
Optimal Cooperative Taxation
in the Global Economy

V. V. Chari

University of Minnesota and Federal Reserve Bank of Minneapolis

Juan Pablo Nicolini

Federal Reserve Bank of Minneapolis and Universidad Di Tella

Pedro Teles

Banco de Portugal, Universidade Católica Portuguesa, Católica Lisbon School of Business
and Economics, and Centre for Economic Policy Research
We
Corre
Hara
Andr
ence
port
Mone
gram

Electro

Journal
© 2022
https:/
How should countries cooperate in setting fiscal and trade policies
when government expenditures must be financed with distorting taxes?
We show that even if countries cannot make explicit transfers to each
other, every point on the Pareto frontier is production efficient, so that in-
ternational trade and capital flows should be effectively free. Trade agree-
ments must be supplemented with fiscal policy agreements. Residence-
based income tax systems have advantages over source-based systems.
Taxing all household asset income at a country-specific uniform rate and
setting the corporate income tax to zero yield efficient outcomes. Value-
added taxes should be adjusted at the border.
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I. Introduction
In the face of increased globalization, the design of the international tax
system is a pressing concern for policy makers. The European Union, for
example, has conducted extensive discussions on the feasibility and de-
sirability of tax harmonization and has also discussed the possibility of
forming a fiscal union. Awareness of how fiscal policy can be used to mimic
tariffs is increasing. Recent discussion on the tax reform package in the
United States—see, for example, Auerbach et al. (2017)—focused on the ex-
tent to which border adjustments were being proposed to mimic tariffs.
In this paper, we develop a dynamic international trade model and use

it to ask how countries should cooperate on fiscal and trade policy when
government expendituresmust be financedwith distorting taxes.We show
that production efficiency is optimal so that goods, services, and capital
should effectively flow freely across borders.We argue that residence-based
income tax systems have advantages over source-based systems and that
value-added taxes (VATs) should be adjusted at the border. We show that
the choice of tax system determines whether taxes on domestic activities
can act as tariffs on international trade and thereby undermine international
agreements on free trade. Thus, if trade agreements are to be effective, they
must be supplemented by agreements on fiscal policy. We argue that inte-
grating dynamic public finance with dynamic international trade provides
insights that are often not obvious in static formulations.
Our dynamic trade model is based on Backus, Kehoe, and Kydland (1994),

though as we argue, the results hold in a variety of other trade models. We
use both theRamsey (1927) and theMirrlees (1971) approaches tooptimal
taxation. In the Ramsey approach, the tax system is exogenously given,
while in theMirrlees approach, the tax system is restricted only by informa-
tional constraints. In both cases, we study cooperative equilibria.
The bulk of our analysis is conducted using the Ramsey approach. We

begin with a benchmark system that taxes consumption, labor income,
and international trade and does not allow for direct transfers across gov-
ernments. We show that every point on the Pareto frontier has production
efficiency as long as countries are connected by direct or indirect trade
links. We show that any such point can be implemented by setting trade
taxes so that import tariffs are exactly offset by export subsidies and ap-
propriately setting consumption and labor income taxes. We also show
that wedges between marginal rates of substitution and marginal rates of
transformation are not necessarily equated across countries, so that tax
rates across countries need not be equal. In this sense, we show that tax
harmonization is not necessarily optimal.
and not necessarily those of the Federal Reserve Bank of Minneapolis, the Federal Reserve
System, Banco de Portugal, or the European System of Central Banks. This paper was edited
by Harald Uhlig.
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We extend the tax system to allow for lump-sum transfers across gov-
ernments and show that the Ramsey outcomes can be implemented by
setting trade taxes to zero. This result shows that the role of offsetting trade
taxes is solely to redistribute resources across countries. We show that there
is a point on the Pareto frontier where government-to-government trans-
fers are zero. This result implies that if countries have chosen an alloca-
tion associated with this point, then even if they are prevented frommak-
ing direct or indirect transfers to each other, no Pareto improvement is
possible.
Adding to the benchmark system other widely used taxes, such as taxes

on corporate income and returns to household assets, as well as VATs,
does not change the Pareto frontier. We also analyze alternative tax sys-
tems that exclude some of the taxes in our benchmark system. We do so
because they are widely used and because other taxes may be easier to
administer.
We begin by considering a system that taxes only labor income, corpo-

rate income, and household asset income. It does not tax consumption
or international trade but does allow for government-to-government
transfers. We show that any point on the Pareto frontier with the bench-
mark system can be implemented by setting the corporate income tax to
zero and appropriately choosing the other two taxes. We also show that
nonzero corporate income taxation can act as a restriction on capital mo-
bility. This result shows that free trade agreements need to be supple-
mented with agreements on fiscal policy.
We show that it is optimal to tax all types of inflation-adjusted house-

hold asset income—including interest, dividends, and capital gains—at
a common country-specific rate. We go on to show that tax systems that
allow only labor and corporate income to be taxed cannot, in general, im-
plement outcomes on the Pareto frontier. Since a uniform tax on house-
hold asset income is residence based while a tax on corporate income is
source based, our analysis implies that residence-based tax systems have
advantages over source-based systems.
It is often argued that source-based systems—for example, those that

use corporate income taxes—have administrative advantages. While we
have not explicitly modeled administrative ease, our analysis shows that
source-based taxes can be used to implement the Ramsey allocation. We ex-
ploit the idea that while the Ramsey allocation uniquely pins down wedges,
it can be implemented with a variety of different tax systems. Consider, for
example, corporate income taxes. We show that the Ramsey allocation can
be implemented with such taxes as long as the tax base is changed to ex-
clude investment expenses and the taxes are constant either over time or
across countries. Other taxes will in general need to be adjusted appropri-
ately. These insights help clarify issues in the design of optimal corporate
income tax systems (see, e.g., OECD 2007).
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VATs are also widely used as part of tax systems in many countries. We
examine the role of border adjustments in setting these taxes. The tax
base of a VAT with border adjustment (BA), referred to asVAT with BA,
excludes revenues from exports and includes expenditures on imports.
Since such a tax is equivalent to a consumption tax, a system that includes
this tax, together with a tax on labor income, can implement any point
on the Pareto frontier. The tax base of a VAT without BA includes revenues
from exports and excludes expenditures on imports. We show that a sys-
tem that has a VAT without BA and a labor income tax introduces inter-
temporal trade wedges if, in the benchmark system, optimal consumption
tax rates vary over time. Thus, in general, a system with a VAT without BA
and a labor income tax cannot implement outcomes on the Pareto fron-
tier. Furthermore, with this tax system, since VATs can effectively impose
tariffs, trade agreements that are not supplemented with fiscal policy agree-
ments can be ineffective. Taken together, these findings suggest that sys-
tems that allow for border adjustments are desirable.
These results shed light on apparent differences between the literature

in public finance (see Auerbach et al. 2017) and that in international
trade (see Grossman 1980; Feldstein and Krugman 1990; Costinot and
Werning 2017) on the desirability of border adjustments. The public fi-
nance literature has argued that border adjustments are desirable, while
the international trade literature has argued that they are irrelevant. The
international trade literature effectively considers uniform tax systems
in the sense that the VAT tax rate is the same for all goods. We can think
of our dynamic economy as a static economy with an infinite number of
goods. If, in the benchmark system, optimal consumption tax rates are
constant over time, then the associated VAT tax rate is the same for all
goods so that, regardless of border adjustments, systems with VAT and
labor income taxes can implement outcomes on the Pareto frontier. If, in
the benchmark system, optimal consumption taxes vary over time, then the
associated VAT rate is different for different goods and the international
trade results no longer apply. Our results help reconcile these differences
and suggest that border adjustments are desirable in general. Barbiero
et al. (2017) show that permanent changes in border adjustments are ir-
relevant if they are unanticipated, while they are not if anticipated. The
difference between the two exercises is that the first change is uniform,
while the second is not.
The analysis of border adjustments helps us compare destination-based

with origin-based taxes on goods and services. A tax system is destination
based if tax rates at the destination of use do not depend on the origin of
production and is origin based if the tax rates do not depend on the desti-
nation of use. VATs with BA are destination based, and VATs without BA
are origin based. Thus, our results suggest that destination-based systems
have advantages over origin-based systems.
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Our result that the Ramsey equilibrium without transfers is production
efficient differs from that inKeenandWildasin (2004), who argue that such
equilibria are, in general, production inefficient. The reason for this dif-
ference is that Keen and Wildasin impose restrictions on trade taxes. With
their restrictions, it turns out that it may not be possible to simultaneously
achieve production efficiency and the needed redistribution across coun-
tries. They require tariffs on each imported good to be the same, regardless
of its origin of production. Likewise, export subsidies on a given good can-
not depend on the destination of exports. In contrast, we explicitly allow
trade taxes for each good to depend on the origin and the destination.
Restrictions on policies of the type in Keen and Wildasin (2004) are of

very limited applied interest, since countries routinely impose different
tariffs on the same physical good based on country of origin or destina-
tion. For example, groups of countries often enter into trade agreements
with one another that impose different tariffs based on whether a given
good is produced within or outside the group. In examining cooperative
Ramsey equilibria, our view is that the set of allowable tax instruments
should include widely used tax instruments. From this perspective, it seems
unreasonable to exclude instruments that countries routinely use. In any
event, even if we were to impose restrictions of the kind in Keen and
Wildasin (2004), it turns out that they would not be generically binding
in our dynamic model.
In our discussion of alternative implementations, we have assumed

