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APPENDIX: DERIVATIONS AND PROOFS

IN THIS APPENDIX, we provide derivations and proofs not included in the main body of
the paper.

A.l. Proof That ;l(la{ — ') Satisfies Assumption 1

Define A’ = /](|a{ — '), A <0, A" <0, y' > yF. Let us consider three regions:
1. a>y" > yF, then %4~ = A'(a — y") <0 and &~ = A'(a — y") <0 and A'(a —

da da
H i AF : H F dlog A (@) _ Ala—y") _ Aa—y") _
y") > A'(a—v"). Meanwhile, A" > A". Sowe have —=—= = =7 — > == =
dlogAF(a)
da ° . -
H F JA" H JA" F
2. y" >a>vy", then ¥~ = —-A'(a—vy") >0 and %~ = A'(a — y") < 0. Mean-

da
. .. H ray: 1 F
while, A" and A" are both positive. So we have £ (@) — Aty L=

dlogAF(a)
da :
3. y7 > yI' > g, then % =—A(a—vy")>0and % =—A(a—vy")>0and —A'(a—

) > 0>

. H Al H
vy > —A'(a — yF). Meanwhile, A" > A". So we have dlog;; @ — AE:HY ) >
—A'(a—yF)y __ dlog AF (a)

AF - da . ey
~ . . o, oA ’ .
Hence A(|a] — v’|) is log-supermodular in @] and y’. In addition, A4,, = AAAviéA) is

always negative when 4” < 0.

A.2. Proof of Lemma 2

To prove Lemma 2, we make use of the zero-profit conditions

%(N]Ef(af, P (n, ay, a)) + (1+v)NXEf (af, PX(n, afy, ay)))

o —

=®(|aj —aj

), J=H,F,

where & = M cj(aj, P! (n, a};, a}.)) and ¢f = AXcK(af, PX(n, af, af)).
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We prove the claims of Lemma 2 for standards in the home country market, with the
proof for standards in the foreign country market proceeding in an analogous fashion. To
establish Z"—Z <0and % > 0 totally differentiate the zero profit conditions with respect

4H 4H

H.
to ny, nr, and ay;

N" Tocy ~,  aep oP" . acy aP" acyt apP"
— — ———dn — n
o—10aa? """ 9P a " 9P ony " 9P" onp
NE T oct oPF ot oPF
1 A _dny+ —HL—dnp | =[P (|lat —at|)]dat, (Al
) S T iy T | = [ - )] datf, (A1)
NF T oct oPF et gPrf
—L——dny + ——dny
NY T o op" act opt act opH
1 £ all £ n r dny | =0. A2
+ +V)cr—1|:aPH dall 4t G G M T P Gy (A2)

But the home firm chooses a¥ to satisfy the first-order condition for profit maximization

gmj;  N" ocj

dall o —1gall

— (ID/(‘aZ — am) =0,

which we may substitute into (A1) to arrive at the home and foreign totally differentiated
zero-profit conditions evaluated at the profit-maximizing choices:

N* [a&,’j oP" . ach aP? 4 actt opPH an]

al + —H—  dp, + 2L
o—1LoP" gatl """ " oP" ony 9Pt ong

+(1+V)U]\f1|:%%dn;l+%% nF:|=O, (A3)
2+ 22 an
H ~H H ~H H ~H H
+(1+,,)GN_1[Z;FH§{:Z all 4 ZICJ;ZI;H e j;giidm} —0. (A4)
Solving (A4) for dnr, substituting into (A3) and simplifying yields
aP" gP*
dnn _ _day onr (AS)

da®  [oP" oPF  oP" oPF]’
077’11-1 (7”11: (?I’lF (7111.1

The denominator of the expression in (A5) is strictly positive provided for «/ > 1 and
f > 1, while the term in the numerator is composed of the product of two negative terms,
dﬂH

and hence is positive as well. Hence, 2 < 0 as claimed in Lemma 2.
H
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To establish that % > 0, we solve (A4) for dny and substitute the resulting expression
into (A3) and simplify to arrive at
aP" opP*
dng i @ M 0
datl — [oP" oP"  oP" gP" ~
[%E  onp E]

A.3. Proof of Lemma 3

The eight derivatives involve two calculations that need to be performed for all J
{H, F}and J' € {H, F}, where D’ is an indicator variable that is equal to 1 for / = H and
equalto —1forJ =F:

dP’ 9P’ 0P’ dny P dnp
dal,  9a),  Inydal, =~ Ingda),

9P aPt D aP’ aP¥
0P’ 9P’ day, onp aP’ daj, ony
~ oal, T onn | 5P aPT 9P oP" | T anp | GPTaPT 9P 9P
ony gnp np ony ony gnp np ony
) ) ) ) N
_ P || g me ameamg | |
daj, aP" gP*  9P" 9PF ’
ony anp ong dny )

dPK_&PKdnH (9PKdl’lF
dal,  dny dal), = ny da,

,IP’ 9P’ , P’ 9P
K - J K D 7
_ JP da;, ong n P day, dny
~ony | aP" 9PT  9PM oPF ong | aP" oPT 9P 9P
{7111.1 fyl’lF (7”1: (9”1.1 (7”11-1 (7111: (9nF (77’lH

JPK gPk 9Pk 9Pk
_ ﬁPJ (97’1]: (9}11.[ (971]7 (9]11.1 -0
daj, | oP" oP*  9P" oPF ’

07nH (91’11: &nF ﬁnH

A.4. Proof of Proposition 1
We begin with the expression for world welfare:
o -
0= ;LJ — N"log(P") — N"log(P") + manpNHc?
H F

Fp NFEF _ NH $ _ NF _
o—1- Y Cu 1—s 1—s"

+
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We first prove that global efficiency requires z = z = 0 and s” = s* = 1/0. We then
turn to the efficiency of a = a.

Evaluating the derivatives of (2 with respect to net trade taxes and consumption subsi-
dies at the levels z# =z =0 and s” = s =1/0 yield

s N"qdP"  N¥dp* 4 aneNHE
ToH =—=F n Cr,
dZH H=zF=0,sH =sF =1/ PH dZ PF d dz1 ane F
d{) N"dP"  NTdP" e
TF =——F n Crs
dz" H=zF sH=sF—1/q PH dZ PF dz a1 H

2
a0 e N (o)
dSH 2H=zF =0 sH =sF=1/o P dS PF dS -1
do _ N"d4p" N"dP* NF( o )2
dSF zH:zF:O,sH:SF:I/cr B PH dSF PF dSF g — 1 )

To establish that z/ = zf' = O and s = s =1 /(r are efficient, we show that

A\ 1 _aF g gt =1/, = 0 then followmg under analogous arguments.

