

No

No

Yes

products

Enriched
Vitamin D
I would choose this one I would choose this one

I would choose this one

Section B. Grocery Shopping Questions with Perceptions and Attitudes
Q11. Please indicate your level of agreement with the following statements. Please check ONE
for each statement.

Strongly

Somewhat Neither agree Somewhat

Strongly

Agree

Agree

Disagree

I consider a product
produced in my county to
be local
I consider a product
produced within 100 miles,
but in the state I live in to
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nor disagree

Disagree

be local

I consider a product
produced in any state
within 100 miles of where I
live to be local
I consider a product
produced in any state
surrounding where I live to
be local

Q12. Please indicate the importance of each of the following attributes when you purchase food
products. Please check ONE for each attribute.

Extremely Very
important

Moderately Slightly

important important

Taste
Price
Product size
Company name
Brand name
Regional or local
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Not at all

important important

(buy local or state of origin
labels)
Organic label
Healthfulness
(e.g., pesticide free)
Sustainable agriculture
(e.g., Food Alliance)
Food safety label
Fair trade label
Animal welfare label
Non-GMO label
Eco-label
(e.g., environmentally
friendly)

Q13. What do you understand by the term Local foods? What do you think they are? Please
check ALL that apply.

Natural/Herbal foods
Foods grown with manure
Foods without chemicals/pesticides
Traditional/indigenous foods
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Healthy/nutritious foods
Produced in any state within 100 miles of where I live
Own by a small-scale company
Own by a family-owned company
Does not apply
Other please specify ______________________

Q14. What do you understand by the term Organic foods? What do you think they are? Please
check ALL that apply.

Natural/Herbal foods
Foods grown with manure
Foods without chemicals/pesticides
Traditional/indigenous foods
Healthy/nutritious foods
Locally grown foods
Own by a small-scale company
Own by a family-owned company
Does not apply
Other please specify ______________________

Q15. Where did you learn the term Organic foods, in other words, what was your source of
information to answer the previous question? Please select ONE, the MOST important source.
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Television programs/advertisements
Radio programs/advertisements
Newspaper/magazines/journals
Books
Internet (including social media like Facebook, twitter)
Product label
Taught in school/college
At a promotional/educational event
Word of mouth
Other please specify ______________________

Q16. Have you ever consumed or considered consuming organic food products?

Yes – have consumed
Yes – have considered consuming (skip to Q18)
No (skip to Q20)

Q17. How often do you purchase the organic food products? Please select ONE.

Once a week or more
Every two weeks

134

Once a month
Once every three months
Once every six months
Once per year
Never

Q18. Which types of organic food products have you ever consumed or considered consuming?
Please check ALL that apply.

Baked goods and grains (e.g., bread, muffins, bagels, cookies, pie, etc.)
Fresh fruits and vegetables
Processed fruits (e.g., canned/frozen fruit, fruit sauces, fruit juice, etc.)
Processed vegetables (e.g., canned/frozen vegetables, French fries, ketchup, mustard, etc.)
Convenience foods (e.g., cereals, granola, etc.)
Fresh meat and seafood (e.g., chicken, pork, turkey, beef, salmon, etc.)
Processed meat and seafood (e.g., canned/cured meat and seafood, ham, sausage, etc.)
Dairy products (e.g., cheese, milk, yogurt, etc.)
Processed fats and oils (e.g., cooking oils, margarine, salad dressing, mayonnaise, etc.)
Confections (e.g., frozen desserts, chocolate, ice cream, candies, sugar, syrups, etc.)
Other please specify ______________________

Q19. Why have you consumed or considered consuming the type of organic food products
answered above? Please select ONE, the MOST important reason.

135

Price
Tasty
Healthy/nutritious
Environmental concerns
Safety concerns
Affordable
Readily available
Quality
Free-trade label
Animal welfare label
Non-GMO label
Country of origin
Company name
Brand name
No specific reason
Other please specify ______________________

Q20. Why have you never consumed or considered consuming types of organic food products
answered above? Please select ONE, the MOST important reason.

Price
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Tasty
Healthy/nutritious
Environmental concerns
Safety concerns
Affordable
Readily available
Quality
Free-trade label
Animal welfare label
Non-GMO label
Country of origin
Company name
Brand name
No specific reason
Other please specify ______________________

Q21. During the past 3 years (2014-2017), have you changed your consumption of organic food
products? (Only when Yes – have consumed is selected for Q16)

Increased
Remained the same (skip to Q23)
Decreased
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Not sure/don’t know (skip to Q23)

Q22. If your consumption has changed, please specify the reason for the change by checking
ONE, the MOST important reason. (Only when Yes – have consumed is selected for Q16)

Price
Tasty
Healthy/nutritious
Environmental concerns
Safety concerns
Affordable
Readily available
Quality
Free-trade label
Animal welfare label
Non-GMO label
Country of origin
Company name
Brand name
No specific reason
Other please specify ______________________

Q23. Please indicate your level of agreement with the following statements. Please check ONE
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for each statement.

Strongly Somewhat

Neither agree

Somewhat

Strongly

Agree

nor disagree

Disagree

Disagree

Agree

You buy organic food
products because you
are concerned for the
environment
You buy organic food
products because you
are concerned for your
health or the health of
your family
You buy organic food
products to avoid GMO
foods
You buy organic food
products to support
small-scale companies
You buy organic food
products to support
local companies
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You buy organic food
products to support
family-owned
companies

Q24. Please indicate your level of agreement with the following statements. Please check ONE
for each statement.

Strongly

Somewhat Neither agree Somewhat

Strongly

Agree

Agree

Disagree

I will only buy or consider
buying organic food
products if they are cheaper
than non-organic food
products
I will only buy or consider
buying organic food
products if they are not
GMO foods
I will only buy or consider
buying organic food
products if they are from
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nor disagree

Disagree

small-scale companies

I will only buy or consider
buying organic food
products if they are from
local companies
I will only buy or consider
buying organic food
products if they are from
family-owned companies
I will buy or consider
buying organic food
products even if they are
more expensive than nonorganic food products
I will buy or consider
buying organic food
products even if they are
not from small-scale
companies
I will buy or consider
buying organic food
products even if they are
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not from local companies
I will buy or consider
buying organic food
products even if they are
from corporate-owned
companies

Q25. Please indicate your level of agreement with the following statements. Please check ONE
for each statement.

