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Trade, GM Os and environmental risk:
Arepaolicieslikely to improve welfare?

Hakan Eggert and Mads Greaker

Abstract

Food with inputs from genetically modified organs(&MOs) has met considerable
skepticism among European Union (EU) consumers Elthémport ban on GM food has triggered
a great deal of controversy and has been replacadimndatory labeling scheme. This study had
two foci. First, we examined how different policiies the production and use of GMOs might
influence the market outcome in consumer food ntark&econd, we evaluated the welfare effects
of the policy measures. We found that mandatorgliab often increases domestic welfare and,
moreover, that in most cases it increases globliamee On the other hand, a trade ban is more
likely to decrease global welfare.
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Trade, GM Os and environmental risk:
Arepalicieslikely to improve welfare?

Hakan Eggert and Mads Greaker

Introduction

With an unprecedented 60-fold increase between 48662006, the GMO
(genetically modified organism) is the fastest addgrop technology in recent history.
Despite the obvious potential gains, the produatib@MOs is concentrated in a few
countries: the United States, Argentina, Brazdn@da, India, China, and Paraguay provide
98 percent of global production (James 2006). eoparts of the world, the introduction of
GMOs has met considerable resistance, particugthin the European countriés.

After a four-year moratorium on approving the impafrnew GMO food and animal
feed (1999-2003), the European Union (EU) movea itandatory labeling scheme for
GMO food products, which came into effect on A@8l, 2004. Although there is no measure
in the General Agreement on Tariffs and Trade diaictly addresses the use of product
labeling based on production methods, the Worldl@@rganization has generally been
skeptical about mandatory product labeling on tteengds that they may be used as hidden
protectionism.

In this study, we looked at how different policms GMOs affect food market
structure. Any national GMO policy will necessatlilgive two dimensions: an upstream
component regulating domestic growing of GM crapg] a downstream component
regulating the content of GM inputs in packagedifd®oth dimensions of policy are
important. The upstream component determines ta @ittant verification costs must be

UHakan Eggert, Department of Economics, Universit@othenburg, Box 640, SE-405 30 Gothenburg,
Sweden, (emailpakan.eggert@economics.qu;dads Greaker, Department of Economics, Univeisit
Gothenburg, Box 640, SE-405 30 Gothenburg, Sweeemi{) mads-gre@online.ndhis work was sponsored
by the research programme Environment and Tradeniarld of Interdependence (Entwined) funded by The
Foundation for Strategic Environmental Re-searclsiid), Sweden. Financial support from Sida to the
Environmental Economics Unit at Goteborg Universitacknowledged.

1 The latest Eurobarometer survey, based on themssp of 25,000 citizens during 2005—approximately
1,000 individuals from each of the 25 EU membetesta-found that only 27% of survey participants doedi
that the technology behind genetically modified (&bbds should be encouraged. Most consumers hhwaeda
time seeing any clear benefits associated withtgeally engineered crops, and the support for Ghbbfohas
decreased since the previous study in 2002 (GMOpass2008).
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incurred in order to supply GMO-free food, while ttlownstream component may decide
whether GMO-free food will be available to consusat all.

With this in mind, we considered the following GM®licies: (1) mandatory
labeling of GM products with no regulation upstre®) mandatory labeling of GM
products combined with restrictions on domesticaf98M seeds to grow crops, and (3)
trade bans combined with restrictions on domestecaf GM seeds to grow crops. Even
though the official policy of the EU today requimesndatory labeling, different EU
countries seem to employ all three measures depgiodi the GM crop in questién.

A significant and substantial willingness to pay ®&VO-free food was found by
several studies (see e.g., Lusk et al. 2005; Qarlssal. 2007). The reasons for the apparent
public opposition can be divided into several categg: concern about the environment,
food safety risk, ethical beliefs, and the concaidn of ownership of these new crops in the
hands of a few multinational companies (see, Mgschini 2001). In addition, it can also be
due to successful campaigns by “green” lobbyisthercentral role that food and cooking
play in European culture (Carlsson et al. 2007 fifajor environmental risks linked with
the release of GMO to the environment include ckang genome organization, gene flow to
other crops or wild relatives (Wolfenbarger andf@hi2000), but also effects on other native
species in the surrounding ecosystems (Arriagg 2086). Hence, arguments against GMO
are not solely based upon environmental aspedlis tis recent French suspension of GM
maize was advocated on the basis that a scieatiffanittee, announced that it had found
"new scientific facts relating to a negative impawtflora and fauna" ( EurActive 2008).

The content of GM inputs in food can neither beenbsd before purchase nor
experienced after purchase, and GMO-free foodypiaal credence good (Darby and Karni
1973). Hence, there exists the potential probledkalrlof’s (1970) famous market for
lemons and peaches. If GMO food is cheaper to m®dhere is a risk that only GMO food
will prevail, despite the fact that there are cansts willing to pay for GMO-free food.
Noussair et al. (2004) studied French consumergamdl that a surplus can be gained from
segregating the market for food products into a Giv@ segment and a segment allowing
GMO foods.

Having compared the market effects of the diffepoiicy combinations, we asked
whether policies can be classified as protectiofistcher and Serra (2000) defined a

2 For instance, GM maize, type MON 810, has beemiiy GM crop authorized for cultivation in France.
However, France is considering suspending botimttueketing and cultivation of this crop in its téory. (See
EurActive 2008.)
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domestic policy measure as being protectionist viheross in foreign welfare exceeds the
domestic welfare gain from the use of the meagtoeinstance, if the loss in foreign
producer surplus is bigger than the gain in conswsumlus by having access to only GMO-
free food instead of just GMO food, a trade bapratectionist.

In order to properly evaluate whether a measupeatectionist, we compared the
welfare gains and losses throughout the food miaudketain. In the case of GMOs, the food
marketing chain consists of life science compathasprovide GM seeds, farmers that grow
GM crops, packaged-food companies that use GM and3M crops to make food products,
and consumers. A body of literature has studieckffeets of the introduction of GMOs on
life science companies, farmers, and consumers ésge Fulton and Giannakas 2004; Lapan
and Moschini 2004). Since the effects of GMO pobeg also likely to depend on the actual
food market in which GM inputs enter, we includied packaged-food companies.

The trade effects of GMO policies were also studigd.apan and Moschini (2004).
Because life science companies capture monopotyg,riems possible that import restrictions
on GMO food can be beneficial in terms of lowecps. Further, the use of a mandatory
labeling scheme and the verification costs for Gé&2food may lead food exporting
countries without domestic life science compangeg.( in South America) to impose a ban
on export of GM crops. However, Lapan and Mosc{f0i04) did not compare the welfare
gains and losses through out the marketing chaohflaus did not evaluate whether policies
were protectionist with point of departure in trefidition of Fischer and Serra (2000).

Fulton and Giannakas (2004) examined the systers-®figcts of introducing GMO
products and compared the non-GMO case with ladpealid without labeling in a closed
economy. They found that consumers, producerslifenstience companies rarely agree in
ranking the three regimes, which implicitly indieatthat governments in various countries
will promote various regimes, depending on whethercountry is a producer or importer of
food and whether it has domestic life science cangsaor not. They also showed how
demand for a GMO ban can be rational for consuneerapared to mandatory labeling and
full compliance.