Efficient Net Trade Taxes z! = zF = (0. We first show that jz—%lzuz F_g st —sF =1/, = 0, NOt-
ing that p¥, p%., and p% are independent of z with z impacting directly only the price
of the foreign brand in the home market p/. Total per-capita spending on differentiated
goods equals one, so we have

npphch +nppicl =1, nyphch +npphck =1. (A6)

Using (A6), we can then write

N" dp" 1 d d
W ol ]

P? dz" o—1 dzf dz"
—i—;% = <$)NF[1?ZCZ% + Pﬁcﬁ%],
and, therefore,
dan
dz" | u_ g 1)y
- ﬁ [(pZNHCZ +PuNTe) ;lz + (peN"cr + pyN"c) Z:ﬂ - 01_ N

When z/ = zf' =0 and s" = s* = 1/0, we also have

=X,  pr=1+v)A, (A7)
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and, therefore,

aq
dz"

zH=2F =0,sH =sF =1/0

1 . dny -
= m{[NHcH +(1+ v)NFcH]; +[N"ef + A+ v)N"E | —

an }
dz"

+np N1, (A8)

For (A8) to equal zero requires, beginning from z7 = zf =0 and s = s" = 1/0, a small
increase in the net tariff on home imports generates additional tariff revenue (in the
amount npN"¢l) that is just offset by the loss in differentiated goods production associ-
ated with the induced entry and exit (in the amount [N¥¢f + (1 +v)N¥ ¢k, Z”,Z’ +[NFeh +
(1 +»)N"Ef13h).

To derive expressions for d”” and j”f,, we use the home and foreign zero-profit condi-
tions

L INTE (P (2, g, me)) + (L INTE (P ()]

o—1

=®(|aj) — af,

), (A9)
[NF + (P (ny, np)) + (L+v)NP (P ("), P (27, nu, np))]
(}aF

where we have suppressed the dependency of consumption and price indices on product
characteristics and have made explicit the direct dependency of consumption, prices and
price indices on z*. Totally differentiating (A9) and (A10) yield

& dp!t e dp & dp*

1 r 1
(d+v dFd [( )dPHan+(+ aP* dn ]
P! dPF[dag dé" L&t de ]

) (A10)

_ e 2t
dny, 527 dny | apTapt ~ T gpr ap

dzf [dP” dP" dP¥ dPF][dEZ dé" Ldéh dag'] ’

(Al1)

_ —a
dry dny ~ dny dn || apTapr ~ AT gpr aph

and

& dp!! ( )d dP" dé dPF}
_a 1
(v Fd [ 227 any ATV pr g

IP" dPF [ dét det cFodct
+2 [ A L
an_ dz" dny | dP" dP dP" dP (A12)
dz" [dPH dpPf  dp? dPFMdEZ dét A+ ,deh dett
_ 2 En
dP? dpPf dPf dp?

dl’lH an B d”lF di’lH
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Substituting (A11) and (A12) back into (A8) and rearranging then yield

dQ
— -0
dZ H=7F=0,sH=sF=1/0
& [N+ (1+v)NTE)
dc, dp det apt dct, dpf
1 £ 1
X{( +V)dp;'d"[< )dPH an+( + )dPFan}
) dPF[dEZ dcy, 4wy d~H“
oz% dnp [ dP" dPF dPF dpP”
— [Nef + A +wvN"E]]
de dpil [ (N™\ dép dP” dey, dP*
1 — | —==—+1
X {( +V)dp§ dz" [(NF>dPH dany T GbF d,
B ) dPF[dEZ dec v ,dey, déf“
0z" dny | dP" dPF dP" dP"
NP dP" dP"  dP" dP"7[ d&] d&f (Hv)zﬂ dey ] _
d dny dng  dng dny || dP" dPF dP" dP"
We now make use of the following:
dett cH det ¢t dct, ek
ﬁ:(a—l)l)—]f{s W:(U_ )P—};; d—Pi—(a'— P—’;,
~H ~H d~H ~H
) - EEx 3
dp P dpy Pr
and also
dPH 1 dp? 1
PH H. — PH H _H
dng 1—o PP Gny T 1-g0 PHOE
dPF 1 dPF 1
— PF F F PF
dny  1—o PP gn, T1_g PHE
&PH . dp}?
With this, the above can be simplified to
aq ~H[, ~F ~F ~H
yE =0 < cH[nFcF —1] —(1+V)CH[71F(1+V)CF —1] =0.

ZH=zF=0,sH =sF =1/0
But using (A6) and (A7), we then have
cilnrcy —1]— A +v) —éfng(1+v)

1] =

This establishes that global efficiency requires z7 = zf = 0.

cynr+ vy —

¢h+ (1 +v)éfngch =0.
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Efficient Consumption Subsidies s" = s* = 1/o. We next show that
A tor o ¥ —1/, = 0, noting that p}; and p} are independent of s with s 1mpact—

mg directly only the prices of the home and the foreign brand in the home market, p’
and p. Again using (A6), we can then write

N* dp? 1 dny dnp
TpH gt T (m)NH[pHCHd 7+ Pre fd }
(v (2

(1t
Prds"  \o—-1 Pr " gqst Pre Fdst

and, therefore,

)np(l +v)NYell

aq
ds”

ZH =0=zF sH= % =sF

1 dnH an
(vt ot ]
+ (=2 ) [auNY & 4 np(1+0)N"EH] - NP [ =2 2
o—1)tH T r o—1)"
Using (A7) and (A6) then delivers
a0
dSH ZH:O:ZF,XH:%:SF
1 ~ dnH
N e —
. i d
+ [N+ (1 +0)N"E) d"j NH(UC: 1)} (A13)

Our goal is to show that the right-hand side of (A13) is equal to zero.

To derive expressions for d"” and Z’?ﬁ , we again use the home and foreign zero-profit
conditions, which we now wrlte as

< ! )[NM( H(s), PH (s myg, i) + (L + m)NPEE (PF (s )]

o—1

R (A14)

= O(|ay
<—1_ 1)[NF5£ (P" (ny, np)) + (1+ )N E(PH (s), P (5", nyg, i) ]

(o2

=®(|a}l —a}). (A15)
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Totally differentiating (A14) and (A15) yield

H F
1ol dpF[( )d aP" 4 dP]

dpi! ds" dP" dny dPt d
aP" dPF[de,f; dck A+ L dél dét! ]
_ _ 24l
dny ds" dnp | dP" dP* dP" dpP"
ds" — [dP"dP" dP" dP"1[dé) dif A+ L déh délt
dny dny  dny dny || dP7 dPT ") 4Pt ap”
detl dp T dét dp* détt dpt!
i+ 0 (3 )
B de ds" | dP" dnp dP dnp
dP" dP" dP" dP"[ d&j dep a4 )2 Lodclt 7’
dny dny  dnp dny || dPY dPF dPF dPH
and
det dpi T (NT\ détt dp! dét dpPF
(1 ) Y (S - MG |
(I+v de [( )dPHdn +Hdy dPFdnH}
N aPH dPF[ch dép A+ )2 rodelt }
dnp _ as't dny | dP" dPT dPF dp?
ds" — [dP"dP" dP" dP"[ dé déf (14’ dét, det!
dny dny  dny dny || dP” apPF ") dPF ap”
det dp T dét dP* det! ap
F +d+v) H
dp? ds" | dPF dny dP" dny
+ H
dP" dP*  dP" dPF[ dé dék dét dé |’
N H F A+v 2 8Cy dcy
dl’lH dl’lF dl’lp dnH dPH dPF dPF dPH

Substituting these expressions back into (A13), using the price derivatives recorded
above and in addition noting that

d H
=—q; (1+v); % =4y

P __p o dp?
as" o—1’ ds"
and using as well the expressions for efficient prices in (A7), we then have

dQ

=0.
dsH zH=zF=0,sH=sF=1/a
This establishes that global efficiency requires s = s* = 1/0. Notice that this argu-
ment does not require product characteristics to be set at the efficient level, only that
H F
z7=z"=0.