Strongly

Somewhat Neither agree

Somewhat Strongly

Agree

Agree

Disagree

nor disagree

Disagree

I trust food labels sponsored
by governmental agencies
I trust food labels sponsored
by environmental groups
I trust the USDA Organic
certification program to
ensure the food product I
buy is really organically
produced

Q26. Please indicate your level of agreement with the following statements. Please note that
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SMALL-scale companies are those that have gross sales UNDER $250,000 and employ
FEWER than 100 workers. LARGE-scale companies are those with gross sales OVER
$250,000 and employ MORE than 100 workers. Please check ONE for each statement.

Strongly

Somewhat Neither agree Somewhat Strongly

Agree

Agree

A small-scale company’s
product is healthier than a
large-scale company’s
product.
A small-scale company’s
product quality is better than
a large-scale company’s
product quality.
A small-scale company’s
product is more
environmentally friendly
than a large-scale company’s
product.
A small-scale company’
product is produced with
more local ingredients than a
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nor disagree

Disagree

Disagree

large-scale company’s
product.
A small-scale company’s
product is produced with
more organic ingredients
than a large-scale company’s
product.
A small-scale family-owned
company

Q27. Have ever heard of the following products produced by a family-owned company? Please
check ALL that apply.

Pascha Chocolate (Organic/Non-GMO

Eden Organic (Organic/Non-GMO variety)

chocolate)
o

o
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Newman’s Own Organics (Organic variety)

Healthy Times (Organic baby foods)

o

Sunshine Burger (Organic/Non-GMO burger

Yogi Tea (Organic tea)

patties)
o

o

Does not apply

o
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Q28. Have ever heard of the following products produced by a corporate-owned company?
Please check ALL that apply.

Dagoba (Organic chocolate)

Bear Naked (Organic granola)

o

Alexia (Organic frozen foods)

o

Rudi’s bakery (Organic bakery)

o

o
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Annies’ (Organic pasta, meals, and snacks)

Odwalla (Organic juice)

o

o

Does not apply

Plum Organics (Organic baby foods)
o

o

Q29. Did you know that these companies have merged with the following large-scale
companies? Please check those you are aware of.

Hershey owns Dagoba (Organic chocolate)
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Kellogg owns Bear Naked (Organic granola)
ConAgra owns Alexia (Organic frozen foods)
Hain Celestial owns Rudi’s bakery (Organic bakery)
General Mills owns Annies’ (Organic pasta, meals, and snacks)
Coca-cola owns Odwalla (Organic juice)
Campbell soup owns Plum Organics (Organic baby foods)
Don’t know

Section C. About you and your household
Next, we would like to ask a bit about you and your household. This information is required for
statistical analysis. All information provided will be treated with strict confidentiality. Your
name or other identifying information will never be related to the information. Summary
information will only be presented as group averages.

Q30. What best describes your occupation?

Faculty
Staff
Student

Q31. What is your gender?
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Male
Female

Q32. Including yourself, for how many people do you usually shop for groceries?

One
Two
Three
Four or more

Q33. Of the people for whom you buy groceries, how many are under the age of 18?

None
One
Two
Three
Four or more

Q34. What is the highest level of education you have completed?

Some school
High school graduate
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Community college
4-year college or university
Advanced or professional degree

Q35. Which of the following best describes where you live?

Rural area (population 2,500 or less)
Small town (population between 2,500 and 50,000)
Small city (population between 50,000 and 250,000)
Large city (population 250,000 or more)

Q36. How old are you?

Q37. What was your household income for the past year before taxes (2016)?

Less than $25,000/yr
$25,000-$34,999/yr
$35,000-$49,999/yr
$50,000-$74,999/yr
$75,000-$99,999/yr
$100,000/yr or more

Q38. Which best describes your racial-ethnic identity?
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American Indian or Alaskan Native
Asian, Asian American
Black, African American, Non-Hispanic
Hispanic or Latino American
Middle Eastern, Middle Eastern American
Native Hawaiian or Pacific Islander
White, European American, Non-Hispanic
Mixed race
Prefer not to respond

Thank you for completing this survey.
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CHAPTER THREE: TECHNOLOGY ADOPTION OF MECHANICAL HARVESTERS IN
FRESH BLUEBERRY MARKET

