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Abstract

This research uses agenerd equilibrium framework to examine the impacts of labeling policies on geneticaly modified (GM)
agricultural products in the international trading system. The research focuses on the case of the policy debate between the United States
and the European Union. Numerical calibrations of the genera equilibrium model using 1998 dataare used to examine four scenarios:
both countries labeling, neither country labeling and the two cases when countries pursue mixed strategies. Results indicatethat the
benefits of countries pursuing mixed strategies outweigh the benefits of harmonized labeling policies. Countries that introduce labeling
regulations restrict accessto their agricultural markets. However, the benefits consumers obtain from having access to information about
GM content compensatefor the trade inefficiencies introduced by differing national labeling regulations.

Introduction

Escalating international conflict surrounding agricultura biotechnology products reflects on-going struggles over food saf ety
policies within the international trading system. Sincethe Uruguay Round trade negotiationsin 1986-94 limited the use of tariffs and
subsidies, countries have sought alternative mechanisms for protecting their national agricultural systems from international competition.
Countries may implement food safety regulationsthat restrict trade due to justifiable food safety concerns. However they can aso use
these same regulations to camouflage protectionist intentions. Traditional food saf ety issues include agricultural pesticides and livestock
diseasecontrol, but the development of agricultural biotechnology in the late 20th century created an entirely new type of agricultural
production — one for which existing regulatory regimes were unprepared. Countries differ in their basic categorization of genetically
modified (GM ) products which inevitably leadsto divergent regulatory approaches, includingwhat type, if any, of labelingis required for
GM products. Theinternational trade community is waitingto see how the World Trade Organization (WTO) will address the existence
of diversenational labeling systems.

This paper compares the efficiency of agricultural biotechnology labeling systems within an international trade context. The paper
focuses on United States and European Union labelingof GM products to highlight the differences between harmonized and
heterogeneous label systems. National policies reflect underlying assumptions about how biotechnology differs from existing
technologies. Since USagricultura biotechnology policy is based on the assumption that GM products are essentially equivalent to
traditional products, existing US regulations are used to control the introduction and marketing of these products. In the USthree agencies
control regulation of biotechnology . The Environmental Protection Agency attends to the potential pesticide and herbicide impacts of
biotechnology products. The United States Department of Agriculture controls the introduction of these species into the environment
through test plots. The Food and Drug Administration monitors and regulates the potential food safety of these products. Locd



governments also may enact legidation regulating field trials of biotechnology cropsor the use of specific biotechnology products (Chen
and McDermott 1998).

In contrast, many EU citizens seem to fed that GM products differ substantively from existingtraditional products. Hence, while
the US operates within existing regulations to regulate biotechnology , the EU has enacted new regulations to target biotechnology
products. The EU regulationstreat GM products differently from traditional crops becausethe process of producing GM products is
different, not becausethe fina products are different(Chen and McDermott 1998). For example, the EU regulatory system for transgenic
products is based on the precautionary principle which states that if aparticular product could lead to devastating health or environmental
outcomes, then acountry is justified in taking action to limit the introduction of these products within their borders. The USobjectsto
the EU regulatory system for GM products for avariety of reasons, includinglong product approval time lines, lack of transparency of
the regulatory process and unexpected changes in approval procedures (Perdikis and Kerr 2000).

The US-EU conflict raises potential new chalenges for the WTO. The WTO acts as arule-enforcinginstitution that monitors levels
of world trade and provides amechanismfor dispute settlement among countries. The legd structure of the WTO supports the right of
countries to provide health, safety and environmental regulationsto protect their citizens and the environment. At the sametime, world
trade law in the WTO explicitly recognizes that countries also usethese policies as atype of non-tariff barrier and has established
guiddines to monitor this type of trade-distorting behavior. Agreements within the legd code for the WTO provide mechanisms for
identifying and addressing the intentional use of food safety regulations as trade barriers. Sinceits creation, WTO di spute settlement
panels (DSP) have examined three cases involving the SPS (or SPSS) agreement: adispute over food quarantine measures between Japan
and the US, adispute over Canadian salmon exportsto Australia, and a dispute between the US and the EU over dairy products produced
by cows treated with growth hormones. Through the DSP the world trade regime provides guidance for determining when policy
convergence ensures optimal outcomes and when the benefits of national sovereignty outweigh the potential trade efficiency losses (see
Ostry 1999 for adiscussion of the new tensions faced by the WTO).

Who benefits from the adoption of GM labeling regulations and how does the structure of the international trading system affect the
impact of theseregulations? The answer requires an understanding of the complex economic interactions among consumer preferences,
the economic structure of the national agricultural industries, and international trade relationships Supposeacountry that has previously
co-mingled GM and traditional products chooses to enforce segregation of these products. Given information about GM content,
consumers may chooseto avoid GM products becausethey perceive them to be potential food safety risks. Agricultural producers will
face new cost structures, which will in turn ater their use of labor and other factors of production. The trade impacts of this segregation
will depend upon whether trading partners are also demanding segregation of GM from traditional products. If countries are pursuing
opposite strategies (one choosing to require segregation and the other allowing co-mingling) the economic outcomes will differ from the
cases when both countries segregateor both countries co-mingle.

