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A partial equilibrium four-region world trade model for the soybean complex is developed in which
Roundup Ready (RR) products are weakly inferior substitutes to conventional ones, RR seeds are
priced at a premium, and costly segregation is necessary to separate conventional and biotech products.
Solution of the calibrated model illustrates how incomplete adoption of RR technology arises in
equilibrium. The United States, Argentina, Brazil, and the Rest of the World (ROW) all gain from
the introduction of RR soybeans, although some groups may lose. The impacts of RR production or
import bans by the ROW or Brazil are analyzed. U.S. price support helps U.S. farmers, despite hurting
the United States and has the potential to improve world efficiency.
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Biotechnology innovations in agriculture rep-
resent a recent trend that is providing both
dazzling opportunities and unexpected chal-
lenges. Genetically modified (GM) crops ac-
count for a major share of U.S. cultivation of
soybeans, maize, and cotton, and a few coun-
tries, notably Argentina, Canada, and China,
have followed the United States’ lead. It is es-
timated that, in 2002, GM crops accounted for
145 million acres worldwide (James). But from
the beginning, the biotechnology revolution
in agriculture has been controversial (Nelson;
Moschini; Pardey). Notably, consumer groups
and the public at large have raised, espe-
cially in Europe, a vociferous opposition to
the introduction of GM products in the food
system. They have expressed concern about
the safety of GM food and about the envi-
ronmental impact of GM crops, among other
things, and have demanded that consumers be
given the “right to know” whether the food
they buy contains GM products.1 As a re-
sult, a number of countries are implementing
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1 A survey of a representative sample of 16,000 citizens of the
European Union confirms the existence of a potentially sizeable
customer base with differentiated preferences (Eurobarometer).

mandatory labeling regulations aimed at pro-
viding exactly that choice. Such national poli-
cies necessarily interfere with trade (Sheldon).
Indeed, the international trade implications
of widely differing adoption of, and policy
response to, GM crops are proving increas-
ingly difficult to accommodate in an ever more
globalized world characterized by commodity-
based agricultural trade. Frustration with the
current situation is underscored by the offi-
cial complaint to the World Trade Organi-
zation that the United States (supported by
several other countries) launched against the
European Union (EU) in May 2003.2 Such
unresolved issues call for a deeper economic
analysis of some trade-related consequences
of GM crop adoption, and this paper is an ef-
fort in exactly that direction.

The GM crops that have been most suc-
cessful embody a single-gene transformation
that makes the crop resistant either to a her-
bicide (e.g., Roundup Ready [RR] soybeans)
or to a particular pest (e.g., Bt maize). As
such, these improved crops represent a typical
process innovation, increasing the efficiency
of production but not supplying any new at-
tribute that consumers value per se. In fact,
because some consumers object to GM food,

2 The complaint alleges not only that the EU policy is closing
that market for potential U.S. exports, but also that it affects the
policies of other countries toward GM crop adoption because of
the countries’ concerns over future market access.

Amer. J. Agr. Econ. 87(3) (August 2005): 621–644
Copyright 2005 American Agricultural Economics Association



622 August 2005 Amer. J. Agr. Econ.

the introduction of GM crops actually is bring-
ing to market a product that some consider
inferior in quality to its traditional counter-
part. This “induced” product differentiation
is one of the hallmarks of the current mar-
ket impact of GM products and has a num-
ber of economic implications that need to be
addressed. In particular, costly identity preser-
vation activities are necessary to ensure that
GM and non-GM products are segregated
along the production, marketing, processing,
and distribution chain of the food system
(Bullock and Desquilbet). Some models re-
cently have attempted to incorporate differen-
tiated final product demands and supply-side
identity preservation. Whereas these models
vary in their approaches and the issues they
address, they share the common attribute of
being specified at a very aggregate level and
of not modeling closely enough the character-
istics of the innovation being analyzed (e.g.,
Nielsen and Anderson; Nielsen, Thierfelder,
and Robinson; Lence and Hayes). In partic-
ular, the GM crops that we are interested
in have been developed by the private sec-
tor and are protected by intellectual property
rights (IPRs), which give innovators a limited
monopoly power that affects the pricing of
GM seeds for farmers and cannot be ignored
in assessing the welfare effect of innovations
(Moschini and Lapan). Studies that overcome
some of these limitations (Moschini, Lapan,
and Sobolevsky; Falck-Zepeda, Traxler, and
Nelson) still do not address the issue of induced
product differentiation.

A few recent studies have addressed the
implication of product differentiation and
identity preservation. Desquilbet and Bullock
study potential adoption of GM rapeseed
with non-GM market segregation in Europe
based on a calibrated two-country model in
which differentiated market supply and de-
mand functions are built up from the individual
agent level. Lapan and Moschini (2001, 2004)
also build a two-country partial equilibrium
model of an agricultural industry to analyze
some implications of the introduction of GM
products. They model the GM crop as “weakly
inferior” in quality to the non-GM one in the
importing country that does not produce the
GM crop and consider that country’s ability to
impose policies that limit its exposure to GM
products. Fulton and Giannakas model GM
product introduction in a closed economy in
a vertical product differentiation framework,
with emphasis on the welfare impacts of al-
ternative labeling regimes. Furtan, Gray, and

Holzman study the impact of the potential in-
troduction of GM wheat, with emphasis on the
irreversibility aspects of such GM crop release.
Whereas these studies take the analysis in a
desired direction, the treatment is mostly the-
oretical and the need remains for quantitative
estimates concerning the impact of GM inno-
vations, especially in an open-economy setting.

In this study, we present a model that closely
represents the product differentiation that is
induced by the GM crop innovation and explic-
itly models the ensuing need for costly iden-
tity preservation activities that are required
to supply the preinnovation (non-GM) prod-
uct. In particular, we show how the induced
differentiated demand can be specified con-
sistently so as to allow welfare analysis. The
model is applied to the world market for soy-
beans and soybean products (soybean oil and
meal).3 Specifically, we develop a four-region
world trade model in which GM crops are
produced in a market with differentiated de-
mands and segregation costs. Two of the prod-
ucts (soybeans and soybean oil) are modeled
as existing in two varieties: conventional and
GM, the latter variety being produced us-
ing herbicide-resistant RR technology.4 The
four regions of the model are the United
States, Argentina, Brazil, and the Rest of the
World (hereafter ROW). The United States
is the world’s largest soybean producer and
exporter. The other main producing region is
South America, where most of the cultivation
takes place in Argentina and Brazil (table 1).
These two countries took different paths with
respect to adopting RR soybeans because of
different government policies.5 Hence, consid-
ering these two regions separately will allow
some interesting policy simulation analyses.6

3 Soybeans have been the most successful GM crop to date. In
2002, GM soybeans accounted for 62% of the world area cultivated
to GM crops, and GM soybeans accounted for more than half of
world soybean production (James).

4 Because meal is used as feed, and animals so fed need not carry
any GM label, there appears to be no reason why demand for meal
should be differentiated.

5 Although Argentina was an early adopter and has the world’s
highest adoption rates of RR soybeans, the use of GM soybeans
in Brazil has not yet been permanently authorized. But following
widespread growing of GM soybeans smuggled in from Argentina,
Brazil has enacted a temporary and limited authorization for GM
soybeans. With the decree enacted in September 2003, farmers who
have GM soybean seeds are allowed to plant them for the 2003–4
crop year, and market the harvest through the 2004 year. But seed
companies are not yet allowed to legally sell RR soybean seeds in
Brazil.

6 To represent South America in our two regions, in our model
the Brazil region includes both Brazil and Paraguay, whereas
the Argentina region includes the residual South American
production.
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Table 1. Soybean Complex Production and Utilization, 1998–99 (mil. mt)

Soybeans Oil Meal

Area Net Direct Net Net
(mil. Ha) Product Exports Use Crush Product Exports Product Exports

World 71.16 161.67 n.a. 23.58 135.70 24.56 n.a. 108.36 n.a.

United States 28.51 74.60 21.82 5.47 43.26 8.20 1.04 34.29 6.37
South America 22.93 55.34 12.89 2.43 40.29 7.55 3.78 32.19 22.01

Argentina 8.17 20.00 2.70 0.66 16.80 3.16 3.08 13.69 13.22
Brazil 12.90 31.30 8.27 1.52 21.60 4.04 1.22 17.01 9.98
Paraguay 1.20 3.00 2.30 0.05 0.65 0.12 0.09 0.51 0.41

Rest of the World 19.72 31.73 −34.71 15.68 52.15 8.81 −4.82 41.88 −28.38
European Union 0.52 1.53 −16.07 1.53 16.23 2.92 1.06 12.92 −14.91
China 8.50 15.16 −3.66 7.32 12.61 2.05 −0.87 10.03 −1.39
Japan 0.11 0.15 −4.81 1.28 3.70 – – – –
Mexico 0.09 0.14 −3.76 0.03 3.95 – – – –
Mid-East/North Africa – – – – – 0.26 −1.64 1.23 −3.70

Source: U.S. Department of Agriculture (2002).

Although, in principle, demands in all
four regions could be differentiated, for the
purpose of the analysis, only ROW is mod-
eled with differentiated demands. This cap-
tures the observation that most resistance to
GM product innovation to date has mate-
rialized overseas and provides the opportu-
nity for our model to consider how differ-
ing GM regulation and policies across coun-
tries affect market performance. The model
allows for costly identity preservation, an en-
dogenous adoption rate of the GM technol-
ogy, and noncompetitively supplied GM seed
by an innovator-monopolist residing in the
United States. The model is calibrated such
that, when solved under both spatial and ver-
tical equilibrium conditions, it replicates ob-
served data in a benchmark year. The model is
then solved under a number of scenarios that
allow us to study and quantify the effects of
GM crop adoption under the induced prod-
uct differentiation hypothesis. In addition to
studying the impact of the cost of keeping tra-
ditional and GM crop products segregated, in
order to meet the induced differentiated de-
mand, questions addressed by this paper in-
clude the direction of price changes and trade
flows in GM and non-GM markets, the effi-
ciency gains from the GM crop innovation,
and the distribution of welfare effects across
regions and across agents (consumers, produc-
ers, and the innovator-monopolist). Also, the
model is used to study the impact of policies
directly aimed at GM crops, such as GM pro-
duction and/or import bans in regions (such
as the EU) with differentiated consumer de-
mand, and GM production bans in exporting
regions (such as Brazil) that want to preserve

privileged access to demand for the traditional
product in importing countries. Finally, the re-
strictions on parameter values used at the cal-
ibration stage also are investigated through an
extensive sensitivity analysis.

