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Appendix for Optimal Cooperative Taxation in The
Global Economy by Chari, Nicolini and Teles

A Competitive Equilibrium with Consumption, Labor and Trade
Taxes

The first-order conditions of the household’s problem include

ui, _ (14 75) qa
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for all + > 0, where u/, and u},, denote the marginal utilities of consumption and labor in
period t. Note that (A.2) can be used to recover the familiar interest rate parity condition,

Ui,t (1 + TZ%-‘Fl) 3i+1

: ~ is the same for all ¢
Buy, t+1 (1475)e;

where e! = ¢;;/q1; denotes the price of the final goods in country 4 in units of final goods in,
say, country 1-namely, the bilateral real exchange rate relative to country 1.

The first-order conditions of the firms’ problems are, for all i and all ¢ > 0,
(A.3) piitF:;,t = Wi,

Qy Diit+1 1 qit+1
Ad ="+ ——(1-9),
( ) Qit1 qit Rt qit ( )

where Fé,t and F ,i’t denote the marginal products of capital and labor in period t,
(A5) piar = (1= 7550) ijes i # 5.

(A.6) QitG;t = Diit,

(A7) QitGé',t = (1 + T]T) Djit, and ¢ 7§ ]

If we combine the household’s and firm’s equilibrium conditions, it can be shown that



the value of the firm in (11) is
Vio + dio = qio [1 — 6 + G o Fy. ] Kio-

We can obtain the familiar condition that the returns on capital adjusted for the real
exchange rates are equated across countries. To obtain this condition, note that (A.4) and
(A.6) can be combined to obtain that

i

[Gﬁ’tHF,ﬁ’tH +1— 5} ;t is the same for all 1.
t+1

We now derive the equilibrium conditions (15)-(18). Using conditions (A.1), (A.3),
and (A.6), we obtain (15). Using (A.2), (A.4), and (A.6), we obtain (16).
Using (A.7),
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and (A.5),
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we have that
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is the same for all 4, which is condition (17).
Using (A.4), (A.6), and (A.7), we have
Q: (1 + T;Zf-i—l) pjit+1G§7t
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and using (A.5), we obtain that

Qe _ (L + 7)) (1= 75) Gy
Qb+ (1 - Tfitﬂ) (1+ TjTt) G
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is the same for all 4, which is (18).

A.1 Balance of Payments Conditions
Here, we show that in an economy with two countries ¢ = 1,2, the following balance

of payments conditions must hold:

o

Z Q1 [Pijiyijt — PjtYjit) = — (1 + T({) fio, for j# 1,

t=0

with (1 + r{;) fio+ (1 + T(J;) Jo0=0.
The budget constraints of the household and the government, with equality, in each

country,
D Qulan (1+75) en — (1= ) wina] = (1 - 7") ax,
t=0

a0 = Vio + dio + Q_1bip + (1 + Tg) fios

and

o0
Z Q1 [T qieci + Thwini + TintDijtYije + TiPjitYjit — GitGit) + 7" an = Q_1by,
t=0

imply
o
Z Qi [Qitcit + QuuGit — TipPijtYije — TijePjitYjit — witnit} = Vio + di + (1 + 7’5) fio-
=0

Using the expression for the value of the intermediate good firm,

Vio + dio = Z Qs [piityiit + (1 - Ti?'t) PijtYije — WitThit — Qitxz't] )
t=0



we get
Z Q1 [qieci + Gigie — 7 DijtYije — T, Z‘]mtpjityjit]
t=0
= Z Q¢ [piityiit + (1 - T{?t) DPijtYijr — Qitxit] + (1 + 7’({) fio,
t=0

or

Z Qr [Qit (Cit + it + Tit) — DiatYiie — PijeYije — Tg;pjityjit} = (1 + T(J;) Jio-
t=0

Using the zero profits condition of the final good firms,
Z Qt [Qit (cit + git + Tir) — DieYiie — (1 + Tfft) pjityjit] =0,
t=0

we have

Z Qr [PjitYjie — PijeYige) = (1 + 7“({) fio, for i =1,2, and @ # j,
=0

which is the balance of payments condition, with (1 + TS) Jio + (1 + ré) fa0 = 0.
Using the final goods firms’ conditions, (A.5)-(A.7), repeated here,

DPiit = (1 - Ti?t) Pijts © F J,

QitG;t = Diit,
@Gl = (1+77%) pjie, and i # j.
together with the household’s intertemporal condition, (A.2),
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we obtain the balance of payments condition,
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B Production Efficiency
B.1 Proof of Proposition 2
Here, we show that trade taxes can be chosen to satisfy both production efficiency

and the balance of payments conditions (25). We begin by setting the trade taxes so that

r

T = —Ti, tO satisfy production efficiency. We define variables sz, gij¢, and hj; as
1 1 : 1
Mt = G;tyijta and hj; =

(1=75) it = I, [G] Fi, + 1] M, [GFL, +1—0] G iYjin

and rewrite (25) as

(B.1) Z Z (551 Gijt — »jithyi]) = R; for all 4,

t=0 j#i
where R; is the right-hand side of (25). Proving proposition 2 amounts to finding s, that
satisfy (B.1). We find it useful to restate definitions from graph theory.

Definition 1: (Direct link) We say that there is direct link between a pair of countries
(i,7) if there exists some ¢t such that either g;;; # 0 or hj; # 0.

Definition 2: (Indirect link) We say that a pair of countries (i, j) is indirectly linked if
there is a sequence of countries {i,.., 7} such that every pair of consecutive elements in the
sequence is directly linked.

Definition 3: (Connectedness) Countries are connected if for every pair of countries,



there is a direct or indirect link between them.

Definition 4: (Complete cover) A sequence is a complete cover if

1. every country is an element of the sequence;

2. every pair of consecutive countries in the sequence is directly linked.

Remark 1: Notice that sequences that are a complete cover may contain the same
country several times.

Lemma 1: If countries are connected, there exists a finite complete covering.