that explicit transfers, rather than offsetting trade taxes, are used to redis-
tribute resources across countries. We have done so because even though
these are equivalent, our view is that transfers have advantages over off-
setting trade taxes. This view is based on two considerations. First, adopt-
ing a policy of explicitly free trade for a wide variety of goods and services
helps protect policy makers from lobbying by self-interested groups seek-
ing to promote their own sectors. Olson (2009) has persuasively argued
that countries often adopt tariffs that hurt the vast majority of their citi-
zens because tariffs on individual sectors confer concentrated benefits on
small groups and diffuse costs on large groups (see also Grossman and
Helpman 1994). The large group may have a free rider problem in over-
coming the lobbying efforts of a particular small group. The large group
may, however, be able to overcome the interest of many small groups by
negotiating a free trade agreement that applies to all sectors. One example
of a cooperative agreement that combines internal free trade with transfers
is the EuropeanUnion.
Second, we think of transfers as consisting of more than explicit mon-

etary transfers. Countries agree to treaties on a variety of issues, such as
the environment, military cooperation, migrant flows, and the like. The
kinds of agreements countries arrive at on these issues are linked to the
kinds of agreements they arrive at on trade issues.
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Our model can be extended to address issues of fiscal federalism. In
this extension, countries are reinterpreted as states or provinces, and
the public good provided by each country in our model is interpreted
as a local public good. We can easily allow for national public goods that
are provided by the federal government and for labor mobility. We con-
jecture that as long as taxes can depend on the origin and destination of
mobile agents, production efficiency is still optimal.
We go on to argue that our results generalize to other international

trade models, such as Obstfeld and Rogoff (1995), Stockman and Tesar
(1995), and Eaton and Kortum (2002). Finally, we show that our re-
sults extend to a Mirrlees-like environment in which the government
can use nonlinear tax systems and the productivity of households is
private information. We show that these outcomes also satisfy produc-
tion efficiency so that free trade and unrestricted capital mobility are
optimal.
For ease of exposition, we study a deterministic model. It is straight-

forward to extend the analysis to stochastic models in which productivity,
government consumption, and other shocks generate fluctuations in the
aggregates. All our results continue to hold in the stochastic model. In
such models, optimal consumption tax rates will typically vary with the
underlying state, even in the stochastic steady state. These fluctuations
may be large if the underlying shocks are large. This observation strength-
ens the case for the desirability of household asset taxes over taxation of
corporate income and for the desirability of border adjustments in VAT
systems.
One purpose of this paper is to help integrate static trade theory into

widely used dynamic macroeconomic models of public finance. Doing
so provides insights that are often not obvious in static public finance for-
mulations. We have clarified that while systems of taxation with and with-
out border adjustment are equivalent in a class of static models, they are
not equivalent in dynamic models. This clarification helps advance the
discussion on the role of different ways of adjusting taxes at the border.
Second, we have shown that dynamic models are useful in understand-
ing the role that incentives play in the discussion of international asset
income taxation. Third, the restrictions on policies that are binding in
staticmodels, as they are in Keen andWildasin (2004), are not generically
binding in dynamic extensions of those static models. Fourth, we can eas-
ily use the insights from the theory of repeated games—see appendix F—
to provide noncooperative foundations for Pareto-optimal outcomes. In
this sense, cooperative Ramsey equilibria in a dynamicmodel are notmerely
benchmarks but outcomes that can be attained even when countries can-
not commit to cooperating. In contrast, in static models, cooperative out-
comes typically cannot be attained in a noncooperative setting.
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II. A Dynamic Trade Economy
The model is that in Backus, Kehoe, and Kydland (1994), with distorting
taxes. There are N countries indexed by i 5 1, ... , N. The preferences of
a representative household in each country are over consumption cit, labor
nit, and government consumption git,

U i 5 o
∞

t50

bt ui cit , nitð Þ 1 hi gitð Þ½ �: (1)

We assume that ui satisfies the usual properties and hi is an increasing,
concave, and differentiable function. We assume that the total endow-
ment of time is normalized to be one. For much of what follows, we as-
sume, without loss of generality, that government consumption is exoge-
nously given.
Each country, i, produces a country-specific intermediate good, yit, ac-

cording to a production technology given by

o
N

j51

yijt 5 yit 5 F i kit , nitð Þ, (2)

where yijt denotes the quantity of intermediate goods produced in coun-
try i and used in country j, kit represents the capital stock, nit represents
labor input, and F i represents constant returns to scale. Here the first
subscript denotes the location of production and the second subscript
denotes the location of use. The intermediate goods produced by each
country are used to produce a country-specific final good that can be used
for private consumption, cit; public consumption, git; and investment, xit,
according to

cit 1 git 1 xit ≤ Gi y1it , ::: , yNitð Þ, (3)

where Gi represents constant returns to scale. Capital accumulates accord-
ing to the law of motion

xit 5 kit11 2 1 2 dð Þkit , (4)

so that the final goods resource constraint is

cit 1 git 1 kit11 2 1 2 dð Þkit ≤ Gi y1it , ::: , yNitð Þ: (5)

Note that in this economy, only intermediate goods are traded across
countries; final goods are not.
We use Gi

j ,t to denote the derivative of the intermediate goods produc-
tion function of country i with respect to intermediate good of country j
in period t and ui

c,t and ui
n,t to denote the marginal utilities of consump-

tion and labor in period t. We then have that if lump-sum taxes as well
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as government-to-government transfers are available, the allocations on the
Pareto frontier satisfy the following efficiency conditions:

2
ui
ct

ui
nt

5
1

Gi
i,tF

i
nt

; (6)

ui
c,t

bui
c,t11

5 1 2 d 1 Gi
i,t11F

i
kt11; (7)

for each pair of goods ( j, l),

Gi
j,t

G i
l ,t

 is the same across countries i; (8)

and for each good j,

Gi
j ,t

G i
j ,t11

Gi
i,t11F

i
k,t11 1 1 2 d½ � is the same across countries i : (9)

These conditions, together with the resource constraints, characterize the
Pareto frontier.
These conditions mean that there are no intratemporal wedges (con-

dition [6]), no intertemporal wedges (condition [9]), andnoproduction
distortions (conditions [7], [8]). We say that an allocation is statically produc-
tion efficient if it satisfies (8), dynamically production efficient if it satisfies (9),
and simply production efficient if it satisfies both. Static production efficiency
requires that themarginal rate of technical substitution for any pair of inter-
mediate goods be equated across countries. Dynamic production efficiency
requires that capital be allocated so as to equate the social rate of return
on capital across the different countries.
For future use, note that the conditions above also imply the inter-

temporal consumption efficiency condition that, for all goods j,

ui
c,t

bui
c,t11

Gi
j ,t

G i
j ,t11

 is the same across countries i : (10)
A. Equilibria with Consumption, Labor Income,
and Trade Taxes
Consider now the economy with distorting taxes. Each government fi-
nances public consumption and initial debt with proportional taxes on
consumption and labor income, tcit and tnit ; trade taxes; and a tax on initial
wealth, tWi . The trade taxes consist of an export tax, txijt , levied on exports
shipped from country i to country j, and a tariff, tmijt , levied on imports
shipped from country i to country j.



optimal cooperative taxation 103
1. Firms
Each country has two representative firms. The intermediate good firm in
each country uses the technology in (2) to produce the intermediate good
using capital and labor, purchases investment goods, and accumulates cap-
ital according to (4). Let Vi0 represent the value of the firm in period zero
after the dividend paid in that period, di0. The intermediate good firms
maximize the value of dividends

Vi 0 1 di 0 5 o
∞

t50

Qt piit yiit 1o
j≠i

1 2 txijt
� �

pijt yijt 2 witnit 2 qitxit

" #
, (11)

subject to (2) and (4). Here pijt represents the price of the intermediate
good produced in country i and sold in country j at t, wit represents the
wage rate, and qit represents the price of the final good, all in units of a
common world numeraire. The intertemporal price Qt represents the
price of the numeraire at time t in units of the numeraire at zero (Q0 5 1).
Note that we assume that the intertemporal prices Qt are the same across
countries. This assumption captures the idea that world capital markets
are fully integrated. Below, we explore policies that restrict international
capital flows.
The final goods firm of country i chooses the quantities of intermediate

goods to maximize the value of dividends:

o
∞

t50

Qt qitG
i yiit , yjit
� �

2 piit yiit 2o
j≠i

1 1 tmjit
� �

pjit yjit

" #
:

For future use, note that if we define r
f
t11 to be the return on 1-period

bonds in units of the numeraire between period t and t 1 1, then
Qt=Qt11 5 1 1 r

f
t11 for t ≥ 0.
2. Households
The household problem in country i is to maximize utility (1) subject to
the budget constraint

o
∞

t50

Qt 1 1 tcitð Þqit cit 2 1 2 tnitð Þwitnit½ � ≤ 1 2 tWið Þai 0, (12)

with

ai0 5 Vi0 1 di0 1 Q21bi0 1 1 1r
f
0

� �
fi 0,

where ai0 denotes net holdings of assets by the household of country i;
Q21bi0 denotes holdings of domestic public debt in units of the numer-
aire, inclusive of interest; and ð1 1r

f
0Þfi 0 denotes holdings of claims on
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households in the other country, in units of the numeraire, also inclu-
sive of interest. Without loss of generality, households within a country
hold claims to the firms in that country as well as the public debt of its
government. For most of our analysis, we assume that the initial net for-
eign asset position in real terms—namely, fi0/qi0—is fixed.
3. Governments
The budget constraint of the government of country i is given by

 o
∞

t50

Qt tcit qit cit 1 tnitwitnit 1o
j≠i
tmjitpjit yjit 1o

j≠i
txijtpijt yijt 2 qitgit

" #

5 Q21bi0 2 tWi ai0:

(13)

Combining the budget constraints of the government and the house-
hold (with equality) in each country, we obtain the balance of payments
condition:

o
∞

t50

Qto
j≠i

pijt yijt 2 pjit yjit
� �

5 2 1 1 r f0
� �

fi,0, (14)

for all i, and with oið1 1 r
f
0 Þfi,0 5 0 (see app. A for the derivation).

