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Abstract

This Appendix provides the proofs of Theorem 1, Theorem 2, and Proposition 1.



1 Perfect Competition

For convenience, we first repeat the definition of a competitive equilibrium as well as

assumptions A1-A3. We then offer a formal proof of Theorem 1.

1.1 Equilibrium

A competitive equilibrium with taxes, t = {ti‘] (n)}, subsidies, s = {si‘] (n)}, and lump-sum
transfers, T = {7(h)} and T = {Tj;}, corresponds to quantities c = {c(h)}, I = {I(h)},
m={m(f)},y={y(f)}, and prices p = {pi‘]} such that:

(i) (c(h),1(h)) solves
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I(h)+ - 0(h)+ t(h), for all i;

n(f)=  max - p(1+s(f))-9(f) — p(1+£(f)) - 1ie(f), for all f;

(iv) government budget constraints hold:

gzﬂ,@(Ztﬁ(h)cz(h) - Zt,k'i(f)mﬁ(f)) + YT,
],

]'751'
= sz] ZSZ] ) + 251] ]/1] 2 T(h) + 2 Tjj, for all i;
heH; ]751

1.2 Assumptions

A1l. For any firm f, production sets can be separated into

Q(f) = Qi (f) x Q4 (f),

where O (f) denotes the set of feasible production plans {mk i ),yfo i(f)}, in country iy and
Q_;,(f) denotes the set of feasible plans, {m? ji (f), yi]. (f) }iiy, in other countries.
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A2. For any household h, consumption sets can be separated into
I'(h) =Tj(h) x T_;,(h),

where T'; () denotes the set of feasible consumption plans, {c;.‘i0 (f), lz‘koj (f)}, in country io; T _; (h)

denotes the set of feasible plans, {cj-‘i (f),lf‘]-(f)}i#io, in other countries; and T; (h) and T _; (h)
are such that h € Hj, = T'_; (h) = {0} and h ¢ H;, = T;,(h) = {0}.

A3. For any foreign country j # io, the total value of assets held in country iy prior to the tax
reform is zero, T, - YheH; 6(h) = 0.

1.3 Lerner Symmetry

Theorem 1 (Perfect Competition). Consider a reform of trade taxes in country iy satisfying

T sk
1+ (n) 1+ (n)

1]

k o k
1—i—t].i0(n) 1+45s%.(n)

lo]

= 1 forall j # iy, k, and n,

for some 17 > 0; all other taxes are unchanged. If A1 and A2 hold, then E(t,s) = E(1,5); if Al,
A2, and A3 hold, then E(t,s,T) = E(,5,T).

Proof. (E(t,s) = E(},8)). It suffices to establish that £(t,s) C £(%,3), since then, revers-
ing the notation, one also has £(f,5) C £(t,s), yielding the desired equality. For any
(c,1,m,y) € E(ts) with associated (p, 7, T), we show that (c,I,m,y) € £(f,3) by con-
structing a new (p, T, T) to verify the equilibrium conditions (i)-(iv).

Forall h, 1, j, and k set

~k'{p{qu ifi=j =i,

i ; . (1.1)

Pij otherwise,
T(h) = p(1+E(h)) -c(h) — p(1 +5(h)) - 1(h) — - O(h), (1.2)
Ty =T+ [mi—7]- ) 0(h), (1.3)

hGHJ‘

with 7 = {7(f)} the vector of firms’ total profits under the new tax schedule and 7; =



{7ti(f)} the vector of profits derived from transactions in country i,

A(f) = Y151+ 350y (f) — P (1 + B () mi()],

i,k
= ;[ﬁﬁ‘j(l + 85N () — P+ B () (F)].
s

Given the change in taxes from (¢, s) to (f,3) that we consider, equation (1.1) implies that

all after-tax prices faced by buyers and sellers from country iy are multiplied by 7,

P, (LB () = npl, (145, (1)), (1.4)
pzo](l + 510](7’1)) = Upi'(oj(l + Sio]’(n))/ (1-5)

while other after-tax prices remain unchanged,

(1+ B(m)pl = (1+ :(m)ph, (1.6)
(1+35(n)pl; = (1+s5(n))pf, (1.7)

if i # ip. In turn, profits in the proposed equilibrium satisfy

I
ﬁi{m” nt=h (1.8)

r;  otherwise.