Proof: Consider a sequence that begins with country 1 and ends with country 2. Such
a link exists because the countries are connected. Append to the sequence a sequence that
begins with country 2 and ends with country 3. Proceed in this fashion until we end with
country N.

We measure the length of a sequence by the number of elements in it. Since a finite
complete covering exists, it immediately follows that there is a shortest finite complete cover.!

Lemma 2: The first country in a shortest complete cover appears only once in the
sequence.

Proof: Suppose the first country appears more than once. Then, consider a new
sequence that omits the first element. This new sequence is a complete cover, since all
countries appear on it and are connected. l

We now describe an algorithm to construct a set of policies {s;,} for all 4, j,¢ that
satisfy (B.1). The first main step is to fix a shortest complete cover for countries 1 to N and
to relabel the countries so that the first element in this complete cover is relabeled as country
1 and the second element as country 2. Since country 1 has a direct link with country 2,
either gy 2+ # 0 or he 1, # 0 for some t. Set 2715, = 1 and 51, = 1 for all j > 2, and set s
and 14 S0 as to satisfy the balance of payment condition for country 1. Note that s and
251 appear only in the balance of payment condition for countries 1 and 2. Thus the balance

of payments condition for country 2 can be written as

IClearly, there may be many shortest complete covers.



oo
(B.2) Z Z (20251925t — #jothjor] = Ro — [s0120912t — 221ho1e]

t=0 j>2
and the balance of payment conditions for all other countries are suitably adjusted.

Consider a new sequence that is obtained from the given shortest complete cover, but
omitting country 1. This sequence is a complete cover for countries 2 to N, but it may not
be the shortest complete cover for these N — 1 countries.

The second main step in the algorithm is to fix a new shortest complete cover for these
N — 1 countries. Notice that this implies relabeling the remaining N — 1 countries. Suppose
that in the first stage of the procedure, country 2 becomes, say, country [ with this relabeling.
Repeat the procedure within the first main step to construct policies for the first element in
this new sequence, recognizing that the balance of payment condition for country ! (which
was labeled 2 in the first stage of the procedure) is now given by the analogue of (B.2), and
all other conditions are suitably adjusted.

Proceeding in this fashion, we construct policies for all the countries that satisfy both

production efficiency and (B.1).

B.2 Restrictions on Trade Taxes and Efficiency

Here, we consider restrictions on trade taxes similar to the ones imposed in Keen and
Wildasin (2004). We first consider a static version of our economy with two goods and four
countries. Countries 1, 2, and 3 produce good 1, while country 4 produces good 2. The static
model has no capital and no assets, and labor is inelastically supplied. We then consider a

dynamic version in which for simplicity, we also ignore capital.

The static economy

Assume that at the relaxed Ramsey allocation, countries 1, 2, and 3 export good 1 to
country 4, which also exports good 2 to countries 1, 2, and 3. Countries 1, 2, and 3 do not
directly trade with each other. Thus, the countries are connected.

Using the notation in the appendix above, the balance of payment conditions (B.1)



for countries 1 to 3 can be written as

(B'3) [%14914 - %41h41] = Iy
(B-4) [%24924 - %42}142] = Ry
(B'5) [%34934 - %43h43] = Rs,
where s, = 1/ (1 — T%t). Walras law implies that the balance of payment condition for

country 4 will be satisfied.

We first show that if no restrictions are imposed on the policy terms sg;, they can
be chosen to satisfy all balance of payment conditions. This is just an application to this
particular case of the proof of proposition 2. To do so, first note that as countries 1 and 4
have a direct link, then either g14 # 0, or hy; # 0. Then, set the corresponding s4 and s
so as to satisfy (B.3). Set 15 = 291 = 3113 = 331 = 1. Countries 2 and 3 also have a direct
link with 4, so proceed accordingly.

Remark: Each country has three policy instruments. These are three export subsi-
dies/taxes (the import tariffs are then pinned down by the production efficiency conditions
T = —TZT). The twelve available instruments, together with the connectedness assumption,

ensure that they are enough to satisfy the balance of payments conditions.

Restrictions on trade tares

Now, we impose the restriction that trade taxes imposed by any given country can
only depend on the physical characteristics of the goods and not on the origin-destination
pair. This restriction is imposed on export taxes, 7.7 so

(B.6) 7> =717 for j =1,2,3,and 4,

j:

which implies that there are only four instruments, ¢, 765, 523, and 4.

The restriction is also imposed on tariffs. This implies that

(B.7) 7} =19y =Ty = T4



But production efficiency requires that

xr m xr m T m
(B.8) 11y = =T[4, T3y = —Tyy and Tgy = —T34 -

If we combine (B.7) and (B.8),

X __ X __ X __ m
Tig = Tog = T34 = Ty

which implies two additional restrictions

These restrictions reduce the number of independent policy instruments to two, s

and s, which in general will not be sufficient to satisfy the balance of payment conditions

(B.3) - (B.5).

The dynamic economy
Consider now an economy that consists of repeating the economy above an infinite
number of periods. The balance of payments conditions are given by (B.1) and repeated

here:

]2

[%14t914t— %41th41t] = Iy
t=0
oo
E [%24t924t—%42th42t] = Ry
t=0
o0
E [%34t934t - %43th43t] = Ras.

t

I
o

We maintain the restriction that trade taxes cannot depend on the origin-destination pair.

Thus, following the analysis of the static case, we have that

Hple = 4ot = M43t = A4

/
A4t = M4t = A4t = My,



which implies that there are two independent instruments each period, sz and . If we

impose these restrictions, the balance of payment conditions can be written

WE

[stagrae — 2901 = R
t=0
oo
Z [%a9oas — #19a21] = Ro
t=0
Z (7419340 — 5 943] = R,

t

i
)

so there are now an infinite number of instruments to satisfy the three conditions.
To characterize a sufficient condition for the relaxed Ramsey allocation to be imple-

mentable, set s, = 34 = 1 for all ¢ > 1. Then, the conditions can be written as

1 e’}
Z (2241914 — %fghm |+ Z Gt — hay] = Ry

t=0 =2

1 [e’s)
Z (224t G24t — %£h42t |+ Z Goat — haat] = R

=0 =2

1 e’}
(2241 G341 — %fgh43t |+ Z g3at — hast] = Ra,

t=0 =2

or by properly defining R/,

N

/ /
[%4t914t - %thzm] = Rl
t=0
1
lh _ Rl
[%4t924t — 42t] = 2
t=0
1
[ o /h ] . R/
Kyt g34t — M 43t] = 3-

t=

=]

This can be written as



40

9140 hao gra1 han , Rll
—

G240 haoo  Goar a2 = 51
41

9310 hazo gsa1  ham R
}/1

or, in matrix notation,
G» = R.

