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Introducing genetically modified foods in
vertically differentiated and vertically oligopolistic markets

1. Introduction

In recent years many countries have adapted Labelling Food Policies regarding
Genetically Modified (GM) products but the applied regimes differ widely across the
world (Gruere, 2004). The great difference lies between the European countries (EU)
which have applied a mandatory food labelling regime and the United States (US)
which has chosen not to impose such requirements and implement a voluntary food
labelling policy. Accepting the need for a labelling policy still leaves open the
problem of the adventitious presence (AP) thresholds or tolerance level which
represents the maximum level of impurity in non-GM food. The EU countries adapted
the most stringent policy requiring mandatory labelling for all foods produced from
GM ingredients regardless of whether or not the final product contains any sign of
GM material. Meanwhile, to avoid carrying a GM label the EU countries set the AP
thresholds to 0,9% which, to date, is considered the lowest GM allowance. Japan
requires labelling for food products that contain more than 5% GM material (top three
ingredients), followed by South Korea which requires labelling at the level of 3% AP
thresholds (top five ingredients) ( Gruere,2003; Lapan and Moschini, 2006).

Even though the differences in these AP thresholds look insignificant, they
affect the production cost and segregation cost of non-GM products; while the AP
thresholds increase (decrease) the non-GM production cost decreases (increases)
(Kalaitzandonakes and Magnier, 2004). Additionally, consumers” evaluation of both
GM and non-GM foods are affected by a change in AP thresholds (Noussair et al.,
2004; Giannakas and Kalaitzandonakes, 2005). As a result, both consumer and
producer welfare are affected by the change in AP thresholds, hence considering the
effect that the food industry has in the entire economy, undoubtedly AP thresholds
play a significant role for policy makers. Thus, from an economic perspective AP
thresholds affect consumer and producer welfare (Fulton and Giannakas, 2004; Lapan
and Moschini, 2005/ 2006; Giannakas and Kalaitzandonakes, 2005).

The problem of the appropriate purity standards norm has been a topic of
discussion since the 1980s and yet it remains a core issue (Giannakas and
Kalaitzandonakes, 2005). While several studies (Giannakas and Fulton, 2002; Fulton
and Giannakas, 2004,) refer to the GM issue, few of them (Lapan and Moschini,
2006/ 2007, Giannakas and Yiannaka, 2008; Giannakas and Kalaitzandonakes, 2005)
have addressed the issue of regulatory standards in oligopolistic suppliers. To our
knowledge, none have address oligopoly/oligopsony market structure.

The work closest to ours is that of Lapan and Moschini (2007) and Giannakas
and Kalaitzandonakes, (2005). The former is dealing with the purity standards issue
by assuming a perfectly competitive market for the GM and non-GM products, while
the latter introduces an oligopolistic market. We extend Giannakas and
Kalaitzandonakes, (2005) by introducing a conjectural variations oligopoly model
similar to Sexton and Zhang (2001).

The aim of this paper is to determine the effects of purity standards of non-GM
products on suppliers” and consumers” welfare under vertical oligopoly. In particular,
our analysis accounts for the allowance of GM material in non-GM foods. By
deriving the equilibrium quantities and prices, comparing and contrasting them,
before and after changing the AP thresholds we show analytically the market and
welfare effects of AP thresholds. Specifically, the following key components
characterise our model:
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a. heterogeneous consumers with preferences toward GM and non-GM foods

b. heterogeneous production costs of both GM and non-GM products.

c. market power exercised in the supply chain for both GM and non-GM food
2. Vertical Product Differentiation