Abstract
This study examines the choice of optimal harvesting technology in the three major blueberry
producing regions in the United States. We first compute the net present value (NPV) of
technologies, to assess outcomes under risk neutrality. Then, we apply stochastic dominance to
account for risk. NPV results imply that modified OTR is the most profitable method in the
Northwest and Southeast while OTR has the highest NPV in the Eastern when the operation last
for 15years. The Northwest region has a relatively shorter period for the recovery from the initial
investment for all technologies. The results of stochastic dominance indicate that modified OTR
harvester is considered to be the most riskless methods in all regions, growers’ risk aversion
level and the characteristics of farm operations may play an important role in the determination
of harvest technologies. Our findings provide the potential advantage of mechanical harvesters
over manual harvesting.
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1. Introduction
Fresh blueberry per capita consumption has increased by 515% during the last decade from 0.26
lb. in 1993 to 1.6 lb. in 2016 (U.S. Department of Agriculture, Economic Research Service,
2018, 1). This increase in consumption is in part attributable to the increase in consumers’
awareness of the health benefits associated with blueberries, especially the high concentration of
antioxidants (Brazelton, 2013; 2015). Mirroring the increase in consumption, utilized fresh
blueberry production has increased by 339% in the last decade from 69.9 million pounds in 1993
to 306.9 million pounds in 2017 (U.S. Department of Agriculture, Economic Research Service,
2018, 2).
This expansion of the blueberry industry could be put at risk due to the apparent
shrinkage in agricultural labor pools and output price uncertainty (Brazelton, 2015; Gallardo and
Zilberman, 2016; Takeda et al., 2008, 2013, 2017). Blueberries are labor and management
intensive and are mostly harvested manually (over 500 hours/acre) requiring significant initial
investment and solid production and market planning (Taketa et al., 2008, 2013, 2017). For
example, in the United States, manual labor accounted for 42% of the variable production
expenses for fruit and vegetable crops although its share varied significantly depending on the
characteristics of the commodity and mechanization of the horticultural activities (Brady et al.,
2015). In view of the shrinking labor pools and increasing labor costs, adopting mechanical
harvesters to the fresh blueberry industry has been considered a way to ensure the long-term
economic sustainability of the industry (Brazelton, 2015; Gallardo and Zilberman, 2016; Takeda
et al., 2008, 2013, 2017).
Typically, mechanized or automated harvesting is applied to fruits destined to the
processing market and not the fresh market (Karkee, 2017). Mechanical harvesters, such as the
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over-the-row (OTR) harvester, have been used for processing blueberry for years. However, for
fresh market fruits, the use of mechanical harvesters implies a number of advantages and
limitations. The advantages of using mechanical harvesters stem in the reduction of harvesting
costs and labor dependency. Further, mechanical harvesters make it possible to harvest more
hours per day and prevent exposure to human-carried bacteria (Takeda, 2017). For example, for
processing blueberries, OTR harvesters can cut harvest labor to 25 hours /hectare (10 hours
/acre) and reduce harvest cost from $2.80 /kg by hand to $0.26 /kg (Brown et al., 1996; Dale et
al., 1996; Taketa et al., 2017).
The major disadvantage of the mechanical harvesters is the damage to the fruit, that
compromises the shelf life making them non-viable to be sold in fresh markets (Gallardo and
Zilberman, 2016). Blueberries get damaged either during the detaching operation and when they
fall in the catching surfaces. Fruit loss is another disadvantage, as 20% to 30% on average is lost
during the harvest as the fruits fall to the ground (Takeda et al., 2017). Another constraint for the
adoption of mechanical harvesters is whether it would be economical for farmers to alter manual
labors to the machine as it shifts harvesting costs to a fixed cost of mechanization (Takeda et al.,
2008; Gallardo and Zilberman, 2016).
Further, despite the labor cost saving, it is difficult for small- and medium-size farm
operations to adopt the machine due to the high initial investment, operating costs, and output
price uncertainty. In response, industry, academia, and government are joining efforts to develop
semi-mechanical harvester prototypes, that would imply a lower investment compared to other
mechanical harvesters. An example is a hand-held harvester with the potential to reduce labor
requirement to less than 100 hour/hectare/year (40.5 hours /acre) compared to manual harvest.
These machines are expected to cost between $11,000 to $60,000 per unit (Takeda et al., 2017).
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However, field trial results in DeVetter et al. (2019) show no promising results for hand-held
harvesters in terms of picking rates, fruit loss, number of individuals involved with the machine,
affecting overall machine efficiency. Recent efforts have been focused on an OTR-type harvester
with a modified catch plate that would minimize the probability that the blueberry gets damaged
when harvested and fruit loss in the field. Initial investments required to adopt a mechanization
alternative and field trial results warrant an economic analysis of what feasible options blueberry
operations have; and the thresholds of investment versus results of each option.
The objective of this study is to examine the choice of optimal harvesting technology.
Since this choice is done under risk, as yields, prices of fresh and processing blueberries, and
labor cost are all random variables,21 we follow an approach that would take into consideration
risk. In this study, we first compute the net present value of the three technologies, to assess
outcomes under risk neutrality, following the approach in Gallardo and Zilberman (2016). Then,
we apply stochastic dominance to account for risk. We simulate 1,000 observations for each
variable in the net present value analysis. We consider that prices, wages, and yields follow a
gamma probability distribution and the percentage of losses and harvest-induced damage follow
a beta probability distribution. Because of the different production and marketing circumstances,
we focus the analyses in the three major blueberry producing regions across the United States:
Northwest includes Oregon and Washington; Southeast includes Georgia, Florida, and North
Carolina; and Eastern includes Michigan and New Jersey.

21

We did not consider other risk factors such as weather in this study. However, risk like weather can be
reflected through yields as the weather affects productivity in general. Besides, our focus is more on uncertainty in
the market and technology factors. For simplicity, we assume there only exists uncertainty in yields, prices of fresh
and processing, and labor costs in this study.
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2. Literature review
Mechanization technologies in agriculture are challenged to advance given the highly variable
and loose structure of the agricultural environment. For a mechanization technology to be
successful in agriculture, a systems approach or the confluence of different disciplines
(biology/agriculture related along with engineering) must be utilized (Gallardo and Sauer, 2018).
Concerns in the availability of labor for labor-intensive horticultural activities such as harvest
trigger the attention to the development of mechanization devices in special for harvest but also
adaptable to other horticultural activities. By 2010, five U.S. tree fruit industries -with products
diverted to the processing market- used some form of mechanical harvesting: oranges, tart
cherries, olives for canning, tree nuts, blueberries, and apples. Not surprisingly, most published
economic analyses related to mechanical harvesting in specialty crops center on the Florida
citrus industry (Searcy et al., 2007; Blanco and Roka, 2009; Iwai et al., 2009a,b; Moseley et al.,
2012; Searcy et al., 2012). There are one published study each on the mechanical harvest of tart
cherries (Wright et al., 2006), sweet cherries (Seavert and Whiting, 2011), olives (Klonsky et al.,
2012), and blueberries (Gallardo and Zilberman, 2016). These studies use the net present value
(NPV) approach concluding that mechanical harvesting is more likely to be adopted when its
NPV is greater than that of hand harvesting. Wright et al. (2006), Iwai et al. (2009b), and
Moseley et al. (2012) use different methodologies to demonstrate that mechanical harvesters are
profitable in the long run compared to hand harvesting under strong assumptions of efficiencies
and economies of scale. Overall findings are that mechanical harvesting is more feasible for
industries producing crops for the processing market than for the fresh market and that a total
systems approach is the most suitable.
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A number of studies center on analyzing the performance of harvest methods and
growers’ interest in the adoption of mechanical harvesters by the blueberry industry (Gallardo
and Zilberman, 2016; Takeda et al., 2017; Rodgers et al., 2017). Gallardo and Zilberman (2016)
use an expected profit empirical model to determine the factors impacting the economic viability
of adopting OTR harvesters by the blueberry industry. They conclude that price differentials
between fresh and processing market blueberries are a factor that could trigger the adoption of
OTR harvesters. Takeda et al. (2017) compare the performance of a newly developed hand-held
shaker with an existing OTR harvester. They conclude that despite the limitations of the handheld shaker (e.g., low harvest capacity, and potential worker fatigue and injury), blueberry
growers are interested in using them for the fresh markets because of their affordability and
increasing labor concerns. Rodgers et al. (2017) investigate the effect of producers’ risk
preferences and labor uncertainty on the adoption of mechanical harvesters among blueberry
producers in the Southeastern United States. They find that labor and price uncertainty positively
influence growers’ decision to adopt new technology and growers with higher levels of risk
aversion are more likely to adopt and use mechanical harvesters.
Similar to the above-cited studies (Wright et al., 2006; Seavert and Whiting, 2011;
Klonsky et al., 2012; Gallardo and Zilberman, 2016), we compare the expected profits of
mechanical harvesters with that of manual harvesting using NPV. Different from past studies
(Searcy et al., 2007; Blanco and Roka, 2009; Iwai et al., 2009a,b; Moseley et al., 2012; Searcy et
al., 2012; Rodgers et al., 2017), we perform the analysis by major producing -in volume- states
in the United States, to capture the production and marketing differences across each production
region. In addition, we add the risk component considering four sources of uncertainty, output
prices, labor wages, yield, the percentage of harvest-induced damaged fruit and the percentage of
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fruit lost in the field and investigate the riskiness of mechanical harvesters. For instance, none of
them incorporates uncertainty in the analysis and does not evaluate different types of mechanical
harvesters. Rodgers et al. (2017) do not analyze the economic feasibility of mechanical
harvesting compared to manual harvesting and only measure the effect of grower’s risk
preference on the adoption decision. Other studies (Wright et al., 2006; Iwai et al., 2009b; and
Moseley et al., 2012) compare the profitability of mechanical harvesters compared to manual
harvesting but they do not use NPV approach.
Section 3 presents the model and its empirical application. Section 4 discusses our
findings and concludes in Section 5.

