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Abstract

This appendix characterizes the structure of optimal taxes in environments with
general technologies, general preferences, multiple countries, free entry, two-part tar-

iffs, uniform taxes, and strategic foreign governments.



A Technology

Assumptions. There are multiple factors of production indexed by n. L; = {L;,} > 0 now
denotes the exogenous vector of factor endowments in country i = H, F, whereas w; = {w;,}
denotes the vector of factor prices in country i. For each origin country i and destination country

j, a firm with blueprint ¢ that uses I = {I,} units of the different factors can produce

max{0, g;i(, ¢) — fii(¢ >}>” )

qij(l’q)) B < ﬂij(q))

where g;;(-, ¢) is homogeneous of degree one, strictly quasiconcave, and ;; > —1/¢. Firms
choose their mix of factors to minimize their costs. This leads to the following demand for factor

n by a firm with blueprint ¢ from country i selling g units in country j:

zijn(wi, @) i (9)g" T + fii(@)] ifg >0,

0 otherwise,

Lijn(q,w;, @) = {

where z;; ,(w;, @) denotes the solution to min;{w; - I|g;;(l, ) > 1}. Without loss of generality, we
normalize g;;(l, ¢) so that at the equilibrium vector of factor prices, ||z;j(w;, ¢)|| = 1 for all ¢. For
future reference note that the cost function of a firm with blueprint ¢ from country i selling g units
in country j is

cii(q, wi, @) = Y w; nzij n(wi, @) aii(@)g" i + fii(9)].

Below we let c;;(q, w;, ) and c;(q, w;, ¢) denote the first and second derivatives of the cost function

with respect to q.

Micro and Macro Problems. Under the previous assumptions, our micro and macro problems
generalize as follows. Home’s production possibility frontier is given by

(@) = max | Nutau({hna(9)}, 90 dGu()

Ign luF

NH Z /ZHj,n(gﬂ)dGH((p)SLHln,fOI‘aHTZ,
j=H,F

/NH (qur({IEa(@)}, 9)) Y/ dGr(e) > Qyf.



with 1y; = {lyj.(¢)} for j = H, F. Foreign’s offer curve is given by

H(Qu) = max [ Niaif ()G ()

qrH,QFF,WF

N /[VC%H(qFH((P),wF, ¢)qru(9)]dGr(¢) = Prr(Qrr) MRSE(QrE, Qrr) QuE
Lry = Lrrn(Qrr, wr) + N L) Iran(qra (@), we, 9)dGr(g), for all n,
uery (qea (@), we, 9)qeu(@) > cru(qru(9), wr, @),

where

Lrr,n(Qrr, wr) = NP[/b Ier,n (9rF (9| QFF, wE), wE, @)dGr(@)].

with
qrr(@|Qrr, wr) = {qFF(gDQFF'wF) if ucrp(Ger(@), we, 9)qre(@|Qrr, wr) > crr(Gre(@|Qrr, wE), WE, @),

otherwise;

ucrp(qrr(@), wr, @) if ucpp(qre(@), wr, 9)qre(@|Qrr, wr) > crr(qrr(@|Qrr, wr), WF, @),

1) otherwise;

pre(@|Qrr, wr) = {

7rr(@|Qrr, wr) = [ucrr(Gee(@), wr, ¢)/ Per(Qrr, wr)] ™ QFr,

1/(1—0)
Prr(Qrr, wr) = </ Ne(per(@|Qrr, wr))! adGF(Q())) .

Home’s macro problem is given by

max Uy (QHH, QFH
Quu,Qru,QHF (Q Q )

Qru < Qru(QHur),
Qun = Quu(QHF)-

Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one can
check that conditional on Qgr, the optimal allocation coincides with the allocation in the decen-
tralized equilibrium. This reflects the fact that, conditional on the size of an industry, the decen-
tralized equilibrium under monopolistic competition with CES preferences is efficient, just like in
our baseline analysis. It follows that the first part of Proposition 1 generalizes without qualifica-
tion to environments with general technologies: (i) domestic taxes are uniform across all domestic
producers and (ii) export taxes are uniform across all exporters.

Solving the second micro problem as we did in our baseline analysis, one can check that the

first-order condition that characterizes the output level of an unconstrained firm that produces a



non-zero amount is now given by

1 4+ SEulaEn(9) ©r 9)tn (@),
rr(@Fa (@), wr, @)

(/) [gku (@) ' =Arpcky (qtu (@), we, @)(

+ Z/\L,HZIFH,n(‘ﬁ-"H((P)I WE, ¢).