A sufficient condition for the relaxed Ramsey allocation to be implementable as a
Ramsey equilibrium is that the matrix G be of rank 3. It is obvious that the choice of the
first two periods was arbitrary, so it is required only that there exist two different periods for
which the condition above holds. This argument can clearly be extended to have an arbitrary
number of countries N, so that we have the following proposition.

Proposition B1: Consider a dynamic economy like the one above, extended to have
N — 1 type-1 countries. Consider the infinite-dimensional matrix formed by the coefficients
gij¢+ and hj;. Suppose that there exist N — 1 periods so that the submatrix G, induced by
considering the coefficients for only these N — 1 periods, has rank N — 1. Then, the solution

to the relaxed Ramsey problem can be implemented as a Ramsey equilibrium.

C Optimality of Explicit Free Trade with Zero Transfers

In this appendix, we show that a cooperative Ramsey solution is implemented with
zero transfers across countries. We use consumption and labor income taxes, set trade taxes
to zero, and solve for the optimal level of government consumption. Note that (13) can be

written as

Z Qeqitgit + leio] - [Z Q1 (Thqicit + Tjpwani) + Tl-WCLio = To.
=0

t=0

The Ramsey problem is to maximize

10



2
Sw
i=1
subject to the conditions

o0
Z [Bful, et + Bug, nig] > W
=0

Cit + it + kirr1 — (1 —0) ki < G (Uy)

Z Yije < F' (kig, niy) -

J

Let A, g;4, and &;; be the multipliers on these three conditions. We prove the proposition for

the case in which W; = 0 for ¢ = 1,2. The result follows by continuity.

Proposition C1: Let W)y = 0. Then there exists a weight w! small enough such that
Ty < 0.

Proof: The first-order conditions of the Ramsey problem include
wlh’(gu) = £1¢-

Thus, as w! — 0, g1 — 0 for all ¢.
Preliminary result 1.

The first-order conditions for an interior solution are
1t 1 1ot 1 Lot [ 1 1
w B Uy + N Buy + NS [ucctclt + ucntnlt} = ey

1ot 1 1ot 1 1ot 1 1 1
w' By + N Bruy, + X B [up e + uppny] = —01F,
G =§
1t 1+ — Y1t
G =6
E1tGgy = 02t

2
EztGlt = Oy

11



52tth = Oy
e1r = 1041 (1 = 6) + S1e1 Fiy-

Now, replace d;; and multiply the first-order conditions by quantities
wlﬁtuitclt + )\lﬁtu}thlt + )\lﬁt [uictci + uimnltch} = €1tC1t

1ot 1 1pt 1 1pt[,1 1,27 _ 1l
w B Uiy + A By + AP [unctcltnlt + unntnlt} = —enGy Foynae.

Add them up:
A [uitclt + U}ztnlt} [Wl + Al} +A1! [uictc%t + 2u g 1eC1y + uimtn%t} = &ut [Clt - G%tFitnlt} :
Add over time:

o0 e} (e e
[w' + N Z B [ulyers + upynag] +A! Z B [ulycty + 2ubynagen + upyniy| = Z v [c1e — G Fyna] -
=0 t=0 t=0

Note that, since the multiplier A\! is non-negative and the function u is concave, the term

A Z Bt [u}:ctc%t + 2Uimtnltclt + U’imtn%t}
t=0
is negative.? It follows that
(Cl) [wl + /\1] Wio > ZEM [Clt — G%tFétnlt} .

t=0

Preliminary result 2.

2The non-negativity of the multiplier is directly implied by the Kuhn-Tucker conditions once we allow
each government to make non-negative lump-sum transfers to the private agents. We omitted those transfers
from the problem for simplicity.

12



We relate the term on the right-hand side,
Zﬁt [Clt - GitF;tnlt} )
t=0

to a term involving the present value of trade balances.

Owing to constant returns to scale, the Euler theorem implies
(C.2) cie+ gie + kieer — (1= 6) ke = G (ya1e, yo1r) = Gy + Gy

(C-3) Yiie + Y12t = F! (klt, nlt) = F;itku + F,}btnlt.

The trade balance (in units of the intermediate good produced in country 1) satisfies

Ya1:92t = Y12:q1t — 1T B1equs,

or dividing by ¢,

qat

Yo1:— = Y12t — I'By.
dit
. . Gl
But in a Ramsey allocation % = 22 so
qit Gy’
Gl

2
o o — TByy
Yo1t Gl Y12t 1t
If we replace in (C.2) above,

e+ g+ ki — (1= 08k = Gy + Giyiar — Gy, T By

= G%t (y11e + Y1) — GLTBM

and using (C.3),

C1t + g1t —+ klt—i—l — (1 — 5) klt = G%tFkltklt + G%tFétnlt — GitTBlh

13



SO
Cit — GitF,%tnlt = G%tFkltklt - G%tTBlt — g1t — [klt—i-l - (1 - 5) k’lt] .
Multiplying each term by £1; and adding up for all ¢,

Zﬁt [Clt - GitFitnlt} = Z €1t [GitFkltklt - G%tTBlt — g1t — [k1ep1 — (1 = 6) klt” .
t=0

t=0

Recall that the first-order condition with respect to ky;1; implies
—e1+ (Gl Fry + (1= 0)] €161 = 0,

so we obtain the preliminary result 2:

(04) Zilt [Clt — G%tF;tnlt} = — Z&lt [G%tTBlt + glt} + [GiOFklO + (1 - 5)] 810/{510.

t=0 t=0

Proof: Using (C.4) with (C.1), and noting that when w! — 0, g;; — 0 for all ¢, we

obtain
W'+ M Wio > = " enGLT By — [GipFy + (1= 8)] £10kio,
t=0
or

(C5) > enGyTBy =Y 0uTBy > — [w' + X Wi + [GlgFiy + (1 = 6)] £10kio-
t=0 t=0

As we assumed that Wyy = 0, it follows that

ZéltTBlt > [G%OFklO + (1 — 5)] 5101{310.

t=0

14



As the right-hand side is positive, this equation implies that

Z 61, TBy; > 0.

t=0

The 4y, are the multipliers of constraints

(610)y11e + iz < F* (k)

which is the value for the planner of the intermediate goods. Because of production efficiency,
the private and social values of the intermediate goods are the same, so the present value of
the trade balance is positive, which means that the transfer is negative since f;y are zero.

1

Remark: Equation (C.4) makes clear that, given that w' — 0, a weaker sufficient

condition is

— [w" + X Wi + [GloFlp + (1 — 0)] e10k10 > 0,
or

A Wi < [GloFp + (1= 6)] erokio,

which is weaker than the one assumed in the proposition. This condition, however, involves
multipliers, which are endogenous.

To understand the role of restricting the value for W, imagine that it takes a value
that is higher than the present value of current plus all future national incomes in country 1,
when all taxes are set to zero and all government expenditures are set to zero. Any feasible
allocation therefore requires transfers of resources from country 2 to country 1, independently
of the values of the weights w?. This logic also makes clear that there are high enough values
for Wi and Wy such that the set of implementable allocations is empty.

Thus far we have focused on interior allocations. It is possible to extend the proof to

situations in which the solution is at corner; details are available upon request.

15



D Taxes on Assets

In this appendix, we show that it is possible to implement the solution of the Ramsey
problem in Section III.A as a competitive equilibrium.

We consider a system with income taxation of labor and assets, including a corporate
income tax. We consider a common tax on the household’s returns from foreign assets and
on equity returns including capital gains.

We now describe the problems of the firms and the household in each country and
define a competitive equilibrium. We maintain the assumption that ownership of firms is

domestic, but we will see that this is without loss of generality.

Firm
The representative intermediate good firm in each country produces and invests in
order to maximize the present value of dividends, V;q+ d;o = Zfi o Qidi. Dividends, in units

of the numeraire, d;;, are given by
(D~1) diy = pitF(kita nit) — WyNg — 7}-’2 [PitF(kz‘t7 nit) — WitNyyp — Qitékit] — Q5 [k’z‘t+1 - (1 - 5)’%:] )

where 7% is the tax rate on capital income net of depreciation.

The first-order conditions of the firm’s problem are now piitFéJ = wy, together with

Q1qit Pit+1
t+14it+1 qit+1

Substituting for d;; from (D.1) and using the firm’s first-order conditions, it is easy to
show that the present value of the dividends at time zero in units of the numeraire is given
by

= Pio
(D.3) Vip +dip = Z Qidy = [1 +(1—75) (q_-Fik,O - 5)} piokio-
t=0

10

The problem of the final good firm is as it was before.

16



Households
The flow of funds constraint in period ¢ for the household in country 7 in units of the

numeraire is given by

(D.4) itCit + birr1 + fir1 + VieSia

= (1 —7jy) wignis + [1 + 7“{ — Tit <7{ - %)} (bi + fir)
it—1

it — Qit—1) Vie—
+ (Vie + dit) st — Tit (dit‘f“/;t — Vi1 — (4 Zt ) Vi 1) Sit-
it—1

In period 0, the constraint is

(D.5) ¢ioCio + bi1 + fir + Viosit
= (1 - ) wonig + (1 - 7) [1 + 1§ = Tio (rg - %)} (bio + fio)
i—1
0 — Qi—1) Vi-
(1 - TiW) (Vio + dio) Si0 — Tio (diD + Vio —Viei — (qo ; 1) 1) Si0:| .
i—1

Dividends and capital gains are taxed at rate 7;; with an allowance for numeraire inflation.
Returns on domestic and foreign bonds are also taxed at the same rate, 7;, also with an
allowance for numeraire inflation.

The household’s problem is to maximize utility (1), subject to (D.4); (D.5); and
no-Ponzi-scheme conditions, limy_, Q7410711 > 0 and limp_, o Qiri1 fir+1 > 0 with

Qit

(D.6) Oy = (1= Tirs1) (1 + th+1> Fr B ith Q0 = 1.
it+1

it

The first-order conditions of the household’s problem in each country are, for ¢ > 0,

Ue ¢ Qit
D7) ——&t — ,
LV A =

; Q'tQ't i
(D.8) ulc,t = — Bulc,t—i-l?
Qit+1git+1

17



and

Qi (Vierr + diy1) — Tiera <Wt+1 — Vi +digs1 — MV@&)

D9 _ qit
D9 5 7

Condition (D.9) implies that

Vitr1 + dig 1

1 + rif-f—l = Vt

This condition on the two returns can be written, using 1 + 7{ 1= as

Qt
Qi1
QiVit = Qi1 Vieg1 + Qu1disgr -

Imposing that limy_, o Q711 Vire1r = 0, then

[e%S) Q
t+14+s
Vz‘t = E dit+1+s-
—  Q
s=0

The present value of dividends for the households of country ¢ is a different expression

from the one above because they pay taxes on the asset income. Using (D.9), we have that

Vio= Y (1= 7i41) Qunrdinsa,

t=0

(I=Tit41)

it +1Qit41
9t Qit

since (1 — 74,,) Qit4+1 = Q1. This condition is obtained from (D.6).

where 1 —75,, =1I'_( (1 — Tis41), and 1 — 7541 = ( ) The values are the same,

1=7it41

The value of the firm for the households in country ¢, including the dividends in period

ioVie
(D.ll) Vio + dio — Tio <Vi0+dz‘0_ di0 1)
qi—1
ioVie
= (1 —=mo0) (Vio +dio) +7 q; -
i1

Notice that the market price of the firm before dividends, Vg + d;o, is a linear function of the

value for the firm for the households of each country, so that the solution of the maximization
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problem of the firm also maximizes shareholder value. That would also be the case if the
stocks were held by the households of the foreign country. This means that the restriction
that firms are owned by the domestic households is without loss of generality.