Our point of departure was some market for a pasttagpe of food that can be
produced either with or without the use of GM irppost markets for packaged food are
dominated by a few producers and, hence, charaeteny imperfect competition. Further,
food products are often differentiated with resgedaste, texture, packaging design, etc. We
built our analysis on the model in Greaker (2008)ich was based on Neven and Thisse
(1990). While Greaker analyzed a pure productidated environmental externality, the
GMO case is a consumption-related externality, Wwisdurther complicated by the issue of
verification costs.
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The model involves product differentiation alongtdimensions. In particular, we
assumed that products are horizontally differeaetiak ante and that producers choose
whether to additionally differentiate their prodsiat a vertical dimension based on GMO
content. There exists a fairly large literaturelgniag consumers’ demand for environmental
guality in models of pure vertical differentiati¢see, e.g., Arora and Gangopadhyay 1995;
Bansal and Gangopadhyay 2003; and Amacher et@d)2bh such models, firms earn zero
profit without the environmental differentiationo@sequently, an analysis of GMO policy
and protectionism, with point of departure in Riscand Serra (2000), in models with only
vertical differentiation would be trivial—that iBrms could only increase their profits.

We found that the market effects of GMO policy degperucially on the cost
disadvantage of GMO-free food, the strength ofdbr@sumers’ taste for the product variants,
and the average willingness to pay for GMO-freadfdéor instance, if consumers’ taste for a
particular variant of the product is strong, thisra tendency for producers to choose the
same strategy with respect to GMO content. Hemcease of mandatory labeling, foreign
suppliers may lose profit due to verification co€s the other hand, when consumers’ taste
for a particular variant of the product is wealqgucers are likely to choose differently. This
in fact implies that foreign producers may incregmser profit due to GMO policy, even
though they choose not to label their product asd=ikée! Adding gains and losses in the
different cases, we also found that a mandatomiladp scheme combined with a domestic
restriction on the growing of GM crops is likelytrrotectionist and may increase welfare.

2. The Model

The model is a two-stage game between a representimmestic food manufacturer
and a representative foreign food manufactureh bgporting some type of packaged food
to a domestic market. The production process ofépgesentative firms may involve the use
of GM inputs. In stage 1, the domestic figmand the foreign firmf simultaneously choose
whether to use GM inputs in their production ofdqooducts. Then in stage 2, the two firms
compete in prices on the domestic market. Whiladthreestic government and the firms
share complete information, domestic consumersatdamow or observe the content of GM
ingredients in the food products.

As mentioned, we evaluated the outcome of threeyalternatives. In alternative A,
we assumed that GM crops are grown domesticallytlaaicboth firms must pay verification
costs when producing GMO-free (for instance, all&®. In alternative B, the government
forbids domestic cultivation of GM crops and, heraay the foreign firm must pay
verification costs when producing GMO free. Furthiethe domestic firm chooses to
produce with GM inputs, it will incur transportaticosts. Finally, in alternative C, firms are
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forced to produce without GM inputs. Moreover, maglternative B, we assumed that only
the foreign firm must pay verification costs.

3. Packaged Food Firms

GMOs can be used as inputs to produce many typeaati@aged food: cornflakes can
be made from GM corn, soy oil can be extracted f@wh soy beans, potato chips can be cut
from GM potatoes, and tomato sauce can stem fromd@hhtoes. Moreover, some regard
meat from livestock that has been fed on GM fodddre GMO food in need of labeling.

In order to make the food product in question,filme must choose between two
types of inputs: GM inputs or GMO-free inputs. Doehe desirable properties of GM crops,
such as increased yields and reduced use of chiespiegys, GM ingredients are cheaper
than the corresponding GMO-free ingredient. Onatirer hand, the cost advantage of using
GM inputs will clearly depend on the food produtguestion.

The unit costs of the two firms are:

C, if GMO free food without verification
c, +v if GMO free food with verification S
C = I = » Iy

S e if producing GMO food from domestic GM crops

¢, +7 if producing GMO food from import of GM crops )

wherecg, >c¢, +7, v is verification cost§,and7 is a transport cost incurred only if GM

inputs must be imported from the other couritiye also assume that the GMO free input is
always available locally.

The profits of the firms are given by:

7T (py, Ps) =(P, —¢)d (Py, P;),i=d, f 2

3 Lence and Hayes (2002) estimated verificatiorir(dheir notation, direct identity preservation[[icosts for
grain at 10%. Another recent study held that, iditaah, there are hidden costs and stressed thewdi tend to
increase in a non-linear fashion close to zeroléeed may sometimes be prohibitively costly (Madtger and
Kalaitzandokes 2000).

4 To simplify, we set the costs of transporting plaekaged good from the factories to the retaiemeto for
both firms. This should not have influenced ouutes as this part of the transport cost is uniikel be
influenced by policy.
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where p; is the price of produdt ¢; is the unit production cost of produiGt and g, (P, Ps )
is the domestic demand for producti =d, f.

Finally, we assumed that the foreign firm is serving the domesiikehfrom a
separate production unit. Thus, any changes in the input nixsadinit, will not affect the
performance of the foreign firm in any other market.

4. Consumers

Like in the Hotelling model of horizontal differentiation (see, ,elgole 1988, 279),
we assumed that consumers buy only one unit of the food priodyieestion in each period,
and that the market is fully covered. Hence, total demand is eqtied tmmber of
consumers, which we normalized to 1.

In order to account for the vertical dimension of product differentiaionsumers
are uniformly distributed over a unit square instead of a lineibfangth, as in the Hotelling
model. The locations of the consumers on the horizontal bditterof the unit square
represents their most preferred brand proliferation, i.e., a certain flaaakaging design
etc., while each consumer’s preference for GMO-free food is measured laovertical axis
of the unit square.

We assumed that producers have chosen the horizontal locatiorr @irtdtkicts prior
to the introduction of GM inputs. The product of the doneefatin is located af0,0),

whereas the product of the foreign firm is Iocate(ll@b, i.e., at each end of the bottom line
in the unit squaré Let xD[O,l] be an arbitrary location on the bottom line of the unit square.
Thenx is also the number of consumers in the inte[Oat]. The gross utility from

consuming one unit of the domestic product Iocate(d)ﬂ)of a consumer located at is:

ud = -pX>+Am, 3)

whereT is the utility from consuming one unit of food, al® is the loss in utility of not

being able to get a product locatedxatwhen buying from the domestic firm @t The
parameterf is often coined th&ansportation cosparameter, and the tergk® the

transport costs

5 The fact that the products are located at eacloktite bottom line implies that the producers helvesen to
maximize the horizontal differentiation of theimglucts. We assumed this to be given by history thatithe
horizontal location cannot be changed without iriagrhigh fixed costs. With point of departure et
Hotelling model, it can be shown that producers ghibose to maximize their product differentiatighsen
guadratic transportation costs (Tirole 1988, 281).
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The termA,m is the benefit from consuming a GMO-free food by a consumer located
at x, where A, is uniformly distributed or{O,]]. Hence,g is the average willingness to pay

for GMO-free food. Note that the benefifm is only received if the consumer can be sure

that the product is really GMO free.