Given our restrictions on technology, this implies

Zn /\L,nZFH,n (wF/ (P)
Y WEnZrHn(WE, @)

(1/w)[qta (@) = crplqtu (@), wr, @) [Arp(l + ver) +

For all unconstrained firms with the same factor intensity z, i.e. such that zry (wr, ¢) = z, optimal
import tariffs must therefore be constant.
Turning to constrained firms, the one-dimensional subproblem of finding the amount of for-

eign imports of variety ¢ is now

max g/ " — Arpchy (9, wr, )9 — Y Arulena(q, wr, @),
n

pcrr (9, wr, 9)q > cru(q, wr, @).

Focusing again on a subset of firms with the same factor intensity z, appealing to our restrictions
on technology and changing variables to § = '+ 74, jir = (1 + yrp) w,AL(2) = Ly ALnzraa(WE, @),
and A7 (z) = At ¥, W nzrm . (WE, @), this can be restated as

max !/ — A (z)rarn (9)7 — A (z) lar(9) + fr (9],

firgarn(@) > qaru (@) + fru (@) -

This is the same problem as in our baseline analysis. For firms with the same factor intensity z,
we therefore again have the implication that tariffs should be lower for a non-empty set of less

profitable firms.

B Preferences

Assumptions. The utility function of the representative agent in each country is given by

Uj = uj({Q]Iinf Qllg]})'
Q=1 L NE(gf(9)) /" dGH ()],

with p* = 0%/ (0¥ — 1) and o* > 1 for all k.



Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

({QHHI QHF} = mm ZNH/ lH] 5IH] de 1(p)

qH]

k k .
N, /p (454, (9))1/"dGE (@) > (Qly)) /", for all j, k.

Fix a benchmark group k. Foreign’s offer curve can be expressed as

1/]4"0
(Qls{Qhu s (Qlie) " = ma [ N (a9 G )
{aFut AQk} /@

N [wazu(@)atn(g)dCk (o)
= ZPFF QPF)MRS ({QHF/ )QHF/
MRSkkO({QHF/ r}) = Pip(Qbr) /P (QR) for all k # ko,

Lr=Y [Lézp(Q’fcp) N [ drn(aaCo) <o>dc§<<o>] ,
k (]

1/uk
LNIE(QFH(Q))Wdeé((P) > (QIEH) for all k 7# ko,

narr (Gt (@), @)a5u(9) > len(qku(9), @),

where MRS, -({Q¥:, Qk:}) = (0Ur/9Q%;)/(dUr/dQk;) is the marginal rate of substitution
between Home’s goods and Foreign’s goods within group k in Foreign and MRS';kO({QI;}) =
(0Ur/0Qk%;)/ (dUE/ BQIEOF) is the marginal rate of substitution between Foreign’s goods in groups
k and ko in Foreign. Home’s macro problem is given by

max ({Q]I(—IH/ QIEH})
{Qhn Q1 QK

QR < Q% ({Qk s ko {Qk}),
Ly({Qfn, Qfir}) = Lu.

Optimal Taxes. Using the same arguments as in the main text, group by group, one can show
that our qualitative results about the optimal structure of micro-level taxes continue to hold.
Specifically, within each group, domestic taxes are uniform across all domestic producers, export
taxes are uniform across all exporters with each group, and import taxes are lower on the least
profitable exporters from Foreign. Like in our baseline analysis, the set of foreign firms for which
there is positive discrimination is non-empty if and only the Lagrange multiplier on the trade bal-

ance condition, Ar, is strictly positive. Compared to our baseline analysis, as well as the previous
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and subsequent extensions, the only difference is that we can no longer rule out situations where

At is weakly negative.

C Number of Countries

Assumptions. Consider a strict generalization of our baseline environment with arbitrarily

many countries. Home remains the only strategic country, whereas all countries i # H are passive.

Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

La({Quj}) = mln n Ny 2/ Iuj(qHi(@), 9)dGH(9)]

NHL(L]HJ'(@» "dGu () > (Quj)'#, for all j.

Fix a benchmark foreign country iy # H. We use labor in country iy as our numeraire, w;, = 1.