The Model

The soybean complex consists of three closely
related products: soybeans, soybean oil, and
soybean meal. Soybeans primarily are crushed
to extract soybean oil and meal, which are
actively traded internationally. The structural
model that we develop requires the specifica-
tion of demand and supply functions for the
three products (possibly available in two va-
rieties, GM and conventional) in each of the
four regions, as well as equilibrium conditions
(market clearing for every product in every re-
gion, spatial equilibrium across regions, and
vertical equilibrium across segments of the
soybean complex).

Demand

The demand side of the model requires
specifying two separate demands in the postin-
novation period in at least one region, for
conventional and GM varieties. Also, the
model must allow for the preinnovation de-
mand with only the conventional variety and
for the postinnovation demand with only the
(de facto) GM variety when no segregation
technology is available. In addition, all these
demands should arise from the same prefer-
ence ordering, if welfare calculations are to
be meaningful. Furthermore, as emphasized in
Lapan and Moschini (2004), in our setting it is
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important that demands satisfy the property
that the GM product is a weakly inferior (not
just an imperfect) substitute for the traditional
one. The presumption here is that the GM soy-
bean product does not have any additional at-
tribute from the consumers’ point of view such
that, ceteris paribus, all consumers will weakly
prefer the non-GM product. But whereas some
consumers may be willing to pay strictly posi-
tive amounts to avoid the GM product, other
consumers may be willing to pay very little
or may be indifferent between the two prod-
ucts. Thus, the GM product will never com-
mand a price that exceeds that of the non-GM
product.

To implement the notion of weakly infe-
rior substitutes, as in Fulton and Giannakas, a
good starting point is the vertical product dif-
ferentiation model with unit demand of Mussa
and Rosen (see also Tirole, chap. 7), whereby
one can postulate a population of consumers
with heterogeneous preferences concerning
GM and non-GM goods. Specifically, to gen-
eralize this framework to the case where con-
sumers choose both the type of good and the
quantity to consume, let preferences for con-
sumers of type � be represented by the quasi-
linear utility function,

U = u(q0 + �q1) + y(1)

where u(·) is increasing and strictly concave,
q0 and q1 denote physical consumption by the
consumer of the non-GM and GM product, re-
spectively, and y denotes the consumption of a
numéraire good. The condition limx→0 u′(x) =
∞ ensures that the consumer will buy either
the non-GM or the GM variety, and it is fur-
ther assumed that income is sufficiently high so
that an interior solution holds. The parameter
� ∈ [0, 1] reflects the “weak inferiority” of the
GM variety.

Given this structure, the demand by a con-
sumer of type � depends upon the relative
prices of each variety. In particular, a consumer
of type � will buy the GM variety if and only
if p1 ≤ �p0.7 Thus, from equation (1) the indi-
vidual demand curves can be written as:

q0 = d(p0) and q1 = 0 for � < �̂

q0 = 0 and q1 = 1
�

d(p1/�) for � ≥ �̂

7 The consumer is actually indifferent between the two varieties
if an equality holds, but in such a case we may as well assume that
the new variety is purchased.

where the individual demand function d(·) sat-
isfies d−1(·) = u′(·), and �̂ ≡ min{(p1/p0), 1}.
Aggregate market demand functions can then
be defined as:

Q0(p0, p1) =
∫ �̂

0
d(p0) dF(�)

Q1(p0, p1) =
∫ 1

�̂

1
�

d(p1/�) dF(�)

where F(�) denotes the distribution function
of consumer types.

To make this framework operational, one
needs to specify the utility function u(·) and
the distribution function of consumer types
F(�).8 Note that the model-relevant proper-
ties that arise from the above specification are
as follows: (i) ∂Q0(p0, p1)/∂p1 = ∂Q1(p0, p1)/
∂p0 ≥ 0 (i.e., goods are substitutes), and (ii)
Q1(p0, p1) = 0 if p1 > p0 (i.e., the GM product
is viewed as weakly inferior substitute for the
traditional one). Because exact aggregation is
possible with quasilinear preferences, we can
alternatively think of Q0(p0, p1) and Q1(p0, p1)
as arising from the choices of a representa-
tive consumer who demands both varieties,
while maintaining the property that the GM
product is a weakly inferior substitute for the
traditional one. Following this approach, we
adopt a linear specification for Q0(p0, p1) and
Q1(p0, p1) and ensure the weak inferiority
property by carefully defining the domain of
the functions. Specifically, the demand func-
tions for conventional and RR products are
written as:

Q0 = a0 − b0 p0 + cp1

Q1 = a1 + cp0 − b1 p1

}
if p0 > p1(2)

Q0 ∈ [a0 − (b0 − c)p,

(a0 + a1) − (b0 + b1 − 2c)p]

Q1 ∈ [0, a1 − (b1 − c)p]




if p0 = p1 ≡ p

(3)

Q0 = (a0 + a1) − (b0 + b1 − 2c)p0

Q1 = 0

}

if p0 < p1

(4)

where all parameters are strictly positive.

8 For example, Fulton and Giannakas assume that consumers
are restricted to buy either one unit or zero unit of the goods in
question, that the utility function is linear, and that consumer types
are uniformly distributed.
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Several observations are in order. First, the
symmetry condition is maintained, such that
this demand system is integrable into well-
defined (quasi-linear) preferences, a condition
that will become important when making wel-
fare evaluations. Next, the total demand that
is implied by this structure is

QT = (a0 + a1) − (b0 − c)p0 − (b1 − c)p1.

(5)

Given the condition b0 > c and b1 > c,9 which
we shall assume, total demand is decreasing in
either price. Also note that, at p0 = p1, equa-
tion (2) gives Q1 = a1 − (b1 − c)p0 (in the do-
main p0 ≤ a1 /(b1 − c)). Thus, this specification
is consistent with a positive mass of consumers
being perfectly indifferent between good 0 and
good 1 at p1 = p0 (but with p0 < p1, demand
for Q1 vanishes).

The specification in equation (4), which ap-
plies in the domain p0 < p1, also represents
market demand before the introduction of RR
products. That is, the before-innovation situa-
tion is equivalent to the new technology be-
ing available but only at a prohibitive price,
that is, above p0. When the new technology is
adopted, but the RR and conventional vari-
eties are not separated in the supply chain, the
effective demand for the conventional prod-
uct is assumed to be zero. In other words,
the assumption is that consumers treat comin-
gled product as equivalent to GM product.10

Hence, this case is equivalent to the situation
where the price of the GM-free product is pro-
hibitively high, that is, above the “choke” price
p̄0 ≡ (a0 + cp1)/b0. Therefore, the postinno-
vation demand without identity preservation
is written as:

Q0 = 0

Q1 = a1 + ca0
b0

−
(

b1 − c2

b0

)
p1

}

if p0 ≥ p̄0.

(6)

Note that the conditions b0 > c and b1 > c
ensure that this demand is downward sloping.
The complete specification of the demand sys-
tem (2)–(4) for all prices in R

2
+ is represented

in figure 1. Finally, for regions and/or prod-

9 This condition, which implies that own-price effects dominates
cross-price effects, is a bit more restrictive than requiring the Slut-
sky matrix to be negative semidefinite. See Lapan and Moschini
(2004) for more details.

10 This is consistent with the current European Union proposal
to set tolerance limits for non-GM products at the very low 0.9%
level.

ucts with undifferentiated demand, the spec-
ification used is also linear and written as:

QU(p) = a − bp.(7)

Supply

We use an extended version of the parsimo-
nious specification for soybean production and
supply developed in Moschini, Lapan, and
Sobolevsky, which accounts for the main fea-
tures of soybean production practices, reflects
the nature of biotechnology innovation in the
soybean industry, and is suitable for calibra-
tion purposes. In its original form, this specifi-
cation assumes homogeneous soybean farmers
who have the choice of growing conventional
or RR soybeans or both,11 who do not segre-
gate the two varieties during the production
process and therefore receive the same price
for either variety. The aggregate soybean sup-
ply function is written as YB = Ly, where YB is
total production consisting of a mix of conven-
tional and RR soybeans, L is land allocated to
soybeans (which depends on the profitability
of this crop), and y denotes yield (production
per hectare).12 But with differentiated prod-
ucts and identity preservation costs, farmers
may obtain different prices in equilibrium. To
account for this, we need to represent explicitly
the cost of segregating conventional and GM
products.

Separation of non-GM soybeans and soy-
bean products requires extensive segregation
activities to ensure “identity preservation”
(Lin, Chambers, and Harwood; Bullock and
Desquilbet). This activity includes separation
of non-GM beans at all levels of production
and along the supply chain (from planting
through harvest, storage, and transportation)
and testing for GM content at various points in
the marketing system. These costs are modeled
by a constant unit segregation cost � > 0 which
applies if, and only if, the region in question
produces both varieties. This unit segregation
cost arises between the production level (at the
farm gate) and the point of domestic user de-
mand (or, equivalently, the exporting point for
goods to be shipped to foreign markets). The

11 Perhaps a more natural assumption would be that farmers are
heterogeneous with respect to the profitability of the new tech-
nology, as in Lapan and Moschini (2004), which can explain in-
complete adoption. But the approach taken here also allows for
incomplete adoption, which arises because the two types of goods
are imperfect substitutes in demand, and it is easier to calibrate for
the purpose of empirical analysis.

12 The region subscript is omitted here and elsewhere in this sec-
tion for notational simplicity.
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Figure 1. Parametric domains for the differentiated demand system

parameter � thus represents a wedge between
the producer and the home demand price or,
if the product is not consumed at home, the
importing region’s demand price minus trans-
portation costs.