Similarly, the gross utility of the consumeratfrom consuming one unit of the
foreign product located e(ﬂ,O) is:

uy = =B@A-x*)+A,m, @)
where the termB(@-x* Yenotes the loss in utility of not being able to @@roduct located
at X when buying from the foreign firm.

Let cs denote individual consumer’s surplus, which isdifeerence between
consumer’s willingness to pay and the price acyyadiid, i.e.,cs, =u, - p,,i=d, f .

Consumers make their purchase decisions by maxigtheir surplus. We called the
consumer who is indifferent to buying prodwttand productf the marginal consumeand

denoted the location of the marginal consumexby When products are equal with respect

to GM content, we obtained for the location of tharginal consumer:
-p, +
X*:ﬂ Py pf’D/" 5)
2B

i.e., the locationx* is independent ofl and, hence, the unit square is dived by a vefiical

at x*, which for p, = p; divides the unit square into two identical partsiafe%.

When products are different with respect to GM eahtwe obtained:
-p, +
X* = iﬂ/]x* +m_ (6)
2B

2p
The sign in front of% is positive when produd is GMO free and product is

GM (and negative ivice versq The location of the marginal consumet is now dependent

of A and, hence, the unit square is divided by a sttdiige increasing (decreasing) Xt .
If, for instance, productl is GMO free and product is GM, p, = p; + 8, andm=24,

the line divides the unit square into two identic&lngles of size%.

5. Domestic Welfare

Domestic welfare consists of consumer surplus aadyzer surplus. LeES be the
aggregate consumer surplus for which we h@#e=I -TC+B - p,q, — p;q; whereTC
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is the aggregate transportation cost, that isafjggegated loss to each consumer of not being
able to buy the most preferred product in the loorial dimension. FurtheB is the

aggregate benefit from consuming GMO-free foode(&apendix D and E for a complete
derivation of bothTC and B). The domestic welfare function is then:

W, = -TC+B~-pyq, — p;q; *+71, (7)

where the first five terms are consumer surplud,tae sixth term is the profit of the
domestic firm. Notice that apart from the constBptall the terms in equatiom) will depend

on the policy choice of the domestic government.

6. Foreign Welfare

We assumed that the life science company is lodatdte foreign country.
Moreover, we assumed that it does not participateé game. Hence, profif$ are given as
a function of total GM food sales, i.e., eitH@f1) or M(g;) or M(0) with M">0. The market
for the packaged food in question is likely smaltomparison to the total sales of the type of
GM crops, e.g., cornflakes using GM corn compacetthé total GM corn market. Thus, it
seems reasonable to assume that the pricing deasibe life science company will be
independent of the market outcome in the markeeusulidy.

Moreover, we assumed that the foreign country Ig concerned about the profit of
the life science company and the benefit from the-way trade, i.e., the profit of its firmh

from exporting to the domestic country:
W, =T1+r,. (8)

Land rents are not included explicitly in eithee #xpression for domestic welfare or
in the expression for foreign welfare. In some sag@mers are vertically integrated with
packaged food firms through farmers’ cooperativesd aence, land rents are a part of
producer surplus. To the extent that the packagedtfirms are independent-buying
intermediates from farmers, it seemed reasonatdsdome that land rents are not influenced
by the use of GM inputs in any particular packafgedi marke€

6 The marginal farmer will be indifferent betweerooBing GM seeds and traditional seeds. (See, $tarice,
Fulton and Giannakas 2004). Moreover, what happease particular food market can only have margina
effects on the supply of GM inputs.
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7. The Effect of GMO Policies on Market Qutcome

We compared the following GMO policies: (1) mamatgtlabeling of GM products
with no regulation upstream, (2) mandatory labebh@M products combined with
restrictions on domestic use of GM seeds to grapsrand (3) a trade ban combined with
restrictions on domestic use of GM seeds to grayxrWith respect to policies A and B,
producers may choose differently with respect beliag their product as containing GM. It
then turns out that the market outcome dependsadisfuon consumerséx antepreferences
for the brand proliferation of the products vargams discussed by Neven and Thisse (1990),
we could have either horizontal domination or waitdomination, which refers to how the
two firms divide the market.

Figure 1  The Division of the Market

Horizontal domination

Vertical domination

In figure 1, the domestic firm produces GMO freed #ime foreign firm produces with
GM inputs, hencep, > p; All the consumers to the left of the line defingd® buy the

domestic product, whereas all the consumers tagheof the line buy the foreign product.
If consumers have strong preferences for eithémetwo brand proliferations — i.e is
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high compared tan such that% <1— the market will be divided as in the left parttioé

figure labeled “horizontal domination.” When consmnhave weak preferences for either of

the two brand proliferations— |em >1 — the market will be divided as in the right part

2p
of the figure labeled “vertical domination.”

Note that in the vertical domination case, consnpéaced at the right end of the
bottom line may still buy from the domestic firmthe left end of the bottom line, provided
that theirA is above= 084 (the intersection of the lin@) with the A —axis). On the other
hand, in the horizontal domination case, some aoessi will always buy from the domestic
firm and some consumers will always buy from theifign firm. In other words, they care so
much for their chosen brand that the issue of Ghtext does not matter independent of their
A. This difference turns out to be important whercakdting the optimal GMO free label
adoption strategies of the firms.

The transportation cost paramej@rcan be normalized to 1 without loss of
generality, so it will be suppressed in the renmampart of this paper.

8. Market Outcome under Horizontal Domination

One example of horizontally dominated demand cbeltreakfast cereals made from
GMO-free or GM corn, or pasta made from GM or GM@efwheat. Sincé is fixed to

unity, mD<O,g} ensures that we have horizontal domination. Furteer

0< (cO +v - cg)s g which ensures that the analytical solution toghme is tractable (see

appendix B2).

8.1 The Second Stage: The Bertrand Equilibrium

There are four possible market outcomes: eitb#r irms produce GMO free, or

both produce with GM, or firms choose differentlitwespect to GM content. In the two
former cases, there is only horizontal differemiain productsd and f , and the model is

identical to the Hotelling model (see, e.g., Tirb®88, 279).
When firms choose differently with respect to Gdhtent, productsl and f are

differentiated in both the horizontal and vertidahension. The demand functions
g(py.P;),1=d, f are then composed by three segments, and the uBeytrand-Nash

equilibrium will be found in the intermediate segrésee appendix A2 for the derivation of

10
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demand functions). The Nash Equilibrium profits iee different outcomes are summarized
in the table 1 (see appendix B2 for the derivation)

Table 1 NashEquilibrium Profit
Market outcome Domestic firm profit Foreign firm pr ofit
2 2
Both GM/GMO free 1(3-¢c, *+cC; 1(3+c, —c;
2 3 2 3
Firm d GMO f m ‘ m :
m 1k 3+ Gy +e 1| 375+ ¢
Firm f GM - =
2 g 2 3

The case in which the foreign firm produces GM@ famd the domestic firm
produces with GM is just a mirror image of the bottrow in table 1.
8.2 The First Stage: GM or GMO Free

Both firms have two pure strategies in their sgggtepaces: to use GMO-free or GM
inputs and the payoffs are simply the associatetitpr Given the willingness to pay for
GMO-free food, the choice of strategy will depemdtioe cost disadvantage of producing

GMO free in that particular market, +v -c, (see Appendix C). Defing" :g and

(g Zgﬂl +7 . Note thatl* <l ,and observe that boflf andl,’ increase inm. We then

have the following possible market outcomes sedable 2.