The offer curve from the rest of the world can be expressed as

(Qior({QHj}jH, {QiH}i;AiO,H))U” = (qion (9)Y1dG;, ()

{qu} {QI] z;éH]#H {ZU, z#zOH/

Nz'/[VwiﬂiH(qv)qu(Gv)]dGi(@) + ) P( Qi wi) Qi
7

= P;i(Qii, wi) MRS i (Qpi, Qit) Qi + Y, Pji(Qji, wy) Qji for all i # H,
i

MRS;i(Qji, Qi) = Pi(Qji, w;) / Pii(Qii, w;) for all i # H and j # H,

Li = Z Ll](Ql],wl) + NZLZZH(%H(QD), (!’)dGl(go), fOI‘ allz # H,
j#H

/ Ni(qie(9))#dGi(9)) > Qiff", for all i # io, H
b
naipr(9)qin(¢) > Lin(qin(@), @), for all i # H.

where MRS;;(Qji, Qi) = (Qji/ Qii) /7 is the country i’s marginal rate of substitution between
goods from country j and its own goods and for any i # H and j # H, the price indices,

P;j(Qij, w;), and employment levels, L;;(Q;j, w;), associated with the sales from i to j are such that

1/(1—0)
Py (Qy ;) = ( [ NtpitolQw)' -G <¢>) ,



Lij(Qij w;) = Ni[L lii(9i (9] Qij, wi), 9)dGi ()],
with
7ij(@1Qij,wi) ,if paii(@)qi; (@l Qi wi) > 1ij (i (@|Qij, wi), @),

, otherwise;

o

9ii (@] Qij, wi) = {

pwiaii(@) , if paii(9)qi (@ Qij, wi) > Lii(7:i(@|Qij, wi), @),

1) , otherwise;

pii(@|Qij, w;) = {

3ij(@|Qrr, wr) = [pw;a;j(@)/ Pij(Qij, wi)] 7 Qjj.

Home’s macro problem is given by

max U ;
{Qmui,Qin} H ( { QZH})

Qio < Qiorr ({ Qi Yistigr { Qi Fistiy).
Ly({Qmni}) = Ln.

Optimal Taxes. Using the same arguments as in the main text, country by country, one can
show that our qualitative results about the optimal structure of micro-level taxes are unchanged:
taxes should be uniform across Home firms selling to the the same destination country, whereas
import taxes should be lower for a non-empty set of the least profitable exporters from any given

origin country.

D Free Entry

Assumptions. Producing any variety in country i requires an overhead fixed entry cost in terms
of domestic labor. Firms are heterogeneous in their fixed entry costs. N;(f¢) denotes the measure
of firms with entry costs below f° and f{(-) denotes the inverse of N;(-). Once firms have paid the
overhead fixed cost, they randomly draw a blueprint ¢ € ® from the same distribution G;. A de-
centralized equilibrium with taxes is composed of schedules of output, qij = {g;;(¢)}, schedules
of prices, pij = {pij(¢)}, aggregate output levels, Q;;, aggregate price indices, P;;, wages, w;, and



measures of entrants, N;, such that

0 otherwise,

o) — {qmo) if paij ()7 (9) > 1i(d5(9), @),
ij

pij(¢) = {pl](q)) it paii(@)aij(9) 2 Lij(aij(9), 9),

00 otherwise,

Qnj, Qrj € arg man {U;(Qnj O Y gy r PiQij = wilj + Tj},

P = [ NI+ to)p o) 7dGi(p),
(N) = Ypoar [ [104(9)05(9) ~ 15(01(¢), )G9,
£ (N;)
L= NT [ 1o )Gl + [ Fiani(r)

Ti :Zj_H,p[/qDthji(@)Pji(@)‘ﬁi(q’)d(;j(q))_/1)Nisij(q))pij(ﬁ”)‘]ij(q))dGi((P)]-

(D.1)

(D.2)

(D.3)

(D.4)
(D.5)
(D.6)

(D.7)

Micro and Macro Problems. Under the previous assumptions, our micro and macro problems

generalize as follows. Home’s production possibility frontier is given by

quH.9HF, Ny

fii(Nu)
Li(Quu,Qur) = min_ Ny[ ) /lHj((«IHj((P)/(P)dGH((P)]JF/ fANH(f¢)
j=HF/® 0

LNH(QH]'((P))UWGH((N > Qyf' forj = H,F.

