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Introduction
In Executive Order 13112, President Clinton emphasi zed the need to prevent the introduction and
to minimize the impact of invasive speciesto the U.S. ecosystems and agriculturd industry.  Exotic plants
and insects can dramatically dter an ecosystem’s balance and result in increased pesticide use which may
negatively impact beneficid insects, water quaity and human hedth. GAO (1997) estimates that the lost
production, and prevention and control expenses from introduced plant pestsis $41 billion annudly. The
Officeof Technology Assessment (OTA 1993) reportsthat the potentia cumulative economic loss caused
by just 6 non-indigenousinsectsis$74 billion.! Theestablishment of theMediterranean Fruit Fly (Cer atitis
capitata) inthe United Statesis estimated to cost $1.5 hillion annudly (Nichols, 2001). If the Mexican
Fruit Fly (Anastrepha ludens) becomes established, the estimated 5-year loss would be $1.44 hillion
(Grimes, 1992). Higoricaly, the projected losses from the establishment of exotic species have resulted
inimport bansor quarantine measureson al commoditiesfrom countriesknown to harbor the exoticinsect.
Bans and quarantine measures enacted to protect plants from other plants (weeds), insects, and other
pathogens are called phytosanitary regulations. Becausetariff levelsin the world have decreased sncethe
firs agreement of the General Agreement of Tarriffs and Trade (GATT), these phytosanitary regulations
(also cdled non-tariff or technical trade barriers) are more likely to be binding. In addition, as countries
attempt to protect domestic producers competing with foreign counterparts without tariffs, domestic

governments may use these types of trade barriers when little scientific basis for these regulations exigts.

Y nsects include the African honey bee, Asian gypsy moth, Boll weevil, Mediterranean Fruit Fly, Nun moth, and
Spruce bark beetle. For comparison purposes, the expected losses from the establishment of foot and mouth disease
was estimated to be $25.6 billion.



Roberts (1998) suggeststhat technica trade barriers can be used as a non-transparent means of providing
protection for domestic producers from foreign competitors.

Domedtic farmerssupport using import bans, arguing that the presence of exotic pestsin production
regions increasestheir cods, resultsin additiona chemica applications, and may limit the movement of their
agricultura products into export markets (including domestic marketsin other sates, such as Texassdling
to Cdifornia markets). Consumers may find that the exotic pests damage results in higher prices for
agriculturd productsand additiond pesticide use, which may haveenvironmental and human hedthimpacts.

Ecologists suggest that “when the outrageous economic and ecological cogts of the wanton spread of
exising exotics and continued entry of new ones becomes common knowledge, there will be a public
outcry to mitigatethe potentialy dire consequences’ (Niemela& Mattson, 1996). Exotic pestscan beseen
asa"public bad" like other forms of pollution. A standard economic conclusion is that under-abatement
of this" public bad" will occur under perfect competition becauseindividual producersand infested countries
do not haveto bear thefull socid cost of thepests' proliferation. Government intervention may bejudtified
if regulators conclude that market mechanisms done will fall to prevent or correct the negative externdity
gnce the resulting pest population in the domestic country may actualy reduce domestic output and/or
increase production costs (Roberts, 1999).

Even with import bans and quarantine regulaions to inhibit direct migration on host commodities,
exotic pests can act like trans-boundary pollution and not respect the border. Pests migrate through both
naturd and artificid pathways. They move greet distances with wind currentsand in water and soil. Basic
atifica pathways are direct migration on the host commodity as well as on other itemsin arcraft, buses,

ships, trains, trucksand automobiles. Theproliferation of internationa trade and travel hasincreased exatic
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pests opportunitiesto migrateinto new countries. Theindustrid development and population growth dong
the U.S. and Mexico border is hypothes zed to have resulted in increased numbers of the Mexican fruit fly
in Cdiforniaand Texas. Smuggling of agricultural products has increased and may present an important
pathway for exotic pests to enter the U.S. (GAO, 1997).

This paper examines theoreticaly and grephicaly whether the U.S. should use an import ban to
decrease the threat of exotic pest migration from Mexico or work with Mexico to decrease the pest
population and thus the probability of pest migration. Inthe drategic trade literature, if agovernment acts
first and usesacontinuousinstrument,? it canimprove the country’ swelfare (Brander and Spencer, 1985)
in an imperfect market setting.  This paper uses a competitive market model where the continuous
instrument (tax, tariff, subsdy) isthelevel of pest control where the domestic government (U.S.) decides
itsown level and whether to subsdize the foreign country’s (Mexico) pest control. TheU.S. can dso use
a discrete ingtrument® (import ban) to affect domestic welfare. U.S. producers may benefit from the
imposition of bans or quarantine provisons that exclude potential competitors and raise domestic prices.
However, if Mexican growers cannot ship to the U.S. market, they may have lessincentive to control the
pest population; as the pest population increases, o does the likelihood of pest migration. Asthe U.S.
priceincreases, theincentive to smuggle the commodities over the border dso increases. If the exotic pests

do migrate, the producer welfare decreases as pest control costsincrease and other countries place bans

2A continuous instrument could be atax or asubsi dy that would vary with the quantity or quality of imports.

3A discrete instrument could be an import ban. Regulators enact thistype of policy or they do not, but it is not
affected by the level of imports or the quantity of pests as a continuous instrument would be.
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on the domestic commodities. The Mexican Fruit Fly (MFF) and Mediterranean Fruit Fly (Medfly) will
be used as examples.

Thefollowing sectionincludesthe modd devel opment and discussion of comparative Satic results.
A graphicd andysisfollows. A description of the current exotic pest protocol and cooperativetechniques
precedes the conclusions.

Theoretical M odel

In the model, governments have perfect information about the underlying market structure and
probability of pest migration. The domestic government hastwo continuousinstruments: level of domestic
pest control and leve of subsdization of foreign pest control, and one discrete instrument: an import ban.
The foreign government has one instrument: foreign pest control. Pest migration is assumed to occur only
fromthe foreign to the domestic country, so no retdiation isincluded.* The modd examinesthe provision
of pest contral (pollution abatement) and trade regulation salection in an open economy. The convention
of the domestic country’s variable gppearing in lowercase letters and the foreign country’s variables in
uppercase lettersis followed.

Themodd isatwo-stage subgame perfect Nash equilibrium with each government committing itsel f
to a levd of pest control and/or a domesticdly imposed import ban. Once each government has
determined the desired level of pest control and the domestic government has chosen whether or not to
impose an import ban, the producers decide how much to produce of the homogenous product.

Consumers choose their consumption level.  The domestic growers sdll to the domestic market and the

“Realistical ly, the foreign government could retaliate by using a ban on another commodity the domestic country
exportsto them.



foreign firms sdl in both the domestic and the foreign market. Wefare of each country isafunction of the
levels of pest control and of the subsidy and whether an import banisimposed. Thereaction functionsare
determined by the game between the governments. The mode isadtatic partid equilibrium two-country
trade mode with competitive market conditions. The market equilibrium quantities and prices are found
and used to solve the game.
Competitive Market M odel

Total cost function for the domestic industry is ¢(q, n), where g isthe domestic output andnisthe
number of pests domesticaly. The number of pests domegtically, n, depends on the initid number of
insectsin the foreign country, N, thelevel of domestic contral, x, and the level of foreign control, X. The
percent of pests entering the domestic country through direct pest transfer on the foreign commaodity, aQ.,
and through other pathways such astravelers, smuggling, and wind, ?, contributes to the find level of pests
being equd to n = N,G(X)(?+ aQ)g(x). Foreign pest levd, N, isafunction of the N, and X, such that
N = NoG(X). G(X) isthe percent of pests|eft living in the foreign country after foreign contral X i.e, the
inverse of a kill function. g(x) isthe percent of pestsleft living after domestic control, x. Both of these
inverse kill functions are assumed to be negative and increasing (G'(x)<0, G"(xX)>0; g'(X)<0, g'(x)>0).
The margina cogts of producing both foreign output, Q, and domestic output, g, are assumed positiveand
increasing (Cq > 0, Coo> 0; ¢, > 0, ¢y > 0), and the margina costs of the pest level are positive (Cy >
0; ¢, > 0). The margina impact of more pests on marginal production costs is assumed to be non-
decreasing with the level of operation (Cyg $0; C\q $0).