3. Methodology
Empirical model
Consider a farmer who operates with a traditional technology (i.e., manual harvesting) and is
contemplating the adoption of alternative harvesting methods (i.e., hand-held shakers, OTR
harvesters, and modified OTR harvesters) that requires a fixed initial investment. We use 𝑌𝑟 (𝐱)
to denote the farmer’s yield per acre by region 𝑟 as a function of the attributes 𝐱. These attributes
are the farmer’s wealth, human capital, ability to use machinery, and so on. Following the
formulation of Caswell and Zilberman (1986), each farmer makes a decision 𝑑 = {1, 2, 3,4} that
consists of technology choice in the blueberry industry: (1) manual harvesting, 𝑑 = 1; (2) a
hand-held shaker, 𝑑 = 2; (3) an over-the-row (OTR) machine, 𝑑 = 3; and (4) modified over-therow machine, 𝑑 = 4. We assume that a farmer owns the machine when she chooses to adopt the
technology. In our study we focus on the fresh blueberry market as the processing market already
utilizes mechanical harvesters.
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In each technology, we have two types of disadvantages: (1) the percentage of harvest
𝑑
lost in the field, called yield loss 𝐷𝑦𝑖𝑒𝑙𝑑
; and (2) the percentage of damaged fruits, called quality
𝑑
damage 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
. These rates vary by harvest methods such that for yield loss manual harvesting

has the lowest rates and a hand-held shaker has the highest loss rates while an OTR and modified
3
2
4
1
OTR harvesters have the same loss rates, i.e. 𝐷𝑦𝑖𝑒𝑙𝑑
> 𝐷𝑦𝑖𝑒𝑙𝑑
= 𝐷𝑦𝑖𝑒𝑙𝑑
> 𝐷𝑦𝑖𝑒𝑙𝑑
.22 For quality

damages, manual harvesting exhibits the lowest and an OTR harvester exhibits the highest while
3
4
a hand-held shaker and modified OTR harvesters have the same rates, i.e. 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
> 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
=
2
1
𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
> 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
.23 We assume that damaged fruits that do not meet the fresh market quality

standards can be deflected to the processing market. In addition, the adoption of new technology
incurs an annualized cost of owning machinery and maintenance cost per acre 𝐾 𝑑 , where 𝐾 4 >
𝐾 3 > 𝐾 2 > 𝐾 1 = 0.24 𝑀𝑑 indicates machine capacity, where 𝑀4 = 𝑀3 > 𝑀2 > 𝑀1 = 0.25
The quantity of fresh blueberries produced per acre for a farmer in region 𝑟 under
decision 𝑑 can be represented by
𝑓𝑑

𝑑
𝑑
𝑄𝑟 = 𝑌𝑟 (1 − 𝐷𝑦𝑖𝑒𝑙𝑑
)(1 − 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
).

(1)

The quantity of blueberries destined to the processing market is
𝑑
𝑑
𝑄𝑟𝑝𝑑 = 𝑌𝑟 (1 − 𝐷𝑦𝑖𝑒𝑙𝑑
)𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
.

(2)

22
We obtain this information through the personal communication with Dr. Fumi Takeda. The yield losses
are 10%, 15%, 12%, and 12% for manual, hand-held, OTR, and modified OTR respectively.
23
We obtain this information through the personal communication with Dr. Fumi Takeda. The quality
damages are 2%, 10%, 15%, and 10% for manual, hand-held, OTR, and modified OTR respectively.
24
We obtain this information through the personal communication with Dr. Fumi Takeda. The machinery
costs are $16,800, $230,000, and $275,000 for hand-held, OTR, and modified OTR respectively. The operation costs
of machine ($/year) are $1,000, $6,500, and $7,500 for hand-held, OTR, and modified OTR respectively.
25
We obtain this information through the personal communication with Dr. Fumi Takeda. The machine
capacities per one machine are 7.5 acres, 65 acres, and 65 acres for hand-held, OTR, and modified OTR
respectively.
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𝑓

Let 𝑃𝑟 is the price that a producer gets by selling blueberries at the fresh market and 𝑃𝑟𝑝 is the
𝑓

price for the processing market in region 𝑟, where 𝑃𝑟 ≥ 𝑃𝑟𝑝 . Then, following Gallardo and
Zilberman (2016) we estimate net revenue, 𝑁𝑟𝑑 , for each technology in region 𝑟 as follows
𝑓

𝑑
𝑑
𝑑
𝑑
𝑁𝑟𝑑 = 𝑃𝑟 𝑌𝑟 (1 − 𝐷𝑦𝑖𝑒𝑙𝑑
)(1 − 𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
) + 𝑃𝑟𝑝 𝑌𝑟 (1 − 𝐷𝑦𝑖𝑒𝑙𝑑
)𝐷𝑞𝑢𝑎𝑙𝑖𝑡𝑦
𝑤ℎ

𝑤𝑟𝑑𝑟

𝑟

𝑞𝑟𝑑𝑟

𝑑
− [𝑌𝑟 (1 − 𝐷𝑦𝑖𝑒𝑙𝑑
) ( 𝑞ℎ𝑟 +

𝐾𝑑

)] − 𝑀𝑑 .