Efficient Employment Subsidies. While we do not introduce employment subsidies into
our formal analysis, we have noted in the text that in our setting the global social planner
has a degree of freedom when choosing between a consumption subsidy and an employ-
ment subsidy for addressing the monopoly markup distortion. Specifically, we claimed
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that, with s denoting the (common) subsidy for consumption of differentiated products
and w denoting the (common) rate of employment subsidy, efficiency is achieved by any
combination of s and w that satisfies (1 —s5)(1 —w) =1—1/0. With o set to 0 we have just
established that efficiency implies s = 1/0. We now argue that with s set to 0 efficiency
can be equally well attained by setting w = 1/0.

To see this, note that the joint global revenue needed for a home-country employment
subsidy at rate wy and foreign-country employment subsidy at rate wy is given by

H (OF34 H H wp(l+v) ) . H:|
! [<(1—wH>(1—s”))an”c”+((1—wp)(1_s”)bp P

F wWFr F F wy(1+4+7v) ) . F:|
o [<<1—wF>(1—sF))anFCF+((1—wH>(1_sF)LH Pl

which, with s = s =s =0 and z// =0 =z and when wy = w; = w, collapses to [N? +
NFY( 127+ A comparison with the expression for world welfare in (14) in the body of the
paper then confirms that the first best can be achieved with s = 1/0 or with w = 1/0, or

more generally with any combination of s and w that satisfies (1 —s)(1 —w)=1-1/0.

Efficient Standards a =a. We next prove that global efficiency is achieved when we
also have a = @. With net trade taxes and consumption subsidies set at their efficient
levels z" =z =0 and s = s" = 1, the expression for world welfare becomes

N® + NF
o—1

Q:ZL’ — N"log(P") — N"log(P") —
J

The first-order conditions are

dQ N"dp" N'dP*
—]=__H—]__F—J=0 forall]e{H,F}andKe{H,F},
day P da, P day

and by Lemma 3 these conditions are satisfied at the profit-maximizing characteristics
choices. This establishes that the first-order conditions for global efficiency are satisfied
at the profit maximizing characteristics choices a.

Second-Order Conditions. 'We now consider in detail the second-order conditions for
efficiency, focusing on the planner’s choice of standards. To illustrate why this choice
raises particular questions about the second-order conditions, we first derive the slope of
the world welfare contours in Figure 1. With net tariffs and consumption subsidies fixed
at the efficient levels, world welfare is given by

1

1 F
o—1 o—1"

Q=Y "L'— N"log(P") — N"log(P") — N*
J
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. H __ NH PH o—1 _1 F o NF PF o-1
Using P = (WSED"0) 5y pro= (W)l

world welfare to the equivalent expression

1 1

_NH ___—_ _ _ NF____
o—1 o—1

1 .
)71, we now transform the expression for

or
D=3 1~ L {N"Iog([N" (P")"]) + N log([N* ()]
J
— N"[log(N") —1] — N"[log(N") — 1]}.
Totally differentiating yields

d[N*(P")""]

i O o

PF
d0N=0

According to (A16), for o > 1, the slope is flatter than —1 to the right of the N¥/N*' ray
(where P > P) and it is steeper than —1 to the left of the N* /N*' ray (where P < PF).
Figure 1 depicts the world welfare indifference curve passing through the point labeled Q,
which corresponds to the equilibrium under profit-maximizing choices of product charac-
teristics when net tariffs and consumption subsidies are set at the efficient levels.

This raises the question whether the second-order conditions for the planner’s choice of
standards are globally met. Specifically, we seek conditions under which the point labeled
Q in Figure 1 is preferred to the extremes where either the planner sets product attributes
to maximize global welfare when ny =0 or ny = 0.

To explore this question, we first define the following variables:

Y=V X =[N,
Zy= (o~ \®(af—aff);  Ze=(o—1(|af - af]).

AH s )\H 1-o AF ' )\F 1-o
Ly = (1+V)”1<—H> (—H) > 1; ,LLFE(l—{—v)"l(—F) <—F> >1,
A ) \ Ay Ap ) \AY

V4 V4
BH_ a ) BFE r

(A () (457 ()"

Then we have

1
7TH=0: Y=BH—/.LHX and 7TF=0: Y:BF——X
MF
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The point Q in Figure 1 is defined by 7r; = 0 and 7 = 0 yielding

1
MHBF——BH
BH_BF. _ MF
X=—"1 V=7
Mg — — MH — —
M KF

where these expressions are evaluated at the profit-maximizing product characteristic
choices for both home and foreign firms. Notice that we have uy > ﬁ, so we must have
By > By for X > 0 at the point Q.

Now let u,; be the slope of the home zero profit line and and B}, be its intercept when
the planner sets the attributes a!! and af, for home produced goods at the levels that max-

imize global welfare when nr = 0. Note that Y = M},(/]\\/’—Z)X is the equation that satisfies
np = 0 in these circumstances. We solve for the corresponding Q). = (X', Y’), where

B, B,
/‘L/H<1+—H> 1+—F
N N

Global welfare at this Q7 is

F

N N
0y =—(N"+N")log B}, + N" log ), +N”log<1+ W) +10gNFlog<1+ F)

Suppose that when the planner sets z7 = 0, it is possible for her to find a af and a!f with
at < a¥!, while leaving the standards for home firms as above, such that when ny > 0 firms in
both countries earn zero profits. Take an arbitrary pair of such standards, af and a¥ and

call the resulting point Q = ()V( , )V’). Notice, of course, that these standards are not optimal
for the planner when firms are active in both countries. At the point of intersection of the
zero profit lines,

Y 1
,U//B —V—B
HPF ir H

. B,-Br .
X=—7—» Y=—"7—
Wy — ~— Wy — <
H /LF H I-LF

Note that the B}, and w}, are the same as above (since we have not changed the standards
facing home firms), while we use a check above the Br and ur to remind ourselves that
these are associated with the arbitrary standards, a% and a¥. The resulting global welfare
is

/ D I 1 / , 1
0y = —N" 1Og(BH - BF) —N* lOg<MHBF - V_BH> + (NH +NF) 10g(/~’~H - V—)
g “rF
The difference is
"B, — B/ "B _ B/
0~ 0, = N log “o1—2ulr iy op K u — Jule
myBy — wyBr uyBr — By /1ur

NF N
—NHlog(l + W) - NFlog<1 + F)
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D+D, . D +D,
D, " ¢TD,
N* NH
—NHIOg(l + W) —NFIOg(l + F),

where D = ), B}, — w,Br > 0 and D, = w), By — B}, /jip > 0.
To show (2 — QQrF > 0, requires

= N"log

NHNF

(NH>NH (NF)NF(Dl + D)V (N +NT) (DHN" (DHN" > 0.