The model described here provides insight into these complex relationshipsand indicates that harmonized labeling systems do not
necessarily improve economic efficiency. Section two provides abrief survey of some literature related to labelingand generd equilibrium
models. Section three presents the model and describes how the basic genera equilibrium model can be altered to capture specific
characteristics of labeling and non-labeling economies. Section four discusses the results of numerical simulations, particularly related to
the welfare payoffs of various labeling systems. The simulations indicatethat, with reasonable assumptions about costs of segregation
and consumer preferences for non-GM products, heterogeneous labeling systems lead to higher internationa welfare than homogeneous
systems. Section five concludes with adiscussion of the implications for the WTO of theseresults.

Literature

Traditional consumption theory assumes that al products are homogeneous and consumers only care about the quantity of product
consumed. In order to develop amodel examiningimpacts of labels amore textured consumption model is needed. Lancaster (1966)
suggests amodel to explain how consumers value qualitative product characteristics. Lancaster describes acomplex utility function based
on characteristics such as color or nutritional content, which leads consumers to choose between similar but different products. The
literature on the economics of advertising draws on this approach, highlighting the fact that consumer valuation of product quality
depends upon a combination of search, experience and credence characteristics. Search characteristics refer to characteristics such as color
which consumers can determine by inspection before purchasing. Experience characteristics are qualities revealed after purchasing, such
as taste Credence characteristics refer to quality characteristics that are not revealed after purchasing. The GM content of non-labeled
food products fal intothis last category (Nelson 1970).

In this paper, agricultura products have two characteristics that areimportant to consumers: tasteand "quality.” Taste can be
thought of as the classic consumption good characteristic. The tasteof GM and traditional agricultural products are identical and
consumers gain more utility by consumingmore. Quality is directly related to the GM content of foods. AsGM content increases,
quality decreases. Hence, including quality in the utility function captures consumers ambivalence towards GM foods. Some consumers
perceive GM cropsto berisky in afood safety sense thusthey prefer unmixed non-GM products. However, unless producers are
segregatingtheir crops, they do not have accessto information about production methods. Thus, an externality exists, because consumers
care about quality, but when products are mixed can not control how much they consume of eachtype (GM or non-GM crops). This
consumption structure is introduced into agenera equilibrium model in order to capture the price and output impacts in an international
trade context.



Recently Anderson, Nielsen and some coauthors also examined the globa genera equilibrium impacts of segregating GM cropsfrom
traditional products. (see Anderson and Nielsen 2001, Anderson and Nielsen 2002, Anderson et d 2001, Anderson et d 2002, Nielsen
and Anderson 20013, Nielsen and Anderson 2001b, Nielsen et d 2000). Their analyses provide a preliminary view of how benefits and
costs of GM policies are distributed throughout the world. They explore the benefits to developing countries of pursuing segregation of
GM from traditional products, so that they may have accessto markets where GM -critical consumers are eager to buy unmixed
traditional products. In generd their results indicatethat adoption of GM cropsby even asubset of countries produces substantial
welfare gains and that import bansfor GM cropsin countries where consumers do not prefer "GM -freg” products harm both domestic
consumers and producers. Nielsen and Anderson (2000) emphasizethis last point, demonstrating that when consumer preferences rather
than regulatory mandates create markets for non-GM products, the efficiency of solutionsis improved.

Nielsen, et d (2000) focus on quantifying the impact of consumers' changing attitudes toward GM products on world trade patterns,
with an emphasis on the implications for developing countries welfare. In order to capture the shift in consumer attitudes towards GM
products, it is assumed that GM and non-GM cropsare increasingly poor substitutes in demand. They find that price differentials are
substantial, but that theseresults are tempered by consumption and production effects. Differences in the prices of GM and non-GM
products in developing countries are primarily aresult of productivity changes, rather than changes in preferences in the devel oped world.

The model presented in the next section differs from these models in that it focuses primarily on describing the economic system
within two countries (the USand the EU) rather than on large scale regiona impacts. In addition the model does not assume GM
-induced productivity growth. Rather the model uses datafrom asingle year to calibratefour separate policy scenarios: both countries
labeling, neither country labeling, and the two cases where countries choose different labeling strategies. The modd structure provides
results that focus on the implications of labeling policy harmonization rather than on the global distribution of the benefits of GM
adoption and regulation. Theseresults are intended to inform the debatewithin the international trade community about the use of labels
as non-tariff barriers and the role of the WTO in monitoring thesetypes of national policies.

The Model

The GE mode described below examines the economic impacts of labeling decisions made by two trading partners. The model can
describe two types of economies: an economy with labelingand an economy without labeling Two critical features of the model capture
the unique system of economic interactions related to GM labeling First, adding labeling regulations changes the processors' production
technology so that agricultural production of segregated cropsrequires additional labor. Becausethe labeling economy segregates one
agricultural product intotwo separate products (traditional and GM products), it includes one more final good than the non-labeling
economy. Second, as mentioned in section 2, the model assumes that consumers care about two product characteristics associated with
GM products: quantity and quality.