The vertically differentiated consumer premise is that, whereas GM and non-
GM products are offered at the same price, they will never choose the GM product.
Meanwhile, some consumers are willing to pay some extra money to avoid GM food.
Lapan and Moschini (2004) have provided that the GM product is a weak inferior
substitute for the non-GM counterpart. In vertical differentiation, all consumers agree
upon the quality ranking of the products from the highest to the lowest. If two
vertically differentiated goods are offered at the same price, all consumers will buy
the high quality good driving the low quality good out of the market. Lower quality
products will realize a positive market share only if they are offered at a sufficiently
lower price. However, consumers differ in their willingness to pay for a better
perceived quality. Some consumers place a high value on quality and will pay a
considerable premium to consume a high quality product while some others do not. In
other words consumers examine the ratio price- quality and the utility obtained from
the offered product, deciding to buy it in case the utility is greater than the price being
charged and just refuse to buy it if the opposite is true. On the other hand, horizontally
differentiated products are not uniform quality ranked. If two horizontally
differentiated products are offered at the same price, the consumer will not agree on
what the best quality is, and so both products will be demanded in the market.
2.1 Consumer Characteristics
We assume that consumers spend a specific amount of their income for food.

Then, the utility they gain by consuming these foods will be as follows:

Ugy = U= Py, + A if aunit of GM product is consumed (1)
UH’HI’II =

U— Py — P if aunit of Non Gmproduct is consumed
U.=

U if aunit of a substitute product is consumed
where:

® Ugn and Uy, are the utilities associated with consuming a unit of GM and non-
GM unit, respectively;

e U is the utility associated with the consumption of a unit of substitute products
neither of which are GM nor non-GM products. Specifically, U represents a
certain utility level which is considered equal to a basic level of utility. In
order to ensure a positive utility associated with the consumption of
different products, Us exceeds the prices of GM and non-GM and is
common to all consumers;

® Py and P are the prices of GM and non-GM products, respectively, while
parameters A and p capture the utility enhancement from consuming GM

and non-GM foods, respectively;
e o captures the heterogeneity in consumer preferences. Its value ranges from 0 to
1 and consumers are assumed to be uniformly distributed at the extremes.
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e U+ A and & + @@ indicate consumer willingness to pay for GM and non-GM
products, while (u- 1) a reflects the level of aversion toward GM products

of the consumers with attribute a.
Consumer purchasing decisions depend on the utility they gain by consuming certain
products. The greater the enhancement utility they gain by consuming a specific
product, the greater the demand or consumption of that product. It is important to
point out that a consumer with an a=0 is indifferent in consuming one unit of
substitute, GM or non-GM products.

As illustrated in Figure 1, the level of the attribute corresponding to the
indifferent consumer is determined by the intersection of the two utility curves. In our
case, the consumer with the differentiating attribute: o,: Ugn=Us 2 U-Pgtrho=U = o,
=Fgm /% 1s indifferent in consuming either a GM product or the substitute one. On the

other hand, the consumer with the differentiating attributes: dgm: Ugm=Upgm = U-
Pyt Aa=U-Ppgmtpa = dgm= (Pngm-Pem)/p-A 1s indifferent in consuming either one
unit of a GM product or a non-GM product. As shown in Figure 1, consumers with a
differentiating attribute {0,a;} would rather have the substitute product, consumers
located between {as,agm} prefer the GM products and consumers located in the
interval {agm,1} prefer the organic counterpart. The consumption share of GM
products is expressed as:

EFpgm=uF
IuilﬂT I i&“
Py )

While the consumption share for the non-GM products is:

- — . _ B=d=Fagmlom
Spgm = l—am o N = - 3)

Rgm =dgm — 4Dk, =

From equations (2) and (3) it is

| noticeable that, the higher the Pyem, the
=" - greater the quantity demanded for the

"> | GM products, and the higher the Py,

. e | the greater the demand for non GM

N products. In order to permit positive

market share for both products, we

' ] assume that Py, <Pygm and p>A.

Consumer aversion is assumed to be

o greater than the price difference (p-A)>
e ole o ole %og | (Pogm-Pgm), otherwise (if the price
difference is greater than consumer
! g i 1 aversion), the non GM products would

Figure 1: Vertically Differentiated Consumers” choice  nated from the market. The
aggregate consumer surplus 1s the area under the eftective utility curve depicted in
Figure 1 by the dashed line and is written as:

€8 = [0 dat [T pda + [ Ungmds )