A competitive equilibrium consists of allocations {cit, nit, yijt, kit11, xit, git},
prices and initial dividends {qit, pijt, wit, Qt, Vi0, di0}, and policies {tcit , t

n
it , t

m
ijt , t

x
ijt },

tWi , given ki0, Q21bi0, ð1 1 r
f
0Þfi0, such that firmsmaximize value, households

maximize utility subject to their budget constraints, the governments’ bud-
get constraints hold, the balance of payments conditions (14) hold, and
markets clear in that (2), (3), and (4) hold.
We say that an allocation {cit, nit, yijt, kit11, xit, git} is implementable if it is

part of a competitive equilibrium.
Next, we characterize the competitive equilibria. To do so, we rear-

range the first-order conditions of households and firms to obtain (details
are in app. A)

2
ui
c,t

ui
n,t

5
1 1 tcitð Þ

1 2 tnitð ÞGi
i,tF

i
n,t

; (15)

ui
c,t

bui
c,t11

5
1 1 tcitð Þ
1 1 tcit11ð Þ Gi

i,t11F
i
k,t11 1 1 2 d½ �; (16)

for each pair of goods ( j, l ),
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1 2 txjit
� �

1 1 tmlitð ÞGi
j,t

1 1 tmjit
� �

1 2 txlitð ÞGi
l ,t

 is the same for all i; (17)

and for each good j,

1 1 tmjit11

� �
1 2 txjit
� �

Gi
j ,t

1 2 txjit11

� �
1 1 tmjit
� �

Gi
j ,t11

Gi
i,t11F

i
k,t11 1 1 2 d½ � is the same for all i : (18)

Comparing these conditions with the ones for the Pareto frontier with
lump-sum taxation—(6), (7), (8), and (9)—we have that the consump-
tion and labor taxes create an intratemporal wedge, as can be seen in
(15), and that time-varying consumption taxes create intertemporal
wedges, as can be seen in (16). The consumption and labor income taxes
do not affect the production efficiency conditions (17) and (18). We say
that the economy has no trade wedges if the trade taxes are set so that (17)
coincides with (8) and (18) coincides with (9). One example of such an
economy sets trade taxes so that tmjit 5 2txjit . In our proposition below, we
construct trade taxes with this property. If the economy has trade wedges,
then trade taxes distort production efficiency.
We can also use (16) and (18) to write the intertemporal consumption

condition

1 1 tmjit11

� �
1 2 txjit
� �

1 2 txjit11

� �
1 1 tmjit
� � 1 1 tcit11ð Þ

1 1 tcitð Þ
Gi

j ,t

G i
j ,t11

ui
c,t

bui
c,t11

 is the same for all i, (19)

which makes clear how time-varying ratios of consumption and trade
taxes distort this intertemporal margin across households in different
countries.
For future use, it is helpful to express the balance of payments condi-

tion in terms of the allocations and policies. Straightforward algebra
(shown in app. A) yields that the balance of payments condition can be
written as

o
∞

t50

1

Πt
s50 G

i
i,sF

i
k,s 1 1 2 d½ �oj≠i

G i
i,t yijt

1 2 txijt
� � 2 Gi

j ,t yjit

1 1 tmjit
� �

" #
5 2 1 1 r

f
0

� � fi0
qi0

: (20)
4. Necessary Conditions for Implementability
To characterize the Ramsey equilibrium, we begin with a partial charac-
terization of the set of implementable allocations for a given path of gov-
ernment consumption, {git}. A necessary condition for an allocation {cit,
nit, yijt, kit11, xit} and period-zero policies and prices {tWi , t

c
i0, qi0}, given {ki0,

bi0, fi0}, to be implementable as a competitive equilibrium is that they must
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satisfy the resource constraints (2), (3), and (4) and the implementability
conditions

o
∞

t50

btui
c,t cit 1 btui

n,tnit½ � 5 W i0, (21)

where

W i0 5
1 2 tWið Þui

c,0

1 1 tci0ð Þ 1 2 d 1 Gi
i,0F

i
k,0ð Þki0 1 Q21

bi0
qi,0

1 1 1 r0
fð Þ fi,0
qi,0

� �
: (22)

The proof of the following proposition is standard and is omitted.
Proposition 1 (Necessary conditions for implementation). Any im-

plementable allocation and period-zero policies and prices must satisfy
the implementability constraint for each country (21) and the resource
constraints (2), (3), and (4).
This proposition is useful in developing the relaxed Ramsey problem

described below. Note that we are not including other conditions of
the competitive equilibrium; in particular, we omit the balance of pay-
ments condition, (20).
B. Cooperative Ramsey Equilibria
Here we ask how fiscal policy and trade policy should be conducted when
governments can cooperate in setting these policies. We show that the
Ramsey allocations are production efficient as long as countries are con-
nected through trade links. Such production efficiency in general re-
quires tariffs on imports that are exactly offset by export subsidies.
We assume that households in each country must be allowed to keep

an exogenous value of initial wealthW i, measured in units of utility. Spe-
cifically, we impose the following restriction on the policies:

W i0 ≥ W i

which we refer to as the wealth restriction. With this restriction, policies,
including initial policies, can be chosen arbitrarily, but the household must
receive a value of initial wealth in utility terms of W i . This restriction im-
plicitly limits the extent of confiscation of initial wealth. In particular, it
limits the tax rates on initial wealth tWi . Chari, Nicolini, and Teles (2020)
offer a rationalization and a defense of restrictions of this kind in a closed
economy (for an analysis in a closed economy with such a restriction, see
also Armenter 2008).
Formally, a (cooperative) Ramsey equilibrium is a competitive equilibrium

that is not Pareto dominated by any other competitive equilibrium. The
Ramsey allocation is the associated allocation.

(23)
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1. Ramsey Problem
The Ramsey problem is to choose allocations, prices, and policies to max-
imize a weighted sum of utilities of the households of the N countries,

o
N

i51

qiU i , (24)

over the set of competitive equilibria satisfying the wealth restriction, (23).
2. Relaxed Ramsey Problem
Next we state and prove that the Ramsey allocations satisfy production
efficiency. To do so, it is convenient to consider a relaxed Ramsey problem,
which consists of choosing allocations and period-zero policies to maxi-
mize the planner’s objective, (24), subject to the implementability con-
straints, (21); the initial wealth condition, (23); and the resource constraints
(2), (3), and (4). Note that these conditions are the necessary conditions
described in proposition 1.
We now show that the solution to the relaxed Ramsey problem can be

implemented as a Ramsey equilibrium, as long as countries are connected in
a way we make precise below. To do so, we construct policies that, together
with the allocations associated with the relaxed Ramsey problem, consti-
tute a competitive equilibrium. In particular, we show that the balance of
payments condition (20) is satisfied. Choose period-zero policies to satisfy
the initial wealth condition, (23), and the tax rates on consumption and
labor to satisfy (15) and (16). Prices are set to satisfy the firms’ and house-
holds’ first-order conditions, and the household budget constraints are
satisfied because the implementability conditions are imposed. The govern-
ment budget constraints are implied by the other equilibrium conditions.
Choose the trade taxes so that txijt 5 2tmijt . With these offsetting trade

taxes, there are no trade wedges, as required by the production efficiency
conditions (8) and (9).1 The balance of payments condition (20) becomes
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∞
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5 2 1 1 r 0
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qi0

 for all i:

(25)
(25)
1 Since the trade taxes exactly offset each other, the price received by producers of the
intermediate good in the exporting country is the same as the price paid by users of the
intermediate good in the importing country. Since the prices do not depend on the route,
there are no arbitrage opportunities in exporting an intermediate good to a third country
and reexporting it to the final destination country.
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To develop the assumptions needed to ensure that (25) is satisfied, we
use some ideas from graph theory. We say that a pair of countries i, j is
directly linked if there exists some t such that yijt ≠ 0 or yjit ≠ 0. Countries
are indirectly linked if for any pair of countries i, j, there is some sequence
of direct links between i and j. (In terms of language from graph theory,
countries are nodes, direct links are edges, and indirect links are paths). The
countries are connected if any pair of countries i and j is directly or in-
directly linked. It should be clear that, generically, the economies studied
here will be connected.
In appendix B, we show that if countries are connected, it is possible to

construct trade taxes so that (25) is satisfied.2 We then have the following
proposition:
Proposition 2 (Ramsey allocations are production efficient). If at the

solution to the relaxed Ramsey problem, countries are connected, then
the Ramsey allocation satisfies production efficiency.
Remark 1. Thus far, we have taken the perspective that goods are in-

dexed by both their physical attributes and the location of their produc-
tion and destination. We have done so to capture the idea that countries
impose trade taxes that depend on those different characteristics. For ex-
ample, the United States imposes tariffs on car parts imported fromMex-
ico that are very different from those on identical parts imported from
Brazil. Indeed, the entire literature on trade diversion is about different
tariffs on identical goods imported from different countries.
While a realistic formulation demands that we index goods in the way

we do, to relate our results to the literature, we turn now to amore restric-
tive formulation in which goods are indexed only by their physical attri-
butes. We restrict policies so that import tariffs can depend only on the
identity of the good and of the importing country and not on the identity
of the origin country. Similarly, we restrict export subsidies to depend only
on the identity of the good and the exporting country.
In appendix B, we develop a simple static example withmore countries

than goods and show that the Ramsey allocation with these restrictions
does not satisfy production efficiency. The reason is that with these re-
strictions, trade taxes cannot be chosen to simultaneously satisfy pro-
duction efficiency and (20). In a dynamic extension of this simple example,
we go on to show that the Ramsey allocations do satisfy production effi-
ciency. The reason now is that since taxes are allowed to be different
across time, we effectively have more goods than countries and therefore
have enough degrees of freedom to simultaneously satisfy production ef-
ficiency and (20).
2 Recall that we have assumed that initial foreign assets are fixed in real terms. If instead
we had assumed that initial foreign assets were fixed in nominal terms, an additional chan-
nel that would be available to help satisfy (25) is to appropriately choose qi0 for each coun-
try. These choices can be thought of as choices of the initial exchange rates.
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These restrictions help us understand the result in Keen and Wildasin
(2004) that with more countries than goods, the Ramsey allocation can
be production inefficient. Simply put, Keen and Wildasin impose the re-
strictions that tariffs cannot depend on the origin/destination pair of
trade. In our view, restrictions of this type are of very limited applied in-
terest, given that countries routinely impose different tariffs on the same
physical good based on country of origin or destination.
Remark 2. Proposition 2 requires that countries be connected at the

solution to the relaxed Ramsey problem. If at the solution to the relaxed
Ramsey problem, countries are not connected, then the relaxed Ramsey
can be implemented with government-to-government transfers, as de-
scribed below, and cannot be implemented by offsetting trade taxes. A
small perturbation of the original environment will ensure that in this case
the countries are connected. Thus, we do not view the requirement of con-
nectedness as very stringent.
Remark 3. Inspection of (25) makes clear that this equation can be

satisfied by many paths of trade taxes. Indeed, these trade taxes can be
chosen in a continuum of ways so that there is indeterminacy. This inde-
terminacy result can also hold even if we restrict trade taxes so that they
do not depend on the origin/destination pair. See Maggi and Rodríguez-
Clare (2005) for a proof of indeterminacy with such a restriction.
We now characterize the Ramsey equilibrium in greater detail. To do so,

it is useful to define

vi cit , nit ; J
ið Þ 5 ui cit , nitð Þ 1 Ji ui

c,t cit 1 ui
n,tnit½ �,

where qiJi is the multiplier of the implementability condition (21). The
relaxed Ramsey problem then reduces to maximize

o
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� �
,

subject to the resource constraints (2) and (5).
The solution of the relaxed Ramsey problem satisfies
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vi
c,t

bvi
c,t11

5 1 2 d 1 Gi
i,t11F

i
kt11, (27)

together with the production efficiency conditions, (8) and (9).
These equations imply an analog of the intertemporal consumption effi-

ciency condition
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 is the same across countries i : (28)

In appendix C, we report the first-order conditions for the optimal levels
of government consumption.
Note that

vi
c,t 5 ui

c,t 1 1 Ji 1 1 jin
t 2 jinc

tð Þ½ � and vi
n,t 5 ui

n,t 1 1 Ji 1 1 ji
t 2 jicn

tð Þ½ �,

where ji
cct and ji

nnt represent the own elasticities of themarginal utilities of
consumption and labor and ji

nct and jicn
cnt represent the cross elasticities. In

general, these own and cross elasticities depend on the allocations and
vary across countries and over time. Thus, in general, the ratios of the de-
rivatives of the vi functions do not coincide with themarginal rates of sub-
stitution, and the wedges vary across countries. In particular,
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Inspecting (26) and (27) and their analogs in the competitive equilib-
rium, (15) and (16), we find that the taxes on consumption and labor
that implement the Ramsey equilibrium are given by
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1 1 tcitð Þ
1 2 tnitð Þ , (30)
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5
1 1 tcitð Þ
1 1 tcit11ð Þ : (31)

Remark 4. Inspecting (29), (30), and (31), we see that tax wedges
are, in general, not equated across countries. In this sense, tax harmoni-
zation is not necessarily optimal.
Remark 5. Comparing (26) and (27) with (30) and (31), we see that

the tax wedges are, in general, time varying. Thus, taxes will generally also
be time varying.3

Thus far, we have considered the general case of N > 2 countries.
Having more than two countries is essential in understanding the role of
restrictions on policies discussed in remark 1. In the remainder of the pa-
per, to reduce the notational burden, we restrict our analysis to two coun-
tries. It should be clear that all our results go through for N > 2 countries.
3 See Chari, Nicolini, and Teles (2020) for relationships between these results and those
in the closed-economy literature.
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3. Allowing for Transfers
Thus far, we have not allowed governments to make lump-sum transfers
to each other. Here we allow for such transfers and show that with trans-
fers, efficient allocations can be supported by policies that set all tariffs
and export taxes to zero and use only consumption and labor income
taxes. This result clarifies that the role of offsetting trade tariffs and subsi-
dies is solely redistributive across governments. Without loss of generality,
we assume that country i makes a (net) transfer Ti0 to the other country.
The budget constraint for the government of country i, (13), becomes

 o
∞

t50

Qt tcit qit cit 1 tnitwitnit 1o
j≠i
tmjitpjit yjit 1o

j≠i
txijtpijt yijt 2 qitgit

" #

5 Q21bi0 2 Ti0 2 tWi ai0:

(32)

Since transfers made by one government are received by the other, we have

o
2

i51

Ti0 5 0: (33)

Combining the budget constraints of the government and the house-
hold (with equality) in each country, we obtain a rewritten version of the
balance of payments condition, (14):

o
∞

t50

Qto
j≠i

pijt yijt 2 pjit yjit
� �

5 2 1 1 r 0
fð Þfi,0 2 Ti0, (34)

for all i.
The Ramsey problem in this case is to choose policies, allocations, and

initial transfers. Since transfers appear only in the balance of payments
condition (34), we can simply drop constraint (34), and theRamsey prob-
lem with transfers coincides with the relaxed Ramsey problem. This re-
sult implies that the offsetting trade taxes in theRamsey equilibriumwith-
out transfers can be replaced by explicit transfers. The level of the transfers
is uniquely pinned down by the welfare weights of the Ramsey problem. In
this sense, the offsetting trade taxes play a purely redistributive role. We
summarize this result in the following proposition.
Proposition 3 (Optimality of explicit free trade). If governments can

make transfers to each other, the Ramsey allocations can be implemented
by setting all trade taxes to zero.
For all the results that follow, unless explicitly stated to the contrary, we

assume that direct transfers are available and that trade taxes are not used
for redistribution across countries.4 The logic behind propositions 2 and
3 can be extended to show that restrictions on capital mobility are not
4 If direct transfers are not available, all the results below go through with trade taxes
used solely for redistributive purposes.
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efficient. To see this result, consider, for example, allowing the Ramsey
planner to impose capital controls. One way of allowing for capital con-
trols is to impose constraints on the foreign assets that residents of coun-
try i can hold, so that households face additional constraints of the form
fit ≤ �fit , where �fit is chosen by the planner. Using the evolution of house-
hold wealth, we can alternatively represent the constraints as

 o
∞

s50

Qt1s qit1s 1 1 tcit1sð Þcit1s 2 1 2 tnit1sð Þwit1snit1s½ �

≤ Vit 1 dit 1 Qt21bit 1 1 1 r 0
fð Þ�fit ,  t ≥ 1:

(35)

These are additional constraints on the Ramsey problem that can be
written in terms of the allocations. Thus, in the solution to the coopera-
tive Ramsey problem, it is optimal to set �fit to be sufficiently large so that
these additional constraints are never binding. The same logic applies to
any other restrictions on capital mobility, including taxes on capital flows.
In this sense, the logic behind proposition 2 implies that unrestricted cap-
ital mobility is optimal in a cooperative Ramsey equilibrium.
We next turn to proving an analog of the first welfare theorem. We show

that there is apair of welfareweights,q1 andq2, such that the government-to-
government transfers are zero. Without loss of generality, let q1 5 q ∈ ½0, 1�
and q2 5 1 2 q. Let T i(q) denote the transfers to country i under the
Ramsey allocation associated with welfare weight q.
Proposition 4 (Optimality of production efficiency with zero transfers).