This section first presents the basic structure of production and consumption in the labeling and non-labeling economies. Then the
structure of the trade model is presented, including three cases: both countries labeling, neither country labeling, and the casewhere
countries pursue opposite labeling strategies. Details of the model can be found in appendix .

Production

In order to facilitatethe calibration of the GE model to existing economic data, production in each economy is split between
industrial (sector 1) primary agricultural production (sectors 2, 3, and 6) and marketed agricultura production (sectors 4, 5, and 7).

1 = industria good

2 = primary traditional C/S
3 = primary non-C/S

4 = marketed C/S

5 = marketed non-C/S

6 = primary GM C/S

7 = marketed GM C/S

The three types of marketed agricultural production represent traditional corn and soy products (C/S), GM C/Sproducts, and al other
agricultural production. Primary agricultura inputs, which are used in the production of the marketed agricultura good, and not consumed
directly by consumers, may be classified similarly. Specificaly, good 2 is an intermediateinput in the production of good 4, good 3 is an
intermediateinput in the production of good5 and good 6 is an intermediateinput in the production of good 7.

Production is structured as asimple Viner-Ricardo economy. There are eight factors of production: labor and seven others
corresponding to the seven sectorsin the economy. Labor (v, ) moves freely within the economy and sector labor demand is defined as
vy for sector j. Each sector also uses one fixed factor, v, through v, which might be inputs such as land or sector specific capital. The
fixed factors are assumed to be exogenoudy determined, while labor distribution is endogenous to the model.

When an economy is not segregatingGM from non-GM products, farmers sell primary agricultura products mixed together to the



agricultural marketers. The agricultura marketersin turn sdll afina C/Sproduct (yy,) for asingle price. Hence, in the non-segregated case,
the economy does not include afinal good sector for non-GM C/S products (see figure ).

Final Goods

Intermediate
Goods

l#l\

.

Structure of a Non-Labeling Economy
In contrast when acountry requires labelingof GM products, primary agricultural producers uselabor to segregatethe traditional from
the GM agricultural varieties. Agricultural marketers purchase segregated inputs and produce aGM and anon-GM find good. Each of
these products has a unique price (seefigure).

Final
Goods

Intermediate
Goods

v

v

Structure of a Labeling Economy
The mode!’ s equilibrium solution is based upon the definition of sectoral value-added functions which, given the assumptions made



on production functions, have properties identical to traditional GDP functions (See appendix ). These sectora vaue-added functions can
be used to define sector labor demand (v (w,p;,v;) for j=1,...,7), intermediate good supply (y;(w,p;,v;) for j=2,3, and 6), and
intermediate good demand (ij (W,p;,Vvj,Pm) for mi=2,3, and 6 where p; refersto the price of the final marketed good associated with the
mj intermediateagricultural good). Given the definitions for sectoral value added functions in the nonsegregated case

vy (W, p; ij) = W for j=l,2,3,and 6

Vi (W, Py, Py V) = —an(W’g\"’\’lpm"’V") for j=4,5, and 7

Vi (W, pj,Vvj) = w for j=2,3, and 6
i
Vm-(w,pj,pmj,vj) = w for j=5, and 7
0P
Y2(W,p7,p2,Va) = 9G4(W,P7,P2,Va)
op2

where the subscript "mj” refersto the intermediate good m used in the production of find good j. In the segregated case

Vo = Vo (W,pa,P2,Vs) = W Section provides the formal definition of equilibrium for the three versions of the trade model.

Consumption

Segregation and labeling decisions will also affect the structure and analysis of utility. Consumersin this model care about total food
consumption as well as perceived food quality. Withlabeling, consumers have completeinformation about the GM content of agricultural
products and have access to pure traditional crops(Seefigure). If they choosethey can avoid consuming GM cropsin order to avoid
penalizing perceived food quality. As consumption and perceived quality increase utility increase However, consumers perceive a
decreasein food quality with consumption of GM products (x;). Infigure the +/- signs by the arrows indicatetheserelationships

e
O
O\ @ /@

Structure of Consumption
In the non-labeling economy, consumers cannot avoid GM crops, becausethese crops are co-mingled with traditional crops. While they
perceive decreased food quality as they consume more of the mixed product, their utility increases with increased consumption of
products and perceived quality.

Assume that both countries have the same technologies, and preferences apart from production method or quality. Countries differ in
their factor endowments, their labeling strategies, and their preferences for quality. Consumers in each country have quasi-homothetic
preferences and thus may differ in the amount of GM content they consume(Diao and Roe 1996). Arguments of the utility functions are
the vector of demand for final goods (X) and quality (Q) (see following paragraph for definition of Q). Utility may be written




Ui = Ui(x,Q)

where U;(.) is strictly increasingin al arguments. The maximization of U;(.) with respect to income constraints gives the Marshallian
demand functions D;(p,m) where p is the price of final goods and mis income.