Foreign’s offer curve is given by

1/’l(QHF = max / Npql/ﬂ )AGE(9))
qrH,QFF,NF

Np/yapH(qo)qu((p)de(q)) = Prr(Qrr, NF)MRSF(Qnr, Qrr) QHF
f£(Nr) = 7trr(Qrr, NF)

+ [ asu(@)aen(e) ~ len(aen(9), )G (g),

f£(NF)
Lr = / feANE(f®) + Lre(Qrr, NE) + NF/ Iru(qra(9), 9)dGr(@),
0 @

nar(@)qen (@) > len(qen (@), @),



where expected profits and total employment associated with the local sales of foreign firms,
7TFF<QFF; Np) and LFF(QFF/ Np), are given by

7rr(Qrr, Nr) ELWFF(QD)QPF((MQPF,NF)dGF(q))—LlFP(QFF(€0|QFF,NP),q))dGF(G”)/ (D.8)
Lrr(Qrr, Nr) = NF[/@ Irr(9rr(@|Qrr, NE), 9)dGr(9)]. (D.9)

with

qrr(¢|Qrr, NF) =
, otherwise;

{EIFF(GDQFF,NP) ,if papr(@)dre(@|Qre, Nr) > Irp(Ger(@|Qrr, NE), @),

(D.10)
per(9]Qrr, Ne) = {WPP((P) ,if parr(@)qee(@|Qrr, Ne) > Irj(qre(9|Qrr, NE), @), (D11)
00 , otherwise;
Gre(@|Qrr, Ne) = [parr(¢)/ Prr(Qrr, Nr)] "7 Qrr, (D.12)
1/(1-0)
Prr(Qrr, Nf) = (L Ne(pre(@|Qrr, NF))l_UdGF(§9)> : (D.13)

Home’s macro problem is given by

max U ,
Quu,QrH,QHF H(QHH QPH)

Qrn < Qru(QHur),
Lu(QuH, Qur) = L.

Optimal Taxes. Solving the first micro problem as we did in our baseline analysis, one can
check that conditional on Qpn, Qnr, and Ny, the optimal allocation again coincides with the
allocation in the decentralized equilibrium:

(nanj(@)/Anj)~7, if ¢ € Ppj,

] (D.14)
0, otherwise,

q1j(@|Qun, Qnr, Nu) = {

with @y = {¢ : (4 — Dapi(¢)(panj(@)/Auj)~" > fui(¢)} the set of domestically produced
varieties sold in country j. The only difference compared to our baseline analysis is the outer
problem that minimizes over Ny. At an interior solution, the derivative of the value function as-
sociated with the inner problem should be equal to zero. By the Envelope Theorem, this condition

simplifies into

fi(Nu) = ). A(AH]'(@H]'((P!QHH/QHFfNH))W—lHj(qu(GO\QHH,QHF,NH),fp))dGH((P)-
j=H,F

(D.15)



This determines the optimal measure of domestic entrants, Ny (Qgn, Qur). The optimal micro
quantities are then given by qy;(¢|Qun, Qur) = quj(¢|Qnn, Qur, Nu(Qun, Qnr)). It follows
that the first part of Proposition 1 also generalizes without qualification to environments with
free entry: (i) domestic taxes are uniform across all domestic producers and (ii) export taxes are
uniform across all exporters.

To solve the second micro problem, we proceed as we did in our baseline analysis to express

optimal imports conditional on Qgr, Qrr and N as

(uxFyara(9)) ™7 ,if ¢ € Opy,
qru(@|Qur, Qrr, NF) = < fru(@)/ (4 — Daru()) ,if ¢ € &y, (D.16)
0 , otherwise,

with xE; = AL + Ar+ (4 — 1)(Ar + Ap/Ng) > 0, where Af is the Lagrange multiplier associated

with the free-entry condition in Foreign, and the two sets of imported varieties defined by

Oty = {¢: 0ru(p) € [(max{(AL — Ae/Np)/xEy, 11 xEy, )},
tr = {9 : 0ru(9) € [AL+ A1, XEn) }-

Since xk, > 0, the constrained set ®},; is non-empty if and only if A7 + Ag/Nr > 0. To show
that import taxes remain lower for a non-empty set of the least profitable exporters from Foreign
under free entry, it is therefore sufficient to establish that A7 + Ag/Np > 0.

We proceed by contradiction. Suppose that At + Ag/Nr < 0. Consider the Lagrangian,

L(qru, Qur, Qrr, NF) = LNFq}fg(QD)dGF((P))
+ A1r(Prr(QFr, Ne)MRSE(QuF, Qrr) Qnr — NF / nary(@)qrn(9)dGr(g@))

+ Ae(fF(NE) — e (Qrr, NE) —/[WFH(GD)QFH((P) —Ien(qrn(e), ¢)1dGr(g))

f#(NEF)
+A(Lp —/O fdNF(f°) — Lrr(Qrr, NF) — [DNFIFH(DIFH(QO)IGOWGF(GO))-
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At an interior optimum, we must have

0L ({qrH(¢|Qur, Qrr, NE)}, Qur, Qrr, Nr)
JNr

:/QQ%IH((NQHP, Qrr, Np)dGr(¢@) + At

OPrr(Qrr, NF)