Domestic consumer preferences are represented by an additively separadle utility function U(q

+Q,) + Z whereq+ Q. isdomestic consumption of the homogenousagricultural good under consideration



and is composed of both domestic production g and imports Q,, and Z is the numeraire good. The
margind utility of consuming q + Q. ispositiveand declining (U, > 0, U, < 0). Consumershave abudget
congraint, y=p(g+ Q.)+Z, wherep isdomestic price and y is digposable income. An identicd structure
is used for the foreign consumers.

Individua consumers and producers consider n andN asgivenwhen determining their consumption
and production choices. Domestic consumers choose g + Q. to maximize thar utility, u(gq+ Qo) + y-
p(a+ Q) - R(rx+sX). Thevaiable R, isthe proportion of the control expenditure the consumers pay.®
rx isthe tota expenditure on domestic control. The domestic government provides sX as a subsdy for
foreign control. Foreign consumers choose Q, to maximize thar utility U(Q,) + Y-PQy- B((R-9X). Pis
the foreign market price; Y isforeign income; and B isthe proportion of the control expendituretheforeign
consumerspay. Domestic producers chooseq to maximize profits, pq - ¢(q,n) -(1-B)(rx+sX), takingthe
number of pestsas given. To sl in the domestic market, foreign growers pay for a quarantine treatment
with aper unit cost of t.° Foreign producers chooseQ, and Q, to maximizetheir profits (p-t)Q, + PQ -
C(Q.+ Qy, N)- (1-%)(R-9)X. Thetotd foreign expenditure on pest contral is (R-s)X.

The market clearing conditions, the First Order Necessary Conditions (FONC), are:

51f the pest control is financed by the government, tax revenues must be collected. In some circumstances,
agricultural organizations contribute to these exotic pest exclusion and eradication programs.

SUnder current regulations, quarantine treatments must satisfy a Probit 9 criterion, i.e., the treatment must
eliminate 99.9986 percent of the insects. Thus, if aproduct has undergone an acceptable quarantine treatment, a
should equal 0, i.e., there will be no or little pest migration directly on the foreign quantity, Q.. If thisisthe case, n =
NoG(X)(99(x).



P u)(o%Q,)
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Solving the equationsin (1) smultaneoudy resultsin the equilibrium prices and quantities. The competitive
equilibriumisdenoted asg* (T ), Q* (T ), Qg*(T), p*(T), and P*(T) whereT = (N,, X, X, &, 2 t). Usng
the implicit function theorem, the comparative satics of the market equilibrium are computed and presented
in Table 1. For detalled derivations, see Lynch (1996).

Asthedirect (a) and other migration (?) of pestsincreases, the domestic quantity decreases and
domedtic priceincreases. With more pestsdomesticaly, g decreases asdomestic growers costsincrease.
The foreign country increases exports. As Q. increases, Qq fals, thusforeign priceincreases. Consumers
in both countries are worse off whileforeign producers are better off. Similarly, as domestic pest control
increases, q increases, Q. fdls, and domestic and

Table1l. Competitive Equilibrium Compar ative Statics

Equation varigble q Q. Q4 p P
domestic foreign foreign domegtic | foreign
production | exports | consumption price price
Parameters
Direct migration (a) - + - + +
Other migration (?) - + - + +
Initial pest level (Ng) ? ? ? ? ?
Foreign pest control (X) ? ? ? ? ?




Domestic pest control (x) + - + - -

Quarantine treatment (t) + - + ? -

foreign prices decrease. Domestic pest control benefits domestic growersand provides no benefit tothe
foreign country, shifting the comparative advantage in favor of the domestic growers. As foreign pest
control increases, no prediction can be made about domestic and foreign quantitiesand prices. Theforeign
pest control benefits both the foreign and domestic producers. Fewer foreign pests decreases the
likelihood of migration to the domestic country. However, since both growers benefit from fewer pests,
ether country’ sproducersmay benefit more. For example, if X decreasestheforeign growers costsmore
than the domestic growers, foreign producers will export more to the domestic country. As foreign
commodities enter the domestic market, domestic price will decrease and domestic growerswill produce
less. Alternatively, the domestic growers benefit more therefore domestic production increases reative to
foreign exports.  Interestingly, as the initid level of pests increases, no inferences can be made about
market quantities and prices. An increase in the level of initid pests results in an increase in the
effectiveness of the pest control measuresinitialy. However, dthough pest control ismore effective, there
findly may still be morepests. Therefore, exports may increase or decrease and may result in moreor less
pest migration. Again the relative change in the costs of the foreign and domestic producers determines
the impact on domestic quantity and thus the domestic and foreign prices. If the quarantine trestment cost
increases, the domestic quantity will increase as the exports fdl. The foreign price will decrease as the

quantity sold intheforeign market increases. The effect on thedomestic priceisambiguousasit is affected

10



by both the increased domestic quantity and decreased exports. The relative changes in quantities will

determine the overall effect on domestic price.

Free-Trade Solution

Under the free-trade scenario, growers act with no government intervention. Growersdetermine
the level of pest control and pay for it. In each country, the growers select what is optimd for their own
production costs, disregarding the fact that the foreign control level affects the domestic leve of pests.
Since a competitive market Stuation is assumed, the growers take price as given and do not behave
drategicaly to keep the price high. New growerscould enter the market or foreilgn growerscould increase
their exports. In addition, growers in both countries ignore that pest control may have negative
environmentd effects. Environmentd effectsare afunction of pest control leve, h(x), with increased levels
increasing environment damage (h’ (X)>0).” These environmenta effects can be seen as another market
falureand are not included in the free trade solution of pest control. For smplicity, the*'sthat indicate the

optimal function vaues are omitted. Domestic and foreign growers solve:

Max p " p(?)a(?)&c(q(?),n(Ny:X.X,Q(?),a,?)&rx&sX @)

Max 7 " P(?)Qy(?)%(P(?)&1)Qe(?)&C(Q(?)%Qy(?),N)%RX ©)

Under this scenario, the equilibrium control and subsidy levels are determined by the FONCs:

"If exotic species were not controlled, disruptions to the ecosystem that have negative impacts on societal
welfare may result. Inthis paper, however, the externalities are assumed to be directly connected to the control
measures. Some control measures such as sterile insect rel ease have no negative environmental or health effects
(USDA- APHIS, 1999a). More details on the environmental effects are provided in the description of the program,
provided later in the paper.
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The domestic and foreign growers will conduct pest control until the reduction in margind cost usng one
more unit of pest control is equa to the per unit cost of pest control. The domestic margind cost hastwo
components. how the level of pest control directly affects the level of the domestic pests and thus the
margind cogts, and how the level of pest control affects the import level and thus the potential pest
migration. As mentioned above, the growers do not condder any negative externdities (h(x) and H(X))
that may result from using the control mechanisms.  Thus, growers may use more pest control than is
socidly optimal. However, in the scenarios examined below, the governments pay part of the pest control
cost. In this case, the growers are paying the full cost of the control; therefore they may use less pest
control than with government intervention.