Assume thatWi and fi0 are sufficiently close to zero for i 5 1, 2. There ex-
ists a weight q ∈ ½0, 1� such that transfers are zero: T iðqÞ 5 0, i 5 1, 2.
Proof. Under ourdifferentiability and interiority assumptions, the trans-

fer functions T i(q), i 5 1, 2 are continuous. In appendix C, we show that
T 1ð0Þ ≤ 0 and T 1ð1Þ ≥ 0. The result follows from the intermediate value
theorem. QED
Remark. The same theorem holds with more than two countries. In

this case, we can apply the argument in Negishi (1972) to prove the result.
In appendix C, we explain the role of the technical assumption thatW i is

sufficiently close to zero andmake clear that for a (potentially large) neigh-
borhood of promised wealth around zero, the proposition goes through.
This proposition says that there is a vector of welfare weights such that

no transfers (or trade taxes) are needed to implement the cooperative
Ramsey equilibrium. Thus, if the economy starts off at this Ramsey allo-
cation, no Pareto improvement is possible.
C. Allowing for Distributional Considerations
In the model above, we abstract from the distributional effects of policies
within each country. In this section, we briefly address those considerations,



optimal cooperative taxation 113
allowing for the possibility that different agents may be differently affected
by trade policies. For simplicity, we consider only two worker types with
equal mass. The production function in country i is described by

yi1t 1 yi2t 5 yit 5 F i kit , n
a
it , n

b
itð Þ,

where na
it and nb

it represent the labor hours of agents a and b in country i.
Notice that with this production function, the relative wages of the two
agents are endogenous and are a function of trade policies. A special case
in which the relative wage is exogenous is when the two agent types dif-
fer only in their efficiency units but are perfect substitutes in production,
as in F iðkit , na

it 1 hinb
itÞ. The preferences of type-a agents are

U ia 5 o
∞

t50

bt uia cait , n
a
itð Þ 1 hi gitð Þ½ �

and are similar for type-b agents.
An allocation in this economy consists of consumption and labor allo-

cations for each household a and b, {cait , n
a
it } and {cbit , n

b
it }, and aggregate al-

locations for each country {yijt, kit11, xit}. The market clearing condition for
the final good is

cait 1 cbit 1 git 1 xit ≤ Gi y1it , y2itð Þ,

and the capital accumulation equation is (4).
We start by allowing for a version of our benchmark system with trans-

fers across countries. In this version, the government in each country can
impose taxes that are specific to each type of agent on consumption and
labor income and initial wealth. The planner must also respect the wealth
constraints for each type of agent in each country. In this case, it is straight-
forward to show that proposition 2 holds, so that restrictions on trade and
capital mobility are not optimal.
Suppose instead that the tax rates on the two types of agents are re-

stricted so that they are the same within a country. Then, the following
additional implementability conditions must be imposed:
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With these extra restrictions, production efficiency may not be optimal.5
5 For particular cases in which production efficiency is still optimal, see the preference
and technology specifications in the closed-economy model of Chari, Nicolini, and Teles
(2020).
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III. Alternative Implementations
Thus far, we have considered tax systems that include taxes on consump-
tion, labor income, and trade. Here we discuss a variety of other tax sys-
tems, including taxes on the income from different assets and VATs. As
mentioned above, we assume that direct transfers are available to redis-
tribute across countries. Trade taxes are used only if needed to achieve
efficiency.
Our analysis is motivated by the observation that these alternative tax

systems are widely used in practice. We show that no tax system can yield
higher welfare than the tax system with only consumption and labor in-
come taxes. We show that a variety of tax systems can implement the Ram-
sey allocation associated with those taxes. Furthermore, some tax systems
do yield lower welfare.
A. Taxes on Corporate Income and Asset Returns
Here we consider a tax system that consists of taxes on labor income, on
corporate income, and on the returns of households’ asset holdings. We
assume that tax rates on household asset income are the same for all as-
sets. We show that the Ramsey outcome can be implemented with zero
taxation of corporate income and with suitably chosen taxes on house-
hold asset income. We also show that nonzero corporate income taxa-
tion can impose intertemporal trade wedges. This result shows that free
trade agreements need to be supplemented with agreements on fiscal
policy. We now describe the problems of the firms and the household in
each country and define a competitive equilibrium.
1. Firms
The representative intermediate good firm in each country produces and
invests to maximize the present value of dividends, Vi0 1 di0 5 o∞

t50Qtdit ,
where Qt represents the pretax discount factor. Dividends, dit, in units of
the numeraire, are given by

dit 5 pitF ðkit , nitÞ 2 witnit 2 tkit pitF ðkit , nitÞ 2 witnit 2 qitdkit½ �
2qit kit11 2 ð1 2 dÞkit½ �,

(36)

where tkit represents the tax rate on corporate income net of depreciation.
Here we have specified the tax base for corporate income in the standard
way. Below, we describe an alternative tax base, which allows for invest-
ment expenses to be deducted.
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Note that one of the first-order conditions of the firm’s problem is

Qtqit
Qt11qit11

5 1 1 1 2 tkit11ð Þ pit11

qit11

F i
k,t11 2 d

� 	
: (37)

We use this condition in the proof of proposition 5 below. The problem
of the final good firm is as it was before.
2. Households
Here we explicitly allow for sequential trading by households. In each pe-
riod, households choose consumption, labor supply, and holdings of do-
mestic and foreign bonds and equity in domestic firms. For simplicity and
without loss of generality, we assume that households cannot hold for-
eign equity.
The tax base for bond income, expressed in real terms, is given by

ðrtf 2 ðqit 2 qit21Þ=qit21Þð fit 1 bitÞ. This way of defining the base ensures that
taxes are levied only on real income. The tax base for equity income tax-
ation is given by

dit 1 Vit 2 Vit21 2 qit 2 qit21ð ÞVit21=qit21

per share. Note that this tax base includes dividends received in the cur-
rent period and accrued capital gains generated by changes in the price
of equity, as well as an adjustment to ensure that the base is expressed in
real terms.
The flow of funds constraint in period t ≥ 1 for the household in coun-

try i in units of the numeraire is then given by

  qit cit 1 bit11 1 fit11 1 Vit sit11

5 1 2 tnitð Þwitnit 1 1 1 rt
f
2 tit rt

f
2

qit 2 qit21

qit21

� 	� �
fit 1 bitð Þ

 1 Vit 1 ditð Þsit 2 tit dit 1 Vit 2 Vit21 2
qit 2 qit21ð ÞVit21

qit21

� 	
sit :

(38)

The period-zero constraint needs to be adjusted by the wealth tax and
is given in appendix D. Note that since domestic and foreign bond in-
come are taxed at the same rate in each country, the pretax returns on
bonds are the same in the two countries.
The household’s problem is tomaximize utility (1), subject to (38) and

the relevant budget constraint at period-zero and no-Ponzi conditions,
limT →∞QiT11biT11 ≥ 0 and limT →∞QiT11 fiT11 ≥ 0, where Qit/Qit11 represents
the return on bonds net of taxes given by
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Qit

Qit11

5 1 2 tit11ð Þ 1 1 rt11
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qit11

qit
 with Qi0 5 1:

Using the no-Ponzi-scheme condition, we can consolidate the budget
constraints of the household, (38) and the period-zero budget constraint
into the single budget constraint,

o
∞

t50

Qit qit cit 2 1 2 tnitð Þwitnit½ � 5 1 2 tWið Þai0,

where the expression for the initial wealth, ai 0, is given in appendix D.
It is straightforward to show that the consolidated budget constraint

reduces to the same implementability constraint, (21), with W i0 given in
appendix D. It is also straightforward to show that any allocation that sat-
isfies the implementability and resource constraints can be implemented
as a competitive equilibrium.6

The Ramsey problem is then to maximize (24) subject to the imple-
mentability constraints (21), with the wealth restriction (23) and the re-
source constraints. It is immediate that the Ramsey allocation in the econ-
omy with consumption and labor income taxes coincides with the one in
the economy considered here.
Next, we show that it is optimal to set corporate income taxes to zero

and that, in general, asset taxes are needed to implement the Ramsey out-
come. It is straightforward to show that if we use the first-order conditions
of the firms, any competitive equilibrium satisfies static production effi-
ciency. Next, we turn to conditions that implement dynamic production
efficiency. Using (37) for both countries, as well as the final good firms’
conditions, we obtain a version of the interest rate parity condition:
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k,t11 2 dð Þ½ �,  for j 5 1, 2:

(39)

Comparing this condition with (9), we see that setting both corporate
income taxes to zero ensures dynamic production efficiency. It is also
clear that if one of the countries sets the corporate income tax equal to
zero, the other country can impose wedges on intertemporal trade by set-
ting a tax rate different from zero. Comparing (18) with (39), we see that
these wedges are similar to the ones that arise with time-varying tariffs. We
summarize this result in the following proposition.
6 If there were multiple consumption goods in each period, consumption taxes on those
goods might be needed.
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Proposition 5 (Corporate income taxes and capital mobility). Non-
zero corporate income taxes introduce wedges in international inter-
temporal trade.
Next, we show that asset taxes are needed to implement the Ramsey

allocation. To do so, we use the households’ and firms’ first-order condi-
tions to obtain