Now normalize so that N + N* =2 and rearrange to get

N it o o H . D, NH D, 2-NH ;
— —_ > .
( ) ( ) (Dl +Dz> (Dl +D2) N

Note that (D) (1—D;)>N" is maximized at D, /(1—D;) = N¥/2—-N") = 2. —

Di+Dy —

N"/2 and 5 11-1202 = (2 — Nf)/2. So the expression above is greater than or equal to

(NH)NH(Z_NH)Z_NH _4(N_H>NH(2_NH>2NH o

2 2

So we have proven that 25 — 2, > 0, that is, the planner prefers O to Q. for arbitrary
af and a¥f such that nr > 0 and all firms break even. But Q is the social optimum when
all firms are active. Clearly, 2y > (2. So

QQ — ‘QQ% > 0.

An analogous argument shows that Q also welfare-dominates an extreme where the plan-
ner sets attributes to maximize global welfare when ny = 0.

Unilateral Incentives to Deviate From Efficient Consumption Subsidies. 'We next show
that there is no need for an NTA that stipulates zero net trade taxes on all goods and cov-
ers product standards to also cover consumption subsidies provided that National Treat-
ment (NT) is imposed, as we observed in the text. To this end, we position the home
and foreign consumption subsidies initially at the efficient level 1/0, and ask whether a
country has a unilateral incentive to deviate (with trade taxes and standards all held to
efficient levels). A first observation is that the world prices are functions of trade taxes
but independent of consumption subsidies in this model, so there is no need to negoti-
ate over consumption subsidies for purposes of eliminating terms-of-trade manipulation.
Hence we need only consider the incentive to use consumption subsidies for purposes of
delocation.

With net trade taxes set to zero, the home country’s choice of consumption subsidy
s# will impact p# and p¥ according to pi = (1 — s")qii; pi = (1 — s")(1 4+ v)q¥, and
similarly the foreign country’s choice of consumption subsidy s* will impact pf and pf,
according to pf = (1 —s")qk; ph, =1 —s") (1 +v)ql,.

Focusing on the home country choice of s” and beginning from the efficient point, in
the context of Figure 1 a slight increase in s” will shift both the home zero profit line
and the foreign zero profit in (toward the y-axis). Totally differentiating the home zero
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. . . H  pH\o—1 _ H\o—1
profit line with respect to s and (P")"~! yields L = =25~ Hence, the

home zero profit line shifts in (toward the y-axis in Figure 1) with a small increase in s by
the amount ﬂ . But totally differentiating the foreign zero profit line with respect

to s and (PH )" ! ylelds ML,F:O = =2 Hence, the foreign zero profit line

(1=sH)
shifts in with a small increase in s by the exact same amount % This implies that

(PF)°~1 is left unchanged by the increase in s, and hence implies that foreign welfare
(which is given by 02 = L — N"log(P*) — N"-L) is unaffected by the small increase
in s¥. But given that s/ was initially positioned at the efficient level, it is impossible for
home welfare to rise if foreign welfare does not fall. We may thus conclude that the home
country cannot improve its welfare with a small unilateral deviation from s = 1. And
with

d[N"(P")"] —o(P")"" _dIN"(P")"]
ds" (1—s") ds'

=0

=0

starting from any level of s, it is easy to see that the same argument applies globally
for unilateral deviations from s” l of any size. Therefore, we may conclude that in
the presence of NT, an NTA does not need to cover the consumption subsidies for each

country.

Unilateral Incentives to Deviate From Efficient Employment Subsidies. Finally, we noted
in the text that, unlike with consumption subsidies, there is a unilateral incentive to
deviate from efficient policies with a small employment subsidy, implying that employ-
ment subsidies must be constrained in an efficient NTA. To see this, let us begin from
free trade and efficient consumption subsidies and no employment subsidy, plus effi-
cient standards, and consider the home country welfare, which is given by 2% (a”, pF) =
L" — N"log P"(a*, p*) — N* -=. Suppose, beginning from these efficient policies, the
home country were to introduce a small employment subsidy. The revenue consequences
of a sufficiently small employment subsidy would be inconsequential (second order); but
a small employment subsidy would increase the profits of home firms and shift the home
zero profit line in (toward the y-axis in Figure 1) while leaving the profits of foreign firms
unchanged and thereby leaving the foreign zero profit line unaffected. This implies that
P" would fall (while P¥ would rise), yielding a first-order increase in home welfare Q7.
Hence, and distinct from consumption subsidies, countries have a unilateral incentive to
deviate from efficient policies with employment subsidies.'

An Efficient Agreement Does not Need to Specify a Consumption Subsidy. As long as
the choice of consumption subsidy satisfies national treatment (and net trade barriers are
zero), countries will unilaterally chose the efficient consumption subsidy for any fixed set
of product characteristics. For any fixed set of characteristics, welfare is given by

02 =—logP" —log P" + z"ngcf + 2" nycl, — s" G" — s"G*,

'We have illustrated the incentive to defect from efficient policies with employment subsidies by focusing
on the delocation incentives that exist with such policies, but there are also terms-of-trade incentives that arise
with employment subsidies and that are absent with consumption subsidies in this model.



14 G. M. GROSSMAN, P. MCCALMAN, AND R. W. STAIGER

where
c.pP’ 1
o’ zn1%6§+nKLJUi 15;<= lis] - 1—s :Q]CIJD’
o -0 o P U
P = [ns(4))"(p)"" + i (4%) (k) ] = Q' (1),
where

0 = [nJ(Aj)"'(qj)l—o- +nK(A';<)U(LJq']]<)170]ﬁ.

Consider an initial situation where z¥ = zF = 0 and note, using equation (7) in the main
text that the ad valorem cost of serving either foreign market is 1+ v = «. Using the above
conditions, the welfare function can be written as

0 =—logQ" —log Q" —log(1 —s") —log(1 —s") — s" Q" C} —s"Q"C},

140" 1dQF 1 dQ"CY . dQ"C]

d0 ;
- - _ _ cH _
H P of ds"  QOF ds” + 1—s" Q7Cp s ds" ds"

ds'

Using (9) in the body of the paper we can simplify this expression since — = Q" C}.

ds)
ds™

__Ldot 1d0" ,d0"Cy  d0'C
JH_pF o ds"  QF ds" ds" ds?

To evaluate this expression, consider

d H 1 H o 70’d o 170'd
= T g ) G ()

_ & [(AZ)“(qzr“’ dny , (A7) (va)"” ]
Clmel oot e et

Note that ny (A% (g%)'=7/(Q")'=7 is the expenditure share of Home for Home’s pro-

duction. So PHCHnuy(A®)7(¢i)'=7/(0")'= = nypHcl. Since PHCH = 1,
np (A7 (g~ /(Q)'=7 = nu piicy, so (A7 (qp)'~7/(Q")'"" = piicji. Using this
dof _ O (pH Hdng o H Hdnpy gl ive 490 — O (pF oFdnyg
property, 5 = = (pycy i + PrCr 5f)- Similar steps give 5 = = (pycyof +
F .F dnp
PrCr g )-
) . dQFct A=) .
From (9) in the body of the paper, it follows that —5* = —=— = 0. However, this
. . doFcF n n . ) g | n U
implies =2 = ghch 28 4 gt ch 4 = 0. Since (1 —s")(ghch %% + gl el %4) = 49 (o —

1), it follows that this term is also zero.
Using these results to cancel terms, we are left with an expression that is a function of
home country factors alone (i.e., only unilateral considerations matter):

0| 1ag" 0"k
ds" | u_,r_g o ds" ds"

1 QH dnH an dnH dl’lF
= g1 el i+ el ) = (vl o+ vt
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1 di’lH di’lF SH dnH an
= o (et g+ ot i ) = g (el g+ ket )

Hence, when s = 1/, welfare is maximized.