First, consider condition (i). Equation (1.2) implies that the household budget con-
straint still holds at the original allocation (c(%),1(h)) given the new prices, p, taxes, f and
§, and transfers, T. Under A2, equations (1.4) and (1.5) are therefore sufficient for condi-
tion (i) to hold in country iy, whereas equations (1.6) and (1.7) are sufficient for it to hold
in countries i # ip. Next, consider condition (ii). Under Al, equations (1.4) and (1.5) are
again sufficient for condition (ii) to hold in country iy, whereas equations (1.6) and (1.7)
are sufficient for it to hold in countries i # iy. Since the allocation (c, I, m,y) is unchanged
in the proposed equilibrium, the good market clearing condition (iii) continues to hold.
Finally, we verify the government budget balance condition (iv). Let R; and R; denote

the net revenues of country i’s government at the original and proposed equilibria,

R; = );p;;()h:t;m)c;(h) + ):t]ki(f)mﬁ(f)) +2_ T
]s

J'#i

—Zk:pic](;sf]( "J’_Zsz] yz] Z T(h)_ZTi]"
Jr
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Ri:Ri+Z 2[7'[]—7:(]]9(}1)4— Z[f(—?‘[]-@(k)—z Z[ﬂi—f[i]'g(h).

]751 ]’lEHl’ hEHi ]7&1 hGH]

Using the government budget constraint in country i at the original equilibrium, R; = 0,

and noting that
Y, ) [mi—7)-0(h) = ) [m—a]-0(h) = ) [mi—7]-0(h),
j#i heH; heH; heH;

we therefore arrive at

Ri=—[mi—7]-) Y 6(h)

j hEH]
Together with equation (1.8), this implies government budget balance, R; = 0, for all

i # ip.

Let us now turn to country ip. Equation (1.2) and A2 imply

Zpﬂo Zcﬁo ZPZOJ 2110] -y, 6(h)

heHj,
Z plo] 10] yzoj f) pﬂo ]10 ]10 + Z Jio ZTioj‘
j#i j#i

By equation (1.3), this is equivalent to

a Zﬁ;{io(zcﬁo Zplo] leo] Z 0(h)

heH;,
Z plo] 10] ylo] f) p]l() ]ZO ]10 + Z[ ]10 ]] ’ Z e(h)]
j#io heHj,
- Z[Tioj + 7ty — 7] - Z 0(h
]#ZQ ]’ZGH

Together with the households” budget constraints, the government budget constraint in



country ij in the original equilibrium implies

;pﬁ'{io(;cﬁo(m) + Z TiO] Zploj leo] Z + Z Jio*
]s

j#io heHj, j#io

Combining the two previous observations, we get
k
Z plo] 10] yz()] f) p]zo ]zo ]10 Z plo] 10] yzo] f) p]zo ]zo(f)mjio(f)]
0 7-[10 Z 2 6

j h€H;

7-[1

Using equation (1.1) and the definitions of 77;, and 7%; , this simplifies into
- 17) Z pi'coio [ 1010 + Z mlolo Z llolo - nyolo (f)]
k f

Together with the good market clearing condition (iii), this proves government budget
balance R;, = 0. This concludes the proof that (c,l,m,y) € E(F,35).
(E(t,s,T) = E(1,5,T)). As before, it suffices to establish £(t,s,T) C £(£,5,T). Equa-
tions (1.3) and (1.8) imply
7o T; ifi #igand j # 1,
DT+ (=) Shen, 0(h) ifi = igand j # iy,

Under A3, this simplifies into T,-]- = Tjjforalli # j. Together with the first part of our
proof, this establishes that (c,I,m,y) € £(L,5,T). O

2 Imperfect Competition

For convenience, we repeat the definition of an equilibrium under imperfect competition
as well as assumption Al’. We then offer a formal proof of Theorem 2.
2.1 Equilibrium

An equilibrium requires households to maximize utility subject to budget constraint tak-
ing prices and taxes as given (condition i), markets to clear (condition iii), and govern-
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ment budget constraints to hold (condition iv), but it no longer requires firms to be price-
takers. In place of condition (ii), each firm f chooses a correspondence o ( f) that describes
the set of quantities (y(f), m(f)) € Q(f) that it is willing to supply and demand at every
price vector p. The correspondence o (f) must belong to a feasible set X(f). For each
strategy profile o = {0 (f)}, an auctioneer then selects a price vector P(c) and an alloca-
tion C(c) = {C(c,h)}, L(c) = {L(o,h)}, M(c) = {M(o, f)},and Y(0) = {Y(o, f)} such
that the equilibrium conditions (i), (iii), and (iv) hold. Firm f solves

(ﬂ;ﬂgifyp(ﬁ)(l-FS(f))'Y(qu)-P(Uﬁ(l-Ft(f))'A4(0>f)f (2.1)

taking the correspondences of other firms {c(f')} . ¢ as given.

2.2 Assumptions

AY'. For any firm f, production sets can be separated into

Q(f) = Qi (f) x Q4 (f),

where O (f) and Q_; (f) are such that either Q_; (f) = {0} or O, (f) = {0}.
In line with the proof of Theorem (1), we define the function p;, mapping p into p using

(1.1), that is,
k or e . .
pin 1f1:]:10,
oy(pl) = 1" _ (2.2)
Pij otherwise.
Its inverse p,; lis given by

k i . .
- pij/n ifi=j =iy,
oy (ply) { :

pi-‘]- otherwise.