(3)

, where 𝑤𝑟ℎ is the picker labor cost per hour ($/hour) in region 𝑟, 𝑞𝑟ℎ is the picking rate per hour
(lb/hour) in region 𝑟, 𝑤𝑟𝑑𝑟 is the driver labor cost per hour ($/hour) in region 𝑟, and 𝑞𝑟𝑑𝑟 is the
driver output rate per hour (lb/hour) in region 𝑟. Thus the labor cost per acre in region 𝑟 under
decision 𝑑 equals the actual production volume times the sum of labor costs of picker and driver.

Data
We include data on the 10 major -in volume- states producing blueberry as of 2016 but exclude
California and Mississippi due to data inconsistencies. The states include Florida, Georgia, North
Carolina, New Jersey, Michigan, Oregon and Washington (Table 3.1). The 3-year average of
fresh and processing blueberry prices received by growers ($/lb), yield per harvested acre
(lb/acre) from 2014 to 2016, minimum wage ($/hour) as of 2017 are obtained from the U.S.
Department of Agriculture, National Agricultural Statistics Service and the U.S. Department of
Labor. We use the latest available data set as we consider it to be a more realistic reflection of
the market. Piecemeal wages ($/lb) are obtained via personal communication with extension
educators in each state.
Table 3.2 presents the parameters for each harvesting technology considered in this study.
The annual cost of owning the machinery is calculated using the equivalent annual cost (EAC)
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over its different lifespans. This methodology allows comparing the cost-effectiveness of
different assets that have unequal lifespans. It is equivalent to the net present value (NPV)
divided by A (t, k), the present value annuity factor, where t is the number of the lifespan years
of the machine and k is the cost of capital. The costs of machine operation include machine
maintenance, fuel, and lubricant.
Regardless of the geographical region, machinery cost, damage rates, picking rates, and
the capacity of the machine are assumed to be same. Takeda et al. (2007) state that the OTR
harvester machinery costs range from $140,000 to $240,000 and the hand-held shaker costs
range from $11,000 to $60,000. For our analysis, we use $16,800 for the hand-held shaker,
$230,000 for the OTR, and $275,000, for the modified OTR respectively. Also we assume that
harvest-induced loss and bruises are 10% and 2% for manual harvesting, 15% and 10% for the
hand-held shaker, 12% and 15% for the OTR harvester, and 12% and 10% for the modified OTR
harvester, respectively (Scott Korthuis, personal communication, 2018). For the number of
workers, the OTR and modified OTR machine involve one driver assuming 5,400 lb/hour/driver
of picking rate; three pickers for the OTR and four pickers for the modified OTR assuming 1,800
lb/hour/picker of picking rate are located on the top of the machine to sort fruits. Hand-held
shaker needs two pickers assuming 250 lb/hour/picker of picking rate. Harvesting rates,
however, can vary by different varieties of blueberries. One OTR or modified OTR harvester has
considered covering 65 acres with $6,500 /year for OTR and $7,500 /year for modified OTR of
operation costs respectively while one hand-held shaker has considered covering 7.5 acres with
$1,000 /year of operation costs.

Empirical analyses
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We conduct a Monte Carlo simulation, estimate the expected profit for each technology, we then
consider the average of all simulated expected profit values to conduct a net present value
(NPV), payback period, and finally apply stochastic dominance. We apply this methodology to
three production regions included in this study.

Monte Carlo simulation
With the variable information in Table 3.1, parameter values in Table 3.2, and equation (3), we
apply Monte Carlo simulation to incorporate the uncertainty in our analysis. Different probability
distributions are considered (Mooney, 1997; Robert and Casella, 1998). First, gamma
distribution is applied for prices of fresh and processing, yield, and wages. The probability
density function of gamma distribution follows
𝛽𝛼

𝑓(𝑥) = Γ(𝛼) 𝑥 𝛼−1 𝑒 −𝛽𝑥 ,
where 𝑥 ∈ [0, ∞], 𝛼 > 0, 𝛽 > 0 with mean

𝛼
𝛽

and variance

(4)
𝛼
𝛽2

. Parameter values 𝛼 and 𝛽 are

calculated from the mean and variance of prices, yield, and wages for each region. Given the
gamma distribution 1,000 simulated observations for each region are generated using Excel.
Next, beta distribution is applied for yield loss and quality damage by harvesting
methods. The probability density function of beta distribution follows
𝑓(𝑥) =

𝑥 𝛼−1 (1−𝑥)𝛽−1
𝛣(𝛼,𝛽)

Γ(𝛼+𝛽)

, where Β(𝛼, 𝛽) = Γ(𝛼)Γ(𝛽)

𝛼

(5)

𝛼𝛽

where 𝑥 ∈ [0,1], 𝛼 > 0, 𝛽 > 0 with mean 𝛼+𝛽 and variance (𝛼+𝛽)2 (𝛼+𝛽+1). Parameter values 𝛼
and 𝛽 for each harvest method are calculated from the mean and variance of yield loss and
quality damage. Given the beta distribution 1,000 simulated observations for each harvest
method are generated using Excel.
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Blueberry price volatility affects growers’ decision to adopt a mechanical harvester
(Gallardo and Zilberman, 2016). Blueberry prices can be affected by many factors, including the
supply of blueberries and inventories. For example, in 2009, production in South America was at
record-high levels, increasing the inventories of frozen blueberries, driving prices down. With
the economy slowdown, frozen blueberry inventories moved at a slower than normal pace
(Offner, 2011). This fact coupled with the increased fresh blueberry production in California,
Florida, North Carolina, Oregon while Michigan contributed to the decrease of blueberry
processing prices in 2009 (Offner, 2011). However, as fresh blueberries could last 1 to 2 weeks
under refrigeration, depending on the condition when picked (e.g., fruit damage), existing
inventories are expected to have less impact on the prices. Different harvest seasons across states
may have a significant impact on fresh blueberry prices. The U.S. blueberry harvest season goes
from April to October with the pick season in May through July. States in lower latitudes such as
Florida and California have the opportunity to harvest in the early season and obtain price
premiums for fresh markets although these premium effects fade away as the harvest season gets
close to the end.
Blueberry growers also face labor supply uncertainty and increasing labor costs. States
selling more than 70% of blueberries for the fresh market such as Florida, New Jersey, and North
Carolina might need to invest more in labor and protect against the risk of a labor shortage. In
general, the U.S. specialty crop agriculture including the highbush blueberry industry have
benefited from the supply of migrant labor (Taylor et al., 2012; Charlton and Taylor, 2016),
which is unpredictable. Although there has not yet been a widespread labor shortage, labor
supply uncertainty could affect growers’ decision to adopt the new technology (Zahniser et al.,
2012).
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Net present value
Net present value is computed as follows,
𝑅 −𝐶