With segregation costs, the profit functions
per hectare for each variety of soybeans in each
region are written as:

�0 = A + G

1 + �

(
p0

B − �
)1+� − �w(8)

�1 = A + � + (1 + �)G

1 + �

(
p1

B

)1+�

− �w(1 + �)

(9)

where p0
B is the (demand) price of con-

ventional soybeans (so that the farm-level
price in the conventional soybean market

is p0
B − �) and p1

B is the market price of
RR soybeans. By Hotelling’s lemma, this
specification implies that the yield func-
tions are y0 = (p0

B − �)�G for the conven-
tional technology and y1 = (1 + �)×
(p1

B)�G for the RR technology. The interpre-
tation of the parameters involved is as follows:
� is the (constant) amount of seed per unit of
land, w is the price of soybean seed, � is the
markup (which reflects the technology fee) on
the RR seed price charged by the innovator-
monopolist who developed the RR technol-
ogy, � is the elasticity of yield with respect
to the soybean price, � is the (additive) co-
efficient of unit profit increase due to the RR
technology, � is the coefficient of yield change
due to the RR technology, and A and G are
parameters subsuming all other input prices
(presumed constant).
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The relationship between �0 and �1 deter-
mines which technology is adopted by farm-
ers. Specifically, the equilibrium in which both
soybean varieties are produced requires that
farmers are indifferent between the two tech-
nologies, that is, �0 = �1. The total supply of
land to the soybean industry in each region
is written as a function of land rents, L(�̄),
where �̄ = max{�0, �1}. Specifically, the land
supply function is written in the constant elas-
ticity form L(�̄) = 	�̄
, where 
 is the elas-
ticity of land supply with respect to soybean
profit per hectare and 	 is a scale parame-
ter. The region’s adoption rate � ∈ [0, 1] or,
equivalently, the land allocation between con-
ventional and RR soybeans, is endogenously
determined in equilibrium. But for a given � ,
RR and conventional soybeans will have �L
and (1 − �)L hectares of land allocated to
them, respectively, and thus aggregate supply
of each soybean variety in each region can be
written in equilibrium as:

Y 0
B = 	

[
A + G

1 + �

(
p0

B − �
)1+� − �w

]


× (1 − �)
(

p0
B − �

)�
G

(10)

Y 1
B = 	

[
A + � + (1 + �)G

1 + �

(
p1

B

)1+�

− �w(1 + �)
]


�(1 + �)
(

p1
B

)�
G.

(11)

U.S. Price Support Policies

The supply equations (10) and (11) were ob-
tained under the assumption of no govern-
ment intervention. But in the soybean sector,
a major support program has been available to
U.S. producers since 1996 through nonrecourse
marketing assistance loans and loan deficiency
payments (LDPs) (U.S. Department of Agri-
culture 1998). Essentially, LDPs establish an
effective floor for the soybean price at the farm
level. It turns out that, whereas the 1996 and
1997 soybean crops did not benefit from LDPs,
soybean prices got as low as $150/mt in the fol-
lowing years, well below the national average
loan rate of $193/mt that remained fixed at that
level until 2002. Only in the summer of 2002
did soybean prices recover to exceed the loan
rate. Thus, LDPs have played a significant role
in the U.S. soybean industry in recent years and
may continue to do so again in the future.

A number of studies, summarized in Alston
and Martin, explain how price-distorting poli-

cies may affect the size and distribution of wel-
fare changes because of innovation. In such a
setting there is even the possibility of immis-
erizing technical change, as in Bhagwati, who
demonstrates that growth may be welfare re-
ducing because of various trade policy distor-
tions and terms-of-trade effects. Thus, in the
policy analysis that we present, it is impor-
tant to account for the effects of price support
through LDPs. A relevant feature of the U.S.
price support program in our setting is that it
does not distinguish between conventional and
RR soybeans (i.e., it provides the same floor
price for either variety). To integrate such ef-
fects into our model, let pLDP denote the aver-
age price offered by price support programs,
such that in the supply equations (10) and
(11) the farm-level conventional soybean price
(p0

B − �) is replaced by max {pLDP, p0
B − �} and

the GM soybean price p1
B is replaced by max

{pLDP, p1
B}.

Trade and Market Equilibrium

In our model, the world is divided into four
regions: the United States (U), Brazil (Z),
Argentina (A), and the ROW (R). Such re-
gional division of the world allows the model to
specifically describe individual economic char-
acteristics of the main players in the soybean
complex and to emphasize the existing differ-
ences among them. The model allows us to
study whether different regions are affected
differently by the introduction of RR technol-
ogy and to model region-specific policy actions
of interest and estimate their economic impact
on each region separately.

Trade takes place at all levels of the soybeans
complex: in soybeans (B), soybean oil (O), and
soybean meal (M). Any region can be involved
in trading any product of any variety, and there
are no a priori restrictions on the direction of
trade. The spatial relationship among prices in
different regions is established using constant
price differentials defined for each pair of re-
gions for each product, each variety, and each
possible direction of trade flow. These spatial
price differentials essentially represent trans-
portation costs but may also incorporate the
effects of the existing import policies (Meilke
and Swidinsky).

Equilibrium Conditions

We assume that crushing one unit of soybeans
produces �O units of oil and �M units of meal
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and that unit crushing costs (crushing margins)
are constant and equal to mi (where the sub-
script i indexes the region). Then, the spatial
market equilibrium conditions for the three-
good, four-region model previously outlined
are as follows:∑

i=U,A,Z,R

Q0
B,i

(
p0

B,i , p1
B,i

)

+ 1
�O

( ∑
i=U,A,Z,R

Q0
O,i

(
p0

O,i , p0
O,i

))

=
∑

i=U,A,Z,R

Y 0
B,i

(
p0

B,i , �i
)

(12)

Q0
B,i

(
p0

B,i , p1
B,i

) + 1
�O

Q0
O,i

(
p0

O,i , p1
O,i

)
= Y 0

B,i

(
p0

B,i , �i
)
, i ∈ I0

(13)

∑
i=U,A,Z,R

Q1
B,i

(
p0

B,i , p1
B,i

)

+ 1
�O

∑
i=U,A,Z,R

Q1
O,i

(
p0

O,i , p1
O,i

)
=

∑
i=U,A,Z,R

Y 1
B,i

(
p1

B,i , �i
)

(14)

Q1
B,i

(
p0

B,i , p1
B,i

) + 1
�O

Q1
O,i

(
p0

O,i , p1
O,i

)
= Y 1

B,i

(
p1

B,i , �i
)
, i ∈ I1

(15)

1
�M

( ∑
i=U,A,Z,R

QM,i (pM,i )

)

= 1
�O

( ∑
i=U,A,Z,R

Q0
O,i

(
p0

O,i , p1
O,i

)

+
∑

i=U,A,Z,R

Q1
O,i

(
p0

O,i , p1
O,i

))

(16)

p0
B,i + mi = �M pM,i + �O p0

O,i , i ∈ I ′
0(17)

p1
B,i + mi = �M pM,i + �O p1

O,i , i ∈ I ′
1(18)

�0
i

(
p0

B,i

) = �1
i

(
p1

B,i

)
if �i ∈ (0, 1)

�0
i

(
p0

B,i

) ≥ �1
i

(
p1

B,i

)
if �i = 0

�0
i

(
p0

B,i

) ≤ �1
i

(
p1

B,i

)
if �i = 1

i = U, A, Z, R,

(19)

∣∣p0
B,i − p0

B, j

∣∣ ≤ t0
B,i j ,

i, j = U, A, Z, R, i �= j

(20)

∣∣p1
B,i − p1

B, j

∣∣ ≤ t1
B,i j ,

i, j = U, A, Z, R, i �= j

(21)

∣∣p0
O,i − p0

O, j

∣∣ ≤ t0
O,i j ,

i, j = U, A, Z, R, i �= j

(22)

∣∣p1
O,i − p1

O, j

∣∣ ≤ t1
O,i j ,

i, j = U, A, Z, R, i �= j

(23)

|pM,i − pM, j | ≤ tM,i j ,

i, j = U, A, Z, R, i �= j.

(24)

Equations (12) and (14) are market clear-
ing equations requiring that the total world
soybean demand for direct use and processing
equals world supply in each variety. Market-
clearing conditions for regions that do not
trade soybeans and oil, if such regions exist,
are represented by equation (13) (for conven-
tional products) and equation (15) (for RR
products). Thus, the subset I0 ⊂ {U, A, Z, R}
contains the indices of nontrading regions for
conventional products, and the subset I1 ⊂
{U, A, Z, R} contains the indices of nontrading
regions for RR products. Also, given in equa-
tion (12), the number of elements in I0 should
not exceed three and the same applies to I1.
Equation (16) ensures that the soybean equiv-
alents of oil and meal demands are the same,
in aggregate. Equations (17) and (18) ensure
that soybean processors of either variety re-
ceive a constant crushing margin mi to cover
their costs. Because of the existence of spatial
price linkages among trading regions, each of
these equations should be applied only to a sin-
gle trading partner and all nontrading regions
(if such regions exist in equilibrium). Thus, I′

0
is the set of indices of one trading region and all
nontrading regions for conventional products,
and I′

1 is the set of indices of one trading region
and all nontrading regions for RR products.

Equation (19) describes the farmers’ incen-
tive compatibility constraints. Production of
both conventional and RR soybeans in the
same region takes place only when the respec-
tive unit profits are the same, that is, when
farmers are indifferent about which variety to
produce; otherwise only the more profitable
variety is produced. Equations (20)–(24) de-
fine the spatial configuration of prices. The
four-region spatial model in equilibrium will
have a maximum of three trade flows in each
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product variety. In the case of the soybean
complex and the chosen regional division of
the world, there are three specific trade flows
that are most likely to prevail in any conceiv-
able equilibrium. Currently, trade takes place
between the United States and the ROW, be-
tween Brazil and the ROW, and between Ar-
gentina and the ROW, but whether that will
hold with differentiated markets is to be de-
termined by equilibrium. Price differentials
(transportation costs), assumed symmetric for
each pair of regions, are denoted by tk

m,ij.
13

Whenever trade between two regions in a par-
ticular product variety exists, the correspond-
ing inequality becomes an equality.