ONF MRSr(Qur, Qrr)QHE

dff(Nr)  0mrr(Qrr, Nr)
dNp ONF

- AT/V“FH(?)QFH(¢|QHFr Qrr, Np)dGr(@) + AE (

OLrr(Qrr, Nr

= a5 + PR g (91 Qnr, Qrr, N, )G (9)) = 0

Under the assumption that At + Ag/Nr < 0, @4y is empty. Equation (D.16) therefore implies

Aq}?g(@QHF,QFP,NF))dGP(G’)) :/q)VXEH”FH((P)’?PH(WQHP,QFP,NF)dGF((P)-

Substituting this expression into the previous first-order condition, we get

Ar (aPFF(QFF/ Nr)

ON MRSr(Qnr, Qrr)Qur + (1 —1) / nary(@)qra(@|Qur, QFF, NF)dGF((P))>
F ®

A dfe(N 0 /N,
+N7i <NF fld—"l(\]FF) _ NFT[FF(B?\Z;DF) + (Iu — l)L}«lapH((P)QFH(WQHF, QFF, NF)dGF((P))>
o (e OLrr(Qrr, Nr) _ -
Ar | fr(NF) + ON; /q)[}mPH((P)QFH(QD\QHF, Qrr, Np) = Iru(9rH(9), ¢|Qur, Qrr, Np)] dGr(9)

=0.

Since At + Ag/Nr < 0, this further implies

Ar (aPFF(QFP/ Nr)

ON; MRSF(Qur, QFF)QHF) b A <dfFe(NF) _ aTL’FF(QFP,Np))

dNr ONr

. (5(00e) + 2D [ s ()il Qur, Qo Ne) = s (), ¢1Qur, Qre, Ne)] dGe(9) )

>0. (D.17)

To simplify the previous expression, note that

Lrr(Qrr, Nr) = r{llFan NFLZPF(QFF((P),(P!QFF,NP)dGF((P)
| Neai (9)aGe(g) = Qi

The counterpart of equation (D.14) for the foreign country therefore implies

el Qe Ne) _ | (are(@)are (91Qer Ne) ~ e (qre(91Qrr, Ne), 0))dCr(g),  (D18)
F [
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Substituting this expression into (D.17) and using the free entry condition (D.5) for country i = F,

we obtain

dff(Nr)  0mrr(Qrr, Nr)
dNF ONp

0Prr(Qrr, Nr)
ONr

Ag( ) > —Ar MRSr(Qur, Qrr) QHe- (D.19)

To conclude, note that: (i) Ap > 0, (if) 2EQEND) < o (jjj) Zer@eNe) < 0, and (iv)
% > 0. Condition (i) derives from the same argument as in Section 3.4. Condition (ii) can
be established by contradiction. If Prp(Qrr, Nr) were strictly increasing in N, then by equation
(D.13), prr(¢|Qrr, Np) would have to be strictly increasing in Nr for some goods, which, in turn,
would require §rr(¢|Qrr, Nr) to be strictly decreasing in Nf for those goods. By equation (D.12),
this would require Prr(Qrr, Nr) to be strictly decreasing in Nf, a contradiction. Condition (i)
derives from the fact that 7trr(q, ¢) = parr(@)q — ler(q, @) is strictly increasing in g and that since
0Prr(Qrr, Nr)/ONp < 0, qer(9|Qrr, Nr) is decreasing in Nr. Finally, condition (iv) derives from
the fact that f£(-) is the inverse of a strictly increasing function.

Given conditions (i)-(iv), equation (D.19) implies Ag > 0. Since Ay > 0, this further implies
that A7 + Ag/Nr > 0, a contradiction. This establishes that import taxes remain lower for a non-

empty set of the least profitable firms under free entry.

E Two-Part Tariffs

Assumptions. In addition to the ad-valorem taxes available in our baseline model, we now
assume that Home’s government also has access to firm-specific fixed fees: {S{I j(gﬂ), t{ 1(@) }i=h,F.
In order to sell any amount in Home’s market, a firm with blueprint ¢ from country j needs to
pay t{ 1(@). Conversely, any firm from Home that sells any amount in market j receives s{q ].(q)).

Foreign’s government is still passive.

