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PROOFS

Proof of Proposition 1. As Z increases, moreland is allocated to the GM crop and less to the non-GM

crop, but total production of soybeans is unchanged (because yields are the same provided p" = p9).
Further, if p" = p9 = p® European demand for the non-GM product is unchanged, whereas U.S. demand

is perfectly elastic and equal to (1-¢) D(po). Thus, if l//D(pO) =0(2)m

o ( po), both markets clear at

this price. That is, if 2 issuchthat ©(2) < D(po)/np(po) , then equilibrium prices are unchanged.

Proof of Proposition 2. Totally differentiating (16) and (17) yields

(28) {all alz}{dpg} ’Tp(pg)e(z)dz

dp" | | -7, ( p”) 6(2)dz
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Thesignsfor a;; and a,, come fromthe convexity of the profit and indirect utility functions whereas the

signfor a;, =a,, comes from the final goods being substitutes in consumption. Because p? < p",

realized yields per acre will be higher on non-GM lands. Solving (28) yields

(29) BE?} _ (]/A){ ay, —aﬂ{ ﬂp(pg)e(z)cﬁ]

T8 A || -7, ( p”)H(i) dz
where A = (8,8, — a8y ) > 0. Because p? < p" for 2> 2°, then ﬂp(p”) >ﬂp(p9) (i.e, yidds are
positively affected by output price provided 7z,,, >0). Thus, given price, total output declines as land
planted with the GM crop expands. From (29), (dpn /dz) (6(2) /A)( QT ( )—8.217Tp(p9)) .
Because p" = p?, then 7z, ( p”) > ﬂp(pg) . Further, a;; <0, and, by the assumed Condition 1,
(ay; +ay,) <0, provided that 77, >0 or v">0. Thus:
(—allﬂp ( p”) —ay T, ( p¢ )) > -1, ( pg)(a11 +ay) >0, proving (dp”/di) >0. And, from (29)
[(dpn/dz)‘(dpg/diﬂz(— (2 )/A)((all +ay,) p(p”)+(azz+<':121)ﬂp(p9)). Given convexity,
Condition 1 guarantees (ay; +ay,) <0 and (ay +a,,) <0, proving (dp”/di) > (dpg/di) :

Asfor part (iii) of Proposition 2, Europe s welfare can be written as W = LI_T( p" (2)) + qp( p"(2), p? (2)) .
Thus, (dW/d2)= [Eﬁp (" (2))+ m(dp”/dz) +q (dp9/2) = {[é - 5"](dp” fd2) - B dp? /dz)} ,
where [[_)” - §”} isimports of the non-GM product and D9 isimports of the GM product. From

Proposition 2, (dp”/di) >0 and (dp”/di) > (dpg/di) thus, for [ S”] >DY>0,theresult is

proven.



Proof of Proposition 3. From the solution to (19)-(21), and recalling (8)-(10), we have
(dpb/dc) = —[Eﬁpp ( p' ) + @ + gy }/A
(ep" /) = [ Lrg (P°) +0" (%) + s + 0 |2

whereAE[Lﬂpp(pb)+D—Tpp(pf)+u"(pb)+q_pff + 203 +475b} and ¢ Ed%(pf,pb)/apidpj :

(30)

i, jO{ f,b} . Convexity of the profit and indirect utility functions guaranteesthat A is positive (the

excess supply function is positively sloped). If Europe does not consume the GM variety, the numerator
of thefirst linein (30) is negative, whereas that of the second is positive. But if Europe does consume the
GM product we cannot unambiguously sign both numerators (one must be positive). However, under the

assumed Condition 1, the numerator of thefirst line must be negative, and that of the second positive.

Proof of Lemma 1. Seetext.

Proof of Proposition 4. We have shown previously that dp® / dc < 0. The changesin home, foreign, and
henceworld welfare are

(dw/dc) [ (p ) (pb)}(dpb/dc) :[S” +S9- D](dpb/dc) <0 given: p°=p?¢=p"

(@0/0c) = ) (o157 (0" ) + () ) = 876" o] - 5 (0o
(d(W+W/dc :[ pf) qpf(pf,pb)}:[én—[_)”}<0.

U.S. welfare declines because it is a net exporter, and the farmgate price declines. World welfare declines
because of the increased verification costs. Europe s welfareis reduced by the effective cost increase for
imports of the GM-free product (including verification costs), but Europe may benefit from the reduced

price of the GM product, so that the overall impact is ambiguous. Around ¢ =0, all parties are hurt.

Proof of Proposition 5. Part (i) follows from the previous section and the immediately preceding

discussion where we have shown that, given 2< 2°, (a) if c=0, then prices areindependent of z, whereas



(b) given 25(0, z°) , p® isadeclining function of ¢, while p' isanincreasing function of c. Part (ii)
follows from the fact that the introduction of the GM product leads to a declinein the U.S. terms of trade.
The welfare gain to the United States due to the introduction of GM seeds is AW = ,[02’7 (2)6(z)dz,

whereas the welfare loss in the United States depends upon the magnitude of the decline in the terms of
trade. If verification costs are small, then the gains will outweigh the losses; however, for large enough

verification costs the introduction of GM product may lower U.S. welfare.