The domestic growers cannot impose an import ban to stop direct migration with the commodity,
i.e., domestic growers cannot set Q. (thusaQ,) equal to zero. If they could, domestic pricewould increase
as imports decreased to zero, domestic quantity would rise, and foreign consumption would increase and
foreign price would decrease. 1n the domestic country, the direct migration of the pestswould fal to zero.
The FONC becomes %[NOG(X)?Q’(X)] o
Under a free trade scenario, the domestic growers would have to pay for the subsidy. However,
subgdizing theforeign growersmay lower foreign costsand improve their comparative advantagevis-a-vis

the domestic growers. Thiswould makeforeign products more competitive. Therefore, no subsidy isgiven.
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The free trade solution may be sub-optima. Less foreign control may be conducted and more
pests may migrate to the domestic production areas than is optima from a domestic welfare viewpoint.
The introduction of exotic pestswould increase theleve of domestic pest control, which hasenvironmenta
externdities. Foreign growersdo not consider theimpact of their pest control on domestic pest levels, thus
may not conduct enough pest contral.

Government Problem

Given the public good aspect of the exotic pest problem and the environmenta externdities,
governments often intervene to maximize their country’ swelfare. In this modd, the domestic government
takes the market clearing conditionsin (1) as given and chooses the pest control levd, X, and the subsidy
levels to give the foreign government 2 s, and whether to impose an import ban to maximize the country’s
welfare. The government pre-commits to a gpecific policy intervention that cannot be dtered even if it is
sub-optima ex-pog, i.e., once the farmers choose their output levels and consumers their consumption
levels. The decison of whether to impose the import ban is determined by comparing the welfare with a
ban (s = 0) to the wdfare without aban (s=1). The ban will have threediscrete effects: it dterstheleve
of controls used and thus the level of pests and the environmental effects, it changes the price of the
commodity and therefore consumer surplus, and it impacts the domestic production of the commaodity.
These changes may move in opposite directions to affect domestic welfare. As above, environmentd

effects are a function of pest contral level, h(x), with increased leves increasng environment damage

8A subsi dy can be viewed as any type of assistanceto control pests. Although governments do provide
monetary assistance to other governments, they also provide management, technical and equipment assistance.
Governments have also cooperated on joint research projects.
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(h' (x)>0), but arenow consdered explicitly. For smplicity, the*'sthat indicate the optima function values
are omitted.

Under a Cournot behavior assumption, the domestic government conjecturesthat when it changes
domedtic pest contral, the foreign government will hold its levd fixed. Thus the government maximizes

society’ swelfare by choosing X, s and s as given by equation (5)

Max w " s[p(?)d(?)&c(a(?),n(Ny.X.x,Q.(?),a,2))%
u(a(?)%Qq(?))%y&p(?)a(?)&P(?)Qe(?) &SX&IX&N(X)]%
(1&s)[P(?)a(?)&c(a(?).n(Ny,X,x,?))%u(a(?))%
Y&P(?)q(?)&sX&rx&h(x)]

©)

The government is maximizing consumer and producer welfare minusthe cost of conducting domestic pest
control (rx) and subsdizing foreign pest contral (sX). It dso hasachoice of imposing animport ban on
the foreign country (s =1) or permitting imports (s=0). If the government weighs consumers, producers

and the environmentd effects equally, the welfare maximization problem (5) can be reduced to (6):
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Max w * s[&c(q(?),n(Ny.X,X,Q,(?),a,?))
% u(a(?)%Qy(?))%y&P(?)Q,(?)&sX&rx&h(X)] (6)
%(1&s)[&c(a(?),n(Ny, X,x,?))% u(g(?))%y&sX&rx&h(x)]

The FONC with respect to x of (6) is:

M M
s[u)[ﬂ%&]&pi&%ﬁ&c Mae
Mx Mx

IMx
Mn Q
[—0/ ™
X e
%(1&3)[u)Mq&c mq&c s M erah)()]70
By (1), savera elementsin (7) cancel each other out and the FONC is:
Mp Mn M
S(&Q _—&c
(8Qq - nMQe — ®)

If s=1 and imports are permitted, the domestic government congders the import-weighted price effect of
increased pest control, the margina cost effect, the margind effect on the environment, and the direct cost
to the taxpayerswhen deciding the leve of pest control to gpply.  The government takesinto account how
the level of pest control will change the price and how the price change affectswefare. Themargind cost
has two parts. the direct effects of pest control on the domestic pest population and the indirect effects
through the changeintheleve of imports (asx increases, Q. decreases) and thusthe changein the number

of migrating pests. Asthe government isplaying Cournot and thinksit cannot influence the foreign control
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decigons, it picksasubsidy level of s=0. The FONCforsis-X = 0. If the government choosesto use

an import ban and sets s=0, the optimd level of pest control is chosen such that

Mn
8&c —&h)(x)&r"0
e (x) 9)

From (9), one seesthat amargina increasein pest control will reduce producers costs. The government
will conduct pest control until the per unit costs and margina environmentd effects equasthe reductionin
producer cogts. It will use less pest control than the free market solution under an import ban because it
cong dersthe margind negativeimpact on the environment. Thiswill increasethewedfare of society relative
to the free market solution which disregards the externality. To compare the level of the pest control
between the two discrete Stuations, the domestic government picksthe optimd leve of Q. in (6) and then
compares it to the import ban levd of Q. =0. The optimd leve of the imports from (6) will solve the

FONC:

Mn , Mp ~ .
&c & Q

Imports have two effects on domestic wedlfare. Firg, if the foreign country has no pests, i.e, Ny = O,
N,G(X)=0, or a=0,° permitting importsincreases domestic welfare by decreasing the price (weighted by
the level of imports). However, if a>0, dlowing imports to enter the domestic market could decrease
wefare by increasing the pest population and domestic margind costs.  The overdl change in wedfare of

permitting imports depends on the magnitudes of these two effects. If the marginal change in production

%If a=0, no pest will enter with the commaodity. Thisassumesthat all quantities of the commodity follow the
guarantine procedure and the quarantine treatment is 100 percent effective.
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costs of more pestsis dways greater than the price change, the domestic country will set Q. to zero, i.e,,

impose an import ban. If the effect on cogtsis lessthan the effect on price, imports are permitted until the

change in costs equals the change in price. The level of pest control with and without a ban can be

compared. Subgtituting equation (10) into (8), the optimal level of control with imports depends on the

meagnitudes of the change in domestic price due to the increase in pest control and changein price due to
_ . Mp_ Mp MQe . .

the change in import quantity. If —>————, more pest control will be conducted with imports than

Mx M Mx

Mp_ MM(FQ) ’fe, less pest control will be conducted than without imports.
X
e

in the case without imports. If
The subgtitution of the market clearing conditions into the welfare equation provides
x = X(X,Np,a,2t,r,s), the domestic country's reaction function.