Micro and Macro Problems. Under the previous assumptions, our first micro problem and
our macro problem are unchanged. The only difference is Foreign’s offer curve. It is given by

UK(Qup) = max L Neqi (9)dGr(9)),

th qre, QrF

Nr /[WPH((P)‘]FH((P) - t{—"H((P)]dGF((P) = Prr(Qrr)MRSF(Qnur, Qrr) QHF,
Lr = Lrr(Qrr) + Nr [D Irn(qeu (@), @)dGr(9),

nar(9)qrn(9) =ty (9) = Len(qru(e), @)
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The Lagrangian associated with the one-dimensional subproblem of finding the amount of foreign

imports of variety ¢ is
e "t — Arluaru(9)q — t] = Aler (4, @) + Ax (@) [Haru(9)q — t — len (g, ).
Linearity with respect to t implies A;(¢) = Ar. Thus, this can be rearranged as
mqaqu/” = (A1 +A0)lEn(q, 9)-

Like in the case of domestic output and exports, this leads to the first-best level of g given the
Lagrange multipliers At and A;, implying that the non-negativity of profits does not affect the
level of imports.

Optimal Taxes. The first micro problem is unchanged, so the first part of Proposition 1 gener-
alizes without qualification to environments with non-linear taxes: (i) domestic taxes are uniform
across all domestic producers and (ii) export taxes are uniform across all exporters.

Since the profitability constraint does not affect the level of g, we get the same variable taxes on
all foreign exporters. Fixed fees, {tj;H((p)}, however, vary. The same argument as in the baseline

implies that A7 > 0 and thus A,(¢) > 0. Hence, by complementary slackness,

ot (@) = [napa(@)aen (@) — len(qen(9), 9)).

This implies that the fees extract all producer surplus from selling to Home, and hence there is

now positive discrimination across all firms, with lower fees on the least profitable firms.

F Uniform Taxes

Assumptions. Suppose that Home’s government is constrained to set uniform taxes: tyr(¢) =
tur, tuu(@) = tun, sur(@) = 5ur, and sy (@) = Syy for all ¢. Foreign’s government is still

passive.

Micro and Macro Problems. Compared to our baseline analysis, the only difference is that

the micro problems now include an additional constraint:

qij(¢")/qij(9) = (aij(¢")/a;i(@)) "7 for any ¢, ¢’ such that q;;(¢"), 9;(¢) > 0. (E1)

For varieties from Home that are sold in any market, i = H and j = H, F, constraint (F.1) was
already satisfied by the solution to our first micro problem. So the value of Ly (Qpy, Qnr) remains

unchanged. In contrast, for foreign varieties that are imported by Home, i = F and j = H,
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constraint (F.1) will bind at the solution to our second micro problem, leading to a new offer curve
in Foreign. The other equations that characterize the solution to Home’s relaxed planning problem

are unchanged. In particular, one can still reduce Home’s macro planning problem to

max U ,
Qun,QrH,QuF H(QHH QPH)
Qru < Qru(Qur),

Lu(Quu, Qur) = L.

Optimal Taxes. Starting from the macro problem, one can follow the exact same steps as in our

baseline analysis to show that

(Ot i) /()
- - =1/79". E2
At/ Atshy) 0 (£2)

Conditional on Qgr, one can check that the decentralized equilibrium abroad must be such that

MRSr(Qnr, Qrr(QrH)) = Pur/ Prr, (E3)
MRTr(Qrr, Qrr(Qrn)) = Prr/ Prr, (F4)
PyrQur = PruQrn (E5)

with Py the untaxed price of Home’s imports, and Qrr(Qry) given by the implicit solution of

Lr(Qrn, QFF) = Lr. (F.6)
By equations (F.3) and (F.4), Home’s terms of trade can be expressed as

_ MRSFr(Qur, Qrr(QrH))
P(QrH, QHr) = MRTr (Qrrr, Orr(Or)) (E7)

Combining equation (F.7) with the trade balance condition (F.5), we can describe Foreign’s offer
curve implicitly as

P(Qru, Qur)Qur = QFH. (E8)

Totally differentiating the previous expression with respect to Home’s aggregate exports and im-
ports, Qur and Qrp, we obtain
1= (1+pur)/(1—prn), (F9)

14



where Home’s terms-of-trade elasticities, p;; = d1In P(Qry, Qur)/d1In Qjj, can be computed using
equation (F.7),

pur = —1/0, (F.10)
prg = —(1/xpp —1)/0 — xp, (F.11)

with xpr = PrrQrr/ (Lp +I1p) and kr = dIn MRTr(Qrn, Qrr(Qrr))/d1In Qrp.
Combining equation (F.2) with equations (F.9)-(F.11), we obtain