Table 2 Second-Stage NashEquilibriums

Market outcome Alt. A Alt. B

Both GMO free

w
GtV —c, <l

w
CotV—c, <

Firm d GMO free

Firm f GMm

GtV —¢, D<I,W, I,XV]

Both GM

w
GtV —c, >,

w
CotV—cy >y

Note that there is always a unique equilibrium. Wete that the cost disadvantage of

GMO-free food is high, intermediate, or low, whey#v —c, >, ¢, +v —c, D<I|W,I;”], and

Co vV —c, =1, respectively. Thus, in case of horizontal domimative have that:

11
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Proposition: (1) Only mandatory labeling combined with residns on domestic growing of
GM crops may lead firms to choose differently wiéspect to GM inputs, and then only
when the cost disadvantage of GMO-free food igméeliate; (2) if the average willingness

to pay for GMO free fooeg is high compared to the cost disadvantage of GM®-food,

firms will tend to choose GMO-free inputs; and if3he average willingness to pay for
m

GMO-free foodz is low compared to the cost disadvantage of GM® foed, firms will

tend to choose GM inputs.

. m
Corollary 1: If the average willingness to pay for GMO-fread E for some reason

increases (decreases) compared to the cost digadeaot GMO-free food, the market

outcome will tend to yield only GMO-free food (or8M food).

When choosing whether to be different from thalrfirm or to be equal to the rival
firm in the vertical dimension, there are two oppgseffects—the demand effect and the
strategic effect. The demand effect tells the fitmbe where the market is, i.e., if the

willingness to pay for GMO-free fooelzrIJ is high compared to the cost disadvantage of

producing GMO-free food, both firms should prod@dO free. On the other hand, this
intensifies price competition, and the strategfedftells the firms to stay different in order
to make price competition less fierce. With horitedbomination, the demand effect is
strongest, and we see that unlegsv —c, D<I|W,I,ZV] and the chosen policy is alternative B,

firms will stay identical in the vertical dimension

Policy alternative A keeps firms symmetric, whileeenative B introduces a cost
asymmetry, which both makes it cheaper for the dimérm to produce GMO free and
more costly to produce with GM, due to the domesstriction on the growing of GM crops.
This is the reason firms choose differently whem¢bst disadvantage of producing GMO
free is intermediate. However, due to the verifaratost, the foreign firm will in most cases
lose profits in case of alternative B comparediteraative A.

9. Market Outcome under Vertical Domination

If consumers do not have strong tastes for anfi@ptoducts, demand is likely to be

vertically dominated. One example of this couldchas of corn. In our model, vertical
domination occurs whem> 2 (remember that the horizontal differentiation paeter S is

fixed at unity). In appendix B3, we have solved thedel for the case in whicm=3 and
0< (c0 +V —cg)s 3, which ensures that we have vertical dominationranéles the analysis

of the model tractable.

12
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9.1 The Second Stage: The Bertrand Equilibrium

Note that if both firms produce GMO free, or boittmis produce with GM inputs,
profits are as in the horizontal domination casdable 1. Table 3 then gives the
NashEquilibrium profits of the domestic and forefgm in the two remaining scenarios.

Table 3  NashEquilibrium Profit with Vertical Do mination

Market outcome Domestic firm profit  Fpreign firm pr ofit
2 2
Firm d GMO free (2m-c, +¢c;) (m+c; —¢)
m m
Firm f GM 9 9

As above, the case in which the foreign firm prauGMO free and the domestic
firm produces with GM is just a mirror image of thettom row in table 3. More important,
for the case when firms choose differently, notd the profits are increasing in the
willingness to pay for GMO-free food, irrespectiviewhether the firms choose to produce
GMO free or not. This implies:

Proposition: If the average willingness to pay for GMO-freed is higher than the

difference in production cost, |erD =G, +V — ¢, the foreign firm will have higher profits

2

after the introduction of a GMO policy, even thougbontinues to produce with GM inputs.

" (m+c,-c)® 1 _ .
Proof: The proposition holds 5 >E. By insertingcy =¢, +V, ¢, =¢,, and
m

g =c,tV —C,, itis easy to see that the proposition holds.

9.2 The First Stage: GM or GMO Free

The asymmetric NashEquilibrium in the second sté#gbhe game may no longer be
unique. For certain parameter values, we have taghBquilibria: one in which the
domestic firm chooses to produce GMO free and aheidn firm does not, and one in which
the foreign firm chooses to produce GMO free arddbmestic firm does not. Since we are
interested in protectionism, we focused on theinnehich the domestic firm chooses to
produce GMO free (see appendix C for more details).

Definel! = ‘/ -m- v‘/ and 2m—,/97m+r\/§+v. Note thatl” <I;", and,

more importantly, tha&<0 while a“ > (0. This implies that the mtervél" I”] grows
m

larger if the W|II|ngness to pay for GMO-free footreases compared to the cost
disadvantage of GMO-free food.

13
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Three of the four possible market outcomes areatiegbin table 4.

Table 4 Second-Stage NashEquilibria with Altern  atives A and B

Market outcome Alt. A Alt. B

Both GMO free (C0+V—cg)sl,"+v\/§ (¢ +v-c,)<1¥

Firm d GMO free (C0+V—C )D<|V+V\/E |V—Z'\/E:| (C0 +V—Cg)D<|IV,|,'1’]
| I

Firm f GM i 2 2

Both GM (CO+V—CQ)>IK—T\/§ (c0+v—cg)>l,f

Similarly, as in the horizontal domination case,wik say that the cost disadvantage
of GMO-free food is low Whelﬁc0 +v —cg)s ', intermediate Whelﬁc0 +v —cg)D<I,“, I,f],
and high wher(c0 +V —cg)> l,. Hence, in case of vertical domination, we havé: tha
Proposition: (1) Both policy alternatives A and B may leauhf to choose differently with
respect to GM inputs; (2) if the willingness to gay GMO free food is high compared to the
cost disadvantage of GMO free food, firms will tancchoose differently with respect to GM

inputs; and (3) if the willingness to pay for GM@#¢ food is low compared to the cost
disadvantage of GMO free food, firms will tend twoose GM inputs

Note the differences from horizontal domination. &hhe willingness to pay for
GMO-free products is high, the interv<eiJ, I,Z] grows larger, and only one firm tends to

choose to produce GMO-free, irrespective of polildyus, with vertical domination, it is the
strategic effect that dominates (see corollary page 11).

10. Which Policies Are Protectionist?

We asked whether the policies mandatory labelilgise and/or trade ban is likely
to be protectionist. As mentioned, Fischer and&&&000) defined a domestic policy
measure to be protectionist when the use of theuim&nt in question is different from what
a planner would impose if all producers were lobabur setting, this amounted to
comparing foreign and domestic welfare for theehpelicy alternatives with welfare under a
“no policy” scenario. If changing from “no policyd one of the policy alternatives implies
that the foreign loss in welfare is higher thandoenestic gain in welfare, we would say that
the change in policy is protectionist.