3. Oligopoly and Oligopsony

The market power within a supply chain has impacts on market equilibrium and
welfare distribution. Sexton and Zhang (2001) analyzed different market structures
and showed that market power itself plays a considerable role in the equilibrium
prices and outputs as well as on consumer and producer welfare. Similarly, in our
model we consider a channel where two different products are produced from
different farmers, procured then by different processors which transfer the final
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products to independent retailers, and here, the final product is offered to the same
consumers. Consumer inverse demand for the retail product is as follows:
F,=a-b+nhy )
Where X,; is the market quantity for both GM and non-GM products, and P, is the
market price for GM and non-GM foods, respectively. In order to focus the analysis
on the possible implications of market power in the industry, we assume that both the
processor and retailer of GM and non-GM products utilize both fixed-proportions and
constant-returns technology in the processing or retailing process.

Throughout the analysis, consumers, farmers and processors are assumed to be
price takers. Thus, we derive the implications of oligopoly/oligopsony power in the
retailing sector, on market equilibriums and distribution of welfare among consumers,
retailers and processors.

3.1 Retailers” Characteristics

This analysis accounts for heterogeneous production costs too. Retailers differ
from each other in terms of the benefits they gain by producing a GM or non-GM
product. Particularly, they differ in their earnings due to the differences in the total
costs of both products introduced in the model as ¢y, and cpem. These differences stem
from various factors such as geography, education, management skills and the
technology adopted (Fulton and Gianakas 2004).The production and segregation cost
that a GM supplier faces is smaller than the one that a non-GM supplier does.
Subsequently, we show the objective function which maximizes benefits for both GM
and non-GM suppliers. Retailers’ prices, as mentioned earlier, are assumed to be a
linear function expressed as P;; = a- b*X;; where 1 € {GM, non-GM} and X;; = f(x;,
X2...). A representative retailer’s profit maximization functions can be expressed as
follows:

Mp=Frdp— el —Pprly (6)
Where P,, X; ,c;, and Pw represent retailer price, quantity and cost, and the processor
price respectively. In our model we assume oligopsony market power exercised over
processors, expressing the Pw as a function of the Xr. Exploring the profit
maximization function of the processors, which are assumed to be price takers, we
define the Pw as equal to the processor marginal cost. We follow the same approach
as Fulton and Giannakas (2004) assuming a positive and constant marginal cost for
GM and non GM processors.

Consumers’ inverse demands are derived by solving equations (2) and (3) for Py, and

Prgm: AP =2

=
P = Fagm  ANmAm 7
s . " (7)

Fogm=Fgmtr-—-4- (p— f"*}};ns_r,m (8)

Using consumers inverse demands, equation (7) for the GM product and equation (8)
for the Non-GM product, we can write the GM and Non-GM retailer’s profit function

as follow:
WPogm  Au=dem _ .
Tgm = [ " " j Flgm T T *Xgm T CgmiXen) * Xgm ©)

Togm = ::F;m'i" = k= :'-l_ -}‘}};n;m} FAogm ~ Congm T Xpgm T ':'n;m.{xugm,'- * Xngm (10)

Equations (9) and (10) solved for the X, and X,em respectively give us the GM and
Non-GM supplied quantity expressed as:

B APrgm= 20 g~ Roeny| 17 6am

:\‘E..“‘TL I_I'| = ']."‘E'g'L'IT.I (1 1)
. Fgm#p—F=tmgm—eagns( 1+ Engny

e 12
g = 1 B | ( )
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where:

a . . . . . .
g = a—ih Z . {i=gm, ngm} is the conjectural elasticity capturing in our analysis

[}

the market power exercised in the supply chain. It takes on values between 0
(perfect competition) to 1 (monopoly) (Sexton and Zhang, 2001).

£ = a—':;‘ = ; {1I=gm, ngm} represent the oligopsony market power. It takes on
values between 0 (perfect competition) to 1 (monopoly)

Com and Cpgm are the marginal costs of GM and non-GM products, respectively,
faced by the processors of these products. c;ym and cmgm represent the retailers
additional costs for both GM and Non-GM products respectively.

Equations (11) and (12) indicate that the supplied products Xgm and Xpgm, are in the
right proportion with the opposite prices. The greater the Py, the greater the quantity
of non-GM product supplied and the greater the Pygm, the greater the quantity of GM
products supplied.