Using the no-Ponzi-games condition, the budget constraints of the household, (D.4)

and (D.5), can be consolidated into the single budget constraint,
Z Qit [qiecit — (1 — 7j7) winy| = (1 - TiW) @0,
t=0

where

7 ‘/z 2
(D12) aiOZ(]-_TiO) (‘/;0+d10)+710q2 ! + |:]_+7"(JJ£—TZ‘0 (1+T(J]c—qqo>:| (b10+fz0)
i—1 i—1

Using (D.3) as well as sp = 1, the initial asset holdings in (D.12) can be written as

gioVi—1

qi—1

aio = (1 —Tio) qio [1 + (1 - Tlo) (GzonkO 5)} kio + Tio

+ |:1+T'(J)c—7'i0 (1+7”(];— dio >:| (b10+f10)

qi—1

The interest rate parity condition is obtained from

Q1 it+1 Dit+1
=== 1+ (1 - Tz‘]§+1) * ——F} 41— 0
Qt+1 Qit+1

qit it+

fori=1,2, or

Q41 [1 4 (1 _ letH) (];lt+le - 5)} Q2t4+1 [1 I (1 _ T§t+1) <];2t+1Fk - 6)] _

g1t 1t+1 g2t 2t+1

Using the first-order conditions of the firms to replace the relative prices of the inter-
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mediate and final goods, it follows that
Gl
(D.13) [1 + (1 Tlt+1) (Gl t+1Flc1,t+1 - 5)]

GJ t+1
G2
= 1+ (1—75) (G3141Ff iy —0)], for j=1,2.
7,t+1

To get production efficiency—that is, to satisfy (9)-we need to either set the two tax

rates to zero or pick 7{;,, and 74, ; according to

k 1 1
T1t+1 (Gl,t+1Fk,t+1 - 5)

= 7—2kt+1 (GitHFkl,tH —0— (LGNH — 1)) ,for j=1,2.
G/
Using the intertemporal condition of the household (D.8) and

Qit
Qit—i—l

= (1 = Tit41) G + Tit+1 it

Qt—l—l qit

obtained from (D.6), together with Q?L =1+ .1, and combining them with the firm’s
condition (D.2), together with the first-order conditions of firms’ production decisions, we
obtain

i

U
(D 14) Bui = L+ (1= Tig1) (1 - Tz‘1§+1) ( zt—HFk t+1 5) .
ct+1

The marginal conditions in this economy can be summarized by

ul, 1
D.15) ——— = ,
( ) Up, ¢ (1- )Gthl

as well as the intertemporal condition (D.14), the interest rate parity condition (D.13), and
condition (8), for all ¢ > 0.

The Ramsey allocation can be implemented with a (possibly time-varying) common
tax on home and foreign assets. Corporate income taxes in both countries either must be set to
zero or must be set according to the difference in real returns in the goods of the two countries

to ensure production efficiency. In this economy with a common tax on domestic equity and
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foreign returns, firms use a common price to value dividends. If relaxed, the restriction that

firms are owned by the domestic residents would not change the implementable allocations.

D.1 Corporate Income Taxes with Deductibility

Here, we consider an implementation with taxes on assets in which the corporate
income taxes allow for the deduction of investment expenses. We will show that, as long as
the tax rate is the same across countries or constant over time, the Ramsey allocation can be
implemented with such taxes.

The representative intermediate good firm in each country produces and invests in
order to maximize the present value of dividends, Vg + d;o = Zfi o Qidir, where @), is the

pretax discount factor. Dividends, d;;, in units of the numeraire, are now given by
dy = (1 - Tﬁ) [pitF(kita nit) - wz’tnz’t} - (1 - Tﬁ) qit [kit—H - (1 - 5)]%&] )

where 7F is the tax rate on corporate income net of investment expenses.

The first-order conditions of the firm’s problem are now piitFﬁht = wy, together with

Qa1 Gitr1 (1—7%)

i 1— Tik i
Qr  qut ( t+1) {p t+1 Fy(kisr, i) — (1 — 5)} '
Qit+1

This implies the following interest-rate parity condition:

dit+1 ( ZH) {p i+l Fr(kiyi1,ni1) — (1 — 5)} has to be the same across .
g (1—75)  Ldien

The profit maximization conditions for the final goods producers are, for all 4,
Piit = Dijt = Dits U F# J

T
Qi,tGi,t = Diits

qz‘,tG;,t = Pjits L7 J.
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This implies
i G, = pjs, for all i and j.

It follows that the interest rate parity condition can be written as

i k
Gg“,t (1 — T¢t+1) [ ;ﬁHle(kitH,nitH) —(1- 5)} has to be the same across 3.
Gl (1 - Tﬁ) 7

The dynamic production efficiency condition is satisfied if 7 is the same across coun-
tries or if it is constant over time.

The households conditions are

w = Qitqit i
=5 - 1
o Qit+1Git+1 ot
with
Qit Q: qit+1
— (1= Tis1) o o Typgg DL
Qit—i—l ’ Qt+1 ’ qit

These conditions, together with

Qr gt (1 — Til;ﬂ) Dit+1
- Fy(kirr1,nies1) — (1= 6)| ,
Q1 it (1 - Tz’fs) Qit+1 (Rit1, Mit1) = )

imply
UZC 1— Tz-k .
W;—l = (1 — Tit1) ﬁ (G Fr ki1, mie1) — (1= 8)] + Tirg1

E Value-Added Taxes
E.1 Algebra for Border-Adjusted VAT

Here, we display the algebra needed to prove proposition 7. The first-order conditions

of the household’s problem now include

(E.1) —
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_ Qi

E.2) u, =
( ) Qt+1%’t+1

i
ot Upyir, £ 2 0.