The foreign country maximizesitswefare given the market equilibrium condition and the domestic

country’schoice of s by choosng X:

Max W *s[ P(?)Qy(?)%(p(?)&t)Qx(?)&C(Q(?)%Qy(?):N)
%U (Qy(?)% Y&P(?)Qy(?)&(RES)X&H(X)]
%(1&s)[P(?) Qy(?)&C(Q4(?),N)%
U(Q,(?)%Y&P(?)Q,(?)&(R&)X&H(X)]

(11)

or assmplified

Max W = s[(p(2)&1)QuEC(Q,(2)%Qy(2) N)%
U(Qu(?)%Y&(REIXEH(]% (12)
(185)[&.C(Qy(?),N) U (Q,(?))% Y& (R&SX&H(X)]

The smplified FONC with respect to foreign control levd, X, is:

Mp MN Yy =
sQ —&C,—&(R&9)&H’(X)" 0.
QeMX NV (R&s)&H’(X) (13)
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If s=1, the equilibrium X is determined by an export-weighted domestic price effect, the decrease in
margina cost to foreign producers of fewer pests, the margind effect on the foreign environment, and the
per unit cost of the pest control minus any subsdy given to the foreign government. Given that foreign pest
control decreases potential pest migration, an increase in X may raise the production in the domestic
country. As(q increases, the domestic price will decrease, which makes the export market less desrable
to foreign producers. Thiseffect isincluded in Qe%, which has an ambiguous Sign.’® Alternatively, if
there are more exports, there could be a higher pest migration, which causes domestic coststo increase.

If the domestic country ingtitutes an import ban, s=0, then the FONC becomes:

&CN%&(R&s)&HRX)'o (14)

The foreign control effect on the domestic pest population is not consdered. The foreign government
determines pest control level by equating the decrease in the margind cost for foreign producers to the
margind environmenta effectsand the per unit cost minusthe per unit subsidy for pest control. Thesolution
to (14) is the foreign country’s reaction function, X = X(X Ny, 8,2, t, R, 5,5 ). The level of foreign pest
control can increase or decrease when the price effect is not consdered. The incentive to control pests

may decrease when the export market is closed due to an ban.

10

W@UIQICaN-GX)(C. &c. M ype M
. (@U(QIC NG (X)(Cye&cCyn MQe)o i ool

MX &)
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The comparative gtatics of the equilibrium of this non-cooperative game for the two choice
variables, x and X, are derived. All the comparative tatics have ambiguous signs!!* Onecannot tell how
domestic pest control will change asforeign pest control changes, astheinitia leve of the pestsincreasess,
or asthe direct or other migration of the pest population dters. Even for parameters like the cost of the
control measuresor theimposition of animport ban, onefindsthe pest control can changein ether direction
due to the interdependence of the two markets and the migration of the pests. Therefore, if countries act
independently, policymakers need to evauate whether acertain policy such asan import ban will increase
their country’ swelfare in each exctic pest Stuaion. No one policy will increase welfare in dl cases of

exotic pest threst.

YFor detailed derivations, see Lynch (1996).
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Cooperative Solution
If each of two countries recognizes that the other's pest control leve affectsitswelfare, they might
agree to cooperate. Equation (15) depicts the joint welfare-maximization equation where the countries

jointly choosex and X :

Max w % W * s[&c(q(?),n(Ny.X,x,Q4(?),a,?)%u(q(?)%Q,?))
%y&rx&h(x)&tQ(?)&C(Q.(?) %Q,(?),N)%U (Q4(?))% Y& RX&H(X)]
%(1&s)[&c(a,n)%u(0)%y&rx&h(x)&C(Q,,N)
%U(Q )% Y&RX&H(X)]

(15)

The two countries will set their joint pest control quantities given the following two FONCs:

!
un &&cn%&r&h)(x)'o
X

© (16)

!
INgse Mn Mg lngperipg=o
X TN, WX X

&sc,

Under cooperative welfare maximization, domestic pest control decreases relative to the non-cooperative
Nash equilibrium. The cooperative foreign pest control can be greater or smdler than the non-cooperative
leve, asamargind increase in foreign control expenditure has a cost-reducing effect in both countries. If
the two governments choose to implement an import ban, the FONCs revert to (9) and (14) with the
addition of the direct effect of foreign control on domestic margind costs (&cn’\’\:—;). While it seems
counterintuitive to impase an import ban, if the joint wefare is maximized without permitting trade, it may
bethepolicy decison. Operationdly, inthis case, the governmentswould determine how to sharethejoint
costs (rx+RX). If the domestic government is willing to bear alarge percentage of the cost of foreign

control, the foreign government may agree to the import ban.
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Purchasing Foreign Pest Abatement
To influence the foreign control level without joint welfare maximization, the domestic country can
act asaStacklebergleader. The domestic country takestheforeign country'sreaction to the domesticlevel

of control and the subsidy, X(x,s), and determines the level of subsidy it must give the foreign country to

maximize domestic welfare. Inthis case, the FONCsfor the optimal levelsof pest control and subsidy are
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The government chooses a level of domestic pest control so that the import-weighted price effect, the
margind cog effect, and the negative environmentd effect equals the per unit cost of pest control and the
margina impact on the subsidy for foreign pest control of more (less) domestic pest control. Acting asa
Stackel bergleader, the domestic government considershow domestic control affectsthelevd of theforeign
control when maximizing welfare. The optima subsidy level for foreign pest contral is the level a which
the benefitsto domestic producersof reduced pest migration (through lower margina costs) equasthecost

of the subsidy.
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If the domestic government decided to ban imports, then it chooses the optimd levd of pest control and

subsdization to satisfy the following FONCs:
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Given animport ban, the domestic government setsthe optima level of pest control where the changein
margind costs and the changein the cost of the subsidy equa sthe per unit cost of the domestic control and
the margind environmentd effects. While apriceincrease or decrease will have digtributiona impact, i.e,
it will be gained elther by domestic producers or consumers, the government does not consider the price
effect, as it does not change domestic welfare if no trade is permitted. When deciding the subsidy, the
domestic government considershow amargind increasein foreign pest control affectsdomestic producers
margina cogts, the actud level of foreign control and how an additiona unit of subsidy increases the cost
of the subsidy.
Graphical Analysis

Some of the results of the theoretical mode can be seen graphicaly. A graphica analyss depicts
how domesgtic and foreign welfare changesif animport ban isimposed. These changes depend on how the
production cogts change due to the pest population, thus how the domestic supply curve shifts. In Figure
1, the domestic (importing country) and foreign (exporting country) demand and supply curves are given.
The domestic country isassumed to have aninitid pest leve of zero,n, The domestic marketislarger than
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the foreign market. Foreign producers have lower costs of production but have positivelevels of the pest.
If the domestic government imposes an import ban to exclude the exotic pest, domestic welfareiszyb. The
domedtic priceis p, and domestic quantity isq, . Consumer surplusis zyp, and producer surplusis byp,.
The foreign market price, Py, is lower than p, a point i. Foreign consumer surplusisgni and producer
aurplusis niv.  Under an import ban, foreign production and consumption equasQ,. If theimport banis
lifted and few or no pests migrate to the domestic country, the domestic consumer surplusincreasesto zcp,
as the quantity consumed increasesto g+ Q. and pricefalsto p;. Domestic producer surplus decreases
to bep, and domestic quantity decreases from ¢, to g,. Foreign consumer surplus decreases to grp, as
priceincreasesto p, and quantity consumed decreasesfrom Q, to Q. Foreign producer surplusincreases
to hvp, asquantity produced increasesfrom Q, to Q,. Q--Q, isthe amount exported, Q... This depicts
the standard trade result when no externdities exist of free trade benefitting domestic consumersdueto the
higher quantity and lower price. Domestic producers, on the other hand, prefer the import ban because
they produce more and receive a higher price. This standard result changes if pests migrate into the
domestic country’s production regions through this trade.