𝑡
𝑡
𝑁𝑃𝑉 = ∑15
𝑡=1 (1+𝑖)𝑡

(6)

Where 𝑅𝑡 is the revenue from a new harvest method at the year t; 𝐶𝑡 is the cost at the year t; and i
is the discount rate. Note that the first-year cost involves with machinery investment costs but
subsequent costs will only be the operation costs for each harvest method. A zero NPV indicates
growers received complete repayment of the new investment. A negative NPV indicates getting a
new machine is not viable compared to manual harvest while a positive NPV denotes mechanical
harvester is economically profitable for growers. As a result, the mechanical harvester with a
highest NPV is considered to be the most profitable methods (Remer and Nieto, 1995)
In this study, we consider the expected revenue accrued when using each mechanical
harvester (e.g., hand-held shaker, OTR, or modified OTR) compared to the status quo (e.g.,
manual harvesting). That is, we consider the difference between the gross revenue accrued when
using each mechanical harvester minus the revenue when using manual harvesting. The gross
revenue figures for each harvesting technology is the average of the 1,000 simulated
observations in dollars per acre. Because each harvesting machine has a different capacity to
cover area extensions, we scale up the gross revenues by a factor of 8.67 for the hand-held
shaker (65 acres in one block divided by 7.5 acres to be covered by a hand-held shaker), 65 for
the OTR and modified OTR harvesters (either machine covers 65 acres). The gross revenue is set
to be fixed across the 15 years lifespan of the investment. The cost of the investment is the
purchasing price of the machine in year 1 plus the operational costs associated with the use of the
machine. For the years 2-15, the cost of the investment is the operational cost. The cost of the
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investment is also the average of the 1,000 simulated observations and adjusted by the scale
factor to account for areas to be covered by each machine. The interest rate considered is 5%.

Discounted payback period
Payback period is to estimate the expected number of years required to fully recover the initial
investment from discounted cash flow. The number of years can be used as an indicator of
riskiness and mechanical harvesters having a shorter payback period is considered as the riskless
method in this study. Payback period is computed as follows, (Rappaport, 1965)
Payback period = year before recovery +

cumulative cash flow in year before recovery

(7)

discounted cash flow in year after recovery

Thus, payback period is the period during which the cumulative net present value is equal to
zero.

Stochastic dominance
We conduct stochastic dominance using simulated observations to investigate the riskiness of
four harvesting methods. Stochastic dominance provides a framework to rank risky choices
among alternatives without precise information about individual preferences by eliminating
inferior choices (Chavas, 2004).
Consider a grower with a risk preference function 𝑈(𝑎) represented by an uncertain
monetary reward, 𝑙 ≤ 𝑎 ≤ 𝐿, and facing a choice between two risky prospects represented by the
𝑎

probability functions 𝑓(𝑎) and 𝑔(𝑎) with associated distribution functions 𝐹(𝑎) = ∫𝑙 𝑓(𝑏)𝑑𝑏,
𝐿

and 𝐺(𝑎) = ∫𝑙 𝑔(𝑏)𝑑𝑏, respectively. When 𝐸𝑓 and 𝐸𝑔 represents expectation operators based on
𝐿

the probability functions 𝑓(𝑎) and 𝑔(𝑎), 𝐸𝑓 𝑈(𝑎) − 𝐸𝑔 𝑈(𝑎) = ∫𝑙 𝑈(𝑎)[𝑓(𝑎) − 𝑔(𝑎)]𝑑𝑎. Under
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the expected utility model 𝑓(𝑎) ≥∗ 𝑔(𝑎) if and only if 𝐸𝑓 𝑈(𝑎) ≥ 𝐸𝑔 𝑈(𝑎) indicating the
probability function 𝑓(𝑎) is preferred to 𝑔(𝑎). Thus stochastic dominance evaluates the sign of
𝐿

∫𝑙 𝑈(𝑎)[𝑓(𝑎) − 𝑔(𝑎)]𝑑𝑎. In our study, net revenues of four harvest methods are used and
evaluated under the uncertainty on fresh and processing prices, yield, wages, yield loss and
quality damage cause by machinery (Chavas, 2004).