As mentioned earlier, the model assumes
that the soybean and soybean oil demands
in the ROW are the only differentiated de-
mands in the system, while U.S., Argentine,
and Brazilian consumers remain indifferent to
what variety of soybeans, oil, or meal they con-
sume. In a nontrivial differentiated equilib-
rium with no production or import bans (i.e.,
the one in which both varieties are produced
and consumed), it follows that the demands in
equations (12)–(24) must satisfy

Q0
B,i

(
p0

B,i , p1
B,i

) = 0, i = U, A, Z

Q0
O,i

(
p0

O,i , p1
O,i

) = 0, i = U, A, Z

Q1
B,i

(
p0

B,i , p1
B,i

) ≡ QU
B,i

(
p1

B,i

)
, i = U, A, Z

Q1
O,i

(
p0

O,i , p1
O,i

) ≡ QU
O,i

(
p1

O,i

)
, i = U, A, Z

QM,i
(

pM,i
) ≡ QU

M,i (pM,i ), i = U, A, Z, R.

(25)

Were we to assume that all four regions have
differentiated demands in soybeans and soy-
bean oil, only the last of the five identities in
equation (25) would apply.

The existence and uniqueness of equilibrium
is guaranteed by the standard shape of de-
mand and supply functions (Samuelson). But
because we are assuming that a region pro-
ducing only conventional soybeans pays no
segregation cost, we are introducing a discon-
tinuity that can affect the uniqueness property
of equilibrium. A limitation of the equilibrium
system (12)–(24) is that it does not allow recov-
ery of all individual trade flows, that is, distinct
exports/imports of soybeans, soybean oil, and
soybean meal. This feature ultimately is due
to the assumption of constant-returns-to-scale

13 See the section on calibration and table 2 for more details.

(and no capacity constraints) for the crushing
technology in all regions of the world, which
makes the interregional distribution of crush
undetermined in equilibrium. The meaningful
trade flow that can be recovered from equi-
librium is the factor content of trade, in the
form of the excess supply of soybeans (in each
variety) remaining after subtracting domestic
soybean demand and the soybean equivalent
of domestic oil demand from the domestic sup-
ply of beans

ES j
B,i = Y j

B,i − Q j
B,i − 1

�O
Q j

O,i ,

i = U, A, Z, R, j = 0, 1.

(26)

We can call ESj
B,i the soybean-equivalent net

exports. However, because trade in soybean
products does not necessarily follow the fixed
proportions of the crushing technology, this
measure must be supplemented by a residual,
which here is defined as the residual meal net
export:

ESM,i = 1
�O

(
Q0

O,i + Q1
O,i

)
�M − QM,i ,

i = U, A, Z, R.

(27)

Solution Algorithm

The task is that of solving a spatial four-region,
three-good equilibrium model. The solution
of spatial equilibrium models can be traced
back to Samuelson, who showed that in the
partial-equilibrium (one commodity) context,
the problem of finding a competitive equilib-
rium among spatially separated markets could
be converted into a maximum problem. He
suggested that this problem could be solved
by trial and error or by a systematic proce-
dure of varying export shipments in the di-
rection of increasing social welfare. Takayama
and Judge extended Samuelson’s work to a
multiple-commodity competitive equilibrium
and, under the additional assumption of lin-
ear regional demand and supply functions,
reduced spatial equilibrium to a quadratic
programming problem solvable with avail-
able simplex methods. Attempts to extend this
framework to nonlinear demand and supply
specifications have been less successful, as dis-
cussed in Takayama and Labys.

In view of the above, we elected to solve di-
rectly the system of nonlinear equations (12)–
(24) defining the spatial equilibrium conditions
by using numerical techniques implemented
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by user-written programs coded in GAUSS.14

Obviously, the equations defining the system to
be solved must be binding, but in our case the
number of binding equations in (12)–(24) is not
determined a priori. There are two sources of
ambiguity: the number of trade flows in each
commodity and the possible specialization in
production of a particular soybean variety in
each region.15 Our algorithm looks for an equi-
librium by repeatedly solving the fluctuating-
in-size binding portion of the system (12)–(24)
over all of the following combinations: (a) each
region specializes in conventional soybeans, in
RR soybeans, or does not specialize; (b) there
is no trade in RR beans/oil; (c) there is only
one RR trade flow involving a pair of regions,
in either direction, for all possible region pairs;
(d) there are two RR trade flows, in all possible
combinations of directions, excluding (for ar-
bitrage reasons) cases when the same region is
both exporter and importer of the same prod-
uct(s); (e) there are three RR trade flows, in all
possible combinations of directions, excluding
(for arbitrage reasons) cases when the same re-
gion is both the exporter and importer of the
same product(s). The solution—when found—
is checked against the remaining nonbinding
equations of the system (12)–(24).

Calibration

The parameters of the model are calibrated,
such as to replicate prices and quantities in the
soybean complex, for the crop year 1998–99,
the most recent complete year when the anal-
ysis was undertaken. Production and utiliza-
tion data are given in table 1. Additional data
on the history of world adoption rates for RR
soybeans, as well as prices for various soybean
products in the main world markets, are re-
ported in Sobolevsky, Moschini, and Lapan.
Based on that, the benchmark U.S. prices for
soybeans, oil, and meal were set to $176, $441,
and $145 per mt, respectively. In the United
States in 1998–99, the soybean price at the pro-
ducer level differed from $176/mt because of
LDPs. The spatial price differentials (transfer
costs) were set at the levels used in Moschini,
Lapan, and Sobolevsky, extended to account
for South America being broken down into

14 This software package is equipped with the eqSolve procedure
that solves N × N systems of nonlinear equations by inverting the
systems’ Jacobian, while iterating until convergence.

15 For example, when differentiated markets exist only in the
ROW, the size of the binding portion of the system in equations
(12)–(24) can be anywhere from N = 5 to N = 21.

two regions.16 See table 2 for individual trans-
portation costs.

Calibration of demand parameters requires
assigning values to the parameters (a0, a1, b0,
b1, c) so as to retrieve the benchmark quan-
tity and price data. As is typical in this setting,
a range of parameter values is admissible, de-
pending on elasticity assumptions. But here,
elasticity assumptions are difficult because
the benchmark equilibrium is a pooled one
(without segregation), whereas the demand
system we wish to calibrate distinguishes be-
tween GM and non-GM goods. To proceed, we
follow the strategy whereby the five parame-
ters of interest are identified by the (observed)
benchmark price and (pooled) quantity de-
manded ( p̂ and Q̂), by the own-price elastic-
ity of undifferentiated demand ε̂UU, by the
own-price elasticity of conventional demand
ε̂00, by the fraction ̂ ∈ (0, 1) of demand that
is “indifferent” between GM and non-GM at
prices p0 = p1 = p̂, and by the fraction k̂ ≥ 1
by which total demand would increase if the
new product were to become available at price
p1 = p̂. More specifically, because no signifi-
cant segregation took place in the reference
year 1998–99, we can assume, as discussed ear-
lier, that in this reference year Q0 = 0 and Q1 =
a1 + c p̄0 − b1 p1. Hence, for the observed total
quantity demanded Q̂ and price p̂, it must be
that

Q̂ = a1 + ca0

b0
−

(
b1 − c2

b0

)
p̂.(28)

If p0 were to fall from the choke level p̄0

to p0 = p1 = p̂, total demand (the sum of dif-
ferentiated demands) increases such that we
write

a0 + a1 − (b0 + b1 − 2c) p̂ = k̂ Q̂(29)

but a fraction of the total demand is indifferent
at those prices, such that we write

a1 − (b1 − c) p̂

(a0 + a1) − (b0 + b1 − 2c) p̂
= ̂.(30)

The own-price elasticity of (undifferentiated)
demand at price p̂ satisfies

16 Data presented by Schnepf, Dohlman, and Bolling support the
$30/mt soybean transportation cost estimate between the United
States and the ROW and at least a $10/mt U.S. transportation cost
advantage over Argentina and Brazil due to distance and higher
insurance costs.
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Table 2. Model’s Parameters and Their Baseline Values

Values

Parameter Description U.S. Brazil Argentina ROW

ε̂UU
B Own-price nonsegregated bean

demand elasticity
−0.4 −0.4 −0.4 −0.4

ε̂UU
O Own-price nonsegregated oil

demand elasticity
−0.4 −0.4 −0.4 −0.4

ε̂UU
M Own-price nonsegregated meal

demand elasticity
−0.4 −0.4 −0.4 −0.4

ε̂00
B Own-price conventional bean

demand elasticity
−4.5

ε̂00
O Own-price conventional oil demand

elasticitya
−4.5

k̂B Total bean demand increase due to
price decreasea

1.05

k̂O Total oil demand increase due to
price decreasea

1.05

̂B Share of indifferent bean demand in
totala

0.5

̂O Share of indifferent oil demand in
totala

0.5

� Elasticity of land supply w.r.t.
soybean price

0.8 1.0 0.8 0.6

� Elasticity of yield w.r.t. soybean price 0.05 0.05 0.05 0.05
�� Unit seed cost ($) 45.0 40.0 40.0 40.0
�� Producer unit profit change due to

RR technology (ceteris paribus)
15.0 15.0 15.0 10.0

r Producer rent share in average profit 0.4 0.4 0.4 0.4
� Markup on RR seed price 0.4 0.2 0.2 0.2
� Coefficient of yield increase due to

RR technology
0.0 0.0 0.0 0.0

pLDP Soybean farmer LDP/loan price
($/mt)

193.0

� Segregation cost ($/mt) 0.0 0.0 0.0 0.0
6.6 6.6 6.6 6.6

13.2 13.2 13.2 13.2
19.8 19.8 19.8 19.8

t k
m,ij Transportation costs ($/mt)b

U.S. – (30, 60, 30) (30, 60, 30) (30, 60, 30)
Brazil (30, 60, 30) – (27, 47, 27) (40, 70, 40)
Argentina (30, 60, 30) (27, 47, 27) – (40, 70, 40)
ROW (30, 60, 30) (40, 70, 40) (40, 70, 40) –

aSee text for details.
bEach triplet represents the transportation cost between the two source/destination regions for beans, oil and meal, respectively ($/mt).

ε̂UU = −
(

b1 − c2

b0

)
p̂

Q̂
(31)

and the own-price elasticity of conventional
demand elasticity at p0 = p1 = p̂ satisfies

ε̂00 = −b0
p̂

a0 − (b0 − c) p̂
.(32)

To solve equations (28)–(32) for the param-
eters of interest, we set ̂ = 0.5, k̂ = 1.05,
ε̂00 = −4.5, and, as in Moschini, Lapan, and
Sobolevsky, ε̂UU = −0.4.