The first-order conditions of the firms’ problems for an interior solution are
(B.3) piat (L —15) Fy, = wi

(E4) Quqir (1 — 73) = Qrrapiit (1 - Tﬁﬂ) Fii,t+1 + Qe41Git+1 (1 - T;}:H) (1-9))
(E.5) pii (1 —73) = pijt, for j # i

(E.6) Qith,t = Diit

(B.7) qie (1 —75) G’y = pjar, for j #i.

The households’ and firms’ conditions can be manipulated to obtain (44) and (45), together
with (8) and (9).

Conditions (E.1), (E.3), and (E.6) can be used to obtain (44). Conditions (E.2),
(E.4), and (E.6) can be used to obtain (45). To see that the conditions (F.3)-(E.7) imply
(8) and (9), note that (E.5)-(£.6) imply

Qi (1 —737) G;,t = Pjit = Djjt (1 - ijt)
and

i Dijt
i G, = it — T,
g = b (1—73)

implying

Giu pju pin(l-1) Gl

Gé’t Dijt Qi (1 — ’r]’”t) Gg,t Gg,t.
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Note also that (E£.3) and (£.6) imply

Q1 _ qit+1 (1 - 7'5&+1)
Qi1 g (1 —75)

[GZ,tJrlFli,tJrl +1- 5] ;

so that

; ; qj 1 -7 . :
(Gl Frgen +1-6] = Jt(; El — TZT) (Gl Fl o +1-14].
J

dit+1 (1 - 7'5%+1)

v

it (1 —7)

Since, from (E.5) - (E.6),

ge (1—15,) fo,t = pijt = piae (1 — 73) = quGi, (1 —73) , for j # 1,

we obtain
G;:vt % I Gi,t ] ]
ai [Gi,t+1Fk,t+1 +1- 5] A [Gj,tJrle,tJrl +1- 5} :
it+1 it+1

Comparing the four equilibrium conditions, (44) - (9), with the corresponding ones in
the economy with consumption, labor income, and trade taxes, (15)-(18), we obtain proposi-

tion 7.

E.2 Algebra for VAT Without BA
The first-order conditions in the economy with VAT without border adjustments (with

trade taxes) include the households’ conditions (£.1) and (£.2), which are the same as with

border adjustments, repeated here,

——G : t>0
U, 4 (1 Ti?) Wy 7
and
; Qi i
(A 1
= DPUe t>0;
¢ Qt+1Qz‘t+1 et 7
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and the first-order conditions for the final good firms, (E£.3) and (E.4), which are also the

same as with border adjustments,

piit (1 —75) F,it = Wi,

Q: _ Diit+1 (1 - 7';2“) i n qit+1 (1 - TZ£+1) (1 . 5))
Qi aqu(l—7h) S g (-1 ’

as well as the conditions for the intermediate good firms, (A.5)-(A.7), repeated here,
Diit = (1 - Ti?‘t) Dijts 1 # J,

QitG;t = Diit,
@Gl = (L+70%) pjie. @ # J.

In order to show that these conditions can be written as (44)-(48), note first that (44)
and (45) can be obtained as in the case with border adjustments, using (E.1), (E.2), (E.3),
(E.4), and (A.6). In order to obtain (47), note that (A.5)-(A.7) imply

qitG}t _ (1 + T}Z) Djit Djjt B thG;,t C
el - y - T B J 7 ¢ ?é J:
qitGy Diit (1 - Tijt) Dijt thGi,t

Condition (48) is obtained using (£.4) and (A.6), so that

) ) ; 1—17Y . )
(G Fpyy +1— 0] = 222 ( if“) (G Fl+1-10],

gje (1 —74)

dit+1 (1 - TZZH)
it (1 —73)

and from (A.5)-(A.7),

e (e aG
O (=

1 F 7,
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so that

(1+Tzznt+1)G§,z+1 (1 B 1)
R jt+

1_7_1'1) 1Tz]t Gzt ) ]
( Ut>GJ a

E.3 Border Adjustments and Lerner Symmetry
Lemma 1 We start by proving Lemma 1. Consider that country 1 introduces an
import tariff, 73}, and an export tax on all goods, 7{5,. The conditions for the household and

firms in country 1 are

U};,t _ (1 =+ Tlct) q1t

(E.8) —

U}L,t (1 =) wyy’
(E.9) ui,t _ Qa1 5Ui,t+1
(14+7)  Qui1qiesr (1 + Tle) ’
w
pllt

Qy DPi1e+1 q1t+1
(E.11) = ——F,a+——(1-9),
t+1 q1¢ q1¢

]711t
Q1t

(E.13) pre = (1 — 7%;) prat,

(E.12) G!, =

(E.14) qMG;?5 = (1+ 7% pors-

The proof of Lemma 1 follows by inspecting the first-order conditions above, (F.8)
through (E.14), as well as the household budget constraints written as (21) and (22) and

satisfied with an appropriate choice of 7y,

1
Wio = (1 — 71) —c f“’].

— | (1 — 1
gy [0+ G “)’““qum (1) 32

Conditions (F.8) through (F.14) are satisfied in the economy with (1 — 75%,) = ks (1 — 7%,)
and (14 721,) = ks (14 721,) with P11y = Kspiie, G = KsQue, W1 = kswyy for Ky = K, Here,

we have assumed that byp and f; are fixed in units of the world numeraire. Notice that the
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proof goes through even if these initial conditions are fixed in real terms. The higher price of
the final good in country 1 (and the price of the imported good after the tariff, together with
the price of the exported good after the subsidy) reduces the value of domestic and foreign
assets, so that the government must compensate that with a lower tax on initial wealth 7.
There is no need to adjust transfers to satisfy the balance of payments condition for country
i=11n (14).