2
ui
c,t

ui
n,t

5
1

1 2 tnitð ÞGi
i,tF

i
n,t

(40)

and

ui
c,t

bui
c,t11

5 1 1 1 2 tit11ð Þ 1 2 tkit11ð Þ Gi
i,t11F

i
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In general, the solution to the Ramsey problem requires time-varying inter-
temporal distortions. Thus, implementing the Ramsey outcome with the
system considered here requires asset taxes, given that the corporate in-
come tax is set to zero. If we set the asset taxes to zero, it is in general not
possible to choose the corporate income tax rates in both countries to sat-
isfy both (39) and (41) at the Ramsey allocation.
We summarize these results in the following proposition.
Proposition 6 (Common tax on domestic equity and foreign re-

turns). The Ramsey outcome can be implemented with labor income
taxes and asset taxes and by setting the corporate income taxes to zero.
In general, the Ramsey outcome cannot be implemented with only labor
income taxes and corporate income taxes.
Remark 1. These results are quite different from those in a closed

economy. In a closed economy, household asset taxes and corporate in-
come taxes distort capital accumulation in the same way. Thus, it is pos-
sible to support the Ramsey allocations with labor income taxes and cor-
porate income taxes or, equivalently, with labor income taxes and household
asset taxes. In the open economy, a system with corporate income taxes
distorts dynamic production efficiency by distorting the allocation of cap-
ital across countries in addition to distorting capital accumulation. In this
sense, a system with corporate income taxes is dominated by a system with
household asset taxes.
Remark 2. Note that we have assumed that the tax rates on domestic

and foreign asset income are the same. If these tax rates are allowed to be
different, then the Ramsey equilibrium can be implemented by setting
them so that they coincide.
Remark 3. Our analysis allows for a comparison of residence- and

source-based tax systems. In our model, a residence-based system is one
in which all household asset income is taxed at a rate that is independent
of where the income is generated but can depend on where the household
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resides. A source-based system is one in which income is taxed where it
is generated—namely, at a point of production. A corporate income tax
is an example of a source-based system. Since we have argued that house-
hold asset taxes have advantages over corporate income taxes, we have
shown that residence-based tax systems have advantages over source-based
systems.
Remark 4. In our discussion so far, we have assumed that investment

expenditures are not deductible in calculating the base for corporate in-
come taxation. An alternative formulation is to allow investment expendi-
tures to be deductible. In this case, the dividends are given by

dit 5 pitF ðkit , nitÞ 2 witnit 2 qit kit11 2 ð1 2 dÞkit½ �
2tkit pitF ðkit , nitÞ 2 witnit 2 qit kit11 2 ð1 2 dÞkitð Þ½ �:

If we adapt the arguments on the optimal taxation of capital income in a
closed economy (see, e.g., Chari, Nicolini, and Teles 2020), it is possible
to show that a constant corporate income tax, with suitably time-varying
consumption and labor taxes, can implement the Ramsey allocation. In-
terestingly, in the global economy, a tax rate that is the same across coun-
tries but varies over time can also be part of the implementation of the
Ramsey allocation (for a proof of these results, see app. D). This remark
helps clarify that, as is well known, the Ramsey allocation can be imple-
mented in a variety of ways, so that Ramsey outcomes pin down wedges,
rather than specific patterns of taxes.
Our analysis clarifies the discussion on the desirability of corporate in-

come taxation. The conventional wisdom in this area is well summarized
in the 2007 Organization for Economic Cooperation and Development
volume Fundamental Reform of Corporate Income Tax (OECD 2007):7 “The
main reason for imposing a corporate tax is that the tax plays an impor-
tant withholding function, acting as a ‘backstop’ to the personal income
tax. The corporate taxmight be needed to avoid excessive income shifting
between labour income and capital income. The corporate tax also acts
as a withholding tax on equity income earned by non-resident sharehold-
ers, which might otherwise escape taxation in the source country. More-
over, governments might levy a corporate income tax because firms earn
location-specific rents and/or because capital is not perfectly mobile.”
We view the backstop function as suggesting that it might be adminis-

tratively easier to collect taxes at the source. In this case, our discussion
in remark 4 suggests that corporate income taxes on a properly defined
base that are constant over time or the same across countries, together
with other suitably designed taxes, can implement Ramsey outcomes. Sec-
ond, to the extent that, for administrative reasons, taxes on asset income
7 We thank a referee for suggesting that we include this clarification.



optimal cooperative taxation 119
earned by nonresidents are taxed, our analysis suggests that one way of
implementing the Ramsey allocation is to have these revenues rebated to
the destination country along suitable adjustments in taxation in the des-
tination country. Third, our environment can be easily adapted to allow
for fixed factors in production, as long as the income from these factors
is taxed at a rate that meets the initial wealth constraint. In this case, the
corporate income tax could be one way of raising taxes on fixed factors,
but it will require the base to exclude investment expenses.
We have considered a decentralization in which investment decisions

are made by firms. Much of the macroeconomics literature considers
decentralizations in which investment decisions are made by house-
holds and firms simply rent capital and labor from households. It is
possible to show that with this decentralization the same Ramsey out-
comes can be supported by a tax system under which household assets
are taxed at a rate that may vary across countries but is uniform across
asset types.
B. VATs with BA and Labor Income Taxes
Consider next an economy in which consumption taxes are replaced by
VATs levied on firms with border adjustment. Border adjustment means
that firms in a country do not pay VATs on exports and cannot deduct
imports. Taxes on assets are set to zero, but labor income taxes are not.
The VATs are denoted by tvit . We refer to the system with value-added taxes
with border adjustment as a VAT with BA system.
The intermediate goods firm now maximizes
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Qt pi1t yi1t 1 pi2t yi2tð Þ 2 witnit 2 qitxit½ � 2o
∞
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Qtt
v
it piit yiit 2 qitxit½ �, (42)

subject to (2) and (4), where pijt represents the price of the intermedi-
ate good produced in country i and sold in country j. Note that the final
goods firm pays taxes on the good when it is sold domestically but not
when it is exported. In this sense, taxes are adjusted at the border.
The final goods firm now maximizes

o
∞

t50

Qt qitG
i y1it , y2itð Þ 2 p1it y1it 2 p2it y2it½ � 2o

∞

t50

Qtt
v
it qitG

i y1it , y2itð Þ 2 piit yiit½ �: (43)

This firm is able to deduct the input produced domestically but not the
one imported. Thus, taxes are again adjusted at the border. The house-
hold problem is the same as it was above, except that the consumption
taxes are set to zero.
In appendix E, we show that the equilibrium conditions in this econ-

omy with VAT with BA are
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1 2 tnitð Þ 1 2 tvitð ÞGi
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,  t ≥ 0, (44)

ui
c,t 1 2 tvitð Þ 5 1 2 tvit11ð Þbui

c,t11 G
i
i,t11F

i
k,t11 1 1 2 dÞ½ �, t ≥ 0, (45)

together with the production efficiency conditions. Clearly, these condi-
tions coincide with those in an economy with only consumption and la-
bor income taxes if the VATs satisfy

1 1 tcit 5
1

1 2 tvit
: (46)

The proposition follows.
Proposition 7 (VATs with BA). A VAT with BA system, including la-

bor income taxes, is equivalent to a system that taxes consumption and
labor and has no tariffs.
Since the Ramsey allocation can be implemented by a system that taxes

only consumption and labor, this proposition implies that the Ramsey
allocations can be implemented by a VAT with BA system. In this sense,
a VAT with BA system has desirable features.
Consider an environment where countries agree to free trade and com-

mit to using a VATwith BA system but they are free to set tax rates as they
see fit. Notice that in this noncooperative setting, they will not be able to
use fiscal policy to impose trade wedges. Thus, the design of tax systems
affects the extent to which fiscal policy is trade policy. Of course, coun-
tries could always use fiscal policy to affect international terms of trade.
This proposition establishes that if countries are constrained to adopt a
VAT with BA system, they cannot introduce trade wedges.
C. VATs without BA: The Role of Tariffs
Consider next an economy just like the one in the above section, except
that VATs are levied on firms without border adjustment. This means that
the taxation of intermediate goods will be origin based. Here we allow for
trade taxes, because as it turns out, they may be needed to achieve effi-
ciency. We refer to the system with value-added taxes without border ad-
justment and with trade taxes as a VATwithout BA system. We will show that
this system with trade taxes set to zero cannot in general implement the
Ramsey allocation. We show that the system with nonzero trade taxes can
implement the Ramsey allocation.
The intermediate goods firm in country 1 now maximizes

o
∞

t50

Qt 1 2 tv1tð Þ p11t y11t 1 1 2 tx12tð Þp12t y12t 2 q1tx1tð Þ 2 w1tn1t½ �,
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subject to (2) and (4). The final goods firm in country 1 now maximizes

o
∞

t50

Qt 1 2 tv1tð Þ q1tG
1 y11t , y21tð Þ 2 p11t y11t 2 1 1 tm21tð Þp21t y21t

� �
:

Firms in country 2 solve similar problems.
The first-order conditions of the household and firms can be used to

obtain (44), (45), and

1 1 tm21tð Þ
1 2 tx21tð Þ

G 2
2,t

G 1
2,t

5
1 2 tx12tð Þ
1 1 tm12tð Þ

G 2
1,t

G 1
1,t

, (47)

 
1 1 tm12tð Þ
1 2 tx12tð Þ

1 2 tx12t11ð Þ
1 1 tm12t11ð Þ

1 2 tv1t11ð Þ
1 2 tv1tð Þ

G 1
1,t

G 1
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2,t11F

2
k,t11 1 1 2 d½ �:

(48)

Using (45) and (48), we obtain the analog to (19),

1 1 tm12tð Þ= 1 2 tx12tð Þ
1 1 tm12t11ð Þ= 1 2 tx12t11ð Þ

u1
c,t

bu1
c,t11

5
u2
c,t

bu2
c,t11

G 2
1,t=G

1
1t

G 2
1,t11=G

1
1t11

: (49)

We use these conditions to show that if trade taxes are constrained to
be zero in both countries, it is not possible to implement the Ramsey out-
come for general preferences. Recall from (28) that in a Ramsey outcome,

v1
c,t

bv1
c,t11

G 1
j ,t

G 1
j ,t11

5
v2
c,t

bv2
c,t11

G 2
j ,t

G 2
j ,t11

,

so that, from (29), we see that in general,

u1
c,t

bu1
c,t11

G 1
j ,t

G 1
j ,t11

≠
u2
c,t

bu2
c,t11

G 2
j,t

G 2
j ,t11

: (50)

Comparing (49) and (50), we see that with zero trade taxes, it is not pos-
sible to implement the Ramsey outcome in general.
Once we allow for tariffs, it is possible to implement the Ramsey out-

come. To ensure static production efficiency, tariffs have to compensate
each other so that (47) coincides with (8). To ensure dynamic production
efficiency, the tariffs have to suitably vary over time so as to undo the dis-
tortions arising from time-varying VATs. One implementation of the
Ramsey outcome has

1 2 tv1t

1 2 tv2t
5

1 2 tx21t

1 1 tm21t
5

1 1 tm12t

1 2 tx12t
: (51)
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It is straightforward to verify that with these policies, it is possible to im-
plement the Ramsey allocation. This implementation has VAT rates that
are the same as the ones in the VATwith BA system and an effective export
subsidy on good 2 and an effective import tax on good 1 of the same mag-
nitude as the ratio of the two VATs, ð1 2 tv1tÞ=ð1 2 tv2tÞ. Trade taxes chosen
in this fashion do not distort static production efficiency, and they correct
for the dynamic production inefficiencies induced by time-varying VATs.
We state these results in the following proposition.
Proposition 8 (VATs without BA). Suppose that trade taxes are con-

strained to be zero in both countries. Then, for general preferences, the
Ramsey allocation cannot be implemented with a tax system with labor
income taxes andVATs without BA. If trade taxes are unconstrained, then
the Ramsey allocation can be implemented with consumption taxes re-
placed by VATs and tariffs.
Remark 1. The equilibrium conditions in this system illustrate the

sense in which fiscal policy is trade policy. Consider an environment, par-
alleling our earlier discussion, where countries agree to free trade and
commit to using a VAT without BA system, being free to set tax rates as
they see fit. In this noncooperative setting, countries will be able to use
fiscal policy to impose trade wedges. To see this result, note from (48) that
time-varying VATs impose intertemporal trade wedges. This observation
implies that countries have an incentive to use time-varying taxes to di-
rectly affect international terms of trade, just as in the optimal tariff liter-
ature. These findings reinforce the observation that the design of tax sys-
tems affects the extent to which fiscal policy is trade policy.
Proposition 8 is connected to results in international trade. Some of

the literature in international economics (e.g., Grossman 1980; Feldstein
and Krugman 1990; Costinot and Werning 2017) has argued that VAT
with BA systems are equivalent to VAT systems without such adjustment,
holding trade taxes constant. The version of the result applicable to our
analysis (see Grossman 1980) is that a uniform VATwith BA is equivalent
to a uniform VATwithout BA, in the sense that, taking international prices
as given, an individual country can achieve the same allocations with ei-
ther system. (The theorem requires qualifications regarding the avail-
ability of initial wealth taxes to ensure that the government’s budget is
balanced and international lump-sum transfers to ensure that the balance
of payments condition is satisfied.)
The key requirement in Grossman’s version of the theorem is that VATs

are the same across all goods. If VATs differ across goods, then the two sys-
tems are not in general equivalent. We can think of our dynamic economy
as a static economy with an infinite number of goods. Suppose that the
dynamic economy has constant VATs over time. Then, in the reinterpreted
static economy, VATs are the same across all goods. Inspecting the mar-
ginal conditions with border adjustments—namely, (8) and (9)—and those
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without border adjustments—namely, (47) and (48)—we see that the same
allocations can be supported by a VAT with BA system and a VAT without
BA system, with no tariffs in either case. Suppose next that in the dynamic
economy, VATs vary over time, so that in the reinterpreted static economy,
VATs are different across goods. Then, inspecting the same conditions, we
see that the two systems are not equivalent in the absence of tariffs.
Our results can also be used to compare destination- versus origin-

based systems. To see this comparison, recall that a destination-based sys-
tem is one in which tax rates do not depend on origin, and an origin-
based system is one in which tax rates do not depend on destination. In
the case of VATs with BA, the goods leave the country untaxed and are
taxed at the single VAT rate in the destination country. In this sense, the
VAT with BA system is destination based. With VATs without BA, goods
are taxed at the single rate of the origin country, so that a VAT without
BA system is origin based. Our results imply that if countries are restricted
from imposing trade taxes, then a destination-based system dominates an
origin-based system.
D. Lerner Symmetry
The arguments in the above section make clear that any competitive equi-
librium allocation in a VAT without BA system and no trade taxes can be
implemented in a VATwith BA system with the same VAT rates and trade
taxes chosen according to (51). The trade taxes are an effective import tar-
iff and an export subsidy of the same magnitude. The results regarding
the conditions under which VATs with and without BA are equivalent are
related to Lerner symmetry. In a static two-good economy, Lerner sym-
metry asserts that an import tariff is equivalent to an export tax. To under-
stand the relationship with our results, we begin with the following lemma,
which establishes a version of Lerner symmetry for our dynamic model.
Lemma 1 (Lerner (a)symmetry). The competitive equilibrium allo-

cations of an economy with trade taxes given by tx12t and tm21t coincide with
the competitive equilibrium allocations with trade taxes t̂x12t and t̂m21t sat-
isfying ð1 2 t̂x12tÞ 5 ktð1 2 tx12tÞ and ð1 1 t̂m21tÞ 5 ktð1 1 tm21tÞ, if and only
if kt 5 ks for all t and s, provided initial wealth taxes or international trans-
fers are chosen appropriately.
The proof of the lemma is in appendix B. In proving this lemma, we

use only the properties that any competitive equilibrium must satisfy and
do not use any properties of the Ramsey allocation. The key idea is that
a change in trade taxes, even if it is offsetting within a period, is neutral
if the change in taxes is uniform across periods. Such a uniform change
leaves after-tax relative prices unaffected and leaves allocations unaffected
if international transfers and wealth taxes are adjusted appropriately. If
the change is not uniform across periods, allocations will change.
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This lemma helps in understanding our results on VATs. Consider
starting with a VAT without BA system in which trade taxes are zero and
the VAT rates are set at the same level as in a VAT with BA system. If the
VAT rates vary over time, the VATwithout BA economy has dynamic pro-
duction inefficiency. Adding trade taxes—which vary over time, as given
in (51)—restores dynamic production efficiency to this economy. This
restoration is possible only because trade taxes are not uniform over time.
These results shed light on some of those in the literature. For exam-

ple, Barbiero et al. (2017) show that in an economy with sticky prices
andno capital, permanent changes in tax systems similar to the ones stud-
ied here have no effects on allocations. This result is similar to our find-
ing that uniform changes in trade taxes have no real effects. Barbiero
et al. (2017) also show that anticipated changes in tax systems have real
effects. This result is similar to our result that nonuniform changes in
trade taxes may lead to changes in allocations. As another example,
Costinot and Werning (2017) show that uniform changes in trade taxes
have no effect on allocations.
We have shown that uniform changes in import tariffs and export sub-

sidies leave domestic relative prices unaffected. We turn now to the ques-
tion of the determination of the level of prices. If domestic prices are
denominated in a world numeraire, as in our model, a uniform change
in trade taxes of magnitude k proportionately raises all domestic prices,
so that p̂11t 5 kp11t , q̂1t 5 kq1t , and ŵ1t 5 kw1t . In lemma 2 below, we show
that if domestic prices are denominated in terms of a domestic numer-
aire, then a change in the exchange rate between the domestic and the
world numeraires can achieve the needed adjustment without having
to change domestic prices at all. We let tildes denote prices in terms of
a domestic numeraire and Et denote the exchange rate between the do-
mestic and the world numeraire measured as units of domestic numer-
aire per world numeraire; for example, ~p11t 5 Etp11t .
Lemma 2 (Exchange rate adjustment). Consider a competitive equi-