Figures 2 and 3 present two Situations where pests do migrate to the domestic country with the
foreign imports. The two figures present different outcomes from the exotic pest migration. In Fgure 2,
where imports are permitted, the tota supply available inthe domestic market increases. Price decreases
from p, to p, . However, the pest population also increases with imports causng domestic costs to
increase. Theincreased cost causesthe domestic supply curveto shift left fromDSat n=0toDSn,;. Thus
the final supply inthe domestic market with theimportsisrepresented by Supply(n,). Thefind priceisp;'.

In Figure 2, the welfare change for domestic consumers by removing the import ban is dill postive, and
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aurplus increases from zyp, to zcp, . The domestic producer surplus falls from byp, to sep, ' for two
reasons. they now have competition from imports, S0 domestic quantity decreasesfrom q, to g, and they
have increased cogts due to the pest population, which decreases quantity further from g, to g,". Foreign
consumersloseasther priceincreasesfrom P, top; ' and quantity sold decreasesfrom Q,to Q. Foreign
producers increase production from Q, to Q, and receive a higher price p, ' instead of P, Foreign
producer welfare increases from vnP,4 to vhp, .

However, Figure 3 demonstrates how both domestic producers and consumers can lose by
permitting imports. Imports are permitted and increase the domestic pest level. As the pest population
increases, thecost of production increasesfor thedomestic producers, thusthe domestic supply curveshifts
fromDSn=0toDSn,. Domestic production decreasesq, to g, and pricerisestop,’, whichishigher than
Po, the pricewhen therewas no trade. Sincedomestic producerswerethemajor suppliers, their decreased
production causes consumer welfareto fal under freetrade from zyp, to zcp,. The exotic pestsincrease
costs and decrease quantities to the point that the quantity available post-trade (0, +Q) isless than q.
Domedtic producer surplus decreases from byp, to sep, . In Figure 3, the producers have larger losses
from the increased per unit production costs (due to the increased pest population) than from the import
comptition. If the pests migrate only on the imports(a >0 and ?=0), an import ban would be the optima
policy to maximize domestic producer and consumer surplus. On the other hand, if pest migration occurs
regardless of import restrictions (?>0), the domestic producers may prefer decreasing foreign pest
populations to decrease the probability of migrating. If the higher price in the domestic market provides
foreign producers with a greater incentive to control their pest populations and a =0 , then domestic

producers may advocate open borders even though free trade results in market competition.
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Besides the increased production cogts incurred from exotic pest introduction, domestic growers
may losetheir export markets due to import bansimposed by other states or countries.  Figure 4 depicts
a demand contraction which may occur in the importing country if an exotic pest isintroduced into one of
the production regions; for example, Texasis banned from shipping to Cdiforniawhen Mexican Fruit Flies
arefoundintheLower Rio Grande. The pest’ sintroduction changesthe host status of aproduction region.
If demand contracts, domestic producer surplus decreases from byp, with no trade to sep, after the pest
introduction. The consumers surplus under no trade was zyP,. After the demand contraction and the
increased production costs, domestic consumer welfare decreases to Icp,. The domestic consumersin
the unrestricted area are not negatively affected asthe price has not increased (the price could increase or
decrease depending on the magnitude of the demand contraction and supply change) . However, the
consumerswho livein the production regionsor countrieswheretheimport bansagains theinfested region
have been imposed have a decrease in welfare of zycl.

Background Information and Current Programs

The U.S,, through the United States Department of Agriculture Anima and Plant Health Inspection
Service (USDA APHIS), follows a basic pest protocol to dedl with exotic pests and protect the U.S.
agricultura producers, other citizens, and the ecosystems. The protocol is a three-pronged approach:
excduson, detection and prevention, and eradication. Astradeandtravel increases, U.S. effortsaonewere
proving less successful a preventing the introduction of exotic pests. For example, since 1992, Cdifornia
Department of Food and Agriculture has reported 67 new pest invaders that have become establishedin
the state (Coppock and Kreith 1999). Thus, U.S. officids have increased cooperative efforts with

Mexican and other Central American countries to decrease the number of peststhat arrive at the border
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location. Cooperative efforts have been expanding on two of the most economicdly significant insect pests,
the Mediterranean Fruit Fly (Medfly) and the Mexican Fruit Hy (MFF).

The MFF hosts on 40 different agricultura commodities. It has been trapped each year in the
Lower Rio Grande Vdley of Texas and since the early 1980s periodicdly in Cdifornia It has colonized
amog al of Mexico. It was first trapped in Tijuana in 1953 and now has been found in Tecate and
Mexicdi. A grong flier, MFF infests citrus groves by migrating across Mexico's northwestern border or
with infested fruit (USDA APHIS 2000).

The Medfly hosts on more than 200 different fruits, flowers, vegetables and nuts. It can be
transported from one area to another in afew hours as an adult or asalarvain fruits or vegetables. All of
Central Americaexcept for Mexico and Belize has a Medfly population. 1t has been trapped inthe U.S.
21 timessince 1929 (USDA APHIS 2000). Approximately 80 percent of the U.S. citrus production will
be affected if the Medfly should become established.

In 1996-97, U.S. citrus production was 4.7 million tons for fresh use and 12.5 million tons for
processed use, withavaueof $2.4 billion (USDA NASS 1999). Mexico shipped morethan 5,230 metric
tons of orangesto the U.S. in 1997, valued a $3 million. The impact of Mexican citrus to U.S. priceis
amd| overdl, dthough in certain markets during certain months Mexican citrus can influence the price.
Other commodities such as mangos are not grown in the U.S. so domestic producers are affected only
through subgtitution effects. U.S. fruits and vegetables that would beimpacted by establishment of oneor
both of the flies include apples, apricots, avocados, bell peppers, cherries, dates, figs, grapefruit, grapes,
kiwis, lemons, tangerines, oranges, nectarines, peaches, pears, plums, and fresh tomatoes (Siebert 1990,

Grimes 1992). Overall, commodities threatened by these insect pests would not be affected a great ded
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by increased import competition. During specific market windows, increased Mexican imports will
decrease the price.
Estimated Costs of Establishment in the U.S

If the Mexican Fruit Hy (MFF) is established and no control conducted, crop lossin the 12 most
affected cropsis estimated to be 20 percent of the yield (Grimes, 1992). Citrus growers would control
M FF damage by using twelve or more gpplications of Maathion gpplied by air and ground per year. Even
with these control measures, Grimes (1992) estimates that yields for these 12 crops will decrease 5
percent. This crop loss has an estimated vaue of $116.5 million (Grimes, 1992). The decreasein yidd
gems from both direct damage from MFF and from secondary pest outbreaksthat may occur fromthe use
of Mdathion. The cogt of the additiond pedticide gpplicationsis estimated to be $500,000. To ship to
other markets, U.S. growers will be required to follow export markets quarantine protocols. If the
quarantine cold treatment method is used, the potentid trade costs is estimated to range from $28 to $43
million. Without including any of the cogts from the environmenta impact of using these additiona
pesticides, losses to consumers are more than $489 million each year. The overal net welfare change is
estimated to be $346 million. In addition, urban home ownerswould be expected to use 2 million pounds
of Mdathion to maintain their gardens and fruit trees (Dowell and Krass, 1992).