A.5. Proof of Proposition 2

We look for the Nash equilibrium choices of product standards in an FTA without NT.
By an FTA, we mean that the two governments are constrained to set 7/ =0, e¢; =0, and
we also have s’ = 1/0. Consider the outcome from free entry when af, = dpin, @5 = G
and a}f and a}, are at their profit-maximizing levels in response to these extreme standards
for imports. There are three possible outcomes: (i) ny > 0 and np > 0; (ii) ny > 0 and
np =0; (iii) nr > 0 and ny = 0.

Case (i): If ny > 0 and np > 0 when af; = anin, @ = ama and aff and ak are at their
profit-maximizing levels in response to these extreme standards for imports, neither gov-
ernment can induce “complete delocation”; that is, exit by all firms in the other country.
As long as there are active firms in both countries, each government has an incentive to
push its standard for import goods to the extreme, since doing so (given the other govern-
ment’s policy) always reduces the local price index by the arguments in Figure 1. Given
the pair of extreme standards for import goods, the Nash response for each government
is to set the standard for local products equal to the profit maximizing level.

Case (ii): Now the home government can induce complete delocation and it has an in-
centive to do so. It will set its standard for import products high enough to ensure nr = 0.
There will be a range of standards that achieve this, including a@¥ = a,,,; all of them are
best responses so any can be part of a Nash equilibrium (with the same consequences
for other variables). But given that a! is chosen such that nr = 0, the incentives fac-
ing the foreign government are different. It does not use af, to induce delocation, since
such a strategy is bound to fail. Instead it “accepts”that all differentiated products will be
imported and it trades off the desirability of the import products given local tastes and
variety. By setting af, = a”, the foreign government selects the optimal variant in the eyes
of consumers in country F, considering both the direct effect on utility and the indirect
effect on prices. By setting af, at the profit maximizing level for home firms, it maximizes
variety. It will choose a standard somewhere between these two. Arguing in this way, it is
straightforward to establish that the best response for af, is strictly between a” and a’!.
Similarly, the best response for aff will be strictly between af, and a.

Case (iii) is similar.

On the Interplay Between Better Suitability and Delocation. In the text leading up to the
statement of Proposition 2, we described how the local incentive to deviate from efficient
standards reflects a combination of product suitability and delocation motives. Here we
show that the product suitability motive may or may not be operative on the margin in the
Nash equilibrium, but the delocation motive always is operative.

To this end, it is first helpful to express Z’;—g and Z’—,ﬁ, evaluated at an arbitrary a¥. Follow-
ing the same steps as in appendix Section A.2 but not requiring a¥ to satisfy the first-order

condition for profit maximization yields the following expressions for ZZ—Z and jai,ﬂ evalu-
F F
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ated at an arbitrary a¥:

acft opPH gck oPF[ N¥ acy
_H 1 H 7 1 F _ —
dny [ +d+y JPF ong ( + ) ( aF|)

JP" ongp o— F
daj ~ (ﬂﬁ_ﬂ_w"ﬂ)(ﬂ&_l e 08750
dny dng  dnp dng )\ 9P" oPF IP" gP*
IP" 9P
dall onp

_ , Al7
oP" 9Pt 9Pt 9PF (A17)

0’)HH ﬁnp B &nF &nH

acyt apP" acl, aPPN\[ NM cf
N 14+v)—— 1 ——CI)/ -
(G oo+ e S 2 )| e 2oy — 0 ]

dl’lF _ (9PH (9”1}?
H — H F H F ~H ~F
day oP" oP"  JP" 9P acil acy 4wy dCp dCy
dng dng  dng dnyg ) \ dP" oPF aP" 9P
aP" oP*
(9aF &nH
TP Pt P P (AL8)
(71’11—1 (97’11: 07”11: 07711{
. gl apH 9 apF ,9P aPF
It is clear that the term [} o T (I+v) 5 n

H ong

¢t gk aek
& : o ; nd [JPZ :;? (1+v)? '7;’}, A1 are positive, so the sign of the first term in (A17)

will be opposite the sign of (S N —(1+v)-
in (A18) will be the same as the sign of ( iz —(1+ )&CF d'(Jajf — a%|)). And as Lemma 3
confirms, the sign of the second term in (A17) is negative while the sign of the second
term in (A18) is positive.

Evaluated at the proﬁt maximizing choice of a¥, the associated first-order condition

r7LF

— @'(a¥f — ak])) while the sign of the first term

assures that (1 + )ﬁCF — d'(|a — ak|) = 0 and so the first term in each of the expres-
sions (A17) and (A18) 1 1s zero. But when these expressions are evaluated at a level of a¥f
above the profit-maximizing choice, we have —(1 + )"RF @' (|a — ak]) < 0 making

the first term in (A17) positive and, therefore, working to overturn the second term in
(A17), and making the first term in (A18) negative and therefore working to overturn the
second term in (A18). And when these expressions are evaluated at a level of a¥ below

®'(|ak! — af|) > 0 making the first

term in (A17) negative and therefore working to reinforce the second term in (A17), and
making the first term in (A18) positive and therefore working to reinforce the second
term in (A18).

Now consider Figure A1, which depicts ny and nr as a function of af. To draw the ny
and ny curves, we use expressions (A17) and (A18). The point in the figure labeled a’'!
is where ny takes its maximum value, and the point in the figure labeled a%* is where ny
takes its minimum value. According to (A17) and (A18) evaluated at the profit maximiz-
ing levels of af and af;, a¥f! < a¥* as depicted. Also depicted in the figure is the local

the profit-maximizing choice, we have —(1 + )56‘”
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FIGURE Al.—Number of firms as function of a¥.

ideal a”. And finally, as noted in the figure, P falls as we move away from the profit-
maximizing level a} in either direction.

Several observations follow from Figure Al. Moving left from the profit maximizing
level a¥, P falls due to the delocation associated with the fall in a¥, with n falling and
ny rising as foreign firms are delocated to the home-country market. So the incentive
for the home country to defect toward the left from the efficient profit maximizing af is
due to delocation. But moving right from the profit maximizing level a%, P falls despite
the fact that initially ny is rising and ny is falling. So the incentive to defect toward the
right from the efficient profit maximizing a is initially—in the interval ((a¥, ai')—not
due to delocation; it is due instead to the direct impact on P* of having imports adopt a
characteristic that is a little closer to the Home ideal a", and this direct impact dominates
the (anti-)delocation effects here. Once we move into the interval (a%!, at’?), both ny and
nr are falling with further increases in a¥, so again the incentive for the home country to
keep raising a} in this interval to lower P* is not due to delocation, but must still be due
to the domination of the direct impact on P of having imports adopt a characteristic that
is a little closer to the Home ideal a*. In the interval (a%?, "), we now have delocation
and the direct impact described above both helping to push P# lower. But for the interval
(a, ama), the direct effect is now going the wrong way so it is the delocation effect that
dominates at this point and keeps P* falling.