The simultaneous solution of Equations 2, 3, 11, 12 results in the following closed-
form solutions:

AeFgme Engme (A= =onpme (13 Fgm) = Frngm s (1580 gm) 'I:;Fi"fﬁ"."';fm'l 1#8m)

FE,.. = — 13
=l 138 gt Eam )~ Pame Pngmel -aAF ( )
(18 I+ @nomel A pb=e (14 om =erpom = Snams (egme (15 F o 1% craml
FE T EiTh TiT g gty g Ty Lg T T =SS R i (14)
& & ! 9.«_1‘ Q’H_f‘t"..l Qf“'g"-ﬁ“i".'l- ’
YE G '9*4"1" 'f'ﬁf"r (12 F gm) [=crgm=me 'Ff"'r"'F*g"r sl 1 9*,_-;"1'" Fdeongme |14 ,fm.',ls)
e = A
am Asl = AP oppe| 148 m# Ongm ) = pmeSngme | =43 N
KBy o =
wgm

(el e (4B | = Egm elonpme (14 ngn ""F"’,f"r' F el egmel 14 Fgm)=engnr (14 ngml# orgm=cingml

L= dbepe 146 me Engn )+ EgmeCngmsl k=T
(16)
Some comparative static results are indicative: An increase either in market power or
in marginal costs results in an increase in the prices of both GM and non-GM

products.
81, g, . g B g 8B g BB o 82
5 Q; e Q: o Q: T a; ﬁir L:l, 3 - 0 fori,j [J{gm, ngm} (17)

but the change in &; §; ¢; affects P; more than P; , hence:
EFy &Fy gy EFY G ER

wod S T SR, TEL (18)

36, 880 & &F Boi B
On the other hand, the greater i is, the lower X will be and the greater the

counterpart product X ;is: :— Q; v —;m g == —- > 0 (19)

The more market power the retailers have, the smaller the equlhbrium quantity they
have to produce and higher the price they charge selling it. Similarly, as ¢; increases
X; decreases while the quantity of X increases:

o T = . (20)

G-F

4. Simulation results of market and welfare effects after change of purity
standards

We conduct a simulation analysis in order to display all the possible market and
welfare effects of AP thresholds. Our benchmark is zero AP thresholds; furthermore,
we assume the non-GM products as not being 100 % pure. That is, non-GM products
are allowed to contain up to a certain adventitious presence of GM material. Increased
purity standards decrease the production cost and the non-GM food utility as well. It
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is assumed that processing costs will be lower as a more adventitious presence is
allowed. The cost of non-GM products before and after changing the purity standards
will be cpem and ¢’ pgm, respectively, where: ¢ ngm < Cngm. However, producing non-GM
products with a certain GM allowance is less preferred by the consumers. Utility
enhancement for the non-GM products before and after changing the purity standards
will be p and p’, respectively, where p’<u. The equilibrium conditions after changing
the purity standards can be derived by substituting p” and ¢nem for p and cugm.
Specifically, when the AP thresholds change the non-GM products’ utility decreases,
and this is shown as follows:

po=p* (1 -ue) (21
Where u. represents the utility effect of an increase in AP thresholds, p” is the utility
enhancement of non-GM foods after the increase of purity standards. u. takes on a
value from 0 to 1 (0 <u, < 1), where 0 captures zero change in utility enhancement of
Non-GM products ( that means after AP thresholds increase, non-GM products offer
exactly the same utility enhancement), and 1 captures the highest increase in AP
thresholds (in the case where after AP thresholds increase, Non-GM products offer
zero utility enhancement). The greater the amount of GM allowance (the greater the
AP thresholds), the higher the u,, resulting in a smaller u’.