Quality is embodied in the food consumers egt. It affects utility through the consumption of x,and x7, rather than entering the
utility function as aseparate choice varigble. Consumers can not directly perceive the quality by tasting or looking at the product, for
example. Thus, consumers experience a negative externality when they consume mixtures of GM products and traditional products,
becausethey care about GM consumption but cannot control their intake of these products.

In the labeling case the quality function may be represented as

Q= Q(x7)

This function is a continuously decreasing, linear function of x;. Consumers may choose between consuming unmixed traditional cropsor
GM crops The leve of quality is solely determined by the consumption of x;, thus the consumption externality is eliminated. In
contrast, in the non-labeling case, quality may be represented as

Q= QXm)

where X, represents demand for the non-labeled mixed product (x4 + X7). This function is acontinuously decreasing, linear function of
Xm-. Theleve of quality is determined by the consumption of combined x,and x7, hence consumers experience a consumption externality.

Competitive Equilibrium with Trade

Three cases with trade will be considered: both countries labeling, neither country labeling, and one country labelinglone country not
labeling. Sincethe labeling decision dightly alters the composition of the model, the equilibria definitions are also dlightly different. Each
equilibrium is defined below. The definitions are given in terms of sectoral value added functions in order to highlight the subtle functional
differences among the three cases.

Let the second country beidentified by an asterix. Then, a competitive equilibrium for the trade model is aset of prices and wages
(p,p*,w,w*), commodity bundles (y,y*), and aset of input allocations (v,v*), with quality levels (Q,Q*) such that (1) al agentstreat
prices parametrically; (2) given prices, producers maximizeprofits; (3) given prices, consumers maximizetheir utility given their budget
constraints; (4) in each country, the demand for inputs are equa to the endowments; (5) in each country the demand for intermediate
goods equas the supply of intermediate goods, (6) world demand for each final good is equal world supply, and (7) Waras’ law holds.

Neither Labeling
An equilibriumin this caseis (w,w*,p1,P2,P5,P3,P3.Ps.Ps, P, P7), such that the labor markets and intermediate good markets clear
for each country and world markets for final goods clear. In this equilibrium p1,ps, and p; areworld prices for traded final goods where
p- is the price for the mixed final agricultural product.. Notethat p, does not exist becauseneither country is segregatingtheir GM
products from their traditional products.
Assuming an internal solution, and normalizingp; = 1, equations - necessary equilibrium conditions. Labor market clearing
conditions are

-z
=1,...7.
0G1 ()

*

:VL

j=1,...,7.
Market clearing conditions for intermediategoods are

3G,() , 3Ga() _

op2 op2
G3() , 3Gs() _
ops ops3

aGe(.) , 8G7() _

0
0Pe op6




0G3() , 9Gi() _

0
p; op;
0G3(.) . 9Gi(.)
=3+ 27 =0
op; op3
dGE(.) . 0G3(.)
—+ ~—~ =0
oPg ops

In addition the world market clearsfor fina goods 5 and m,

Ds(.) +Di(.) - 0Gs(.) _ 9Gs() _ g

ops ops
Dn() + D) - S5ut) - Z2al) 0

oGj(.)
apj

where Dj(.) represents demand for good j by country 1 and D;’(.) represents demand for good j by country 2. Similarly,
3G*j()
ap

represents

— represents supply of final good j for country 2.

]

supply of final goodj for country 1 and
Both Labeling
An equilibrium in this caseis (w,w*,p1,P2.P3.P3.P3,P4,Ps,Ps, P, P7) such that intermediate good and factor markets clear in both
countries and the world markets for final goods clear. Notethat with labelinga separate price (p,4) exists for marketed traditional
products. Assume an internal solution, and normalizep;=1. Gs(.) represents the sectoral value-added function for primary agricultural
producers who are segregating GM from traditional cropsand is substituted for G,(.) and Gg(.) for both countries. Labor market
clearing conditions are

) G0
j=1834,57 ow

3GI() _ ..

Z * =V
j=183457 ow

Market clearingfor conditions for intermediate goods are

0Gs() , 9G4() _

op2 op2
9G3(.) | 9Gs(.) _ g
ops3 op3
3Gs() | 3G1() _ g
0ps Ps

0G3() , 9Gi0) _ g

op; op3
8G3(.) |, 0Gi(.)
—+ ~—~ =0
op3 ops3
9Gs() | 0G7(1) _ 0
ops ops

In addition the world market clearsfor final goods (j=4,5,7)

0Gj(.)
opj

where D(.) represents demand for country 1 and D *(.) represents demand for country 2. Similarly, represents supply of final good j

for country 1 and OGTj() represents supply of find good j for country 2.

Mixed Labeling Strategies
Assume that country oneis not segregatingtraditional and GM crops, while country two is segregating GM and traditional crops
and labeling each ty pe of crop. Severa assumptions are made in relation to this mixed strategy trade model. Since countries are trading
final goods, segregated traditional varieties are also available in country one. Hence, utility functions are the same for consumersin each



country .