Annud economic lossesto the U.S. economy are expected to be $1.5 billion (Nichols 2001) if the
Medfly isestablished inthe U.S.  The cogt of pesticide materias and gpplication in Cdifornia would be
goproximately $27.2 million per year for the 1.7 million acres tregted. The cost of Medfly establishment
ranges from $155 to $341 million per year for Cadifornia (Coppock and Kreith, 1999). If quarantine

treatments such as methyl bromide fumigation were required by Asan export markets, the cost of the
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trestmentsand the product lost dueto phytotoxicity isestimated to be $169 million. Cdiforniaoutput would
be reduced $538 miillion, income would go down by $283 miillion, and 7,900 jobs in the state would be
lost. Peoplewho had fruit trees or grew producein their own garden would dso suffer losses. In addition,
the growing organic farming sector may find that the Medfly caused sufficient damage to render organic
production practices unprofitable (Siebert 1990).

I nanother study, Medfly establishment in Cdiforniawas predicted to cost nearly $1.6 billion ayear
in crop loss and treatment (Cdifornia Agriculture 1999).  If foreign markets placed quarantines on
Cdiforniafruit, the State would lose 35,000 jobs and output would be reduced by $3.5 billion. If other
U.S. states quarantined California fruit as well, job losses would be 132,000 with a$13.4 billion lossin
economic activity (USDA APHIS 2000).

Environmental Effects of Control and Establishment

In addition to the cost and yield changes, there would be environmenta impacts in the production
regions where the MFF and Medfly are detected and established. Some control practices have minimd
environmentd effects. For example, masstrapping, fruit stripping, and sterileinsect release have rdatively
minimd environmenta impacts(USDA APHIS19993). Thesetechniqueshowever have not been effective
a eradicating an exotic pest population, if that is an area's objective. Aerial Madathion bait and the
fumigant soil trestments(chlorpyrifos, diazinon, and fenthion) areexpected to have sgnificant environmenta
impects, particularly on biologica resources. Ground application of Maathion haslessimpact but may be
physcdly difficult due to aregion’s terrain and landuse patterns, and is more expensve.  While these
environmental effects are discussed in the context of an eradication program, they will aso be present if

individud growers use chemicasto control thefruit flies following establishment. Establishment will result
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in chemica applications each year rather than for a sngle eradication program period. Typica Medfly
eradication programs use two to four aerid agpplications followed by Serile insect release (over asngle
growing Season, a citrus grower could use 12 applications). In one eradication program in Northern
Cdifornia in 1980-1982, however, 30 gpplications were used. Maathion kills not only the Medfly and
MFF but dso beneficid insects. The disruption of biological control measures and secondary pest
outbreaks occurred following the Cdifornian eradication campaigns (Ehler and Endicott, 1984). Residues
from Maathion bait sprays were found as far away as 12 miles in high winds. With lower wind speeds,
residues were predicted to be 3.5 miles from the treatment area. Thus Maathion’s effects may extend
beyond the treatment area.

Malathion is not consdered a high risk chemicd for humans unless one eats contaminated
vegetation. All the potentid soil trestments though are consdered moderately or severdly toxic to humans
and other mammas. All terrestrial and agutic invertebrates will have sgnificant population decreases if
contact is made with Madathion and the fumigant soil trestments. Dahlsten, Garcia and Lorraine (1989)
found the impact of Maathion includes total eradication of flies, caterpillars and wasps, decreased
population of beneficid insacts, and secondary pest outbreaks. Malathion use in the Lower Rio Grande
Vdley, for example, could eliminate 26.1 percent of the shrew population, 46 percent of the toads, 62
percent of the tree frogs and aimost 100 percent of the terrestrid invertebrates that come in contact with

the chemica.’?> Other species may be affected due to decreases in the food supply (USDA APHIS

Yrerrestrial invertebrates include earthworms, dragonflies, grasshoppers, lacewings, flies, ants, honey bees and wasps.
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19994). Potential contamination of surface water and groundwater resources by pesticides could pose a
hazard to both wildlife and human populations (USDA APHIS 19994).
Exclusion
Because both the economic losses and the environmenta impacts can be sgnificant, the first god of the
U.S. government isto prevent an exotic pest from entering the U.S. borders. TheU.S. hasused hitoricaly
quarantine protocols, import bans, and inspections to accomplish thisgodl.
Quarantine Protocols

Ingpections for exotic pests are conducted at border crossings. With MFF and Medfly, however,
imports can contain unhatched eggs or larvae; therefore, externd ingpection at the border may not be fully
effective. Thus, unlessaforeign country has no population of the exctic pest, it must follow some type of
quarantine protocol which canraise costsand affect thequality of the product. Thesequarantinetreatments
must meet the Probit 9 criterion: guarantee that 99.9986 percent of the insects have been diminated. This
criterionis difficult to meet and research on acceptable trestmentsis ongoing. Methyl bromide fumigation
is approved by APHIS for citrus, but can causefruit lossesup 60 percent which makesit an economicaly
unacceptable treatment (Citrograph, 1992). The cost of methyl bromide treatment is $12 per ton of citrus
(Carpenter, Gianess, and Lynch 2000). It dso is being regulated under the Clean Air Act and the
Montreal Protocol due to its ozone-depleting characteristic.®* Cold storageisan approved treatment but
can caue chilling injury to ditrus fruit. High temperature forced air trestment can aso be used but costs

about $120 per ton. Because of the cost and damaging aspects of many of the quarantine trestments, most

Bwhen the regulations banning the production and importation of methyl bromide in the U.S. after January 1,
2001, were harmonized with the Montreal Protocol, quarantine uses were exempted from the phaseout schedule.
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growers advocate for pest-free status. With pest-free status, the quarantine treatment is waived or less
gringent.
Inspections

I ngpections are conducted on gpproximately 2 percent of products entering from acountry known
to harbor the exotic pests (Sills 2001, OTA 1993). Theseinspectionsincrease crossing time and gridlock
at the border for both produce shippers and travelers, which can increase air pollution. The fees and
inspection costs can increase the price of imported goods. Although the APHIS standard isto ingpect dll
perishable cargo within 3 hours of its arrival, with the increases in trade, it is difficult to conduct a qudity
ingpection in this time frame. Complying with these regulaions can be cosly, inconvenient, and time-
consuming. Infisca year 2000, APHI S contributed $9 million and cooperators (states and other countries)
contributed $114 million for agricultural quarantineinspectionsfor both animasand plants. Userspaidfees
of $194.6 million for inspection services.