Calibrated supply parameters are obtained
using specifications (18)–(23) together with
specific assumptions as in Moschini, Lapan,
and Sobolevsky. Specifically, as in that study,
the unit seed costs �� are set at {45, 40, 40,
40},17 values consistent with the data reported
by the U.S. Government Accounting Office
and Schnepf, Dohlman, and Bolling. The RR

17 Here and elsewhere in the text, the elements of the four-
dimensional vectors refer to the U.S., Brazil, Argentina, and the
ROW, respectively.
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seed markups are set to � = {0.4, 0.2, 0.2,
0.2}.18 Note that the assumption of a con-
stant markup is made to keep the analysis
to a tractable scope. A more complete model
would endogenize the pricing decision of the
innovator (Lapan and Moschini 2004). The
U.S. value of 0.4 reflects the observed tech-
nology fee charged by major seed companies
(about $6 per bag). Furthermore, the assump-
tion that seed price markups are lower out-
side the United States, as noted by a reviewer,
is quite consistent with the presumption that
an innovator-monopolist would rationally try
to segment markets. Such an attempt at third-
degree price discrimination would tailor the
seed price markup to local conditions, and a
number of reasons suggest that the improved
seed demand may be more elastic in non–U.S.
regions. In particular, the strength of IPRs is
crucial in determining the improved seed de-
mand elasticity. For example, in Argentina RR
seed prices have declined substantially, after
being set initially at levels comparable to those
seen in the United States, a fact ultimately due
to the weaker IPRs for this crop in that country
(U.S. Government Accounting Office; Gold-
smith, Ramos, and Steiger).19 Because IPR
protection is unlikely to be any better in Brazil
or in the ROW, for the remaining three regions
the RR seed markup is assumed to be one-half
of the U.S. value, and thus we set � = 0.2.

To calibrate the parameter � (i.e., the ad-
ditive efficiency gain of the GM variety), we
note that �� ≡ �1 − �0 = � − ��� (under
the baseline assumption of no segregation and
� = 0). Based on U.S. data in 2000, we esti-
mate that the cost savings of using RR technol-
ogy lies between $8.90 and $22.49 per hectare
and therefore for this country, we conserva-
tively set �� = 15. We also assume that, if
Brazil and Argentina were to face the same
RR seed markup (� = 0.4) and the same soy-
bean seed price (�w = 45), for these countries
we would also have �� = 15. For the ROW, on
the other hand, the assumption is that it would
have �� = 10 under the same seed price pa-
rameters as the United States (the lower unit

18 By setting a constant markup, we are modeling a somewhat pas-
sive seed supplier. This is done to keep the analysis to a tractable
scope. As pointed out by a reviewer, a more complete model would
endogenize this parameter and account for the possibility that the
GM seed supplier may attempt to segment markets by third-degree
price discrimination. See Lapan and Moschini (2004) for some the-
oretical results with an optimizing innovator-monopolist.

19 For related issues on international IPR enforcement in agricul-
tural biotechnology, see Gaisford et al. and Giannakas.

profit increase justified by the lower yields; see
table 1). The actual calibration of the � pa-
rameter in each region, of course, adjusts the
above �� assumptions by the previously dis-
cussed differences in seed prices. To calibrate

, it is useful to relate this parameter to the
more standard notion of elasticity of land sup-
ply with respect to soybean prices. Specifically,

 = r� , where � is elasticity of land supply with
respect to soybean prices and r ≡ �/(pBy) is
the farmer’s share (rent) of unit revenue. The
elasticity � is set to 0.8 in the United States
and 0.6 in the ROW, based on the review of
the literature discussed in Moschini, Lapan,
and Sobolevsky. The value of � = 1 .0 used
in Moschini, Lapan, and Sobolevsky for South
America here applies to Brazil, whereas we set
� = 0.6 for Argentina.20

The technical coefficients �M and �O are set
to their world average values for the 1998–
99 crop year; that is, �M = 0.7985 and �O =
0.1810. As for segregation costs, we rely on
Lin, Chambers, and Harwood, who extend
the segregation cost estimates available for
specialty crops grown in the United States
(Bender et al.) to non-GM soybeans. They
project that for U.S. grain handlers, segregat-
ing non-GM soybeans may cost from $6.60
to $19.80/mt (depending on whether han-
dling process patterns for high-oil corn or the
ones for sulfonylurea-tolerant soybeans were
used).21 Because segregation costs are crucial
to our investigation, the model is solved for
both the minimum and maximum values of
the range identified by Lin, Chambers, and
Harwood, as well as the midpoint of that range
and costless segregation. That is, for all re-
gions, we alternatively set � = 0, � = 6.6,
� = 13.2, and � = 19.8. Finally, we need to
account for the fact that LDPs were effective
in the benchmark year 1998–99. Thus, the U.S.
producer price is set at $193/mt in 1998–99, and
in scenarios in which the U.S. price support pro-
gram is assumed to remain in force, we also will
have pLDP = 193. The summary of all param-
eters and their values used for model calibra-
tion purposes and for the baseline solution of
the world soybean complex partial equilibrium
defined by equations (12)–(25) is provided in
table 2.

20 Brazil has vast areas of undeveloped arable land in its Center-
West (the “cerrado”) region that can serve, and have served, as
engines of soybean production growth (Schnepf, Dohlman, and
Bolling). In Argentina, as in the United States, growth in soybean
areas can be achieved only by substitution for other crops.

21 Estimates presented in Bullock and Desquilbet are within this
range.
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Table 3. Equilibrium Solution with No U.S. Price Support, Various Scenarios

Bean Price Oil Price Soybean Supply Export BEa
Meal Export

Region � Conv. RR Conv. RR Price Conv. RR Conv. RR Mealb

Preinnovation
U.S. 0.00 181.9 480.2 143.6 70.1 26.9 2.3
BR 0.00 171.9 470.2 133.6 35.6 18.8 5.1
AR 0.00 171.9 470.2 133.6 21.1 15.3 0.9
ROW 0.00 211.9 540.2 173.6 32.3 −60.9 −8.3

No segregation
U.S. 1.00 174.5 444.8 142.3 69.3 24.8 3.2
BR 1.00 164.5 434.8 132.3 35.9 18.6 5.5
AR 1.00 164.5 434.8 132.3 21.2 15.2 1.0
ROW 1.00 204.5 504.8 172.3 32.6 −58.6 −9.7

High segregation cost  = $19.8/mt
U.S. 0.95 200.4 174.8 586.7 445.5 142.5 3.7 65.8 3.7 21.3 3.2
BR 1.00 164.8 435.5 132.5 0.0 35.9 0.0 18.6 5.5
AR 1.00 164.8 435.5 132.5 0.0 21.3 0.0 15.3 1.0
ROW 1.00 230.4 204.8 616.4 505.5 172.5 0.0 32.6 −3.7 −55.2 −9.7

Medium segregation cost = $13.2/mt
U.S. 0.90 194.0 175.0 551.7 447.0 142.4 7.0 62.5 7.0 18.1 3.1
BR 1.00 165.0 437.0 132.4 0.0 36.0 0.0 18.7 5.5
AR 1.00 165.0 437.0 132.4 0.0 21.3 0.0 15.3 1.0
ROW 1.00 224.0 205.0 611.7 507.0 172.4 0.0 32.6 −7.0 −52.0 −9.7

Low segregation cost  = $6.6/mt
U.S. 0.70 187.9 175.5 522.8 454.5 141.4 20.9 48.8 20.9 4.6 2.9
BR 1.00 165.5 444.5 131.4 0.0 36.1 0.0 18.9 5.4
AR 1.00 165.5 444.5 131.4 0.0 21.3 0.0 15.4 1.0
ROW 1.00 217.9 205.5 582.8 514.5 171.4 0.0 32.7 −20.9 −38.9 −9.2

Zero segregation cost  = 0
U.S. 0.62 183.6 177.9 502.9 471.1 140.5 27.0 43.6 27.0 0.0 2.3
BR 0.99 173.6 164.2 492.9 440.7 130.5 0.3 35.5 0.3 18.3 5.4
AR 1.00 164.2 440.7 130.5 0.0 21.2 0.0 15.2 1.0
ROW 1.00 213.6 204.2 562.9 510.7 170.5 0.0 32.5 −27.3 −33.5 −8.7

Note: Prices are in U.S.$/mt, quantities are in mil mt.
aBE = Bean Equivalent (see equation (26)).
bMeal exports, additional to those imbedded in previous two columns (see equation (27)).

Results

The model is solved for several parameter val-
ues and policy scenarios. We study the implica-
tions of introducing the RR technology in the
soybean complex, look at the effects of the U.S.
domestic price support policy, and analyze the
impacts of policy aimed at the new GM prod-
uct in the ROW and/or in Brazil. One result
common to all scenarios is that the direction
of trade flows, when flows are nonzero, does
not change in any equilibrium from what is
observed in the preinnovation market. Trade
in all products and in all varieties flows from
the United States, Argentina, and Brazil to the
ROW except for special cases when particular
regions find themselves in autarky in a partic-
ular product variety.

Consider first the case of no U.S. price sup-
port. Equilibrium adoption rates, prices, soy-
bean supply, and exports for various scenarios
are reported in table 3. Our basic benchmark
is the “preinnovation” scenario. Because the
model was calibrated on 1998–99 data, when
LDPs were in fact effective and when consider-
able adoption of RR soybeans had already oc-
curred, the simulated equilibrium prices under
the “preinnovation” scenario are higher than
those observed in that year. Next, consider
the “no-segregation” scenario, which would
attain if segregation costs were prohibitively
high. In such a case, there is no effective de-
mand for the conventional product and thus
the world moves to complete adoption of the
new (more efficient) production technology.
U.S. soybean prices fall by 4%, oil by 7%, and



634 August 2005 Amer. J. Agr. Econ.

meal by 1%, and prices in all other regions
decline as well from the preinnovation bench-
mark. U.S. soybean supply falls because the
region’s new technology cost savings are the
smallest among the four regions, owing to en-
forcement of IPRs, and are not high enough to
offset the price decline. Other regions’ supplies
grow. Consumption increases in all regions but
the ROW, where GM-conscious consumers cut
down on the consumption of inferior RR soy-
beans and soybean oil.