We did not consider the market equilibrium in apwicy scenario. One possibility is
that labeling of GMO-free products will not emeigdependent of the cost disadvantage of

14
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GMO-free food and the willingness to pay for GM@sdrfood. The market outcome will then
always be as when the cost disadvantage of GMOtd@is high—that is, only GM

products and both firms earn profit equalgztoOn the other hand, for eco-labeled products,

there exist a diversity of private initiatives, buas the German Blue Angel, the Japanese
Eco-Mark, the Canadian Environmental Choice, aed\tbrdic Swan, etc. (OECD 1997).
Hence, our point of departure was that a voluni@ogling scheme for GMO-free food will
emerge, provided that the average willingness yof@aGMO-free food is adequate.

Clearly, private labeling of GMO-free products wbyield the same market outcome
as mandatory labeling of GMO products, as londhagetis no regulation upstream and both
firms pay verification costs when producing GMOeirén this case, policy alternative A
cannot be protectionist as long as it simply regiée “no regulation.” Further, evaluating
whether policy alternative B is protectionist candone by simply comparing the market
outcome with policy alternative A. This is the redhat is followed here, also with respect to
policy alternative C, when both firms are forcegtoduce without GM inputs. In addition,
we also comment here on the other case, that igrivate GMO-free labeling scheme
emerges. We first evaluated the horizontal domimatiase.

10.1 Welfare Effects with Horizontal Domination

Case 1: The cost disadvantage of GMO-freefood islow

In this section, we look at the changes in welf&iest, we studied the profit of firms
wheng, +v-c, <I". As can be seen in table 2, firms choose to pro@Me free for all

policy alternatives, and the profits are:

Alt. A Alt. B Alt. C
I, 1 1(3+vj2 As Alt. B
2 2\ 3

20 3

1T, 1 1(3—Vj2 As Alt. B
> ==

Note that the foreign firm prefers alternative Aig’is due to the verification costs,
which in this case applies to both firms. Whereggdlicy alternatives B and C, the
verification cost only applies to the foreign firm.

Denotell = —1—12 —1. Consumer surplus is then given by:
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Alt. A Alt. B Alt. C

— m . 2

2 2 36

Consumer surplus is clearly higher in alternatiBesnd C. This is due to the saving
in verification costs when there are domestic retgdns on the growing of GM crops. The
following proposition compares the gains and losses

Proposition: When cost disadvantage of GMO-free food is Iogither a mandatory labeling
scheme combined with restrictions on domestic gngwaf GM crops nor a trade ban is
protectionist.

. . , =.Mm 1 : . .
Proof: Welfare in alternative A is equal 16+E —C,—V +§, while welfare in alternative

= m v v: 1
B and in alternative C is equal t'o+E—c0 —E +E +§. The gain in welfare is equal to

5 v? . . v v? . . .
— +—. The foreign loss is equal t8 ———, which clearly is smaller than the domestic
6 12 3 18

gain.

In all cases the life science company has prof(@ and, hence, the policy

alternatives do not differ with respect to the Bfgence company.
Note that if “no policy” implied no labeling, bofirms would still have profit% asin

policy alternative A. However, domestic consumecslld lose, while the foreign life science
company would gain. It is thus hard to say whepwdicies are protectionist in this case.
Case2: The cost disadvantage of GMO freefood is high

In this case, as can be seen from table 2 wiyerv —c, > 1, firms choose to

produce with GMO for both policy alternatives A aBdThe profits are then given by:

Alt. A Alt. B Alt. C

My | L | Af3-1) 1(3+v2
2 2\ 3 2\ 3

ZON 1(3”]2 1(3—uj2
2 2\ 3 2\ 3

In this case, the foreign firm prefers policy altative B, since it implies that the
domestic firm has to import GM inputs. Hence, al&ive B cannot be protectionist. On the
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other hand, the domestic firm prefers alternatiysi@ice it then has a cost advantage. Again,

denotel =T —1—12 -1, and consumer surplus is given by:

Alt. A Alt. B Alt. C
™ _ _ 2 _ 2
Cs T8 |Fog L4l |FaMM o Y,V
° 2 36 2 2 36
2 2

The two expressions%+% and —%+% must both be negativer-urther, since

m : . .
we haveE <C, —C,, With respect to consumer surplus, alternative élearly preferred.

By taking welfare for alternative A and subtractimglfare for alternative C, we
obtain:

2
m v v . . . .
Aw=c,—-c,——+———. Forv > 2, this expression may be negative, and alternatiiee C
© 79 2 6 12

2
then preferred. However, the loss in profit for theeign firm is%—%, which is larger

2
than the maximum gain in welfare of choosing akéxe C,%—%. In addition, the life

science company will lose with alternative C.

Proposition: When the cost disadvantage of GMO-free foodgh,ba mandatory labeling
scheme combined with restrictions on domestic gngvaf GM crops is not protectionist;
however, a trade ban is clearly protectionist.

This proposition also holds if “no policy” impliatb labeling, since both firms will

produce GMO food for alternative A.

Case 3. The cost disadvantage of GM O-freefood isintermediate

This case is relatively more complicated. Fromeddhlwe see that both firms choose
to produce with GM under alternative A. Further, dtternative B, we have that firms choose
differently with respect to using GM inputs. As &bowe first look at the profit of the firms:

7 We must haver, V < 3 for both firms to produce, see Appendix B.
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Alt. A Alt. B Alt. C
m |1 m 2 1(3+vY
A 3+—-c,+cC ==
2 1~ 2 ™ 2( 3 ]
2 3
7r 1 m 2 1(3-vY
> 3-_+C,—¢C = —
2 1= 2 ™ = 2( 3 J
2 3

GMO free. Ifg <C,—C

Eggert and Greaker

The foreign firm prefers policy alternative B taexhative C. In alternative C, it is
forced to produce GMO free; while in alternativeitBjoluntarily chooses not to produce

g’

the foreign firm also prefers alternative B teeatiative A. For

the domestic firm, it is vice-versa: it preferteahative C to alternative B, and alternative A

: m
to alternative B if—<c¢, —¢,.
2

Again, denote” =" —1—12 —1. Consumer surplus is then given by:

Alt. A

Alt. B

CS

ml
|
o

[+

2

C,+C, M’ —m

(co ~-c, )+ 2(00 ~-c, )2

m_
4 2

36

m , o .
SupposeE =C, —C,, both firms are then indifferent to alternatives #daB.

Moreover, it can be shown that that alternative @ierior with respect to consumer surplus.

However, it is still ambiguous whether alternativesr B yield the highest consumer
surplus, and it is easy to find values for the paaters that yield both outcomes. Since the

life science company prefers alternative A to alsive B and alternative B to alternative C,
the likelihood of protectionism increases in thinggency of policy.

Proposition: When the cost disadvantage of GMO-free foodtisrmediate, both a

mandatory labeling scheme and a trade ban coutddbectionist; however, a trade ban is
more likely to be protectionist.