Even with these inspections and drict quarantine regulations, however, the Office of Technology
Assessment (1993) determined that the existing U.S. policies designed to prevent the introduction of
harmful invasive species were not maximizing the nation's welfare. It found that the U.S. gpproach is
piecemed, lacks adequate rigor and comprehensiveness, and is unable to keep pace with new pathways
and pest introductions. Similarly, a GAO report (1997) suggested that the increasing number of travelers
and trade had exceeded the inspection system used by USDA APHIS even though funding had been
increased. Between 1988 and 1993, six new border crossings were established dong the U.S. and
Mexico border (GAO, 1997). In 1999, two new U.S. and Mexico border facilities were opened to

conduct cargo, passenger, and pedestrian ingpections. Since 1990, imports and exports have increased
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more than 30 percent, while passenger traffic has doubled in volume (USDA APHIS, 19993). 1n 1998,
USDA inspectors intercepted more than 52,000 items containing plant pests and diseases identified as
economicaly sgnificant tothe U.S. agricultural sector (USDA APHIS19993). AlongtheMexican border,
ingpections of passenger vehicles may occur for lessthan 0.1 percent during high-volume time, rather than
for the USDA standard of 2 percent of vehicles. Thereisaso limited coverage of the pedestrian crossings
(GAO, 1997). Difficultiesexigt in determining theimportance of theseingpections. Whileinterceptionsare
increasing, smuggling aso gppearsto be higher. The cost of these inspections has become more fully the
importers responghbility through user fees.
Border Cargo Release Program

Giventhetimelagsat the border, the U.S. hasworked with Mexico to develop new programsthat
ensure pest excluson while at the same time facilitate trade. For example, APHIS has introduced the
Border Cargo Release (BCR) program aong the Mexican border to reduce theinspection of high-volume,
non-host commodities such as tomatoes, squash and bell peppers. At Nogdes, Arizona/Mexico, about
75 percent of the produce in 1995 was permitted into the U.S. through the BCR program (GAO, 1997).
To qudify, no more than one exotic pest canbe found on the commoditiesin a 1-year period, or no more
than three harmful pests found over a 6-year period. This program benefits Mexican growers by
decreasing thetimeto crossthe border, and U.S. consumers obtain fresher, low-cost winter produce with
only asmdl increase in risk.  Concerns remain about smuggling high-risk commodities in these low-risk
shipments.

Preclearance Programs
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Cdifornia hasimposed animport ban severd timesover theyearswhen Mexican-grown citrusand
mangos were found to be infested with MFF (Citrograph 1986). Although quarantine protocols existed,
concerns were raised that these had not been followed. In response, APHIS introduced pre-clearance
programs in Mexico (and 27 other countries). The pre-clearance program, which is fully funded by the
Mexican government and growers, has APHIS staff supervise the quarantine protocol at the origin of the
commodity. APHIS gaff is present when Sanidad Vegetd (the Mexican enforcement agency) cuts and
inspectsthe fruit prior to fumigation. If thelots are infested, APHIS and Sanidad Vegeta reject them and
the growersand/or shippersare saved the cost of fumigation and shipment to theborder. Aspestsarekept
further from the border area, U.S. growers benefit from decreased migration probabilities. Thefumigation
processitsdlf is monitored by APHIS staff. Sanidad Vegetd ensuresthe shipments are sedled to prevent
any co-mingling with non-trested fruit. Border inspectors can reinspect the shipment but pre-cleared
shipments have alower probability of being ingpected and rgjected (SilIs2001). Mexican growers benefit
from the decreased time in crossing the border. Mexican shippers have found that pre-clearance
certification is a“badge of gpproval” that can be used as a marketing tool to promote their products (Sills
2001).

Detection and Prevention

In addition to exclusion activities, the U.S. and Mexico attempt to detect infestations while pest
numbers are dill smal and geographically concentrated enough to diminate. Regions conduct systemeatic
and periodic visua surveys and annua detection trapping programs. The U.S. spent $6.7 million on pest
detectionactivitiesin 2000 (USDA APHIS2001). Whiledl 50 states can beimpacted by theintroduction

and establishment of different speciesof fruit flies, seven eco-regionsfacethe greatest threet for geographic,
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demographic, climatic and cropping reasons (USDA APHIS, 1999a). Detection efforts are therefore
concentrated intheseareas. They includethe CdiforniaCentrd Vdley and Coastal Region, Southwestern
Basin and Range, Lower Rio Grande Vdley, Southeastern and Gulf Coastd Plain, Mississppi Delta,
Florida, and the Marine Pecific Forest.

USDA and these areas cooperate through the Nationd Exotic Fruit Fly Detection Program. The
trapping programs seek to detect new infestations of fruit flies before the infected area exceeds one square
milein urban areas and 50 square miles in rural areas. USDA asks dtates to pay for hdf of the cogts of
these program. The federal government, Cdifornia, Texas and Mexico cooperate on an MFF detection
and eradication program in northwest and northeast Mexico. Sanidad Vegetd, APHIS, and Mexican
producers monitor and control MFF aong the U.S.-Mexico border to reduce the risk of infestation in
southern Cdifornia and the Texas Rio Grande Valley. APHIS and Sanidad Vegetd dso assst with
surveillance, integrated pest control and regulatory activities to help maintain a pest-free region in Bga
Cdifornia, BgaCdifornia Sur, Sonoraand Chihuahua. These programsinclude trapping activities, serile
fly releases, roadside inspections, and quarantine treatments (Curlett, 1993). In Bga Cdifornia, for
example, over 1,000 trapsfor MFF are used to monitor its population. These suppression programs keep
the insect populations low or eradicated in the pest-free zones, which provides a barrier for the U.S.
growers. TheMexican growersbenefit from the pest-free zones, decreased pest control expensesand less
gringent quarantine provisionsto shiptothe U.S** 1n 1998, however, more than 50 M FFswere trapped

in the Tijuana and Ensenada area of Bga Cdifornia Between8to 16 million sterile MFFswerereeased

14N o estimates of the production costs savings from the pest-free zone could be found.

34



per week to combeat thisoutbreak. (ThesegerilefliesarerearedinaTexasfacility.) TheU.S. and Mexico
a so cooperate to control MFF in the northeastern states of Tamaulipas and Nuevo Leon, including amost
1,000 traps. Matching funds are not mandated.

Lower Rio Grande Valley

In 1964, MFF eradication attempts were stopped and suppression activities conssting of MFF
deile fly releases became the objective in the Lower Rio Grande Vdley. The MFF migrates from
northern Mexico on infested fruit or on the insects flying into the Texas fruit groves. Pest populaions
usudly do not reach detectable levels until the mgjority of the fruit has been harvested.™® Once an MFF
is found, the affected citrus is quarantined and the grower must follow a quarantine protocol, ship the
remaining products to noncitrus producing states, or sell the remaining productsto the processng market,
which pays a 50 percent lower price (USDA-NASS 1999). USDA (52%), the Texas Department of
Agriculture (33%) and thecitrusindustry (15%) sharethe cost of the sterilefly release program (Citrograph
1987).

Control (Eradication)

Once exotic pests are detected, control or eradication is attempted to keep the exotic pest from
edablishing and spreading to other U.S. production regions. Since 1975, a totd of 15 eradication
programs have been mounted against the Medfly in Cdifornia, a a cost approaching $500 million
(Coppock and Kreith, 1999). If the economic losses of establishment in the U.S. would have been $1.5

billion, the benefits of eradication have outweighed the cost of $500 million over the last 25 years.