Finally, notice that Figure Al shows the number of foreign firms as being still positive
at a”, which, if a general property, would mean that only the delocation motive operates
in the neighborhood of the case (ii) Nash equilibrium. On the other hand, if n; hits zero
at a standard smaller than a”, then the “last little bit of standard”could provide benefits
both via delocation and via product suitability. It can be shown that both possibilities can
arise. Hence the product suitability motive may or may not be operative on the margin in
the Nash equilibrium, but the delocation motive always is operative.

A.6. Regulatory Convergence: FTA versus NTA

As argued in the text, when Nash standards are set at their extreme limits, a transition
from an FTA to an NTA will involve regulatory convergence. To see this is also true for
an FTA that involves complete delocation, suppose that n; = 0. This implies: (P#)?~! =
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(! Fro—1 _ P Q. .
AT (P = w7 Since firms are only active in the home country, the zero profit

.- . . _ NH LNF
condition gives: ny = bl

The choice of standard in each location will attempt to minimize the relevant local

price index. Substituting ny into the relevant price index and maximizing with respect to

the local standard generates the following best response functions:

(ay; —ay) d(ay —ay) _ Ad@y i)

O(ay —ay) day O Aag, vy)

+(—o)m(a,), Je(H,F). (A19)

The Nash equilibrium is the pair of standards that satisfy these two equations.

Regulatory convergence is confirmed by comparing the first-order conditions in (A19)
that characterize the Nash standards to those generated by profit-maximization and,
therefore, the globally efficient standards. For the representative home firm, the optimal
choices of @}y and aj, when z=0 and s = 1/0 satisfy

&' (ay —ay) d(ay — ay)

D@ —a)
A ~] J
= AL (a", &Z)[a% Y- a)n(ag)], J e (H, F), (A20)
H>

where Al (alt, a,) is the fraction of its global operating profits that the representative
home firm earns in market J. But with A/ (at, af) < 1 for J € {H, F}, it follows from
(15) in the body of the paper and (A20) that |afl — af,| < |all — af}|; and thus an efficient
NTA delivers regulatory convergence.

A.7. A Smarter OTA Without National Treatment

To illustrate the possibility of a smarter OTA, let us take an initial equilibrium under
the FTA with active firms in both countries and with a¥ = a,,,, and a%, = ay;,. Suppose
we were to depict the zero-profit lines for home and foreign firms when all firms are free
to choose their profit-maximizing characteristics for sales in their local market but are
subject to these extreme regulations in their export markets. In such circumstances, each
zero-profit would be downward sloping, just as in Figure 1. Moreover, it will often be the
case that the 7y = 0 line would have a (negative) slope greater than one in absolute value,
and the 7 = 0 line would have a (negative) slope less than one in absolute value, just as
in the earlier figure.

Now suppose that we contemplate a trade agreement with zero net tariffs, just as
with an FTA, but now with 7 = 7F = —e;; = —e; = 7 > 0. As we know, equilibrium
prices and quantities depend only on net trade taxes and so are independent of .
Home welfare in these circumstances would be given by 2 = Ly + 7( ﬁ)(!\;ﬂ’ —
Eu) — N¥log(PH) — N¥ L where aggregate home imports and home exports are

o1’
M = N¥np M (AR (pi)= (PM)7~!, Ey = N np AL (A% (ph) =7 (PF)7.

Would the home government still wish to apply the extreme standard of af = @y, in
such circumstances, as it would with free trade? Recall that under the FTA, the delocation
motive operates on the margin. Were the home country to slightly ease its regulation of
imports to something a bit less than a¥ = a,,, it would induce entry by foreign firms
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and exit by home firms; that is, it would reverse the last bit of delocation. The increase
in ny would contribute to greater imports. Also, since a¥ now is closer to a”, import
products would be more attractive which also contributes to greater imports. Finally, the
shift of @ away from the level that minimizes the local price index P eases competition
in the home market, which further contributes to a rise in imports. Overall, the easing of
standards causes imports to rise. Meanwhile, the fall in the number of home firms and the
fall in the foreign price index spell a reduction in home exports. The expansion in home
imports and the contraction of home exports generate an increase in home tax revenues,
as tariff collections rise and export subsidy outlays fall.

The net effect on home welfare combines the adverse effect of the cut in a¥ on the
home price index and the favorable effect on total tax revenues. Note, however, that the
marginal welfare loss from an increase in P is independent of 7, whereas the marginal
gain from the increased tax revenues rises linearly with 7. It follows that there must exist
a 7 large enough that the positive effect dominates.? In short, when 7 is sufficiently large,
the home government’s best response to any set of foreign standards will be to choose a
standard for imports strictly less than a,,,,. By analogous arguments, the foreign govern-
ment will choose an import standard af, that is strictly greater than dp;,. In other words,
the positive tariffs and offsetting export subsidies induce both governments to moderate
their regulation of imports. Finally, if the home and foreign zero profit lines under an
FTA are, respectively, steeper and flatter than a line with slope minus one, global welfare
will be higher under a smart trade agreement with 7 > 0 than under an FTA with 7 =0.

Although countries may be able to design a smarter OTA that improves upon an FTA,
there are no values of 71/ = —e; and ¥ = —ey that would permit an OTA without na-
tional treatment to deliver the first-best level of global welfare. To see this, begin at the
profit-maximizing standards illustrated in Figure 1. Suppose first that 7/ and 7F are set
to be positive and consider the welfare effects of a small increase in a¥. By Lemma 2,
foreign firms would enter and home firms would exit. By Lemma 3, there would be no
first-order change in either price index. Meanwhile, the increase in a) from the level
that is profit-maximizing for foreign firms makes the import product more attractive to
home consumers. Together, the increases in nr and A%, imply that imports M would
rise, which would generate a gain in tariff revenues. Meanwhile, the exit by home firms
reduces home exports E;;, so home outlays for export subsidies would fall. In combina-
tion, the home country’s tax revenues grow, with no first-order effect on its price index.
This combination represents a gain in welfare for the home country, and hence we have
that no positive 717 and 7% exist to discourage deviation from the first-best standards.
Suppose instead that the countries set 77 and 77 to be negative. In that case, the home
government could deviate by reducing its standard a¥ slightly below the efficient level
and raise domestic welfare with an increase in trade tax revenues and no first-order effect
on the home price index.’ So, negative tariffs (with positive export taxes) also do not dis-
courage deviations in standard setting. Evidently, a smarter OTA, no matter how smart,
cannot deliver the first best.

2Since M* and Ejy depend only on net trade taxes, and thus are independent of 7, the gain in tax revenues
generated by a reduction in @ grows linearly with 7, without bound.