This proposition also holds if “no policy” implietb labeling, since both firms will
produce GMO food for alternative A.
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10.2 Welfare Effects with Vertical Domination

Cases1and 2: The cost disadvantage of GM O-freefood islow or high
Further, when the cost disadvantage of GMO-free fedow, i.e.,(cO +V —cg)< I,

both firms choose to produce GMO free for altenretiA and B. Results are then again
equal to the horizontal domination case; thatesther a mandatory labeling scheme nor a
trade ban is protectionist, even though the foréigm loses profit due to the verification
costs. Again, if “no policy” implied no labeling)é case for protectionism is ambiguous,
since compared to no policy, domestic consumers @ad the foreign life science company
would lose.

When the cost disadvantage of GMO-free food is high (c0 +V -C, ) >1,, both

firms choose to produce with GMO for alternativead B. Results are then equal to the
horizontal domination case; that is, a mandatdogliag scheme cannot be protectionist. On
the other hand, a trade ban may be protectionisarly, if “no policy” implied no labeling,
nothing would change since both firms will prod@®& O food for alternative A.

Case 3. The cost disadvantage of GM O-freefood isintermediate

When the cost disadvantage of GMO-free food igimégliate, i.e.,
(co +V —cg)EI<I_I ,I_h] , firms will choose differently with policy alterrise B, but not

necessarily with policy alternative A (see table\Wg concentrated here on the cases when
both policy alternatives yield the asymmetric madkgcome, i.e.,

(co +v —cg)D<I_+v\/§ , I_h —r\/g}. The profits are given by:
|

Alt. A Alt. B Alt.C
| (2m-c-v+c, P | (em-co+c f | 1(3+v)
9m 9m E( 3 J
T, (m+co+|/—cg)2 (m+co—cg)2 1(3-vY’
9m 9m E(T]

Note that when firms choose differently, the forefgm prefers alternative A to
alternative B and alternative B to alternative Cdwese, with mandatory labeling, it voluntary
chooses to produce with GM.

Consumer surplus is then given by:
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Alt. A Alt. B Alt. C
CS r_m_loco+10|/+8cg+6+(co+|/-Cg)2.|.'3, r-m_loc0+8°g+6+(°o‘cg)2+3 I'+m—co—£+v—2—l—3
9 18 18m 9 18 18m 2 2 36 12

Note that when firms choose differently, consumepkis decreases in the
willingness to pay for GMO-free products. This acschecause price competition is softened
when firms become increasingly vertically differiated. Further, consumer surplus is clearly
higher for alternative B than for alternative A.ig s due to the savings in verification costs
when there are domestic restrictions on the growin@M crops. However, we noted that as
m increases, alternative C will yield the highestsiamer surplus. With a trade ban, firms
are forced to produce GMO free, and price comoetiis fiercer.

The GM seed supplier is clearly indifferent to pglalternatives A and B, as long as
they both yield foreign production of GMO food. @ other hand, the GM seed supplier
will lose on a trade ban.

Proposition: When the cost disadvantage of GMO-free foodtisrmediate, and in addition

we have(co +v —Cg)D<|_| +V\/§, I_h - T\/g} , @ mandatory labeling scheme combined

with restrictions on domestic growing of GM cropsbt protectionist, while a trade ban

might be protectionist. I(cO +V —cg)D<I_,, | +V\/§:| or

(c0 +V —C, )I] <I_h - r\/g, I_h] , policy alternatives A and B yield different outcosrend

the results are ambiguous.

It is not necessary to look at consumer surplusartbe shown, going from
alternative A to alternative B, that the loss af fbreign firm is smaller than the gain of the
domestic firm due to the savings in verificatiorstco

Note that the proposition does not necessary féfipolicy” implied no labeling.
The life science company always prefers that biothsf produce GMO food; however, both
consumers and firms may loose from not being abthbose between GM food and GMO-
free food.

11. Concluding Remarks

In this paper, we studied the link between marketcture and regulatory policies,
such as labeling and trade bans, and under whdit@ms such regulatory measures are
welfare improving from a global point of view andnsequently are not protectionist. Our
focus was on what happens in a particular packégedimarket. As argued, actual food
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markets will differ both with respect to the strémgf consumers’ tastes for the different
product variants, and with respect to the costd¥igatage incurred by the use of GMO-free
inputs. To fully evaluate whether any of the polatiernatives is protectionist, we would
have to add the welfare gains and losses from alkets, which obviously is impossible
without having detailed information for every reden food market. However, given that a
private labeling scheme would emerge under a nmypstenario, we can summarize the
results in the following way in table 5.

Table5 “Is a Mandatory Labeling Scheme Protect ionist?”

Cost disadvantage of GMO free food @ — High | Intermediate |Low

Strength of band proliferation !

Horizontal domination No Possible No

Vertical domination No Possible No

The results in table 5 hold independently of thexdadiory labeling scheme combined
with restrictions on domestic growing of GM cropsot. Hence, without knowing the exact
effect in each market, we concluded that a mangdabieling scheme is not protectionist in a
majority of cases, and is not necessarily protadtan the rest of the cases. (It is easy to find
numerical examples when it is not.) This holdsast as long as a voluntary scheme would
emerge in the no-policy case. Note also that a atangl labeling scheme combined with
restrictions on domestic growing of GM crops wobh&tome less protectionist to the extent
that there were environmental externalities coreteth growing GM crops as, for instance,
now claimed by France (see EurActive 2008 ).

A trade ban would be protectionist in far more sag®r instance, when the cost
disadvantage of GMO-free food is high, a tradewauld still yield just GMO-free food,
which is protectionist compared to both no poliog anandatory labeling.

There exist huge potential benefits to producesssamers, and the environment
from GM technology. At the same time it is stilsduted whether GM crops lead to
increasing or decreasing use of pesticide (Carpent., 2001) and there is room for
improvement to maximize benefits to society whil@imizing environmental risks (Marvier
et al., 2008).Consumers are very sensitive to negatformation related to GMOs. The
StarLink case—where the U.S. Environmental Pradecfigency only approved one type of
GM corn for animal feed that later was discoveretiuman food, and which led to several
law suits and a one year 7-percent price redudtidhS. corn exports—is a recent dramatic
example (Carter and Smith 2007). The persistenieard increasing resistance to GMO food
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among Europeans, paired with our results, indictiasthe current mandatory labeling
within EU may be welfare improving.

At the same time, we noted that consumer resistanveards GMO food can be
mitigated by third-party information. Rousu et(@004) studied negative GMO information
from environmental groups using experimental aunstid\lthough they estimated the value
of such information at US$ 2 billion annually ority U.S. consumers, they also found that
independent third-party information could dissipatest of the public good of negative
GMO information. Moreover, a substantial fractidiFoench consumers were indifferent to
GMO-free and GMO food in another study (Noussaalef004).