BThe MFF population naturally decreases during the hot summer months.
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However, public opposition to these program existsthat is unconnected to the cost. People are concerned
about the aerid oraying of Mdathion near their homes. Delaysin garting the 1980-1982 eradication, in
part dueto Cdifornia s unwillingnessto spray chemicd insecticides over cities, resulted in new emergency
powers granted to the federal government to override state control (OTA, 1993). Theeventua cost of this
eradication project in the San Jose-Santa Clara area was at least $100 million. Y et the public seems
unaware that the establishment of a permanent pest populationwill dso result inincreased chemicd useto
deal with economicaly destructive pests. If the city population lives sufficiently distant from the growing
regions, perhapsit thinks the additiona chemica useto control apermanently established pest population
in agriculturd fieds will have lessimpact on it.
Other Cooperative Programs

Cooperative programsal so exist to establish and maintain barrier areas such aspest-free zonesand
to decrease pest migration potential. One of the successful ongoing programsis MOSCAMED (Medfly
in Spanish). The U.S. and Mexico combined effortsto eradicate the Medfly when it wasfirst discovered
inMexicoin 1977. The USDA built and maintained the Serile insect facilitiesin Mexico and in Guatemala.
Mexico provided the staff personnd and the mgority of the funding for the program to eradicate the fruit
fly. Thetwo countries eradicated the pest from Mexico in 1981 and established a Medfly barrier zone at
the Mexican-Guatemaan border. The program administration was based on the bilaterd management
dructure used in the U.S.-Mexican Screw Worm Eradication Program.?® Each U.S. staff person had a

Mexican counterpart. Subsidized by Mexico, Guatemala began eradication and barrier maintenance

BThis program has eradicated screw worm from Mexico through Panamawhere a barrier has been created at the
Isthmus of Panama. Each country’ s share of the funding was determined by the benefits they would derive from
screw worm eradication which isafunction of their livestock numbers (Nichols 2001).
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activitiesin 1977 aswell. However, dueto environmenta concerns, the growth of the Guatemaan organic
farming sector, and the negative impacts on honeybees, in 1998 the Guatemaan government ended dl
chemica control activities before the eradication goa was achieved (USDA APHIS 2000). Sterileinsect
releases continued to be used to maintain the pest barrier.

To prevent the spread of the Medfly into Mexico, MOSCAMED did and continuesto support an
extens ve detection network (trapsand checkpoints) and to produceand to rel ease approximately 41 billion
derile Medflies annudly in Mexico and Guatemaa. 250 active outbreaks of the Medfly were detected in
Southern Mexico in 1998 in these traps. A U.S. Science Review Pandl determined that by 2005 a sdlf-
sugtaining populaion of Medflieswould exist inthe U.S. if emergency action were not taken immediately.
Such aMedfly population would result in a$1.5 billion of loss to the U.S. economy (Nichols 2001).

The USDA Commodity Credit Corporation gave the MOSCAMED program $23 million over 5
years to eradicate the Medfly from Guatemda. Spinosad, anew chemicd, has been successful inthe first
years of field tests and does not kill bees. In addition, the program used Temperature Senditive Letha
(TSL) flies, produced in Guatemada, which provided more efficient and effective results. One Guatemda
region is dated to receive pest-free zone status. This Guatemaaregion then will be able to trade with the
U.S. under less stringent quarantine protocol measures. Monitoring and survelllance activities continue,
including trapping, fruit sampling and other detection activities. Quarantine checkpointsinspect cargo and
travelers from South and Centrd Americato prevent Medflies from entering Mexico and Belize (another
Medfly-free country). DNA evidence suggests that one of California s most recent Medfly outbresks
arrived from Argentina, not Guatema a; therefore officid sthink that the Guatema abarrier isbeing restored.

Cdifornia has aso begun using the gterilefruit flies produced in Guatemalaas part of a Preventive Release
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Program (PRP). This Cdifornia program releases Serile flies over the Los Angeles basin to mitigate the
risk of aMedfly introduction. If aMedfly isfound, thisprogram alows APHIS and Californiato use more
environmentaly friendly and less expensive control activities to eradicate the pest.
Conclusions

The premise that phytosanitary regulations can protect domestic agriculture from exotic pests and
from foreign producers competition is too smplistic. Under certain conditions, these regulations may
accomplish the producers gods by excluding exotic pests and maintaining higher domestic prices.
However, under other conditions, the import bans lead to lower returns (smaler and often alower price
market) for foreign producers, resulting in less control of their pest population. With a lower level of
control, foreign pest populations can increase, and thus the probability of migration to the U.S. increases.
The introduction of exotic pests can have devadtating effects on U.S. agriculture. Economic losses are
estimated to range from $350 million to $1.5 billion. These costs do not take into account environmental
effects from additiona pesticide gpplications and from the exotic pest’ s ecosystem impacts. Thefruit and
vegetable producers affected by the exotic pests may 1ose more from the increased pest damage than from
import competition. Similarly, consumerswill gain lessfrom imports (on average, pricesare unlikdy to fdl
ggnificantly) than they will lose from pest damage to domestic producers. Thus, if an import ban would
diminate the possbility of exotic pest migration, it might maximize domestic welfare. However, if the
possibility of exotic pest migration exigts even if tradein the goodsis prohibited, cooperative programsto
decrease pest populations and improved quarantine treatments could contribute more to welfare
enhancement. Inthe case of the Medfly, the U.S. contributes much lessto the cooperative MOSCAMED

program than the projected economic losses of Medfly establishment. Mexican growers benefit from the
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decreased production costs and the lower cost of quarantine protocol requirements. The MFF is native
to Mexico and is unlikely to be eradicated from that entire country. Joint eradicationeffortsonthe U.S.-
Mexico border, however, benefit growers close to the border and provide a barrier that decreases the
probability of an MFF migration further intothe U.S. In Texas, suppression activitiesaong the border and
in the Rio Grande Valey have permitted Texas citrus growers to ship to their most profitable marketsfor
mogt of the season. This program benefits consumers throughout the U.S. who enjoy lower citrus prices.

For many environmentd issues, distributiond impacts should be discussed. Why, for example, is
using chemicas in Guatemaa a better pest control activity than using chemical pest control in Texas? In
the case of exotic species, the questionmay be whether to usethe chemica control activitiesin oneregion
or usethemin dl regions. If Guatemaa or Mexico decided not to eradicate the exotic pest and ceased
control activities, the Medfly probably would become established in the U.S.. Once established, individua
growers could use chemicd control activities on an annud bags. If the population leve isnot suppressed
through these uncoordinated activities, the pest may continueitsmigration north. Asit movesnorth, overal
chemical use will increase as more regions attempt to control or eradicate the insect. Research continues
tofind moreenvironmentaly friendly chemica and non-chemica control methodsto decreasethelikelihood
of public outcry which has affected both Guatemda's and Cdifornia's ability to conduct eradication
programs.

This paper explored asituation where two countries have, for the most part, cooperated to control
two economicaly sgnificant insect pests. There are other examples where cooperation has been less
successful. For example, the U.S. imposed an import ban on avocados from Mexico in 1914. Although

the APHIS scientific staff recommended aprotocol to permit some Mexican avocado importsin 1973, the
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import ban was not lifted until 1995 (Roberts and Orden, 1997). Krissoff, Cavin and Gray (1997) outline
problems with technica barriersin world apple markets. The World Trade Organization's Agreement on
the Application of Sanitary and Phytosanitary Measures may assst in providing incentives and pendtiesto

ingpire more countries to behave in a cooperative manner.
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Figure 1. Domestic Welfare Changes with an Open Economy



Exporter Price
mporter
Supply
Z
DSn1
//'/ Domestic Supply no
h
v

b

Demand

Demand
Q Q & a4 a; Qb A6G+Q.
Quantity Quantity

Figure 2. Exotic Pest Population Increase and Domestic Welfare Changes — Increase in Consumer Surplus
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Figure 4. Exotic Pest Population Increase and Demand Contraction