Proof of Proposition 6. Totally differentiating yields the following comparative statics effects:

(dpb/dt) = _[&fb + aﬁbJ/A

(31) _
(a0® k) =[ Lty (9°) + D7t + 0" (P°) + 1 + 1y |/

WhereAE[LITpp(pb)+D‘Tpp(pf)+u"(pb)+q}ff +24); +(75b} and

@ Ea%( p, pb)/ap‘api (i, j)O{ f,b} . Given the identity of U.S. prices for the two varieties,

(d|6f /dt) = (dpb/dt) . Under the assumption of Condition 1, we have (dﬁb/dt) >0> (dpb/dt) . This
establishes the proof of parts (i) and (ii). The proof of (iii) follows from

(aW/dt) = (C7z, + ¢ )(dp' /dt) +(@)(cp®/ct) = (S" =D )(ap' /dt) - 5" (ap° /)

Thefirst expression is the welfare gain due to the improved terms of trade on GM-free product imports
(U.S. prices decline), whereas the second term measures the loss due to the worsened gross terms of trade
onthe GM product. Notethat these costs operate like a tariff on the GM product, assuming the tariff
revenueisthrown away. Clearly, if GM-free imports are large enough, or if imports of the GM product

are low enough, the expression will be positive. Further, ast increases, net imports of GM-free goods

will increase; those of the GM product will decrease, so the expression is even more likely to be positive.



Proof of Lemma 2. Totally differentiating (22)-(23) and rearranging yields

dp" | (1) an —ap || b
S PEE i
where
aﬂ:(ﬂpp(p”)(L—@ 2))+D‘Tpp(|6”)+qﬁff (pf,r)b))>0
"3‘12="3‘21=(;fb(l_3 7
a22:(ﬂpp(p9)6(2)+u"(p9)+475b(pf,pb))>0
A= (311322 - a122) >0
b, :{H(Z)Hp(p”)di—[fﬁpp(b”)+@ﬁ (pf ,bb)}dc—alzdt}
by =~{6(2)7, (P d2-+ ayadc + et}

From (32) the following comparative statics are readily derived:

o) = m{[ (#)o(2) 0 (p)} (7)o (7)) 0
o0 )= (-0 ) o 7))+ g (57 07) ¢, 0], )

where the sign of (ap"/az) is determined with the help of Condition 1 [i.e., (Eg)b+(75f)>0]. Again,

(33)

(apg /62) cannot be unambiguously signed, except around p? = p", in which case (@ﬁ + (Zfb) >0
suffices to imply (ap9 /az) <0. However, regardless of thesign of (apg /az) , it must be true that

(ap"/a2) > (ap° /02) , provided that the demand assumption holds.

Similarly, holding z constant, comparative statics for changesincandt are
(dp”/ac) = —]/A){azz(fﬁpp (r)”) + @ ) —afz} <0

(34) (apf/ac) ]/A){a22 (p”)(L—O(i))}>0
(apg/ac)—(d_b/ac): —alZ/A)ﬂpp(p”)(L—O(i))>0



(ap”/dt)=(6pf/6t)=(—]/A){a22a12—a12¢_5b} (- alZ/A){ pp(pg)e(z)+u”(pg)}>0;
(35 (dpg/dt) =(-y2) (anabb - a122) <0
(rpb/at) (1+(6p9/6t)) ]/A)all[ (p9)9(2)+u"(p9)}>0.

Proof of Proposition 7. Theimpact on price and GM acreage for the case when 2=2°(c,t) isreadily

demonstrated, using (32), by setting p = p" = p? (and hence dp = dp" =dp?), and by bringing dz to the

|eft-hand side of the equation. Doing so, and inverting, yields

(36) {dp}(ij{@(?)ﬂp(p) 0(2)”p(p)}{hp}

dz° A ‘(322 "'312) (311"'312) h,
where
Y EH(Z)ﬂp(p)(all+a22+2a12) >0
hp {[ +qpﬁ "p )}dc+a12dt}

h, = —{ ap,dc+ %bdt}
and where g; areas defined in the proof of Lemma 2. Proceeding as earlier, using the same demand

assumptions, it isreadily verified that
(37)

where p" = p? = p, whereas European pricesaresuchthat p’ =(p+c) and p° =(p+t). What

remains to be shown is the impact of higher t on monopoly profits. The result follows because, given the

corner solution, (dFIM/dt) o,
Z(ct), p"=p*

= (dl‘l M /dZ)LO (dzo (c,t)/dt) <0, wherethe sign follows because,

by virtue of the corner solution, (d "/ d2) >0, and we have shown that (dzo (c.t)/ dt) <

z