Mandatory labeling seems like a flexible instrumehen consumers’ preferences are
prone to change. If the willingness to pay for GNt€e food becomes lower, firms will
switch to GM inputs and not care about the GM lalgelHence, the cost saving promised by
GM technology are realized.
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Appendix

A: Demand Functions

Al: With novertical differentiation

When producid and f are both GM or both GMO free, the model is ideaitto the
Hotelling model with demand:
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1-ps+p 1+pys—p
qd :#’qf :1—qd :#_

9
> > (9)

A2: With vertical differentiation and horizontal domination

When productd is GMO free, while productf is GM, the marginal consumers are

Py — Py _1J

located on the lined, :—(xz* + ,m>0, dividing the unit square into two
m

parts, reflecting the market shares of fidlmand firm f, respectively. Further, the straight
line has three possible different locations inuhé& square. In the first case, the line cuts off
the upper left corner of the unit square, and #raahd for productl is just the area of the
upper left part of the square:

m-pg +ps +1

2 —p, -1 m-p, + P, +1
q, =1- J. E(X+ Py 2pf de—(l— Py + P j'

L 2

for p; +1< p, <m+p, +1.

In the next case, the line with divides the uniiaag as in Figure 1 (page 9). The line

1-p, +
crosses thex—axis at point x :y, and intersects the horizontal licle=1 for
m-py +p; +1 : .
X= > . The demand for produdt is the left part of the unit square:
m-pg +pg +1
2 -p; -1 m-p, +p; +1
g, =1- J- 2 e Py ~ Py dx—l1- Py + Py '
Pg—p; 1 m 2 2
2
m-p, +p; +1
for p; —p; —1<0 and0< > <l
In the last case, the line divides the unit sqsah that just the lower-right corner is
1-p, +
left for product f. The line crosses the—axis at pointx =¥, and it intersects the

m-p;+p,+1 m-p,+p; +1

horizontal lineA =1 for X = > , > =21 The demand for product

d is:

1 _ _ _ _ _ 2
2(“ Py = Py 1de_4m (p, - Py -1)
4m
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— Pyt Py +121.

m
for p; —p; —1<0 and >

Solving the integrals, we obtain the demand fumctar productd :

m-p, + p; +1f°
[ pd4mpf ] for p, +1< p, <m+p, +1
m-2\p, - p; -1
Uy = (pd4 o ) form+p; -1<py <p; +1 .

am-(p, - py —-1f

(pf o ) for p; —1< py <m+p, -1

4m
(10)

Since we assume that the market is fully covelleeldemand for product is
q; =1-q,.
A3: With vertical differentiation and vertical domination

In case of vertical domination, the slope of thraight line is smaller than 1, i.e.,
m> 2. It also has three possible different locationthmunit square, but only the

intermediate case differs from that of horizontanihation case. In the intermediate case,
the line crosses thé —axis at pointx =0, and intersects the vertical line=1 for A <1.

Hence, demand for produdt is the upper part of the unit square, or the whoéa above the
line:

t 2( Ps ~ P -1j
gy =1-|— x+ dx,
‘ J;m 2

for p, +1<p, <m+p, -1

Solving the integral, demand for produttin the vertical domination case can be
written as:

[m_ Pq + Py +1]2

4m
m-p, +
q = TPt B for p; +1<py <m+p, -1

m
am-(p; - py -1
(b, P, -1 for p, —1< p, < p; +1
4m
(11)

form+p, —1< p,<m+p, +1

The demand for product is simplyq; =1-q, .
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B: NashEquilibriain the Second Stage of the Game

B1: Both GM/Both GMO free

Demand is given in the equati@). Eachi firm maximizes:

1-p + p.
n=(pi—ci)(¥}ori¢j, i,j=d,f,

and it is easy to show that, in the Bertrand-Nastepequilibrium, we obtain the following
expressions for output and profit:

2

Note that the difference in costs between the finmast not exceed 3, that is,
(c. —C; )s 3.
i i

B2: Domestic GMO-freeand foreign GM: Horizontal domination

We assume that the unique equilibrium is locatethe intermediate segment of the

demand functionglo). (See Neven and Thisse for a proof of NashEquulibruniqueness.)
Assume that the domestic firm produces GMO fredeNloat either we have, = ¢, or

Cy = C, tV. We then have that firms maximize:

)m_z(pd ~ P+ _1)

”d:(pd_cd 4 ,
2\lp, — p; +1)—m
m,=(p, ~c,) 2P TBrm

The Bertrand-Nash equilibrium prices are:
6+m+4c, +2c, 6-m+4c, +2c,
Py = 6 » Py = 5 .

We have to check if the equilibrium prices are ¢stest with the condition

m+ p, —1< p, < p; +1 (See(10)). This results in the following condition:
. 3+Cd _Cg . 3 - .
m< miny3-c¢, +¢, =~ Thus, if m, (cd —cg)D O’E the condition will always be

fulfilled. The associated NashEquilibrium outputsl grofits of each firm are therefore:
2
m m
3+E_Cd+cg 1 3+E_Cd+cg

= N, == , and
Qg 6 ¢ 75 3
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2
3_ 2 +Cd _Cg

= M. =
G 6 "2 3

B3: Domestic GMO freeand foreign GM: Vertical domination

Again, we assume that the domestic firm produceOGMe, and that the unique
Nash-price equilibrium is on the intermediate seghoé the demand functiors1). (See

Neven and Thisse for a proof of uniqueness.) Repeatame procedure as above, apart from

M= Py + Py _ Pa — P

andg, = , Where

replacing the demand functions witf) =
p; +1< py, <m+ p; —1 and we obtain the following equilibrium prices:

_2m+2c, +c, _m+c, +2¢c,

pd_f’pf_ 3

The set of prices constitutes a NashEquilibriuntoag as
3+c, —cC
m> max{S— Cs +C, %} Notice that this condition is always fulfilled wine

m> 3, Ofc, —¢,)0(0,3]. We then obtain the NashEquilibrium outputs andifrof each

firm as follows:

2m-c, +¢, (2m-c, +c, )
qd :—1r|d = ]
3m 9m
and if:
2
m+c, — ¢, (m+cd —cg)
g =——r— Ny =——.
3m Im

C: NashEquilibria in the First Stage of the Game

Generally, we assume that firms produce GM ifrpeofits are higher or equal than
when producing with GM. We then look at the polatiernatives.

C1: Horizontal domination: Alternative A

The NashEquilibrium is “both GMO free” if:
2
3—r;+c0 +V -,

1.1
—_2>—
2 2 3

which can be reduced tgz C, +V —C,. The NashEquilibrium is “both GM” if:
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2

which reduces terzE <, +V —C,. Hence, the NashEquilibria “both GMO free” and ‘thot

GM” are mutually exclusive.

Finally, the NashEquilibrium is “only the domestion GMO free” if:
2
3+'; —Cy —V +C,

1 1
— 2_’
2 3 2
and if:
m 2

1 3_E+C° +V -,

— >
2 3

, iy m : iy
The first condition reduces t% = ¢, +V —C,, While the second condition reduces to

m ” : .
> <C, tV-c,. Hence, the conditions are mutually exclusive. Theseither have “both

GMO free” or “both GM” with alternative A.

C2: Horizontal domination: Alternative B

In this case, firms have different costs. The Naghlibrium is “both GMO free” if:

2

m
1(3“/)2 g 1 3—§+co+|/—c@J -T
"2

2\ 3 3
and if:
m 2
1(3—sz 1|37 5 "%
_ —_— 2_ — = ,
2\ 3 2 3

, m m : : .
which can be reduced tez} 2C,—Cy—T andE > ¢, +V —c, of which the latter is sufficient.