librium of an arbitrary economy. Consider now an alternative economy
with the same international prices in world numeraire—Qt, p12t, p21t—
and the same domestic prices—in domestic currency, ~q1t , ~p11t , ~w1t—in
which allocations, domestic policies, and the exchange rate are denoted
by carets. Suppose now that policies in the alternative economy satisfy
1 2 t̂x12t 5 kð1 2 tx12tÞ and 1 1 t̂m21t 5 kð1 1 tm21tÞ. There is an equilibrium
in the alternative economy, with the same allocations and domestic pol-
icies, and with exchange rates given by Êt 5 Et=k, provided initial wealth
taxes or international transfers are chosen appropriately.
Next we turn to the needed adjustment in the initial wealth taxes or

international transfers. To understand the needed adjustment, suppose
now that foreign assets, denominated in the world numeraire, f10, are
fixed. In appendix B, we show that in this case, only the initial wealth
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tax may have to be adjusted. There is no need to adjust international
transfers to satisfy the balance of payments condition for country 1 in
(14). If instead domestic and foreign assets of country 1, b10 and f10,
are denominated in the domestic numeraire, there is no need to adjust
the initial wealth tax, but international transfers may need to be adjusted.
IV. Remarks on the Generality of the Results
In this section, we argue that our results generalize to other models of
international trade and models of nonlinear taxation.
A. Other Models of International Trade
Thus far, we have concentrated on one widely used model of interna-
tional trade—namely, that in Backus, Kehoe, and Kydland (1994). This
focus allowed us to derive explicit expressions for the optimal wedges and
allowed for a detailed analysis of alternative tax systems. Here we show that
our propositions continue to hold in two other widely used models of
international trade.
Consider, for example, the economy in Stockman and Tesar (1995).

This economy has two countries. Consumers in each country derive util-
ity from a traded good produced in their country, a traded good pro-
duced in the other country, and a nontraded good. For simplicity, we con-
sider a static version of their model. In this version, consumers’ utility
in, say, country 1 is given by

1

1 2 j
cv1c

12v
2

� �m
1 dm

1

� � 12jð Þ=m
vðn1Þ,

where c1 represents the consumption of the traded good produced in
country 1, c2 represents the consumption of the traded good produced
in country 2, and d1 represents the amount of nontraded good produced
in country 1. The preferences in country 2 are described in a similar fash-
ion. Goods are produced with a linear technology that uses labor. Map-
ping this economy into ours requires only adding for each country an
intermediate good that captures the role of the nontraded good. To de-
velop this map, consider a technology for producing the single final good
given by

C1 5 yv11y
12v
21

� �m
1 dm

1

� �1=m
,

with preferences given by
1

1 2 j
C 12j

1 vðn1Þ,
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and similarly for country 2. It is straightforward to show, with offsetting
trade taxes, that proposition 2 holds for the reinterpreted Stockman-
Tesar economy. Our other results also continue to hold.
Next, consider a model with a continuum of goods on the interval [0, 1],

such as the one in Obstfeld and Rogoff (1995).8 Goods indexed [0, n] are
produced in country 1, and the remaining goods are produced in coun-
try 2. We assume that these goods are produced by competitive firms. Pref-
erences over the final consumption good, Cit, and labor, nit, for residents
of country i are given by

o
∞

t50

bt C12j
it

1 2 j
2 vðnitÞ

� �
, (52)

where

Cit 5

ð
cit zð Þ v21ð Þ=vdz

� �v= v21ð Þ
: (53)

Here cit(z) is consumption of good z in country i. Labor is the only input
of production, and one unit of labor produces one unit of each of these
goods, so that the technology for, say, country 1 is y1tðzÞ 5 n1tðzÞ, z ∈ ½0, n�,
where yit(z) represents the amount of the good z produced in country i
and nit(z) represents the labor used in the production of good z in coun-
try i, together with

n1t 5

ðn

0

n1t zð Þ dz :

The technology is defined in a similar way for country 2.
To map this economy into our setup, we need to extend our economy

to allow for a continuum of traded intermediate goods. Let yijt(z) denote
the intermediate good of type z produced in country i and used in coun-
try j. The technology for producing the single final nontraded consump-
tion good is given for, say, country 1 by

C1t 5

ðn

0

y11t zð Þ v21ð Þ=v dz 1

ð1

n

y21t zð Þ v21ð Þ=v dz

� �v= v21ð Þ
, (54)

and similarly for country 2. The technology for producing these interme-
diate goods is the same as in Obstfeld and Rogoff (1995). Preferences
are given by (52). It should be clear that all our propositions extend in
a straightforwardmanner to this economy. A similar extension is possible
for the economy in Eaton and Kortum (2002).
8 Obstfeld and Rogoff (1995) have monopolistic competition and sticky prices. We con-
sider a version of their model without these features.
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The logic behind these arguments suggests that our propositions also
extend to other widely usedmodels with perfect competition. Our results
do not immediately generalize to trade models in which firms have mo-
nopoly power, such as those inHelpman andKrugman (1985) andMelitz
(2003), or in which there are externalities, as in Alvarez, Buera, andLucas
(2013). These environments require corrective tax and subsidy instru-
ments, even without the need to finance government expenditures with
distorting taxes. We conjecture that with the appropriate tax and subsidy
instruments, production efficiency is still optimal.
B. Nonlinear Taxation
Here we briefly show how proposition 2 generalizes to environments with
nonlinear taxation. We consider a Mirrlees-like environment in which we
set up a mechanism design problem and then discuss how the resulting
allocations can be implemented as a competitive equilibrium with non-
linear taxes on consumption and labor income and also trade taxes.
Consider a version of our benchmark model with a continuum of

households in each country in the unit interval. Household k in country
i is indexed by a parameter vki . This parameter is constant over time and
determines the effective units of labor supplied by household k in coun-
try i. Specifically, a household of type vki that supplies nt units of labor
supplies lt 5 vki nt units of effective labor. The distribution of household
types is given by Hiðvki Þ.
The cooperative planner observes consumption and effective labor by

each household but not the household type. An allocation in this econ-
omy consists of allocations for each household {ctðvki Þ, ltðvki Þ} and aggre-
gate allocations for each country {yijt, kit11, xit}. The resource constraints
are the analogs of (2) and (3),

yi1t 1 yi2t 5 yit 5 F i kit ,

ð
lt v

k
ið Þ dHi v

k
ið Þ

� 	
, (55)
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ct v

k
ið Þ dHi v

k
ið Þ 1 git 1 xit ≤ Gi y1it , y2itð Þ, (56)

and (4). The utility of household of type vki is given by

U i vkið Þ 5 o
∞

t50

bt ui ct v
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� 	
1 hi gitð Þ

� �
: (57)

An allocation is incentive compatible if

o
∞

t50

btui ct v
k
ið Þ, lt vkið Þ=vkið Þ ≥ o
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(58)
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for all vki , v̂
k
i . An allocation is incentive feasible if it is incentive compatible

and resource feasible in that it satisfies the resource constraints.
An allocation is a cooperative Mirrlees outcome if it maximizes

q1

ð
U 1 vk1ð Þ dJ1 vk1ð Þ 1 q1

ð
U 2 vk2ð Þ dJ2 vk2ð Þ

over the set of incentive feasible allocations, where Jiðvki Þ is a distribution
that represents a combination of the underlying distributionH and Pareto
weights over households of different types.
Suppose now that the preferences of households are separable in that

ui ctð Þ 2 v
lt
vki

� 	
: (59)

It is straightforward to show that the Mirrleesian allocation can be sup-
ported as a competitive equilibrium with nonlinear consumption and la-
bor income taxes. Trade taxes may be needed to redistribute resources
across countries as in proposition 2.
Using the same logic as that in Atkinson and Stiglitz (1976), Golosov,

Kocherlakota, and Tsyvinski (2003), andWerning (2007), we have the fol-
lowing proposition, provided countries are connected through trade links.
Proposition 9 (Production efficiency). The Mirrleesian outcomes

satisfy production efficiency so that free trade and unrestricted capital
mobility are optimal.
In this formulation, workers differ from one another along a single di-

mension—namely, the parameter vki , which determines the effective units
of labor supplied by a worker. If they differ along multiple dimensions—
say, because they differ in their comparative advantage in working in the
various sectors—then the planning problem becomes a multidimensional
screening problem and the analysis becomes more complicated. See
Hosseini and Shourideh (2018) and Costinot and Werning (2022) for
analyses of optimal trade taxation with restricted systems.
V. Concluding Remarks
We characterize cooperative Ramsey allocations in the global economy.
We show that effective free trade and unrestricted capital mobility are
optimal. In the benchmark model, Ramsey allocations can be supported
by time-varying taxes on consumption and labor income. We study al-
ternative implementations of the Ramsey allocation, including taxation
of equity returns and foreign asset returns as well as corporate income.
We show that it is optimal to tax all types of household assets at the same
country-specific rate andnot to tax corporate income.We show that border
adjustments are desirable if in the benchmark model it is optimal to have
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time-varying consumption taxes and trade taxes are not to be used. We
clarify apparently conflicting views in the public finance and trade litera-
tures regarding the desirability of border adjustments. We show that our
results hold in a variety of trade models, and we extend our results to non-
linear tax systems.
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