The “zero-segregation-cost” scenario, re-
ported at the bottom of table 3, is the other
polar case and it is useful because it iso-
lates the RR technology impacts from those
caused by segregation costs. Here the United
States grows most of the conventional soy-
beans (Brazil adds a tiny amount). The fact that
the ROW does not, despite it having the GM-
conscious consumers, is because in our model
U.S. producers experience a smaller cost reduc-
tion owing to the RR technology, as previously
discussed. Thus, “comparative advantage” in
this model is very much affected by uneven
IPR protection across countries. Without any
segregation costs, the world share of the con-
ventional soybean market reaches 17%. The
U.S. adoption rate is a low 62% and the re-
gion finds itself in an autarky equilibrium in
the RR market, exporting only the conven-
tional variety to the ROW. As a result, RR
prices in the other regions fall compared to
the low-segregation-cost scenario (see below)
under the pressure of weakened RR import
demand from the ROW. In regions that grow
both varieties, there is a “price premium” for
conventional soybean producers, which is nec-
essary to offset the higher production costs for
this crop vis-à-vis RR soybeans. In the United
States such a premium is $5.7/mt (about 3.2%
of the RR soybean price).

The fact that it actually costs to segregate
affects the result in a predictable way. The
high level of segregation costs that we consid-
ered, $19.8/mt or 11% of the price received by
U.S. farmers growing conventional soybeans,
is almost enough to drive out conventional
soybean production. A small amount of con-
ventional soybeans is produced in this sce-
nario (2% of world output), all in the United
States, and the welfare gains relative to the no-
segregation scenario are minimal. The United
States is the only region producing both vari-
eties (its adoption rate in equilibrium is 95%),
while all other regions specialize in produc-
tion of RR soybeans. As segregation costs de-
cline to $13.2/mt or to $6.6/mt, the effects are

shared between the conventional variety’s con-
sumers and producers because of the fact that
demands are not completely inelastic and be-
cause conventional consumer prices fall and
conventional producer prices increase. This
benefits ROW consumers and U.S. produc-
ers, whose share of conventional soybean pro-
duction increases to 30% when segregation
costs are low. The United States remains the
only producer of the conventional variety, with
the worldwide share of the conventional soy-
bean market growing to 13%. As more pro-
duction shifts toward conventional soybeans,
the world’s RR supply decreases, causing RR
prices to increase.

The next set of results, shown in table 4, re-
peats the analysis given the presence of the
U.S. LDP price support program. The U.S. pro-
ducer price floor of $193/mt is effective both
in the preinnovation and postinnovation sit-
uations, with the latter entailing a support of
about 10% over the market price. The pres-
ence of this price support program in the
United States has a dramatic impact on the spa-
tial allocation of soybean production, such that
the United States does not produce the con-
ventional variety at all. This is because LDPs
equate farmer prices for conventional and RR
soybeans and create a permanent incentive to
specialize in the (more efficient) RR variety.
Brazil emerges as the only producer and ex-
porter of conventional products to the ROW
in all scenarios but the zero-segregation-cost
one, in which Argentina also dedicates 50% of
its total production to conventional soybeans.
The U.S. producer price support program de-
presses prices everywhere, such that in all re-
gions except the United States such reduced
prices tend to offset the supply expansion ef-
fect of the more efficient RR technology. The
relative effect of various levels of segregation
costs is similar to the case of no price support
reported in table 3.

Welfare Effects

For each scenario, we are particularly inter-
ested in computing the welfare change effects
for each region and for distinct groups within
regions. The benchmark for all welfare calcu-
lations is the preinnovation scenario in which
the RR soybean is not yet available (� i = 0, i =
U, A, Z, R), such that demands are described
by equations (4) and (7), while supplies are de-
scribed by equation (10) with � = � = 0. If p̂0

j,i
is the equilibrium undifferentiated preinnova-
tion price for product j in region i, and p̃0

j,i and
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Table 4. Equilibrium Solution with U.S. LDP Price Support Program, Various Scenarios

Bean Price Oil Price Soybean Supply Export BEa
Meal Export

Region � Conv. RR Conv. RR Price Conv. RR Conv. RR Mealb

Preinnovation
U.S. 0.00 176.6 468.7 139.5 74.0 30.3 2.3
BR 0.00 166.6 458.7 129.5 34.4 17.5 5.2
AR 0.00 166.6 458.7 129.5 20.5 14.6 0.9
ROW 0.00 206.6 528.7 169.5 31.8 −62.3 −8.4

No segregation
U.S. 1.00 165.6 425.4 135.5 75.7 30.3 3.2
BR 1.00 155.6 415.4 125.5 34.0 16.4 5.6
AR 1.00 155.6 415.4 125.5 20.3 14.2 1.0
ROW 1.00 195.6 485.4 165.5 31.7 −60.9 −9.9

High segregation cost  = $19.8/mt
U.S. 1.00 166.0 426.3 135.8 0.0 75.7 0.0 30.4 3.2
BR 0.91 185.3 156.0 578.0 416.3 125.8 3.1 31.0 3.1 13.3 5.6
AR 1.00 156.0 416.3 125.8 0.0 20.3 0.0 14.2 1.0
ROW 1.00 225.3 196.0 599.0 486.3 165.8 0.0 31.8 −3.1 −57.9 −9.9

Medium segregation cost  = $13.2/mt
U.S. 1.00 166.2 426.6 135.9 0.0 75.7 0.0 30.4 3.2
BR 0.87 178.8 156.2 541.9 416.6 125.9 4.3 29.8 4.3 12.2 5.6
AR 1.00 156.2 416.6 125.9 0.0 20.3 0.0 14.2 1.0
ROW 1.00 218.8 196.2 599.3 486.6 165.9 0.0 31.8 −4.3 −56.8 −9.9

Low segregation cost  = $6.6/mt
U.S. 1.00 166.7 432.0 135.4 0.0 75.7 0.0 30.6 3.0
BR 0.60 172.8 156.7 510.8 422.0 125.4 13.9 20.4 13.9 2.9 5.5
AR 1.00 156.7 422.0 125.4 0.0 20.4 0.0 14.3 1.0
ROW 1.00 212.8 196.7 580.8 492.0 165.4 0.0 31.8 −13.9 −47.8 −9.6

Zero segregation cost  = 0
U.S. 1.00 167.4 439.5 134.5 0.0 75.7 0.0 30.9 2.8
BR 0.51 167.0 157.6 482.9 430.6 124.5 17.1 17.4 17.1 0.0 5.4
AR 0.50 167.0 157.4 482.9 429.5 124.5 10.3 10.2 10.3 4.2 1.0
ROW 1.00 207.0 197.4 552.9 499.5 164.5 0.0 31.9 −27.4 −35.0 −9.1

Note: Prices are in U.S.$/mt, quantities are in mil mt.
aBE = Bean equivalent (see equation (26)).
bMeal exports, additional to those imbedded in previous two columns (see equation (27)).

p̃1
j,i are equilibrium prices of conventional and

RR varieties in the postinnovation differenti-
ated market, then, setting the reservation price
p̂1

j,i ≡ p̂0
j,i , the change in consumer surplus is

defined as follows:

�CS j,i =
∫ p̂1

j,i

p̃1
j,i

Q1
j,i

(
p̂0

j,i , p1
j,i

)
dp1

j,i

+
∫ p̂0

j,i

p̃0
j,i

Q0
j,i

(
p0

j,i , p̃1
j,i

)
dp0

j,i .

(33)

Consumer surplus changes in undifferentiated
markets are computed in the standard way:

�CS j,i =
∫ p̂1

j,i

p̃1
j,i

QU
j,i (p) dp.(34)

A change in producer surplus between prein-
novation and differentiated market scenarios
is

�PSi =
∫ ˜̄�i

ˆ̄�i

Li (v) dv(35)

where Li is the land allocation function, ˆ̄�i
is the preinnovation equilibrium average unit
profit, and ˜̄�i is the differentiated market equi-
librium average unit profit. The innovator-
monopolist’s profit is computed as

�M =
∑

i=U,S,R

�̃i Li ( ˜̄�i )�i �wi(36)

where �̃i is the equilibrium rate of adoption in
region i. Finally, the total change in welfare is
defined as:
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�WU =
∑

j=B,O,M

�CSj,U

+ �P SU + �M + �Gov

�Wi =
∑

j=B,O,M

�CS j,i

+ �P Si , i = A, Z, R

(37)

where �Gov denotes the change in U.S. tax-
payer surplus due to changes in LDP outlays.

Table 5 reports the estimated welfare effects
for various scenarios, for both the case of no
U.S. price support and the case when LDPs
are effective. Considering first the case of no
U.S. price support, it is apparent that there is
a sizeable welfare gain that would arise from a
worldwide adoption of the more efficient RR
technology, even when no segregation takes
place. The estimated gain of $1.564 billion

Table 5. Estimated Welfare Effects of RR Soybean Innovation, Various Scenarios (U.S.$ mil)

No U.S. Price Support With U.S. LDP Price Support Program

�W �W �W from
Region �CS �PS ��M Total �CS �PS ��M �Gov Total no LDP

No segregation
U.S. 323 −117 831 1,037 478 429 859 −860 907 −123
BR 120 72 192 169 −51 117 −75
AR 43 47 89 62 −27 35 −54
ROW 125 121 247 472 7 479 233
World 611 123 831 1,564 1,181 358 859 −860 1,538 −26

High segregation cost  = $19.8/mt
U.S. 310 −95 807 1,021 461 429 850 −830 910 −111
BR 116 83 199 163 −38 125 −74
AR 41 53 94 60 −19 41 −53
ROW 131 132 263 460 20 480 217
World 597 173 807 1,577 1,144 392 850 −830 1,556 −21

Medium segregation cost  = $13.2/mt
U.S. 301 −83 784 1,003 455 429 846 −819 911 −92
BR 112 90 202 161 −33 129 −73
AR 40 57 97 59 −16 43 −54
ROW 145 138 283 470 25 494 211
World 598 201 784 1,584 1,144 405 846 −819 1,577 −7

Low segregation cost  = $6.6/mt
U.S. 275 −46 690 919 428 429 816 −777 896 −24
BR 97 109 206 149 −14 134 −71
AR 36 69 104 55 −4 51 −53
ROW 198 155 353 474 42 516 163
World 606 286 690 1,582 1,106 452 816 −777 1,597 15

Zero segregation cost  = 0
U.S. 169 120 651 940 396 429 772 −727 870 −70
BR 116 61 177 129 15 144 −32
AR 43 40 83 50 9 59 −24
ROW 399 111 511 552 63 615 104
World 727 332 651 1,710 1,127 517 772 −727 1,688 −22

is 25% lower than the worldwide gain esti-
mated in Moschini, Lapan, and Sobolevsky,
mostly because in their model they did not
allow for preference differentiation. In this
no-segregation scenario, consumers capture
39% of the welfare gain, while the innovator-
monopolist captures another 53%. Note that
consumers in the ROW gain, despite the fact
that 50% of the market has preference for the
conventional variety, which is unavailable in
this scenario. U.S. farmers lose from the intro-
duction of RR soybean in all scenarios except
that of zero segregation costs. The fact that
farmers elsewhere gain is due to their access-
ing the RR technology at a lower cost than the
U.S. farmers because of lower IPR standards
in these other regions. The further increase in
welfare that takes place when segregation is
possible at zero costs illustrates the benefits
of allowing differentiated consumers (in the



Sobolevsky, Moschini, and Lapan GM Crops, Product Differentiation, and Trade 637

ROW) to exercise the choice to consume con-
ventional products instead of RR products.