3When a¥! is reduced below the profit-maximizing level for foreign firms, np falls, A falls, and ny rises. So
imports fall, exports rise, and the sum of outlays for import subsidies and proceeds from export taxes will rise.
Meanwhile, the home price index is unaffected to first order, so the deviation must be beneficial to the home
country.
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A.8. Nash Standards With National Treatment

Suppose that the countries have concluded an FTA that mandates free trade and sub-
sidies that counteract markup pricing; that is, we take 7/ = ¢; =0 and s/ = 1/0 for
J € {H, F}. The agreement also includes a mandate for national treatment in regulatory
policy. We ask, What characteristics will the two governments choose in a Nash equilib-
rium of standard setting, if there are no further constraints on their choices?

When all brands sold in country J bear the same characteristic, a’, the demand
shifters take the common value A’ = A(a’,y’). Then we can write the price in-
dex for country J simply as P/ = (A’)% [n,(p))'~" + nK(pj()’*"]ﬁ for J € {H, F).
Solving this pair of equations for the number of firms in each country gives n; =

Ky pl-rphl=r—al)o (piot-r Pyl
(A (AP (i) 1= (pp) =7 —(pi) 1= (pfp 1]
for both ny and ny. The denominator of this expression is always positive. It follows that
firms are active in both countries if and only if the numerators are positive for both J = H
and J = F. Using the pricing equations (8)—(10) in the body of the paper, this is equiva-
lent to (A" / AF)* (A7 JAFY =7 (14v)7L > (PH/PFY=7 > (A" ] AF)7 (A JAFY = (14-v)'-7,
where X/ = A(a’).

Assuming for the moment that firms are active in both countries, we can use the
two zero-profit conditions to solve for the equilibrium price indices. We find (P/)7~! =
N ,;g}ﬁiﬁi’gfw = J € {H, F}. Then, in a Nash equilibrium, each government chooses
its standard to minimize its price index, given the standard of the other. The best-response
functions that follow from the first-order conditions imply

, provided that the solution yields nonnegative values

o' (a" —a") d(c'zH—EzF)_ A, @,y _,
(I)(ZlH—ElF) 17 _UA(&J,yJ) +(1—0')n(a ), Jel{H, F}.

A.9. Nash Standards Under MR When Adaptation Costs Are Large

If adaptation costs are large, each firm will choose only one characteristic and invoke
mutual recognition to serve the export market. A firm then chooses a to maximize

A’ (@) Ma)' " N’ (P + A¥(ay) M@)o (1+v) " N5 (PX) "

The first-order condition implies:

J
A(a))"May) "N (P")" ["mg(a;l @) - U)Log(/\(‘”))]
ay day
+AK((1J)U)\(QJ)1_U(1+V)1_G-NK(PK)07]
K
5 |:0_&10g(A (ay)) - U)&log()\(a,))}
361] 861/

=0.
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Thus,
e oot [ dlog(A (ap)) B r?log()\(aH))]
(agy ey | o BRI 1 g TR
- log( A" 1
+ (ALY (1 + )" N"(P")" 1[0—0 Al @n) | _ 5 2loslAam) Og(’\(“”))}
(?aH c?dH
=0, (A21)
and
o g amot|  dlog(A"(ar)) B &log()\(ap)):|
(ap) e () [ TR g g TR
- log(A" log(A
+ A(ag)g(l + V)I_UNH(PH)U 1|:0_—c9 Og( (aF)) +1- 0')7(9 Og( (aF))]
dar dar
=0. (A22)
In addition, the two zero profit conditions imply
NH(PH)U—l _ [(Ai)a)\};” —(1+ V)lw(AZ)U)\}j”](T@(O)
Mo [(Am) (AT = A4+ (A) A+ (4A0)]
NF(PFY" = [(A}) Al = A+ )" (A7) A T ]o®(0)

AN (A (A = A+ (Al A+ ) (AR) ]
Substituting into (A21) and (A22) gives

H
U&log(A (an)) td— a)ﬁlog(/\(aH))]

(9aH [?(,ZH

(AR T3~ o ]|

+ (1) 77 (AD) (A AT — A+ v) 7 (AF) A ]

F
5 |:0¢910g(A (an)) - O_)ﬁlog()\(aH))i| _o,
ay ap
F
e P e ]
O’)a]: (9611:

F (L4 ) (A [(AE) A — (14 0) 7 (A5) AL ]

H
y [U&log(A (ar)) - (T)&log()\(aF)):| o,
(9(1[7 (9(11«"

The Nash equilibrium with MR is the solution of these two equations for ay and ar.

A.10. Demand in the Presence of a Consumption Externality

Here, we derive an explicit expression in the presence of a consumption externality
(¢ < 1) for the industry-level price index P’ that enters (2) and (3) in the body of the
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paper. As in the body of the paper, for ease of notation, we define
Al=1-8AY + £A(al, v'); Al = A(al, ')

and hence by (1) and (4) in the body of the paper per-capita utility in country J for ¢ <1
is given by

1
B
v’ =1+C{,+log<{2A{(c{)B+(l oA —A*’](C{M)B} )
ie®H
The first-order conditions for the utility-maximizing choice of ¢/ imply (C}) A/ (c/)? =
plc!, summing over i, (C}) Y, Al(c))? =, plc/. We define P’ so that P/C) =
Y. pic/. Then P/ = (C)F7' 3, Al (c))*. L 1 g
Also, from the first-order conditions, ¢/ = (p!)FT(A)FT(C))PT = Al(c])P =
(p)FT(A))FT(CL)FT. Hence we have P’ = (Ch)F'(p))si(A)F1(CL)FT =
(eSLIVALSIVHESS B B
1
Note that with ¢/ = ¢/, we can write C}, = [}_, A/ (c])P1P = (C)# [}, A/ (p])PT x
(A{)ﬁ;—ﬁl]%, e;nd '[herﬁeforlse1 (C{))ﬁ%11 = [ZiA{(p{)%(A{)’%]%, WhiChB impliesﬁ Cp =
8 (-1 B 1
> Al(pl)FT(A)F1] 5 . Substituting yields P’ = [3, A/(p!)F1(AHF1]F x
(p{)%(A{)B;—ll, or finally using o = ﬁ

o))" (A ()

i J

[ZA;(”””(A”“F () e en

i

P =

where the second equality follows from the expression for P’ given in (5) in the body of
the paper.

A.11. Proof of Proposition 6

In the text, we derived the following expressions which implicitly define the efficient

prices for ¢ € [0, 1]:
AF@\ (PEEN T
o=l (242) () )

AEE)\ (PEO\ T
o =o|(Z2) () |

where P’£ is the efficient industry-level (and brand-level) price index in country J when
& = 1. We claimed that for & < 1, piE(¢) < phE(1), p#E(€) > pHE(1), and that the
relationship between py*(¢) and pi#(1) depends on the form of product differentia-
tion; if different versions of a brand are horizontally differentiated, pff(¢) < phE(1)
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and pHE(¢) > pHE(1), whereas if they are vertically differentiated, pf*(¢) > pt£(1) and
P (&) < pF (D).

Efficient pricing can be implemented with a combination of efficient net trade taxes
and efficiency consumption subsidies, namely

AE (&) )AL
ATE(&) ) AF
0—1)

1 -1 A]E PJE (%5
s (- ()] e
J

We claimed that 775(£) + epp(£é) > 0 and s"(¢) > L for all demand shifters that
satisfy Assumption 1. In the foreign country, 775(&) + eyp(£) > 0 and s*2(¢) > L if
versions of brand i are horizontally differentiated, whereas 77 (§) + eyr(€) < 0 and
sFE(E) < % if they are vertically differentiated. To establish these claims, we need to ex-

KE .
L) (o) 7 — 1] for J € {H, F).