4. Results
Net present value and payback period
The results of the estimated net present values are presented in Table 3.3 and that of payback
period are presented in Table 3.4, respectively. For the Northwest region, the net present value of
hand-held shaker is $167,858 and 1.09 years of payback period; that of OTR harvester is
$1,948,137 and 1.11 years of payback period; that of modified OTR harvester is $2,022,196 and
1.26 years of the payback period. For the Southeastern region, the net present value of hand-held
shaker is $101,069 and 1.72 years of payback period; that of OTR harvester is $962,377 and 2.08
years of payback period; that of modified OTR harvester is $1,097,187 and 2.16 years of the
payback period. For the Eastern region, the net present value of hand-held shaker is $94,997 and
1.81 years of payback period; that of OTR harvester is $976,200 and 2.05 years of payback
period; that of modified OTR harvester is $953,334 and 2.16 years of the payback period.
Figures of discounted net revenues across the region can be found in the Appendix (Figure A1A3).
The Northwest exhibits the lowest manual labor costs at $0.588 /lb in all three regions
combined with the highest yields at 9,607 lb/acre. Also, it exhibits the smallest differences
between fresh and processing prices at $0.74 /lb. The adoption of hand-held shaker could save
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harvest costs by $3,399 /acre, that of OTR harvester could save costs by $4,423 /acre, and that of
the modified OTR harvester could save costs by $4,341 /acre. Due possibly to the small
differences between fresh and processing blueberry prices, compared to other regions, the
Northwest destines a large percentage of the production volume at 66% to the processing market
during the last 3 years. The highest NPV resulted from the higher production level leads to save
harvest costs significantly compared to other areas.
The Southeast exhibits the highest manual labor costs at $0.80 /lb, mirroring the lowest
minimum wages of $8.88 /lb in all three regions included in the study. This region also exhibits
the largest differences between fresh and processing prices at $1.65 /lb in all three regions. The
adoption of hand-held shakers could save $2,711 /acre, that of OTR could save $3,183 /acre, and
that of modified OTR could save $3,101 /acre. States in this region produce blueberries mostly
for the fresh market at 76% during the last 3 years. Growers in this region have a narrow market
window compared to other areas. For example, the fresh market in Florida runs from late March
through April. They exhibit the advantage of harvesting early in the season, able to supply
blueberries when inventories are at low levels and enjoying price premiums. Florida harvested
4,013 pounds per acre of blueberries compared to 9,560 pounds per acre in Washington and
5,350 pounds per acre in New Jersey during the last 3 years. We observe a trade-off between
higher prices for fresh market blueberries with the largest saving on labor costs, and lower
yields.
The Eastern region exhibits the lowest yield at 5,023 lb/acre and the smallest price
differences between fresh and processing market blueberries at $0.67 /lb. Hand-held shaker if
adopted could save $1,978 /acre, OTR harvester could save $2,403 /acre, and modified OTR
could save $2,321 /acre. Our findings suggest that the lower yield per acre compared to other
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regions, the lowest fresh market price with the smallest price differences between blueberries to
the fresh and processing market, and moderately higher labor costs justify the lowest NPV values
when compared to other regions.
Additionally, we conduct the comparison of net present values across technologies for
each region (Table 3.3). Technologies in each region are statistically significantly different from
each other. Our results suggest that the modified OTR harvester is the most profitable method in
the Northwest and Southeast region while the OTR harvester is the most profitable method in the
Eastern region when the operation lasts for 15years. Comparison of payback period across
technologies for each region is presented in Table 3.4. Technologies in each region are
statistically significantly different from each other except the OTR and modified OTR harvesters
in the Southeast region. Although large-size farm operations can take advantage of economies of
scale from the adoption of modified OTR, small- and medium-size farm operations still can
obtain profit from other alternatives even though they could not afford to purchase the modified
OTR harvester.

Stochastic dominance
The results of the stochastic dominance approach are presented in Appendix (Figure A4 – Figure
A6). In all regions, manual harvest turns out to be the riskiest harvesting method and we
conclude that the modified OTR harvester dominates the other two mechanical harvesting
methods. Comparing across the technologies, the hand-held shaker is the second riskiest
followed by the OTR and modified OTR harvesters. Note that the exception is the Southeastern
region, where all four alternatives follow a similar pattern suggesting similar risk levels in this
region.
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In the Northwest region (Figure A4), manual harvest results in the riskiest harvest
method. Higher manual labor costs may contribute to the lowest net revenue from manual
harvest. Hand-held shaker follows as the next riskiest harvest method despite the lowest machine
purchasing cost compared to other alternatives. Uncertainty in wages and yield loss may
contribute to this result. OTR and modified OTR harvesters show a similar pattern as the
differences between two harvesters only come from the quality damage and machine costs. OTR
harvester seems riskier than modified OTR harvester and the uncertainty caused by quality
damage may contribute to this result.
In the Southeast (Figure A5), we find that manual harvest is the riskiest harvest method.
Higher manual labor costs, compared to other regions, may contribute to the lowest net revenue
from manual harvest as in other cases. However, the risk level of all technologies seems to be
closer compared to other regions.
In the Eastern region (Figure A6), manual harvest is the riskiest harvest method. Higher
manual labor costs may contribute to the lowest net revenue from manual harvest as in other
cases. Hand-held shaker follows as the next riskiest harvest method despite the lowest machine
purchasing cost compared to other alternatives. Uncertainty in wages and yield loss may
contribute to this result. OTR and modified OTR harvesters show a similar pattern as the
differences between two harvesters only come from the quality damage and machine costs. OTR
harvester seems riskier than modified OTR harvester and the uncertainty caused by quality
damage may contribute to this result.
Overall, our stochastic dominance results suggest that growers’ risk aversion levels play
an important role in the determination of the harvesting technology to adopt. Although these
results show the glimpse of ranking among harvest methods under the uncertainty in prices of
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fresh and processing, yield, wages, disadvantages from machine harvest, the adoption decision
by growers could depend on what growers consider as important, depending on their own
production and marketing context. The highest yield per acre represents it requires more laborer
compared to other regions; in this context, any alternative to manual harvesting could allow
growers in this region to harvest in a timely manner. Considering the highest piecemeal rates in
the Southeast, and the contrasting lowest minimum wages compared to other regions, also that an
important percentage of production going to the fresh market (76% in the last 3 years); the
adoption of modified OTR could make growers save harvesting costs significantly when output
prices can be guaranteed to be high. The Eastern region produces blueberries mostly destined to
the fresh markets, as 69% of the total production volume was destined to this market in the last 3
years. Also considering that the lowest fresh market price and the smallest differences between
fresh and processing prices in all three regions, the investment in a modified OTR machine
appears attractive as saving from labor costs may increase their profit in the long-term.

5. Conclusions
Growers in the fresh blueberry industry face two significant problems, labor shortage and price
uncertainty, although blueberries for fresh markets are heavily dependent on manual labor. If
harvest labor becomes more difficult and costlier, it is likely that more blueberry operations
would adopt any form of a mechanized harvester. In special, those operations that have a higher
risk aversion and concern about the stability of prices foresee mechanical harvester as a riskreducing technology.
In this paper, we have examined whether the adoption of mechanical harvesters would be
profitable enough to cover the higher fixed cost of initial investment on the machinery. We have