Also, assume that consumersin country 2 treat the co-mingled cropsfrom country 1 the sameas GM cropsproduced in country
two, rather than as aseparatetype of commodity. This assumption is based on the ideathat country 2 consumers primarily care about
having access to the non-GM product. Any product with GM content is considered to be of lower quality. In the same vein, the price of
co-mingled cropsfrom country 1 and the price for pure GM cropsfrom country two is p,(see Figure XX).

An equilibrium in this caseis (w,w*,p1,P2.P3.P3.P3.P4,Ps,Ps, Ps, P7) such that intermediate goods and factor markets clear in each
country and world markets for final goods clears. Assuming an internal solution, and normalizing p1=1, the labor market clearing
conditions are

B IO

ow
=1,...7
oG (.
)y
j=1,S3457

Market clearing conditions for intermediate goods are:

0G2() , 3G4() _ g

op2 op2
6(;82) . 6(;85.) _0
Soaki bl
World market clearing conditions for final goods are
D4(.) +Di() - 5‘;35-) _o
Ds(.) +Di(.) _%_% o
D10 D30 -

where D;(.) represents the demand for j in country 1 and D; (.) represents demand for j in country 2. Similarly, 23

—— represents supply
=10 represents supply of final good j for country2. Inthis case 22 = 2240 4 2200
]

op7 op7 op7

of final good j for country 1 and

The Data

The model uses 1998 USand EU datafrom avariety of sources in order to calibratethe model to reflect the scale of the various
economies and sectors (see appendix ). Datafor the rest of the world is incorporated into calculations of world final good market clearing
conditions. This year was thefirst in which GM cropsrepresented a significant percentage of world agricultural production. In addition,
1998 is the most recent year with completedatafor both the USand the EU. Becausethe datarepresents asingle point in a continuum of
GM adoption and acceptance the results from the model must be interpreted as an indication of potential scale of policy impacts, rather
than a definitive prediction. The dataare used to develop Socia Accounting Matrices (see Appendix ). Thesematrices arein turn used to
calibratethe general equilibrium mode.

The eladticities for production functions come from the following data sources. Labor elasticity for manufacturing (o) was calculated
from the Economic Report of the President (1999) as share of value of production to wages. The elasticity on the fixed resource is then
simply (1-a). The labor elasticity () for primary agriculture was calculated from Agricultural Outlook numbers (January -February 2000).
Thetotal value of primary agricultural production (table 9-21) and the total farm wages, calculated from the number of hired farmworkers
and median weekly earnings (table 9-19), are used to calculate 8. Labor elasticity (61) in processed agriculture was calculated from the



Bureau of Economic Analysis productivity dataset while the elasticity of intermediateinputs in processed agriculture comes from
Gopinath and Roe (1996) that estimates that primary agriculture represents 26% of the value of processed agriculture.

The elagticities for the utility function are estimated usingthe SAM for each country. The elasticity for good 1 (e;) is the residual
from the eladticities on the mixed C/S product (e,), the elasticity for non C/Sproducts (e,), and the elasticity on the perceived quality
(ep). Inthesesimulations the US consumer is assumed not to place any vaue on the quality of C/S consumed (epys = 0). The EU, on
the other hand, gains utility from increased quality of C/S products although quality is a smaller component of demand than the C/S
component (0 < epgy < en). Becausedataon quality preferences did not exist at the time of this modeling exercise this parameter
(epey) is synthesized and sensitivity analyses are conducted to ensure that the chosen parameter is reasonable.

In the model with segregated products, dl elagticities are the same as in the non-segregated model but an additiona elasticity is used
to caculatethe joint-output function that represents the segregation process for C/S primary agricultural production. Empirical evidence
suggests that cultivating GM crops has non-trivial cost reducing effects however dataon industry segregation costs are limited (see ERS
2000, ERS20018). Since, definitive dataconcerning the production costs are sparse, this elasticity (s) is synthesized. Sensitivity
analyses are performed to ensure that the changingthis elasticity does not alter the direction of changes in prices and outputs in the
general equilibrium model.

Policy simulations

Model simulations explore the impact of four possible policy scenarios. The base-case scenario, the situation in which boththe US
and the EU are segregating crops, was chosen becausethis scenario provides prices for al goods. By comparison, the casewhere neither
country is segregating does not provide prices for segregated products, and therefore cannot be used as the basefor calculations of percent
price changes. This base-caseis then compared to the scenario when neither country is segregating (SL), the scenario when the US
segregates and the EU does not (S2), and the scenario when the EU segregates and the US does not (S3). In the simulations, the price of
the non-agricultural good (p;) is chosen as the numeraire. Thesesimulations indicatethe scale of the economic impacts of national labeling
policies within the international trading system. The simulationsin this chapter examine how combinations of national labeling regulatory
choices dter prices, outputs and trade flows.