For any n7 > 0, we assume thatif o(f) € X(f), then 5 (f) = o(f) Op,;l € X(f).

2.3 Lerner Symmetry

Theorem 2 (Imperfect Competition). Consider the tax reform of Theorem 1. If A1 and A2
hold, then E(t,s) = E(,5); if A1’, A2, and A3 hold, then £(t,s,T) = E£(£,5,T).

Proof. Fix an equilibrium with strategy profile o, taxes (f,s), auctioneer’s choices P(¢”),



C(¢’), L(¢"), M(¢") and Y (¢”), and realized prices p = P(c). Define a new strategy profile

We show that & is an equilibrium strategy, with taxes (£, §) and auctioneer choices, P(¢') =
oy(P(&' 0 py)), C(#) = C(@ opy), L&) = L@ 0py), M(@) = M(& 0 py), V(&) =
Y (0’ o py), and realized prices j = P(&) = p,(p).

We focus on the profit maximization problem of a given firm f; the rest of the proof is
identical to the perfect competition case. Define the set of feasible deviation strategies for

tirm f at the original and proposed equilibria

Dio=A{c" | (¢'(f),o(=f)) forall o’(f) € Z(f)},

Dry =A{0"| (¢(f),7(—f)) forall &' (f) € Z(f)},

where O'(—f) = {U(f/)}f/#f S Hf/;éfz‘(f/) and 5’(—f) = {6(f/)}f/?éf S Hf’#fz‘(f/)
By assumption, 5(f) = o(f) o p, 1 € %(f). We therefore need to prove that

P(@)(1+5(f) - Y(7,f) — P(2)(1+E(f)) - M(7,

forall ¢’ € Dy,.
By condition (2.1), o satisfies

P(0)(1+5(f)) - Y(e, f) — P(0)(1+(f)) - M(0, f)
> P(0')(1+5(f) - Y(, f) = P()) (1 + £(f)) - M7, ), (2.4)

forall o’ € Dy . Decompose
(M(&', ), Y(, 1)) = (Mi(¢", £), Mo (0", ), Yio (€', £), 3o (", £)

so that (M;, (¢, f),Yi, (o', f)) € Qi (f) and (M_;, (0", f),Y_i, (', f)) € Q_;,(f). Decom-
pose P(c¢’), t(f) and s(f) in the same manner. With this notation, A1” and (2.4) imply

Py (o) (1 + 55 (f)) - Yig (0, f) = Py (@) (1 + £ (f)) - M (0, f)
> Piy(0") (1453, (f) - Yig (0, f) = Py (0)) (1 + 15, (f)) - My, (o', ) (2.5)



and

P_ig(0) (1 453, (f)) - Y=ig (0, f) = P—iy (@) (1 + £y (f)) - M—j (0, f)
> Py (") (L + 53y (f)) - Yoig (07, ) = Py (¢") (L + £, (f)) - My (0, f), (2.6)

as one of the two inequalities holds trivially as an equality with zero on both sides.
For any ¢’ € TIfX(f) and ¢’ = ¢ o p; € TI;%(f), the new auctioneer’s choices imply

P(@')(1+5(f)) Y@, f) /
= oy (P(@ o py)) (1 + Y(" 0y, f) = py(P(5" 0 py)) (L +E(f)) - M(5 0 py,
— ) /

1+E(f)) - )
py(P(e")) (1 +E(f)) - M(c”, f)
Equation (2.2) further implies,

nPi’;((T’)(l +si‘](f)) for all j and kif i = iy,

k(. zk =
PW(Pz](U))(1+Sl](f)) {Pi’;-(tfl)(l"{'si'{j(f)) forall j and kif i # iy,

17Pj’§(c7’)(1 + t;‘l(f)) forall jand kif i = i,

l{ / ~I.(. =
pﬂ(p]z(a ))(1+t]z(f)) {P};(U’/)(l_’_tfi(f)) foralljandkifi;éio-

Thus, it follows that



foralld’ € D .o+ Adding up these last two inequalities gives (2.3). O

3 Nominal Rigidities
For convenience, we repeat the adjustment in prices before taxes,
sk P . .
pi: ifi =7 =1,
RN J=H (3.1)
Pij 1 otherwise.