Lemma 2 Let tildes denote prices in terms of domestic currency. Let FE; denote
domestic currency per numeraire. Then, for example, p;1; = Eip11:. Now, when we multiply
all the trade policy terms by k, it is equivalent to letting E, = % (if K > 1, the domestic

currency appreciates) and leaving all domestic prices denoted in domestic currency unaffected.

Then, conditions (£.8) through (E.14) can be written as
e _ (L+75) due

u}l,t N (1—10) Wy

ui,t Qr qu e ﬂui,tﬂ
c\ ~ c )
(L4+7)  QuaGuir e (1+75)

Fl o Wit
n,t =~ )
P11t
Qt ﬁ11t+1 €t (jlt—O—l €t
— 2 Flo, + 32 (1)
kt+1 )
Qt+1 qit  €t+1 qit €t+1
Gl _ﬁllt
1t ~
q1¢

Dt = By (1 - 7—19621‘,)]712167
Qh‘/Git = By (1 + 731,) pa1e-

The proof of Lemma 2 follows by inspecting the first-order conditions above, as well as
the household budget constraints written as (21) and (22) and satisfied with an appropriate

choice of 71, as long as foreign assets are denominated in the world numeraire, so as to satisfy

~ uC b
Wio=(1—7) —2— (1 =0+ GioFio) ko + Q1=+ (1 +T£> ~

1 @@}
(1+75) ’ d10 dio K
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There is no need to adjust transfers to satisfy the balance of payments condition for country
i=11in (14).
Suppose now that net foreign assets were denominated in the domestic numeraire. The

value of initial wealth is given by

ul b
Wig = (1 =) === | (1= 8+ Gl Flo) ko + Q= + (1 + r{f) @} :

(1+75H) qi,0 41,0

Note that in this case, there is no change in the real value of domestic public debt and foreign
assets, so that there is no need to change 77. On the other hand, there is a need to change

the level of international transfers, since the balance of payments condition is now

00 f ok R
Z Qt [Pr2:v12e — Pareyone] = — (1 + T’(J;) EE Ty
=0

Since the foreign assets are denominated in domestic currency, they are now worth more in

units of foreign currency, and country 1 would have to receive lower transfers.

Nonuniform changes in trade taxes
We start by taking international prices ps1¢, P12, and @) and allocations as given. We
multiply the trade taxes in country 1, (1 + 737,) and (1 — 7{%;), by & > 0. The equilibrium

conditions become

Ui,t<1_7'1735) _ Qe

u711,t (1+7) B wyy

ui,t _ q11Qy 5Ui,t+1
(T4+7)  qunQupr (14 754y)

w
Fr}t - iv
’ P11t
Q: P1it41 -1 q1e+1
= Bl o+ 2 —y),
Q41 qit R+l qit ( )
]_ Rt

(1 - 7—1362t)p12t B Pt

Gl _ p].].t
1t = )
qit
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1
G2,t R

por (L4 730)  qu
In order for x; to be neutral, it must be that £ o L glltt and q” are kept constant.

This can happen only if k; = k.
Changes in trade taxes may also be neutral if both countries change them in particular

ways. To see this, let both countries multiply (1 + TJTt) and (1 — Tlﬁ) by kg, for i = 1,2 and

j # i. The equilibrium conditions can be written as

DU (1475
u%,t ( zt)Gthl ’

ué,t _ (1 + Tzct) [
P41 (1 + Tt+1)

zt+1Fk tr1 T 1— 5}

G%,t _ hu (1 + Tﬂt) Kat (1 + Tgt) G%t
G%t Kie (1 — i) Koo (1 — 7534) G%,t’

Kop (14 71h;) Kt (1 - leQt-‘:-l) Git 2

kot (1+7841) w1 (L= 7i41) Gl

[Gl t+1Fk1,t+1 +1- 5] [Gg t+1Fk27t+1 +1-— 5} .

G1 1
If the adjustments are such that “”“ = ”f;“ the policy is neutral. The nominal

Hlt+1

intertemporal price, Q?t is adjusting by the same amount,

F  Non-Cooperative Foundations of Cooperative Equilibria

Here, we provide explicit non-cooperative foundations for the cooperative Ramsey
equilibria in our dynamic environment.

We begin by describing a static model that is a two-country version of our dynamic
model. The static model has no capital, no assets, and no government consumption; labor is

inelastically supplied.

The households in each country ¢ have preferences over consumption of the country

specific final good ¢;, labor n;, and public consumption g;, u’ (c;, n;)+h* (g;). Firms in country
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1 produce a country-specific intermediate good y;, according to
N

(F.1) Z%j =y = F'n;,
j=1

where y;; denotes the quantity of intermediate goods produced in country 7 and used in

country j and F* is a parameter. The technology for producing the final good is
(F2) ¢ +9: < G (yui, y2i)

where G* is constant returns to scale.
If lump-sum taxes in each country, as well as transfers across countries, are available,

the allocations on the Pareto frontier satisfy the following efficiency conditions:

ul 1

%

(F.4) aﬁ is the same across countries 7, j # i,
1
which, together with the resource constraints, characterize the Pareto frontier.
Consider now the economy with distorting labor income taxes, 7'; taxes levied on
exports shipped from country ¢ to country j, 7,%; and a tariff, 7', levied on imports shipped

from country ¢ to country j.

Firms
Each country has two representative firms. The intermediate good firm in each country
uses the technology in (F.1) to produce the intermediate good using labor. The intermediate

good firm maximizes profits given by
(F.5) piayii + (1 — 755) pijyiy — wing, for j # i

subject to (F.1). Here, p;; is the price of the intermediate good produced in country ¢ and

sold in country j and w; is the wage rate, all in units of a common world numeraire.

30



The final goods firm of country i chooses the quantities of intermediate goods to

maximize profits,

ini (ym', yji) — DiilYii — (1 + Tﬁ) PjiYji, for j # .

Households

The household problem in country ¢ is to maximize utility subject to the budget

constraint

(F.6) qici — (1 —71")wm; <0.

Governments

The budget constraint of the government of country ¢ is given by
(F.7) 7w + 777 pjiyse + TipiYis = 4i9i, J 7 4

Combining the budget constraints of the government and the household (with equality)

in each country, we obtain the balance of payments condition of country :
(F.8) pijyis — pjiysi = 0, j # i.