Analysis of differences in p4, the non-GM agricultura good, and p;, the GM agricultural good, among the various scenarios indicates
that when at least one country is segregating the price for the non-GM product is alwayshigher than for the GM product. This price
difference reflects the externality effect associated with the consumption of GM products. When both countries are segregatingthe prices
for GM and non-GM products are closer than they are when countries maintain oppositelabeling policies (seetable). Also, p, is higher
in both cases where only one country is labeling becausethe supply of the pure traditional good is |ess when only one country is

Percent Change from Base Case

segregating Both seg S1 (noseg) S2(USseg) S3(EUseg) When the USis segregating and the EU is not, p, is 10.3 times
p, 16238 na 6.0351 1.7197
p, 15972  1.4640 0.5861 1.3591

larger than p;. [WHY] In contrast, when the EU is segregating and the USis not (S3), the price for traditional productsis only 1.3 times
&s large as the price for the GM product.

Demand Impacts
Labeling schemes which provide consumers with clear information concerning GM product content have direct implications for
consumer choice and hence for fina demand. When two types of C/Sare available on the world market individual countries consume only
onetyperather than consuming abundle of unmixed traditional C/Sand GM C/Sproducts. Specificaly in the basecase S and S3US
demand for the non-GM C/Sproduct is zero, while EU demand for the GM C/S product is zero (see teble

Both seg S1(noseg) S2(US seg) S3(EU seg)

Us C/s
Non-GM 0 - 0 0
) GM/Mixed 7118 763 194.93 8361 The price relationship of the final goods segregated C/S products
EUCI/S
Non-GM 37175 - 99.74 351.24
GM/Mixed O 331.03 0 0

World Total 44293  408.66 294.67 434.85

and the quality externality associated with GM products lead to these demand results. When the market contains two C/S products, EU
consumers shun GM products in order to avoid the negative consumption externaity. On the other hand, US consumers do not




experience externalities associated with consuming GM products. Therefore, when the market includes two C/S products they will
choosethe cheapest product regardiess of GM content. In the casewhere neither country segregates (S1) the market contains only one
C/Sproduct which is amixture of traditional and GM C/S. EU consumers consume the mixture, but at smaller quantities even though the
price for the mixture is less than the price for the unmixed traditional product. US consumers choose more C/S becausethese products are
now cheaper and they are indifferent between two types of products.

Supply impacts

Per cent Change from Base Case
S1(noseg) S2(US seg) S3(EU seg)

us

Manufacturing 0.0004 -0.0039 0.0005
Non-GM C/S  -0.2363 1.8849 -0.2798

Table presents simulation results for supply changes. Non C/S 0.0005 -0.0026 0.0004 The model can

GM C/s -0.1606 -0.5038 -0.2084
EU

Manufacturing 0.0007 0.0051 -0.0005
Non-GM C/S  -0.0379 -0.5319 0.0493
Non C/S 0.0006 0.0009 0.0000
GM C/S -0.4874 -0.7506 -0.1115

determine separate supply vaues for GM and traditional products in cases when these products are mixed in the final good market.
Therefore, the table reports results for four final products even for countries that do not segregate

When both countries segregate (base case) the total supply of C/Sproducts is higher than when neither country is segregating (S1).
This result is non-intuitive becausewhen countries segregatethey incur production costs which would imply, ceteris paribis, that
equilibrium supply would decrease The result reflects the demand structure for these two labeling scenarios and the consumption
externality that EU consumers experience when they consume mixed products. As discussed in the previous section in the base case each
country produces both unmixed C/S products, but domestic consumers chooseonly one C/Sproduct. The entire supply of the other C/S
product is exported and consumed by foreign consumers. When both countries switch to non-labeling strategies, only one C/Sproduct is
available. In this modd US consumers do not perceive GM cropsto be unsafe, therefore when the products are mixed they will consume
more a the lower price. In contrast, EU consumers experience the quality consumption externality, becausethey can not avoid
consuming GM crops. They therefore decreasetheir consumption of C/Sproducts. The net effect is adecreasein the equilibrium supply
of C/Sproductsin Sl as compared to the base case scenario.

In the two scenarios where countries pursue opposite labeling strategies (S2 and S3), a specialized market for traditional C/S
products emerges. When the USis segregatingand the EU is not (S2), USsupply of Non-GM C/S products increases while the supply
of GM C/Sdecreases. US producers are producing pure traditional C/S products and sellingthem entirely to the European market. US
consumers, therefore, depend upon EU production of unsegregated product to satisfy their demand for C/S. In the scenario when the EU
is labelingand the USis not (S3), US production of GM and non-GM C/S decreases relative to the base case scenario. The EU producers
decreasetheir production of GM products and increasetheir production of non-GM C/Sproducts. In this scenario, dl the GM products
produced in the EU are sold overseas to the US. Therefore, it is till profitable for the EU to produce small amounts of GM products,
although they are not being consumed domestically in the EU.