(I +Fy)/ A+ y) 14 L+ oKEXEp
(1+55p) /(1 +55y) (0= 1)xpp

where 7 and x7 are the values xr, and xrr evaluated at those taxes.
To conclude we show that k; < 0 whenever Gr has strictly positive density around blueprints
¢ with profitability such that foreign firms are indifferent between selling and not selling in at

least one market j = H, F. By equation (F.4), we know that

(Jop,, (arr (@) ~0dGE () 0=

MRTr(Qrn, Qrr(QFn)) = (o, (are(9))17dGr (9))1/ 071"

with the set of foreign varieties sold in market j = H, F such that

@ ={p: (1= Dl (Q)Ne | ali(9)dGr(9)) Qe = fri(9)}:
Fj

If Qp; increases, ®p; expands and ( fq)Fj(ﬂFj(QD))l_UdGF((P))l/ (1-0) decreases. Furthermore, if Gr
has strictly positive density around blueprints ¢ with profitability such that foreign firms are in-
different between selling and not selling in market j, ( fcbpj (a Fj(?))l_”dGF (9))/(1=9) must strictly
decrease. Since labor market clearing requires Qrr to be strictly decreasing in Qrp, it follows that
MRTr(Qrn, Qrr(Qrp)) is strictly decreasing in Qryy whenever Gr has strictly positive density
around blueprints ¢ with profitability such that foreign firms are indifferent between selling and
not selling in at least one market j = H, F.

G Nash Equilibrium

Assumptions. Both governments are strategic and simultaneously set their taxes, taking the
taxes of the other government as given. Namely, the government of country i = H, F sets ad-
valorem taxes, tui = {tni(@)}, tsi = {tri(@)}, siu = {sin(@)}, sir = {sir(¢)}, in order to max-
imize the utility of the representative agent in country i, taking as given the ad-valorem taxes,
taj = {tuj(@)}, tgj = {trj(¢)}, sju = {sju(@)}, sjr = {sjr(@)}, in country j # i. This leads to the
following definition of a Nash equilibrium.
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Definition 1. At a Nash equilibrium, the government of country i = H, F solves

U;(Qki, Qri),

max
{T;}j=n,r Abi83 } j= b, 505 A 935,Qi,Pij P Yi j=H E

subject to conditions (D.1)-(D.7) taking as given {t;_i,s_ij}j—m,r-

Planning Problem. The problem faced by the two countries is symmetric. Without loss of

generality, we focus on Home’s problem. It can be expressed as

u v 7
qHH/qFHr‘]HFrglI?I;fQFF/QFHrQHF H(QHH QFH)
N V/1+SF ri(9)dGr(¢)
(qur(e 1/” /o
= Ng 14 tor PFF(QFF)MRSF(QHFr Qrr)QurdGu(e), (G.1)
Lrr(Qrr) + /NFZFH(QFH(QD),QO)dGF(qD) =L, (G.2)
ANF(CIPH(@))UMGP(GD) = Qpl, (G.3)
narn(@)qen(@) > len(qen (@), @), (G4)
/ Ni(qu;(9))"/"dGr(@) = Qy/ for j = H, F, (G.5)
/ 1110113 (9), @)dGri ()] < Lig, G6)
with
1+ ter(g) 1o
7(Qrr) = / F [WFF((P) dGr(¢),
¢:parr(@)drr(@|Qrr) >1rr (Grr (@|QrF),9) 1 +SFF<¢)
Lrr(Qrr) = / Nrler(Gre(@|Qrr), ¢)dGr (o),
¢:parr(¢)Gre(@|Qrr) >1FF('1FF(fP\QFF) ?)
. 1—|—th( ‘uﬂlpp( ) ]
gre(@|Qrr) = [1+SFF ) Prr(Qrr) QrF.
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Noting that MRSr(Qpr, QFF)Q}I/F‘T = Ql/ 7 is independent of Qyr, we can solve Home’s problem
by first solving the relaxed problem,

qHHIQFH/nglr%éH/QFF/QFH UH(QHH’ QFH)’
New [ 2111 (9)dGe(9)
(que(ep)) " 1/” /o

= Npu 1+ tr Prr(Qrr)Qpy dGH(9), (G.7)
Lrr(Qrr) +/NFZFH(qFH(qo),(p)dGF((p) = Lp, (G.8)
L Nr(qen(9)) Y "dGr () = QLY (G9)
naru(@)qrn(@) > lrn(qru(@), @), (G.10)
/ Ni(gun (9))!/"dGu(9) = Qi (G11)

/ i (911;(9), @)dGi(9)] < L, (G12)

and then setting Qpr such that constraint (G.5) holds for j = F. To solve for the optimal micro
quantities quu, qur, and qru associated with the previous problem, we can use the same argu-
ment as in our baseline analysis and solve a series of one-dimensional Lagrangian problems.