The existence of positive segregation costs,
however, takes away most of the additional
welfare gain arising because of unconstrained
preferences. As noted earlier, the high segre-
gation cost considered ($19.8/mt) is nearly pro-
hibitive, such that the model outcomes for this
scenario are similar to the no-segregation sce-
nario. But even the low-segregation cost sce-
nario entails an overall welfare gain from RR
innovation similar to the no-segregation sce-
nario. Consumers in the ROW, however, ben-
efit from feasible segregation in all scenarios.
It is also interesting to note that the profit of
the RR seed supplier is positively related to
the level of segregation costs because higher
segregation costs lead to higher RR adoption
rates in equilibrium.

Table 5 illustrates that the presence of LDPs
in the United States entails large welfare re-
distribution effects and a small efficiency loss
(relative to no LDPs). Worldwide welfare
gains are similar to those in the no-LDP sce-
nario, which means that the possibility of im-
miserizing growth, discussed earlier, does not
occur. The U.S. price support program, not sur-
prisingly, has a large positive impact on the wel-
fare of U.S. farmers, ensuring that they benefit
substantially from the introduction of the new
technology. This price distortion, however, de-
presses RR prices worldwide to the degree that
farmers in Brazil and Argentina lose when-
ever segregation costs are positive and are able
to gain only in the zero-segregation-cost case
when 50% of their production is in the higher-
priced conventional market. The overall effect
of the U.S. price support program is to reduce
welfare in all regions except the ROW, a net
importing region that therefore benefits from
the price decline. Interestingly, the U.S. price
support actually improves world welfare at the
low ($6.6/mt) level of segregation costs. This
is a classic second-best result. The existence
of market power for the innovator-monopolist
means that the adoption rate of the innova-
tion, ex post, is lower than socially optimal.
Because the U.S. price support increases adop-
tion of RR seeds, it counters that effect, but
this useful impact disappears as the segrega-
tion cost rises (because conventional produc-
tion is driven out of the market anyway).

Effects of Policies for GM Products

In table 6, we report the impact of various
policies that countries can consider (and are

considering) to deal with the introduction of
GM products. Here we restrict ourselves to
the case of only the medium-level segrega-
tion costs ($13.2/mt) and to the case where
there is no price support program in the United
States. The first set of results in table 6 looks
at what is currently the case for the EU and
several Asian countries that are part of the
ROW region—a ban on local production of
RR soybeans and products. As the last col-
umn in table 6 shows, the ban benefits the
ROW (as well as Argentina and Brazil), but
it hurts the United States as well as world wel-
fare. This case is characterized by complete re-
gional specialization in production. The ROW
meets its domestic demand for conventional
soybean products, while the United States,
Brazil, and Argentina produce and export only
the RR variety. De facto segregation costs are
zero in equilibrium because no actual segre-
gation needs to take place. In comparison to
the unregulated production scenario, the ban
improves the ROW welfare by $35 million
because of the positive change in consumer
surplus that arises from lower conventional
product prices (driven down by the effectively
zero segregation costs) under the ban, which
more than offsets the corresponding negative
change in producer surplus.22 The ban reduces
U.S. welfare by $81 million, primarily because
of forgone innovator-monopolist profit.

As noted earlier, Brazil has for many
years declined to approve the growing of
RR soybeans but, in response to the mas-
sive clandestine growing of GM soybeans, in
September 2003 it enacted a temporary and
limited exemption for the 2003–4 crop year.
Brazil’s attempt at implementing a local pro-
duction ban for GM products has been ra-
tionalized by Brazil’s alleged interest in
avoiding segregation costs in order to gain
a competitive advantage selling conventional
soybeans and soybean products to Europe
and the ROW. The second set of results in
table 6 shows that the ban on RR produc-
tion in Brazil actually does not benefit the re-
gion overall, although it benefits that coun-
try’s farmers. Again, the ban results in the
complete regional specialization in produc-
tion, with the United States, Argentina, and
the ROW producing and trading only the
RR variety. Because Brazil specializes in pro-
ducing conventional beans, it does not incur

22 But this ROW welfare gain disappears at lower levels of seg-
regation costs.
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Table 6. Economic Impacts of Government Policies (No-LDP Case with $13.2/mt Segregation
Cost): Changes from Preinnovation Equilibrium and from No-Ban Scenario

Bean Supply Export BEa
�CS �PS �W Export �W from

Region � Total Total ��M Total Conv. RR Conv. RR Mealb No Ban

RR production ban in ROW
U.S. 1.00 239 9 675 922 0.0 70.0 0.0 26.0 2.6 −81
BR 1.00 81 137 218 0.0 36.2 0.0 19.2 5.3 16
AR 1.00 30 85 116 0.0 21.4 0.0 15.5 1.0 19
ROW 0.00 277 41 318 32.4 0.0 0.0 −60.7 −8.9 35
World 626 272 675 1,573 −11

RR production ban in Brazil
U.S. 1.00 326 −124 712 914 0.0 69.3 0.0 24.8 3.1 −89
BR 0.00 −94 188 93 36.6 0.0 20.4 0.0 4.7 −109c

AR 1.00 43 45 87 0.0 21.2 0.0 15.2 1.0 −10
ROW 1.00 291 118 409 0.0 32.6 −20.4 −40.0 −8.8 127
World 565 226 712 1,504 −81

RR production ban in ROW and Brazil
U.S. 1.00 113 215 564 891 0.0 71.1 0.0 27.6 2.3 −112
BR 0.00 35 −96 −61 35.0 0.0 18.1 0.0 5.2 −262
AR 1.00 14 148 162 0.0 21.7 0.0 15.9 0.9 65
ROW 0.00 271 −87 183 32.0 0.0 −18.1 −43.5 −8.4 −99
World 432 180 564 1,176 −409

RR production and import bans in ROW
U.S. 0.65 353 −149 391 594 24.1 45.1 24.1 0.0 3.8 −408
BR 0.51 208 −76 132 17.2 17.8 17.2 0.0 6.0 −70
AR 0.30 72 −45 27 14.6 6.2 14.6 0.0 1.2 −70
ROW 0.00 −1,021 363 −658 33.3 0.0 −56.0 0.0 −11.0 −941
World −389 93 391 95 −1,489

RR production bans in ROW and Brazil and import ban in ROW
U.S. 0.67 498 −371 337 464 22.3 45.7 22.3 0.0 4.2 −539
BR 0.00 −124 284 160 37.1 0.0 21.0 0.0 4.7 −42
AR 0.31 92 −112 −20 14.2 6.2 14.2 0.0 1.3 −117
ROW 0.00 −727 256 −471 33.0 0.0 −57.4 0.0 −10.2 −754
World −261 57 337 133 −1,451

Note: Monetary variables are measured in mil U.S.$; quantities are in mil mt.
aSee footnote a, table 3.
bSee footnote b, table 3.
cComprised of CS change of −206 and PS change of 98.

segregation costs and therefore prices received
by Brazilian farmers increase relative to the
preinnovation benchmark. These higher prices
benefit the region’s farmers but hurt its con-
sumers, who consume the domestically grown
and crushed conventional products despite
having no differentiated tastes. Comparing
welfare changes between the ban and no-ban
scenarios, we see that whereas Brazilian farm-
ers gain from the ban by switching to higher-
priced conventional soybeans, the same switch
in consumption due to the noncompetitive
pricing from potential RR imports hurts the
region more and results in a net $109 million
loss of welfare.

If the ROW and Brazil ban RR production
simultaneously, our third set of results in ta-

ble 6 suggests that welfare will fall for the two
regions and for the world in general. Brazil
exports the conventional variety to the ROW,
and the United States and Argentina produce
only RR products for domestic consumption
and export. With two regions growing conven-
tional soybeans, the size of the conventional
soybean sector proves to be quite large in equi-
librium. As a result, equilibrium is character-
ized by equal conventional and RR soybean
and oil prices in the ROW, with 17% of the
indifferent demand actually satisfied by con-
ventional soybeans and soybean oil. In gen-
eral, all prices in this equilibrium are lower
than their preinnovation benchmark counter-
parts, implying that consumers gain from the
RR technology in all regions and producers
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in Brazil and the ROW lose. A welfare com-
parison between the ban and no-ban scenarios
shows that forced abundance of the conven-
tional variety and a relative scarcity of the
RR product imply that equilibrium conven-
tional prices in the ban scenario are lower than
their counterparts in the unregulated scenario,
whereas RR prices are higher. As a result, pro-
ducers in Brazil and the ROW and all but ROW
consumers lose, and Argentina is the only re-
gion that benefits from this RR production ban
in Brazil and the ROW.