Trade Impacts

Table highlights the changes in composition of exports and imports when segregating alters the availability of particular products.
When both countries are segregating (base case) the US has atrade deficit and the EU has atrade



Percent Change from Base Case
Base Case S1(noseg) S2(USseg) S3(EU seg)

us
Exports 37.4513 -0.7819 1.8849 -0.5978
surplus. Imports -54.6014  -0.8586 12.0628 -0.8138 In this casethe US exports the unmixed traditional C/S
Surplus -17.1501  -1.0262 34.2886 -1.3047
EU
Exports 29.7881 -0.1064 20.8744 0.2595
Imports -29.3634  0.4466 2.3966 1.0527

Surplus 0.4247 -38.3442 1298.4457  -54.5815

product, whereas the EU exports the non C/Sand unmixed GM C/Sproduct. When neither country is segregating, the US exports mixed
C/Sproduct, while the EU exports mixed C/Sand non-C/S product. When the USis segregatingand the EU is not segregating, the US
only exports the unmixed traditional product and the EU exports the non-C/S product and the mixed C/Sproduct. Findly, inthe case
where the USis not segregating and the EU is segregating, the US does not export any agricultura products to either the EU or the ROW,
while the EU exports at least some portion of each of its agriculturd products.

A comparison of the export and import equilibrium values for the other scenarios indicates that when the USis not segregating (SL
and S3) the US experiences trade surpluses while the EU experiences trade deficits. In contrast, in the casewhere the USis segregating
and the EU is not segregating (S2) trade volumes change significantly more than in the other two cases. The large positive percentage
change in EU trade surplus in S reflects the small trade surplus value for the basecase In this case each country produces products that
are exported and consumed entirely by their trading partners. For example, the USexports al the unmixed traditional product it
produces, while the EU exports al of its mixed product. Because countries are producing products that are entirely for foreign
consumption, trade volumes increase

Welfare Impacts

In order to examine the completeimpact on anation, amoney metric of welfareis calculated. This measureis the sum of the change
inincome produced by changes in labeling strategies and the equivalent variation measure of price changes caused by labeling

Percent Change from Base Case
S1(noseg) S2(USseg) S3(EU seg)

behavior. ys 1120 398.46 84.77
EU 925 -198.86 11.14
Joint -1.97 199.60 95.21

Thesewelfare measurements provide a picture of the strategic nature of labeling choices in an international trade setting. Table
indicates that whether the USis labeling (base caseand S2) or not labeling (S1 and S3) the EU preferstolabel. Hence the EU’s dominant
strategy istolabel. When the EU is labeling (base case and S3) the US prefers not to label, while when the EU is not labeling (S1 and S2)
the USprefersto label. Hence the equilibrium strategy is for the EU to label and the USnot to label (S3). Inthis way, the model reflects
the current state of USand EU GM labdling policy.

This equilibrium strategy does not provide the highest joint welfare in the three cases. USand EU benefits are maximized in scenario
2 when the USis segregating and the EU is not. However, in this casewhile the US experiences large welfare improvementsin
comparison to the base case scenario, the EU experiences large welfare declines. In theory if the US compensated the EU, both countries
could be made better off in the 2 scenario than in the S3 scenario.

This welfare analysis suggests that the benefits of policy harmonization in the case of GM labelingmay not be as large as expected.
When both countries pursue the same labeling strategy (ie. the basecaseand Sl) total joint benefits are lower than the cases in which
countries pursue mixed strategies. When consumers differ in their perception of product characteristics, different national approaches to
product regulation do not necessarily lead to decreased world welfare.

Sensitivity Analysis
Sensitivity analysis of the parameters s and epg, indicatethat the welfare results arerobust. As s increases beyond .38 the model
cannot solve for an equilibrium, however this parameter value would imply extremely large segregation costs. Within arange of realistic
vaues the model provides reasonable solutions. As s increases when the USis not segregating USwelfareimproves. When the USis
segregating and the EU is not segregating the USwelfare decreases relative to the base case as s increases. The EU welfare payoffs have a



more complex relationship withthe parameter s. When the USis segregating and the EU is not segregating, as s increases EU welfare
improves relative to the basecase However, in the two cases where countries pursue mixed strategies, the EU welfare improves relative
to the basecaseat low levels of s, then declines. The level of s a which this change in direction occurs is different in the two labeling
cases. Throughout the range of s examined in the sensitivity analysis, welfare results indicatethat USnot labelingEU labdlingis the stable
labeling equilibrium.

Sensitivity analysis of the epgy parameter aso indicates that the USnot labelingEU labdingis the stable labeling equilibrium over
the range of redlistic epgy vaues. Over the range of epgy evaluated, EU’ s dominant strategy isto label. However, as epgy increases
above .01 the EU relative welfare as compared to the base case decreases in each of the three scenarios: S1 (no seg), 2 (US seg) and S3
(EV seg).

Conclusion

The WTO was established based on the assumption that efficient trading systems with limited barriers to trade will improve globd
welfare. Towards this end the WTO establishes and supports the rights of countries to maintain market access restricted only by
negotiated barriers sanctioned by the WTO. At the sametime, the WTO’s legd structure supports countries’ rightsto restrict accessto
their markets due to health and safety issues as stated in the SPS Agreement. In the caseof GM products thesetwo rights conflict.
Countries that introduce labeling regulations to address consumer concerns about food safety are restricting access to their agricultural
markets for countries that do not require labeling  While conflicting labeling requirements may curtail market access between trading
partners, the research reported here indicates that, when the full economic effects are considered, policy heterogeneity can benefit
countries more than policy harmonization.