While, the NashEquilibrium is “both GM” if:
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2 3+m— =F
T e
2\ 3 2 &

and if:
2

: m m : : .
which reduces tGE <¢,-T-¢, and > < ¢, +V —¢,, of which the former is sufficient. Note

that, as above, the NashEquilibria “both GMO fraatl “both GM” are mutually exclusive.

Finally, the NashEquilibrium is “only the domestion GMO free” if:

2

3+m— + 2
17T % >1[ﬂJ
2 3 20 3 )7
and if;
2
1 3 —+CO Cg >1(3—V jZ
2 3 2\ 3

, iy m : iy
The first condition reduces t% = ¢, —T —C,, while the second condition reduces to

g <C, tV —c,. Hence, we have “only the domestic firm GMO frefe” i

m
Gy =i =G, <Esco+v—cg.

C3: Vertical differentiation: Alternative A
The NashEquilibrium is “both GMO free” if:
2
1> (m+c0 +v—cg) .

2 9m

The condition holds for small values (1:& +V —cg) i.e., we must have
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(co +V —cg)ng?m -m. Since(c0 +V —cg) is bounded above 0, the condition cannot hold
9

for m>—.
2

The outcome “both GM” is a NashEquilibrium if:
(em-c,-v+c, )
om '

1
=>
2
Rearranging the expression, we hz(vﬁv —cg)> 2m- 97m Since

C, +V —C, =3 the condition cannot hold fan>= 3478

The NashEquilibrium is “only the domestic firm GM@e” if:

(2m—c0 —v+cg)2 > 1,

9m 2

which holds if(c0 +v —cg)s 2m—1/97m . Also, the foreign firm will produce with GM inputs
if:

(m+c, +v-c,f 1

9m 2
which holds if(c0 +v —cg)>1/97m -m

The NashEquilibrium is “only the foreign firm GM@ek” if:

(2m—c0 —v+cg)2 1
om ~2

which holds if(c0 +v —cg)s 2m- 97m . And the domestic firm will produce with GM inputs

if:

(m+c, +v-c,f 1

9m 2
which holds if(c0 +v —cg)>1/97m -m.

C4: Vertical differentiation: Alternative B

The NashEquilibrium is “both GMO free” if:
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1(3“/)2 . (m+c0 +|/—cg)2

20 3 9m

and if:

1

1(3—ij _(mreo—c,f

2\ 3 9m

which can be reduced g +v —c, sJSLm -m+ 1/\/E and
C, TtV —C, <1/ -m-— 1/ CIearIy the latter is sufficient. Define

= /gm -y ; , and the latter condition can be simplified to

o +V —C, <I/. Note thatl is declining inm andv.

The outcome “both GM” is a NashEquilibrium if:

=), b e

20 3 9m

1

and if:

1 3+rj2 N (2m—c0 —v+c, +r)2
2\ 3 9m

which can be reduced i +v -c, > 2m—1/97m + r\/gﬂ/ and

C, tv—-¢, > 2m—1/97m - T\/% + 7. Clearly, the former is sufficient sinerég >1. Define

9m m iy L
Iy = 2m—1/7 +r\/;+v, and the latter condition can be simplifieddp+v —c, >I;’. Note
thatl! is increasing inm andv, and further that, >1,.

The NashEquilibrium is “only the domestic firm GM@e” if:

(2m—C0 +cg)2 >1(3—rj21

9m — 20 3

which holds ifc, =¢; = l,. Also, the foreign firm will produce with GM if:

(m+c0 —cg)2 >1(3—Vj2
5 ;

9m 3

which holds ife, —¢, 21;.
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The NashEquilibrium is “only the foreign firm GMQ@ek” if:

(em-c,-v+c, +7) . 1[3+Z’j2
om 20 3 )

which holds ifc, =¢, < I, —ZT\/§+ T —V. Again, the domestic firm will produce with GM

if:

20 3

(m+c, +v-c, -7) N 1[3+v)2
om 2 ’

which holds ifc, =¢, >1, +2V\/g+r—v.

D: Calculating Transportation Cost

D1: Both GM/Both GMO free

Since there is only horizontal differentiatioetween productl and f when

either or both firms produce with GM inputs or wHasth firms produce GMO free, the
transportation costs are the same in horizontalidatmon case and the vertical domination
case:

1-pg + py
2 1
TC= szdx+ _[(1— x)2dx
0 1-py +ps
2

Solving the integrals and inserting and p; , we obtain:

1 (¢-¢\ . .. .
TC:—+( c ’J fori#j,i,j=d,f.
Note that when both firms produce GMO free, we hée= 1—12

D2: Domestic GMO free/Foreign GM: Horizontal domination

Since, the NashEquilibrium is found on the interraegisegment of demand, the
aggregate transportation cost is given by the ¥ollg sum of integrals:

Ps —pg+1 m+p —pg +1 m+pg —pg +1
2 2 2 ) 1 )
TC= szdx+ Ixz(l—/l)dx+ j(l— X)* Adx+ _[(1— x) dx
0 Pt —pg +1 Pf —Pg +1 m+ps —pg +1
2 2 2
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_ 2 P —Pf —1) . . . ]
InsertA =— ] x+——— | into the equation and solve the integrals:
m 2
2 mip, - -p, f 6+m+4c, +2c
L b, p“')+(pf P.) . Finally, by insertingp, = 2 9 and
12 12 4 4 6
6-m+4c, +2c, , _
p; = 5 into the equation, we obtain:

TC

1+ —m(cd —cg)+(cd —cg)2
- 12 '

TC

D3: Domestic GMO free/Foreign GM: Vertical domination

In this case, the aggregate transportation cagven by the following sum of
integrals:

1 1
TC= Ixz(l—A)dx+I(1— x)? Adx.
0

0

s — Py —1 2m+2c, +c, m+c, +2¢
m~ 2 ) g

Insert A 23(X+ i 5 and p; =Tg into the

eqguation and solve the integrals:

e o M=
3m

E: Calculating GMO-free benefit

It is clear that in scenario 1 when both prodacesGM, none of the consumers will
benefit from GMO-free quality, an@ = 0. While in scenario 2, both products are GMO free

and B :g (total output 1 times the average ben%ﬁl).

In scenarios 3 and 4, since there are both GM di@®&ee food in the domestic
market, only those who buy GMO-free food will baehef

E1l: Horizontal domination case

Ps —Pg +1 m+ps —pg +1
2 1 2 1
B= j j/lmondx+ j j/\md/\dx
0 0 Pt —Pg+l 2x+pg—ps -1
2 m

m - +1 2
Solve the integrals :w m

+?. Further, by insertingp, and p; , we

obtain:
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_m?+3m-mlc, -c,)
B 12 '

E2: Vertical domination case

1

B:i j/]moudx
0

2x+pg—ps -1
_ 2
Solve the integral$ :E—L—M. Further, by insertingp, and p; ,we
2 6m 2m
obtain:
qom_ 1 _{mee, o f
2 6m 18m
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