J

First, we prove another claim made in the text, namely, that under the efficient con-
sumption subsidies and net trade taxes and the implied vector of efficient prices (which
we denoted by p£(£)), and in combination with the vector of efficient product character-

istics (which we denoted by a*), we have

T]E(§)+6KE(§):(1+V)|: _1]7 JG{HaF}9

amine sgn[(

PEE) =PE=PF forle{H,F),

where P’E(¢) is defined by (18) in the body of the paper using a® and p*(¢) and P’* =
P’E(1). To show that PHE(&) = PHE (the steps to show PFE(¢) = PFE are analogous), we
first write PHE as

PIE = [ (ARE) (Pl (D) e (A2 (D) ]

where we have used 425 (¢ =1) = A% and A¥F (¢ =1) = AZE. Then, using the defini-
tion of P¥ and the relationship between P¥ and P¥, we have

PHE(£) = [PE)]
[n Ay (ALE©)" (pHE@E) ™ +n A (A’“f(f))"(p’“f(f))]”]ﬁ
Ao ! RGN ’

Plugging the expressions for p#£(¢) and p#*(¢) into the denominator of the above ex-
pression and simplifying then yields

[PYEe)]
F A;IE
AFE(&)

o—1

(ALEE) (PHE@&) ™ +n

i

n R ) (A;fE(f))"(pé’E@))“’]
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(PHE)*W*D

n i (AHE(f))U( HE(l))l_”(AII-?E(f))l(r &
HAZE(f) H pH AZE

AT HE (0 (1 1_0(/1?5(5))1”
€3 (1) —

= [ (ALF) (PEED) ™ + np(AZE) (pEE (D) )7
—pHE,

_|_

Having established that PHZ(£) = PHE, we turn to examine sgn[ (24 Hff) ) (Sr @y

1]. Using P#£(¢&) = PHE and the relationship between P? and P¥, we "have
(AZE@) (PHE@) )‘”“
AZE PHE

B (AZE@))(P”E(@)("”
ATE J\PHE(g)

_ (A’Zﬁ(g))

- AHE
AHE HE o/ HE 1-o AgE HE o/ HE 1-0
e gy (A" (©) (Pi™©) "+ e (AFHO) (p7(6)

i (ASEO) (PHEE)) ™ + np(ATE &) (pHE(©) ™"

ALE(é)
AITE
AEE)
AITE
nu(ASEO) (PHEE)) ™ + np(ATE (&) (pHE ()™

n(AREE) " (PHE©) ™ +np (A2E©)) (P ()™

<1,

where the inequality follows for ¢ < 1 from the ranking of efficient product characteristics,
that is, al’f > allt = ABE(&)/ALE < AHE(€)/ AFE. An analogous argument establishes

that
AFEE)) (PO T
(&) 7)

Similarly, in the foreign country, we have

AN (PEONT | (AN (PN
ALE prE =5 ATE DIE >1,
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for the case of horizontal differentiation, because then aF < aH = AFE(&))ALE
AFE(&) ) ALE. However, with vertical differentiation, aff < aff = AF E(&) /.A;E >
AF FE(E)/AEE, so the two inequalities are reversed.

Finally, in the text we also claimed that the additional consumption subsidies and
net trade taxes implied by efficient intervention in the presence of the consumption
externality are revenue neutral, implying that global welfare under the efficient poli-
cies when & < 1 is given by (&) =Y, L’ — >, N logP’5(&) = 3}, N’ - =3 L' -
>, N log P’E — 3, N/ -, the same level of global welfare that is reached under effi-
cient policies when ¢ = 1.

Note that the trade tax revenue goes from zero under the efficient policies when ¢ =1
to the amount

(Aéf(f))
;g g ALE ~JE
ZNH(HV). TN x [nxeélf], (A23)
f (“%")

J

under the efficient policies when ¢ < 1: the change in trade tax revenue is therefore given
by (A23). The increase in consumption subsidy payments is given by

1 o-1 AE() Eg), prEE)ing, aF, alF)\ T
vt (e e () (et )

J

~ - 1
X [n]Ech + nKE(l +v+ T]E(g) + €KE(§))C,J<E] — N] p

1 [HJEEjE + n](E(l + V)EQE]}

which can be simplified to

Ay’ (§)
J J J AJE "JE
XJ: —N 1nKE(1+V)C +N n]EC, +N 1nKE(1+V)|:AJE(§)i|
AT

_NJ[AF@)K ()" (O, i (6): n))
AgE P]E

AJE JE
X [njEéjE_}_nKE(l_’_v)[ K (g)/AK]'*JE}

(A7 &)/ AFF] *
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Hence, in going from § = 1 to ¢ < 1 the change in revenue implied by the efficient trade
taxes and consumption subsidies is given by

= 1 M_ GIE
ARev=) (N (a - 1>(1 +V)[A§E(§)/A§E 1][”“ECK |

1
+NJ< 1>HKE(1+V)EIJ<E

AVE(&) ) AETK
A;E('f) P](PfE(f),PLE(f);nE,afE,aff) trTfl
.AjE PJE

AE@EJAEE |

— N'nygéer® _NJ< 7 )nKE(l +v)

o—1

+ N’

X |:nJEE;E +nge(1+v)

which simplifies to

A (&) [P’(pﬁ’f@, PE@ing, )t aff)}"v‘ - 1}
A;{E PJE

ARev = ZN’{nKE(l + V)é{f{
J

JE P (p'E JE ¢ &Y. JE _JE\q 2L
| B[O et 0] 7y
7

Using P (af, pf(£)) = PHE and the relationship between P and P, we then have

NJ
ARGV:Z PTIPRCTINTIPR HE» 27 [ HE, o\ 1-0
7 nu(Ag"(©) (pr" (&) +ne(A7%(9)" (pF"(&)

N AJE AJE - Y
e - e SO 1| (@] (1 0) |
J J

AE NE i »
e -1l o) |
K K

~JE
+ nyecC;— - |:I’lKE|:

which can be rewritten as

NJ
ARCV = .
; nH(AZE('f))U(pZE(g))l_U —|— nF(AII;IE('f))‘T(pI];]E(g))l_g— KE'YJE
EJEEJE
J “K

X

o—1
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4E® 47E®
which implies ARev = 0 if and only if (1 +v) /G [ o 1] + Pe© [ i 1] =0. But
p - Y NE@ | aE@© NE@ | AE© -
AjE A E
substituting in the expressions for pJ# (&) and pif(¢) yields

piE(a[Aff(f)/AzE_ ] pff(&)[AfE(f)/AfE
s e Y

-1

M@ LA o) AE ]
T(p’E JE( g\, oE L JE

:(1+V)|:P (P77 (&), pE(é);n*,a

JE o-—1
7 Ak ) 7
PJE

5 [Aff(f) _AFE

L ANE ALE@)]
AE T AF AR A
=0.
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