Let A, AL and A, > 0 denote the Lagrange multipliers associated with constraints (G.7),
(G.11), and (G.12), respectively.! Superscripts H keep track of the fact that these Lagrange multi-
pliers all correspond to country H’s planning problem. The Lagrangian associated with the of the

one-dimensional sub-problem for domestic sales and exports can be expressed
minlp;(q, ¢) = AL (9)g ",
with

;‘EH((P) H/)\LH,
Mip(@) = M [Pre(Qrr) QK 1/ M (1 + tur(e))].

Likewise, let AML and AE, > 0 denote the Lagrange multipliers associated with constraints (G.8)
and (G.9), respectively.> The Lagrangian associated with the one-dimensional sub-problem for

To see that A, > 0, suppose, by contradiction, that A, = 0. By complementary slackness, inequality
(G.12) must then be slack. If so, one can strictly increase g (¢) for a positive measure of blueprints ¢ and,
in turn, strictly increase Qypy and Uy, a contradiction.

2To see that AH,, > 0, note that at an interior optimum of Home’s planning problem, the first-order
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imports can be expressed as

mt?qu/” — M (@) parn (9) g — Arlen(q, ¢),

nara(@)q > Iru(q, @)
with

AT (@) = AL /[(1+spr(9) Ak,

Al = ALe/Afn.

To solve the two previous micro problems, one can simply substitute A, (¢), A (¢), A (¢), and
;\IL{F for Agy, Axge, A1, and A} into the solutions derived in Sections 3.2 and 3.3.

Nash Taxes. By comparing the solution to Home’s planning problem to the decentralized equi-
librium with taxes, as we did in Sections 4.1 and 4.2, we can characterize Home’s best-response
to a given schedule of Foreign’s taxes and subsidies. Fix a benchmark variety pyy € ®@ppy that is
sold domestically, with s2%, = sBR (o) and 2R, = R (ppp); a benchmark variety pyr € @
that is exported, with sPR = sPR(@pr), and a benchmark variety pry € ®%,; that is imported,

with 2R = tBR (¢rp;). One can check that

(1+ sk () /(1 + () = (1 + i) /(1 + tih), if ¢ € Prm,
stir(@) =siiy, if ¢ € P,
A (14 +urd .
(1+HR) ety — 1, if g € Oy,

BRY (1+sru(@)Afy6ru() :
(L t80) 3 rsptpray rpadl — b i @ € Py,

tE (@) =

Analogous expressions hold for the best response policies in Foreign.

Let {sf}l E(g), tf}l E(p)} denote the Nash taxes. At a Nash Equilibrium, both Home and Foreign
simultaneously play best response. For domestic taxes, the equilibrium conditions for ¢ € ®yy
and ¢ € ®rr immediately imply that, like in our baseline analysis, Nash domestic taxes should
be uniform across firms. For trade taxes, we can simultaneously solve for Nash export taxes by

Foreign and import tariffs at Home by using our characterization of s2X (¢), evaluated at tpp (9) =

condition with respect to Qry implies

AU (QuH, QrH)
dQrn

1/u—1
= ML > 0.
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tER (¢), and our characterization of 28 (¢), evaluated at sy (@) = sER (¢). This implies that

sth (@) = st if ¢ € Prp,
(14 spf) A 0ru(9)
(AE(L+sEf) + pAf)

trfi (@) = (14 ) min{1, }—1,if ¢ € Oy
Analogous expressions hold for Nash import tariffs in Foreign and export subsidies at Home.

We have already argued that AL, > 0. We must also have
ALe/Afn + (A7) /[(1+ sER)AF] > 0.

Otherwise, Home’s optimal imports would be infinite for the same reason that in Section 3.2.
Thus, import tariffs at Home strictly increase with the profitability of foreign exporters, Ory(¢)
for all ¢ € ®%;;, whereas export subsidies are constant, like in our baseline analysis.

To conclude we now demonstrate that ®¢;; is non-empty so that import tariffs must be non-
discriminatory over some range at a Nash equilibrium. For the one-dimensional Lagrangian prob-
lem for exports, min, [zr(q, ¢) — A (9)g'/*, to admit a non-zero solution for at least some ¢, we
know that

Atip() = AR [Per(Qrr) QF1/ AR (1 + trr(9))] > 0.

This implies A} > 0. For the same reasons as in Section 4.4, it follows that ®$,; is non-empty.
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