A competitive equilibrium is defined in the usual fashion.
Next, we characterize the competitive equilibrium. To do so, note that the first-order

conditions of the household’s problem include
(F.9) ——e = @

ul (1—71")w;

The first-order conditions of the firms’ problems are, for all i, p; F'* = wj,
(F.10) pi = (1— T{?) Pij, © F J,

(F-H) %’Gf = Dis,
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(F.12) ¢G: = (L+77) pji i # J.
The first-order conditions can be rearranged as

u’ 1
( ) Uy, (1—=7") G§F17

G 1+ (+m &
F.14) —2 = ! g4 .
A (e N (e Rl

The balance of payments condition can be written as

Gy _ Gy

X m
1— Tt 1+ T

(F.15a) = 0.

Next we define and characterize the non-cooperative equilibrium of a game. The timing
is that the two governments simultaneously choose their policies. Given these policies, we
then have a competitive equilibrium in which households and firms optimize and prices clear
markets. Let m; = {Ti”, T TZ} denote the policies chosen by the government of country i,
and let m = (my,mg). Let x (7) = (x1 (1), 22 (7)) denote the resulting competitive equilibrium
allocations for the two countries, z1 () and x5 (7), and let p (7) denote the associated prices.

The government of country ¢ chooses 7; to maximize
(F.16) v’ (c; (w1, m2) ,n; (1, m2)) + h' (g; (71, 72))
subject to its budget constraint,

Tiw; (1, T2) g (71, W) + T g (71, T2) Yji (T, w2) + Tpig (71, T2) Yig (1, T2)

(Fl?) = q; (71_1, 7T2) 9; (7T17 77—2) ) ] 7é 7;7

taking as given the policies of the other country.

A non-cooperative equilibrium consists of policies, 7*, and allocations and pricing
rules, x (7) , p (), such that for each 7, taking 7} as given for j # i, 7} maximizes (F.16) over
the set of policies, and for all 7, (m,x (), p (7)) is a competitive equilibrium.

Proposition F1: Non-cooperative equilibria of the static game do not satisfy pro-
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duction efficiency. The proof is by contradiction. Suppose country 2 sets all trade taxes to
zero; then, country 1 can improve its welfare by deviating from zero trade taxes.
The proof of this proposition follows the standard logic in the optimal tariff literature.
For future use, let z° = (7*,2*,p*) and u®® denote the equilibrium outcomes and

utilities in the non-cooperative equilibrium of the static economy.

Dynamic formulation

Consider now an infinite repetition of the static economy. In this infinite repetition,
neither consumers nor governments can borrow or lend across periods. The only link between
periods is strategic. To develop these strategic links, let h; denote the history of policies and
allocations, up to the beginning of period ¢. These histories are recursively defined by starting
at the null history and constructing h;,; as follows. Let the history for private agents be
denoted by h,; = (h, ™), where my = (m14,m24). Let hiyr = (hyy, z4, pt), where x, and p;
denote allocations and prices in period t.

A strategy for government ¢ is given by a sequence of functions o, (h¢), which maps
histories into period ¢ policies, with o, = (014, 02;). Allocation and pricing rules are denoted
by sequences of functions z; (h,;) and p; (h,,), which map histories for private agents into
allocations and prices. Strategies, allocations, and pricing rules induce future histories from
past histories in the natural way. For example, induced history h,, from some arbitrary
history h, is given by h,; = (h¢, 01 (ht)), and the induced history hyyq from some arbitrary
history h,, is given by hy1 = (hpg, 2 (hpt),pi (hpt)). Let Vi (hy) denote the discounted
utility for the residents of country ¢ associated with the strategies, allocations, and pricing
rules.

A sustainable equilibrium of this game consists of strategies, allocation rules, and
pricing rules such that (1) for all periods ¢ and for all histories h,,;, the induced allocations
and prices are a competitive equilibrium; and (2) for all periods ¢ and for all histories h;, the

strategy for, say, government 1 in period ¢, maximizes

(F'18) ut (Cl,t (ht7 T1,t, 7TQ,t) y N1t (ht; T1,t, 7T2,t)) + h! (91,t (hh Tt 7T2,t)) + 5‘/&1 (ht+1) )

subject to the analog of the budget constraint for the static case, (F.17), where my; = 094 (hyt),
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hpt = (hes e, 020 (he)), and By = (B, e (Bpy) s pe (hyt))-

A sustainable outcome is defined as an infinite sequence of policies, allocations and
prices, {m, z¢, pr}io,, induced from the null history by a sustainable equilibrium.

Next, we provide a characterization of the set of sustainable outcomes. We restrict
ourselves to equilibria that can be sustained by reversion to static outcomes. Formally, we

restrict ourselves to equilibria such that for all histories hy 1,

. u

Vet (heyr) >

These equilibria are the analogs of equilibria in repeated games that are sustained by reversion
to the Nash equilibria of the static game.?

We then have the following lemma.

Lemma F1: Characterization of sustainable equilibria

An arbitrary sequence {7, s, pi},-, is a sustainable outcome if and only if (1) it is a

competitive equilibrium; and (2) for all periods r, and for, say, country 1

Z ut (cre,nag) +h' (91e)

t=r

Bus,l

(F.19) > ut (c] (T, mo) s ] (14, Tar)) + h! (Qit (71, 772,15)) + 15

for all 71, where ¢ (-,-), ni (-,-), and g7, (-,-) are the functions associated with the static

equilibrium.
The proof of this lemma is a straightforward adaptation of the arguments in Chari
and Kehoe (1990). We then have the following proposition:
Proposition F2: Sustainability of the cooperative Ramsey equilibrium
There is some B < 1 such that for all g > B , the cooperative Ramsey outcome is a

sustainable outcome.

3While we could prove the theorem for other equilibria as well, using the techniques of Abreu, Pearce, and
Stachetti (1990), the proof described here is simpler to follow.
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