The cost effect of an increase in AP thresholds is given by:

Cngm’:Cngm>l< (1 -C e) (22)
Where c. represents the non-GM production cost effect of an increase in AP
thresholds, which ranges from 0 to 1 (0 <c.<1). Similarly, c.= 0 indicates the case
of no change in the AP thresholds, while 1 represents the highest GM allowance. The
greater the AP thresholds, the greater the c. and as a result the lower the cygm'

The assumptions followed throughout the analysis are:

L PE.., = PE.,
II. # =4
IL =& PE o — PEqy
Fipgm . ¥
IV.“W.::-JL (23)

Given these assumptions, it is possible for both GM and Non-GM products to
have a positive market share. In addition, respecting constraints I-IV above, we
invoke the normalizations that are available without loss of generality by choosing
units so that:

A=6,u=15, ogp=05, cpgp =3 (24)

4.1 AP Threshold Effects on Consumer Welfare
Mathematically we derive the GM and Non-GM consumers’ welfare as follows:

1 ﬁ'EEr-:;‘r_ h .
CSgm=1+ [-ﬁ'-- FEg.‘r;j # X (25)
( (PEmt Al = FEngm it
T TR g
Csn,gm - a (26)

From equations (25) and (26) it follows that consumers” surplus increases as the price
of the counterpart product increases (i.e., GM consumer surplus increases while the
price of Non-GM products (PE,gm) increases and the price of GM products (PE,y)
decreases). One reason is that some consumers may give up buying a perceived
expensive product and so they substitute it for a more reasonable one. A consumer
will move towards non-GM products in the case where the AP thresholds affect the
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production cost more than the utility. While moving towards the GM products, the AP
thresholds reduce the utility of Non-GM products more than their production cost.
The left panel of Figure 2, shows that Non-GM consumers, (those who have high
aversion towards GM foods) are highly affected by the changes of the utility
enhancement of the Non-GM. We see that a small change in the utility enhancement
is highly affecting the consumer welfare. On the other hand the decrease in the non-
GM production cost seems not to affect that much the Non-GM consumer welfare. A
big change in the Non-GM cost is slightly affecting consumers’ welfare.

As shown in the right panel of Figure 2, consumers who find it optimal to
consume GM products are highly affected by the changes in the production cost of the
Non-GM products and very slightly affected by the changes of the Non-GM utility
enhancement. For those consumers who have a low aversion towards GM foods lose
surplus when the Non-GM products became less expensive and they don’t benefit
from the decrease on the Non-GM utility enhancement.

4.2 AP Threshold Effects on Retailer Welfare

In our model, retailers are assumed to have a constant marginal cost, which as
previously mentioned, is introduced in the model as cgm/ngm for both GM and Non-GM
products. Mathematically retailers” surpluses are defined as follows:

Figm — EPEQ.‘E = '*',g.‘r;;' * Kgm (27)
Py guw = {PBogm = Cugm ) ¥ Kugen (28)

It follows from equations (27) and (28) that retailers” surplus increase as the
price of their products increases. However, as we have mentioned above the prices of
GM and Non-GM products are strategic complements. Thus, both prices move
towards the same direction (either increase or decrease), but the percentage change is
not equal for both products. The results on welfare are shown in Figure 2.

Non-GM retailers are highly affected by the changes in both utility
enhancement and the production cost of the Non-GM products. Their benefits depend
on the magnitude of the AP thresholds effects in both utility and cost production. If
the AP thresholds affect more the utility than the cost of the Non-GM foods then the
Non-GM retailers will lose profits. Conversely if the AP thresholds affect more the
cost of the Non-GM than their utility, the Non-GM retailers benefit.

GM retailers lose benefits when the Non-GM products become cheaper, and
they experience a slight increase in their benefits when the utility of the Non-GM
foods decreases. Due to lack of space we can not show all the graphs, however, we
have calculated that in case the AP thresholds affect more the Non-GM cost the
retailers of the GM products face a great loss of their profits. In case the AP
thresholds affect more the utility of the Non-GM products, the GM retailers gain
small benefits.

4.3 Market power effects on Consumer Welfare

Market power has negative effects on consumer welfare. In the following
figures we try to depict the way consumers are affected by both, upstream and
downstream market power. Space limitations do not allow us to show detailed results.
The more market power is exercised in the supply chain, the more consumers lose
surplus. Similarly to (Sexton and Zhang, 2001), we claim that the market power
decreases consumer surplus. Particularly consumers lose welfare for paying higher
prices for the same quality.
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Non GM consumers’ welfare GM consumers’ welfare

GM retailer surplus
03

Figure 2. Effects of changing threshold levels on welfare

Differently from consumers’ welfare effects, the market power raises retailers’
benefits. The control they exercise over the price makes them able to achieve higher
profits. We do not show this result due to lack of space.