170

compared the net revenues of four harvest methods: manual harvesting; hand-held shaker; OTR;
and modified OTR harvester. Net present value and payback period analysis are conducted, and
we find that the modified OTR has the highest net present value in the Northwest and Southeast
region while the OTR harvester has the highest net present value in the Eastern. When we
consider the relative amount of the initial investment, however, we cannot conclude a hand-held
harvester is the least profitable method. Results of the payback period analyses indicate that the
number of years to fully recover the investment is quite similar across the three alternative
mechanical harvesters in each region.
The results of the stochastic dominance indicate that the modified OTR harvesters appear
to be the most riskless method in all regions under the consideration of uncertainty on prices,
yields, wages, yield loss and quality damages from mechanically harvested blueberries.
However, growers’ risk aversion levels and the characteristics of farm operations may play an
important role in the determination of the harvesting technology to adopt. Our findings suggest
that the more risk averse growers are more likely to choose alternatives other than manual
harvesting.
Our findings show the potential advantage of mechanical harvesters over manual
harvesting. Although our results indicate the possibility of the adoption of new technology, there
are few more things we should consider further that may facilitate/impede the adoption. Given
the seasonality of blueberry production, the blueberry supply in the United States relies heavily
on imports, and it is essential to examine the effect of imported blueberries on domestic fresh
blueberry prices. For example, the import from Mexico drives fresh prices in Florida down.
When growers in Florida adopt the mechanical harvesters, they could be able to increase
production with less labor requirement. Increased production with the quality deemed acceptable
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for the fresh market, could make Florida growers compete with other countries but at the same
time it would drive prices down resulting in reduced revenue. While improvements in
mechanical harvesters may facilitate growers’ adoption decision, harvest mechanization requires
blueberry plantings to have a certain architecture that would foster the efficiency of the
mechanical harvest. This adaptation of blueberry plantings involves additional investment and
delay in production as new plants could take 3-5 years to reach peak production resulting in the
slow rate of mechanical harvest adoption to switch to the new cultural systems (Takeda, 2017;
Gallardo et al., 2018). In addition, blueberries do not ripen uniformly requiring the machine
making multiple passes over the same bushes, and harvested fruit quality may vary across
varieties which could affect profitability significantly (Gallardo et al., 2018). The adoption of
new technologies, furthermore, requires well-trained operators to maximize efficiencies.
In addition, the decision to adopt the new technology depends on the size of the operation
and risk preference of growers. The larger the operation, the more likely to invest in laborenhancing technologies (Gallardo and Brady, 2015; Gallardo and Sauer, 2018). Small farm
operations, however, are reluctant to adopt the new technology because of the initial investment.
Although there still exist other conditions that may affect their profitability such as weather and
disease, financial assistance from the government may facilitate the adoption of mechanical
harvesters. In conclusion, considering all aspects of uncertainties in the market harvest
mechanization may be the only way to stay competitive in the years ahead.
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Table 3.1. Mean values for the variables used in the empirical model in each blueberry producing
region – 2014 to 2016
Processing
Fresh market
market price

1

Minimum wage2

Piecemeal

($/hr)

wage3($/lb)

1

Yield (lb/acre)

price1 ($/lb)
Region

($/lb)
Std.
Mean

Std.
Mean

dev.

Std.
Mean

dev.

Std.
Mean

dev.

Std.
Mean

dev.

dev.

Northwest

1.43

0.11

0.69

0.29

9,607

756.7

13.49

0.97

0.59

0.13

Southeast

2.04

0.82

0.39

0.28

5,139

1,314.5

9.97

0.72

0.80

0.35

Eastern

1.41

0.19

0.74

0.17

5,023

1,182.7

11.27

0.76

0.65

0.13

1
2
3

Source: USDA NASS
Source: US Department of labor, added 30% to account for benefits.
Personal communication with extension educators in each state.
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Table 3.2. Parameters for four fresh blueberry harvesting technologies: manual, hand-held, OTR
and modified OTR.
Units

Manual

Hand-held

OTR

Modified

(d=1)

(d=2)

(d=3)

OTR
(d=4)

Harvest-induced loss in field

%

10

15

12

12

%

2

10

15

10

$

NA

16,800

230,000

275,000

Expected useful life of machine1 year

NA

10

15

15

Machine operation costs1

$/year

NA

1,000

6,500

7,500

Land to be covered by one

acres

NA

7.5

65

65

1

2

3

4

(%)1
Harvest-induced bruised
blueberries (%)1
Cost of machinery1

machine1
Number of pickers per machine1
(besides the driver)

1
2

Picking rate-picker2

lb/h/picker

NA

250

1,800

1,800

Output rate-machine driver2

lb/h/driver

NA

NA

5,400

5,400

Personal communication with Dr. Fumi Takeda.
Personal communication with extension experts in each state.
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Table 3.3. Net present value for each harvesting technology across three production regions in
the United States. Comparison of net present values across technologies for each region.
T-test
NPV ($ / 15-years)
comparison
Region

Hand-held
Hand-held
OTR
shaker

OTR vs.
shaker vs.

$167,858

mod OTR

$1,948,137 $2,022,196 -130***

(OR, WA)
Southeast

(13,649)
$101,069

$962,377

$94,997

$976,200

$953,334

(MI, NJ)
1
2

mod OTR
-140***

-3.3073***

(13,344)

(18,913)

$1,097,187 -55.2041*** -61.747***

(GA, FL, NC)
Eastern

shaker vs.

OTR
OTR

Northwest

Hand-held

Modified

* ** ***

(16,764)

(17,057)

(23,720)

-140***

-130 ***

3.0925***

(6,439)

(6,469)

(9,042)

, , indicates statistically significance at the 10%, 5%, and 1% levels.
Numbers in parentheses are standard errors.
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-5.3867***

Table 3.4. Payback period for each harvesting technology across three production regions in the
United States. Comparison of payback period across technologies for each region.
Payback period (number

T-test

of years)

comparison

Region

Hand-held
Hand-held
OTR
shaker

Northwest

1.09

1.72

shaker vs.

1.11

1.26

2.08

2.16

(GA, FL, NC)
Eastern

1.81

2.05

2.44

(MI, NJ)
3
4

OTR vs.
shaker vs.

OTR

(OR, WA)
Southeast

Hand-held

Modified

* ** ***

mod OTR
OTR

mod OTR

-1.56*

-13.18***

-15.15***

(0.013)

(0.014)

(0.011)

-15.74***

-15.37***

0.17

(0.032)

(0.033)

(0.024)

-13.72***

-31.13***

-23.42****

(0.017)

(0.020)

(0.017)

, , indicates statistically significance at the 10%, 5%, and 1% levels.
Numbers in parentheses are standard errors.
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Figure A1. Discounted net revenues: Northwest (OR, WA)
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Figure A2. Discounted net revenues: Southeast (GA, FL, NC)
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Figure A3. Discounted net revenues: Eastern (MI, NJ)
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Figure A4. Stochastic Dominance: Northwest (OR, WA)
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Figure A5. Stochastic Dominance: Southeast (GA, FL, NC)
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