Depending on the severity of GM aver-
sion in the EU and other countries manifested
in their official government regulations, the
ROW may choose to ban any presence of crops
and food products with biotech content on its
territory. In other words, the ROW may ban
both RR production and imports, which would
have dramatic consequences for production
patterns in exporting regions as some of them
would have to scale back on their adoption
of RR technology. First, considering the case
when Brazil does not ban RR production, we
see from table 6 that having no export des-
tination for the RR soybeans and products,
the United States, Argentina, and Brazil each
produce both varieties—RR for domestic con-
sumption and conventional for export to the
ROW. The adoption rate for RR technology in
the United States is 65%, in Brazil 51%, and in
Argentina 30%. ROW consumers experience
very large losses in excess of $1 billion because
of the unavailability of the cheaper RR vari-
ety. This fact drives the overall welfare loss
for the ROW as a result of the introduction of
RR technology. Other regions gain despite the
welfare losses by producers, and the world’s
welfare improves, albeit slightly. Adding an
RR production ban in Brazil changes the char-
acteristics of the equilibrium only to the ex-
tent that Brazil experiences a loss of consumer
surplus because of consumption of more ex-
pensive conventional products and an increase
in the producer surplus due to specialization

Table 7. Base and Alternative Values of Parameters Used in Sensitivity Analysis

Parameter Base Value Alternative Value 1 Alternative Value 2

ε̂UU {−0.4, −0.4, −0.4, −0.4} Base value × 1
2 Base value × 2

� {0.8, 1.0, 0.8, 0.6} Base value × 1
2 Base value × 2

� {0, 0, 0, 0} Base value + 0.02 –
̂ 0.5 Base value × 2

3 Base values × 1 1
3

k̂ 1.05 Base value − 0.025 Base value + 0.025
ε̂00 −4.5 Base value × 2

3 Base values × 1 1
3

(see the last set of results in table 6). How-
ever, unlike the ROW, Brazil’s overall welfare
improves as compared to the preinnovation
benchmark. Welfare comparisons between the
unregulated and ban scenarios show that all re-
gions lose overall as a result of the combined
production and import ban in the ROW no
matter whether Brazil introduces the RR pro-
duction ban or not. The only benefiting par-
ties are consumers in unregulated regions and
ROW producers. But note that, given an RR
production and import ban in ROW, the intro-
duction of a production ban in Brazil actually
improves world welfare, again an instance of a
second-best result.

Sensitivity Analysis

All parameters of the model were subjected to
extensive sensitivity analysis, some of which is
reported here. The model’s sensitivity to the
segregation cost parameter � was discussed
in the previous section, where we considered
three alternative values for this parameter. We
analyzed the sensitivity to the share of indif-
ferent demand ̂; the coefficient of total de-
mand increase due to conventional and RR
price equalization k̂; the own-price elasticity of
conventional demand ε̂00; the own-price elas-
ticities of demand for nonsegregated soybeans,
soybean oil, and soybean meal ε̂UU; the elastic-
ity of land supply with respect to soybean price
� ; and the coefficient of yield increase due to
the RR technology �. Parameter values used
in the analysis are provided in table 7.

Sensitivity results for the aforementioned
parameters are illustrated in table 8. The first
set of results shows the effects of halving
and doubling the base values of elasticities of
(total) demand for nonsegregated soybeans,
soybean oil, and soybean meal. Compared
to the base-values scenario, the only notice-
able change is in the distribution of welfare
gains between consumers and producers: a
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lower elasticity increases consumer benefits
and reduces producer gains, while a higher
one has the opposite effect. The innovator-
monopolist’s profit remains essentially insen-
sitive to variations in ε̂UU. In fact, these results
hold equally for free trade and ban scenarios,
and the overall region-level results appear ro-
bust. The second set of results in table 8 sum-
marizes the adoption and welfare results when
the elasticity of land supply with respect to soy-
bean prices � is halved or doubled. Doubling
� works just the opposite of doubling ε̂UU,
and the same can be said about halving � ver-
sus halving ε̂UU. The innovator-monopolist’s
profit is robust, deviating within 1% of the base
value. Again, none of the qualitative results of
the model changes.

The model’s results appear to be more sen-
sitive to the change in the RR technology-
induced yield increase parameter �. A positive
yield gain is equivalent to an outward sup-
ply shift relative to the base-values scenario.
Therefore, in the free-trade equilibrium with
� = 0.02, all prices are lower, which leads to
the reallocation of welfare gains between con-
sumers and producers; while both producers
and consumers benefit at the world level from
the new technology in the base-values sce-
nario, producers at the world level lose and
consumers gain when � = 0.02. At the re-
gion level, Brazilian and U.S. farmers lose by
adopting the RR technology, although overall
region-level results are robust to the increase
in the yield parameter.

Parameter ̂ measures the relative size of
demand that is indifferent between conven-
tional and RR varieties at specific prices. Nat-
urally, lower ̂ increases the relative share of
the worldwide conventional demand and re-
duces the share of demand for the RR vari-
ety, causing higher conventional and lower RR
equilibrium prices relative to the base-values
scenario. Higher ̂ works in the opposite di-
rection. The same can be said about parameter
ε̂00; given that the total soybean and soybean
oil demands are inelastic, making conventional
demands less own-price elastic translates into
lower cross-price elasticity, which means less
flexibility in the demand system to shift from
consuming the conventional to the RR vari-
ety.23 This relationship makes the model and
our conclusions in ban scenarios somewhat
sensitive to the values of ̂ and ε̂00 (suggesting
that more work to shed empirical light on these

23 Because the impacts of changes in ̂ or ε̂00 are very similar, in
table 8 we omit the explicit sensitivity results for ε̂00.

parameters may be useful). Table 8 shows that
when ̂ = 2/3, the ROW does not benefit from
its RR production ban relative to the no-ban
scenario. In addition (not shown in the table),
the ROW benefits from the simultaneous RR
production bans at home and in Brazil when
ε̂00 = −3.0 or ̂ = 1/3, and Brazilian farmers
lose under the production ban at home relative
to the no-ban scenario when either parameter
takes on a high (absolute) value.

Lastly, the changes in the value of parameter
k̂ have some minor quantitative and no qualita-
tive effects on the results of the model. A lower
k̂ acts as an inward demand shift that lowers all
prices (except for meal) in all equilibria, while
a higher k̂ acts as an outward demand shift that
leads to an increase in soybean and soybean oil
prices.

Conclusion

The distinctive feature of our new partial-
equilibrium, four-region world trade model
for the soybean complex is that consumers
in the importing region view GM soybeans,
and products derived from them, as weakly
inferior substitutes for their conventional
counterparts. Thus, this article shows that
differentiated preferences can be introduced
into a conventional spatial equilibrium model
in a simple yet consistent fashion that permits
standard welfare calculations. Our model
provides a close representation of the world
soybean market by also accounting for the fact
that the RR seed is protected by IPRs and sold
worldwide by a U.S. firm at a premium and
that producers have to employ a costly seg-
regation technology to separate conventional
and biotech products in the supply chain. The
model is disaggregated just enough to capture
individual behavior of the industry’s main
players and allows us to analyze the impact of
their (possibly different) policies toward GM
products.

Our analysis shows that in the world with
no feasible segregation technology, the long-
run equilibrium state of the world after the
cost-saving RR technology is introduced is
that of complete worldwide adoption. This
equilibrium is characterized by lower prices
for soybeans and soybean products, a con-
tinued U.S. lead in world soybean exports,
and welfare gains to all regions and all eco-
nomic agents (producers, consumers, and the
innovator-monopolist selling RR seed), except
U.S. farmers. When segregation technology is
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available at a positive cost, absent any gov-
ernment production and trade regulations, the
United States emerges as the only region pro-
ducing both RR and conventional soybeans;
all other regions specialize in RR production.
The introduction of the RR technology leads
to reduced prices for RR products, lower prices
for producers of the conventional variety, and
higher consumption prices of conventional
products. Lower segregation costs reduce the
prices of conventional products, increase the
prices received by farmers who grow the con-
ventional variety, and are associated with more
land allocated to growing conventional soy-
beans, which hurts the profits received by
the innovator-monopolist. This result implies
a conflict of interest between the RR-input
supplier and farmers who benefit from lower
segregation costs. The world in general bene-
fits from using the segregation technology at
any feasible cost level, as GM-conscious con-
sumers realize their right to choose.

The analysis shows that an output subsidy
received by U.S. farmers, although clearly ben-
eficial for them and the region’s consumers, is
nevertheless welfare reducing to the United
States as a whole because of the high cost of
the subsidy. The only region that gains in this
situation is the ROW, but the world in general
can potentially benefit from this policy as the
subsidy works to correct a less-than-optimal
adoption of the RR technology caused by the
distorted RR seed prices established by the
monopoly.

When the ROW and Brazil impose produc-
tion bans on RR products, the ROW has a clear
potential to benefit from such a ban relative
to the no-ban scenario if segregation costs are
not too low, while in Brazil only farmers would
benefit from such regulation. These results are,
however, somewhat sensitive to the underlying
assumptions. In particular, this gain is more
likely to hold the higher the size of the con-
ventional market and/or the lower the elastic-
ity of conventional demands (which indirectly
affects the market share of interest). Also, it
is possible that the ROW can gain relative to
the no-ban scenario when RR production bans
are implemented in the two regions simulta-
neously, although this result is not observed at
base parameter values. But our analysis also
shows that, whenever beneficial to the ROW,
production bans reduce U.S. welfare, which
justifies the region’s concerned position with
regard to anti-GM regulation. Also, Brazil as
a whole never benefits from a unilateral pro-
duction ban. The last important result of this
paper is the robust welfare losses to all regions

when an import ban on RR products is intro-
duced in the ROW. Overall, all conclusions of
the model, except for those mentioned above,
prove to be robust to some variation in critical
parameter values.

An emerging literature is attempting to
characterize the economic impact of GM
products in agriculture. We believe that this
article provides an important addition by
validating some of the theoretical results
hitherto derived in very stylized models, by
showing how the critical inferior-substitute
property of GM products can be empirically
implemented in a simple yet coherent fashion,
by explicitly modeling the IPRs dimensions of
the problem, by investigating the interaction
of new technology adoption with existing price
supports programs, and by evaluating some
critical GM-related policies being considered
by some importing and exporting countries.
In particular, this article is the first to provide
quantitative estimates of the welfare effects
of the large-scale adoption of an existing
GM crop in a differentiated-product, open-
economy context. As such, the results of this
article provide a range of important insights
into the channels through which the benefits
(and unintended costs) of the current gener-
ation of GM products arise, and explain the
possible implications of existing and pending
policies pursued by the countries across the
world in response to the challenges posed by
the dawn of biotechnology in agriculture.

[Received June 2003;
accepted October 2004.]
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