For parts of the proof of Proposition 1, we will use the fact that given the tax reform of

Theorem 1, equation (3.1) is equivalent to

PE+sE(m) P+ B(n) {;7 for all j and k, if i = i, 62)

pLl+sk(n)  ph(L+(n) |1 foralljandk,ifi # ip.
Proposition 1. Consider the tax reform of Theorem 1 with n # 1. Suppose p € P(t,s) and p
satisfies (3.1). Then p € P(£,35) holds if prices are rigid in the origin country’s currency after
sellers’” taxes or the destination country’s currency after buyers’ taxes, but not if they are rigid
before taxes. Likewise, p € P(1,§) holds if prices are rigid in a dominant currency before taxes
and country iy # ip, but not if iy = ip.
Proof. We first consider the three cases for which 7 € P(f,3).

Case 1: Prices are rigid in the origin country’s currency after sellers” taxes,
_ki _ ..
P(t,s) = {{pé‘]’}H{el} such that pi-‘j(l + si‘](n)) = pl.].’(l + sifj(n))/ei foralli,j, kn}.

Consider p € P(t,s). Let us guess &, /e;, = 1/1 and &;/e; = 1if i # iy. For any j, k,
consider first i # ip. From (3.2), we have

P (1+8(n) = pli(1 + sfi(n)) = Pl (1 +85(n) /e = i’ (1 + 55y(n)) /&



Next consider i = ip. From (3.2), we have

pzoj(l +510]( )) = 7’]}75(0](1 +Si'(0j(n>) - 77]51(0;0(1 +510]( ))/elo = pioj (1 +510]( ))/610

This establishes that § € P(%,3).
Case 2: Prices are rigid in the destination country’s currency after buyers’ taxes,

_k, 7 .o
P(t,s) = {{pfj}]ﬂ{el} such that pfj(l + tf‘](n)) pl]](l + tf-cj(n))/e]' foralli,j, kn}.

Consider p € P(t,s). Let us guess &;,/e;, = 1/1 and é;/e; = 1 if i # iy. Forany i, k,
consider first j # ip. From (3.2), we have

P+ B () = pl (1 + £(n) = P (1+E(n) /ej = pi (1+E(n)) /2.

Next consider j = ig. From (3.2), we have

- _k,i _k,i 5

Pl (LB () = npliy (Lt (1) = i (1 + B () /ey = i (1 + B (1)) /8.
This establishes that f € P(F,3).
Case 3: Prices are rigid in a dominant currency before taxes are imposed, and iy # ip,

P(t,s) = {{pi-‘]-}|3{el} such that pfj = ﬁf].’iD/eiD for all i# j, k and pf = ﬁﬁ.'i/ei for all k}.

Consider p € P(t,s). Let us guess &;,/e;, = 1/17 and &;/e; = 1if i # i, including
&, /e, = 1since iy # ip. For any k, j, consider first i # j. From (3.1), we have

pl] = pl] = pz]lD/elD szlD/ezD
Next consider i = j # ig. From (3.1), we have

~k _ =k _ =kigs
Pii = pii = Pii /ei = Py /@i

Finally, consider i = j = ip. From (3.1), we have

_ _ ko k,io
plolo Wpl()l() ”plolo/ ZO plo /610

This establishes that i € P(f,3).

We now turn to the three cases for which p ¢ P(f,3).
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Case 4: Prices are rigid in the origin country’s currency before sellers’s taxes,
P(t,s) = {{p}j}|3{er} such that pf; = pi/'/e; for all i, j, k,n}.
Consider p € P(t,s). Suppose p € P(f,5). From (3.1), we have
S
plo] = plo] = plolo/elo = plolo/elolf] # ZO’
k,
onzo = 17;71010 = nploig /ey = plOZO 0/¢;,otherwise.
The first equation gives ¢;,/e;, = 1; the second gives ¢;,/¢;, = 1/7. A contradiction.
Case 5: Prices are rigid in the destination country’s currency before buyers’ taxes,
_k,j ..
P(t,s) = {{PZ}B{Q} such that pi-‘]- = pi]-]/ej foralli,j, kn}.
Start with p € P(t,s). Suppose p € P(f,5). From (3.1), we have

— _ 10 10
pllo pllo p” /610 pll /elolfl # 10,

_ _ ki 410 R 10 ) .
onzo 77701010 77}?1010/810 = pioio/elootherw1se.

The first equation gives &;,/e;, = 1; the second gives é;,/e;, = 1/1. A contradiction.
Case 6: Prices are rigid in a dominant currency before taxes are imposed, and iy = ip,
P(t,s) = {{pf-‘j}El{el} such that pl] pl]l"/eZO for all i# j, k and pf = pﬁ.’i/ei for all k}.

Start with p € P(t,s). Suppose p € P(f,5). From (3.1), we have
— _ ki _k,ig
plo] sz] plo] /elo pzo] /ezolf] # 1o,
onzo = 777910,0 = ﬂplolo/ iy = pl lo/elootherw1se

The first equation gives &; /e;, = 1; the second gives é;,/¢;, = 1/1. A contradiction.  [J
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