The model presented here highlights the fact that policies addressing onetype of inefficiency can introduce other inefficiencies.
Without labeling, the US has full market access, but EU consumers are forced to consume mixtures of products, when they would prefer
to consume unmixed traditional products. Withlabeling EU consumers can avoid the GM products which they perceive to be of lower
quality, but market accessfor US producersis restricted. Therefore labeling policies address the inefficiency created by the consumption
externality, but introduce market inefficiency.

In this context, simply categorizingthe label as anon-tariff barrier does not recognizethe complexity of the GM trade issue.
Typicaly, non-tariff barriers are technical regulations and industrial standards that refer to the same product but that differ anong
countries. The GM product policy dilemma stems from afundamental conflict over how national policies categorizeGM products. The
EU justifies labeling because EU policies treat GM products as fundamentally different than traditional products. In contrast, US policies
treat GM products s if they are substantially equivalent to existing products and US consumers consider these productsto be
interchangeable. These countries have chosen labeling polices that are consistent with their overall system of policies governing GM
products. From the US s frame of reference theselabels act as non-tariff barriers. From the EU’ s perspective theselabds provide an
appropriate classification for two different types of products.

What are the primary concerns with the use of labelingpolicies in the internationa trading system? The WTO supports the use of
national policies to address safety and environmental concerns but acknowledges that explicit food safety rationales may camouflage
protectionist intent. Policy makers are concerned that divergent labeling palicies, even if they capture true consumer preferences will cost
the globa economy by introducing economic inefficiencies. The results presented here indicatethat divergent policies can lead to higher
joint welfare than harmonized labeling policies. Although EU labelingmay limit market access when the USis mixingtraditional and GM
products, in general equilibrium shifts in production and consumption lead to outcomes that benefit both economies as compared to the
cases where countries harmonizetheir policies.
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Model Definition

Assume that the production functions for final and intermediate goods are strictly increasing, continuously differentiable and
homogeneous of degree one in arguments. Specifically, assume they are Cobb-Douglass:



Y1 = Alvflvi_a
y2 = Apvivy?
ys = Agvlyvi?
ya = Aviaysive?
ys = Asz%V?V?
Yo = Asvsvi?
y7 = AWE%YgZV(;?’
where A; represents the scalar for sector jand 63 = 1 - 61 — J».

Profit Maximization
Since each sector uses a sector-specific fixed factor in the production of goods a value-added function exists for each sector (Diewert
1979). Producersin sector j take prices as given and chooselabor input (v|;) to maximizeprofit. For example, producers in sector two
solve

mgpz(szfzv;”*) - W

In addition producers that segregate use additional labor (v.s) tojointly producey, andys. Let ”s” represent the cost parameter.
Producers that segregate crops solve the following maximization problem, taking prices and wages as given

wmax VEs(P2(Aav;v; ) 0 + pe(Aeviievs ) ) — W(Vis + Viz + Vis)

Sectoral Value-Added Functions

The solution to each sectors’ profit maximization problem can be used to define the sectoral value-added functions (G;). The
sectoral value-added functions are formally the same as the classical GNP function. Specificaly, thesefunctions are:1) defined and
non-negative for al p>0and v> 0; 2) continuous, linearly homogeneous, convex functions of p for al v; 3) continuous, linearly
homogeneous, non-decreasing concave functions fo v for dl p; and 4) positive if v>0.

Given the Cobb-Douglass production functions assumed above, these value-added functions for al sectors may be written
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In the case of the segregating sector, the maximization problem described above yields a segregation sector value added function,

BA-9-s -1 1 1 BA-9-1
Gg = W6Das (X,Xg) GDa9 ( ()(2) o1 + <X6> P91 ) das H

where
H=[f7(1- p)(1- 9 T sTT7]
Xj = pj (Ajlefﬂ) s for j=2 and 6



Data Sources

USData Sources

Data Source

Data Extracted

Economic Report of the President 1999

National Agricultural Statistics Service

Economic Research Service
Gopinath and Roe (1997)

Foreign Agricultural Trade of the U.S.
FAOSTAT and COMTRADE
ERS FAOSTAT and James (2000)

GDP by sector

Total wages

Labor by sector

GDP to corn and soy
GDPto GM corn and soy
GDPtoint. ayr. goods
C/S exports and imports
Agr. exports and imports

GM exports and imports

Direction of Trade Statistics Yearbook Total exports and imports

EU Data Sources
Data Source Data Extracted
Eurostatistics
GDP Tota
Total labor

Eurostat Y earbook

http://europaeu.int/comm/agriculture/
agrista2000/table_en/en315full.pdf

Gopinath and Roe (1997)
Economic Research Service

FAOSTAT and COMTRADE
ERS FAOSTAT and James (1999)

Agricultura labor
Employee compensation

GDP to agriculture

GDP to interm. ag goods
GDP to corn and soy
C/Sexports and imports
Ag. exports and imports
GM exports and imports
GDP to GM corn and soy

Direction of Trade Statistics Yearbook Total exports and imports
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