5. Summary and Conclusions
In this paper, a model of heterogeneous consumer preferences and

heterogeneous retailer returns has been developed. The "pure’ equilibrium prices and
outputs correspond to a world where non-GM products are absolutely free of any GM
material (GM allowance is zero). In our analysis, we acknowledged that the way in
which purity standards affect the market and welfare depends on the magnitude of
cost and utility effects, as well as on the market structure. An increase in the AP
threshold has been proven to affect the demand and supply by reducing consumer
trends towards the non-GM foods as well as non-GM production and segregation cost.
Potential winners and losers are determined among consumers and producers of both
GM and non-GM products. The simulation analysis indicated how changes in Purity
Thresholds, no matter how small, can drastically shift the distribution of welfare
among consumers and retailers of GM and non-GM products.
A key finding of this analysis is that changes, even though small, in AP thresholds do
affect the equilibrium prices and quantities of both GM and non-GM products as well
as consumers’ and producers” welfare. The impacts of AP thresholds in the markets of
GM and non-GM products are case- specific and depend on:

1.the Non-GM product utility effect,

2. Non-GM production and segregation costs effect.

3.0i, 1 [J { gm, ngm}- the downstream market power within the supply chain of

GM and non-GM products
4. &, 1 { gm, ngm}- the upstream market power within the supply chain of GM
and non-GM products.
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Specifically, consumers who have high aversion towards GM products are mostly
affected by the changes in the utility enhancement. The changes in the Non-GM cost
don’t influence them as much as the changes of the utility. These consumers are
willing to pay a high price for ensuring their favorite quality. Similarly, the Non-GM
retailers are affected highly by the changes in the utility and less affected by the price
changes that result from the cost decrease. Consequently, the total surplus of the Non-
GM consumer and retailer is highly affected by the utility and les affected by the cost
of the Non-GM foods (Figure 10). The simulation analysis concludes that Non-GM
consumers and retailers:
1.Lose surplus when the AP thresholds affect more the utility enhancement than
the cost, ue > c.
2.Lose surplus when the AP thresholds affect in the same way both utility and
COSt Ue = Ce
3.Gain surplus when the AP thresholds affect the cost more than the utility c. > u.
On the other hand, GM consumers and retailers are highly affected by the changes on
the Non-GM prices and less affected by the changes in the Non-GM utility. They gain
surplus when the Non-GM offer less utility and their cost is high. As a result the total
surplus decreases when the Non-GM products become less expensive, while it
increases when the Non-GM products become less enjoyable (Figure 11). GM
consumers and retailers are affected as follow:
1. Lose surplus when the AP thresholds affect more the cost than the utility c. > u.
2.Gain surplus when the AP thresholds affect both cost and utility in the same
way Ue = Ce
3.Gain surplus when the AP thresholds affect the utility more than the cost ue > c.

Another key factor we analyzed is the market power, the ways it affect
consumer and retailer welfare. Sexton and Zhang 2001 have concluded that the
market power exercised within the supply chain has positive effect in the retailers
‘profits and negative effects in consumers ‘welfare. The total surpluses of both GM
and Non-GM foods decrease as more market power is exercised within the supply
chain. An increased oligopolistic or oligopsonic market power reduces the total
welfare (Figure 12 and Figure 13).

Based on our analysis we suggest that Europea authorities perhaps shouldn’t
allow an increase of the AP thresholds. It is a fact that European consumers have a
high aversion toward GM foods. An increase in the AP thresholds will make them
giving up of buying those products, since they are not concerned about the lower
prices as much as they are for the perceived high quality. These consumers are driven
from the quality and that is what should not be affected. The businesses are also
affected due to the lower demand for the Non-GM foods after the AP thresholds
increase. Even though they control the market price, they lose profits due to the lower
consumed quantity.
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