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1 Introduction

We revisit the classic issues of Ramsey taxation in the open economy. Should capital
income be taxed? Should it be taxed along the transition? Should there be restrictions
to free trade and capital mobility? Should goods be taxed based on origin or destina-
tion? What are desirable border adjustments? Should assets income be taxed based
on source or residence?

In this paper we take the Ramsey approach to optimal taxation, in that the tax
system is exogenously given. We consider taxes widely used in practice in developed
economies. Those include consumption and labor income taxes, taxes on dividends
or equity returns, value added taxes with and without border adjustments, among
others. We refer to such a tax system as a rich tax system. As is well known many
tax policies yield the same distortions and the theory pins down those distortions in
choices. Following the public finance literature we refer to these distortions as wedges.

The first question we address in this paper is what are the optimal wedges. In
particular we ask whether the Ramsey policy yields intertemporal wedges. If it does,
we say future capital is taxed. If it does not, we say future capital is not taxed. We
also ask whether the Ramsey allocations distort conditions for production efficiency,
associated with free trade. The second question is how the optimal wedges can be
implemented. We consider implementations that, we believe, are of interest to policy
design.

We consider a neoclassical growth model with two countries with intermediate goods
that are traded internationally, as in Backus, Kehoe and Kydland (1994). We char-
acterize the optimal cooperative Ramsey allocations and determine what are optimal
intertemporal distortions and distortions on the movement of goods across borders. We
determine what are the minimal set of fiscal instruments that implement those alloca-
tions and study alternative sets of instruments that implement those same allocations.

One of the main results is that for standard macro preferences, with constant elas-
ticities, it is not optimal to impose intertemporal distortions, meaning that it is not
optimal to tax capital. This result holds for the steady state but also for the transi-
tion. For more general preferences, capital is not taxed in the steady state, and there
is no presumption that it ought to be taxed along the transition. A subsidy may be
optimal. Another main result is that free trade, required for production efficiency, is

also optimal.



A minimal set of instruments to implement the Ramsey allocation are consumption
and labor income taxes. There is no need for taxes on income from assets.! For
standard macro preferences only a constant tax on either labor or consumption is
necessary to implement the Ramsey allocation.

We move on to consider alternative implementations where assets are taxed. We
consider systems with profit taxes, taxes on dividends or equity returns and taxes on
returns from foreign assets. We determine what are optimal policies and discuss issues
of source versus residence based taxation.

We also consider alternative ways of taxing goods, in particular value added taxes
with and without border adjustments. A tax system with value added taxes with
border adjustments is equivalent to the system with consumption taxes. Instead, a
value added tax without border adjustment in general would distort the allocation of
capital across countries. A tariff, common across countries, but time varying could
undo those distortions. We discuss the implications of these results for the desirability
of origin versus destination based tax systems.

Our result that there is no presumption that capital ought to be taxed, not only
in the steady state but also along the transition, is in contrast with influential results
in the literature on the optimal taxation of capital. Chamley (1986) and Judd (1985)
show that capital should be taxed at its maximum level initially and for a number
of periods. Bassetto and Benhabib (2006) and Straub and Werning (2015) show that
full taxation of capital can last forever.? This literature leads to the presumption that
capital taxes should be high for a length of time. Two assumptions are important for
the contrasting results.

The first assumption is that the (rich) tax system we consider is considerably less
restrictive than the ones considered in that literature. While the literature on the
optimal taxation of capital compares a tax on labor income to a tax on capital income
restricted not to exceed 100%, we allow for other taxes that are commonly used in
advanced economies. Once we allow for a less restricted tax system, the confiscation
of initial wealth would justify at most a single intertemporal distortion in the initial
period. For standard macro preferences, capital income should not be taxed from the

second period one.

!This does not mean that capital is not taxed, since intertemporal distortions may be optimal
along the transition for general preferences.

2Other relevant literature includes Chari, Christiano, Kehoe (1994), Atkeson, Chari and Kehoe
(1999), Judd (1999, 2002), Coleman (2000), Lucas and Stokey (1983).
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The second important assumption concerns the confiscation of initial wealth. A
central feature of the literature on optimal taxation is that, absent other restrictions,
factors in fixed supply should be taxed away completely. This feature implies that in
the growth model, with a representative agent, the initial capital, as well as holdings
of government bonds, should be taxed, possibly at rates in excess of 100% in order
to fund government spending. In the Ramsey literature it is conventional to impose
restrictions on such taxes on initial wealth. Given those restrictions, the planner will
have an incentive to confiscate wealth indirectly through valuation effects. We depart
from this literature by imposing a restriction on the value of initial wealth, rather than
on the taxes themselves (see Armenter (2008) for an analysis with such a restriction).
With this alternative restriction, the planner is limited on how much it can confiscate
both directly and indirectly through valuation effects. For standard preferences and
with such a restriction, future capital should never be taxed. With the conventional
restriction in the Ramsey literature, capital accumulation is distorted in the very first
period and is undistorted thereafter.

The conventional view of Ramsey equilibrium in dynamic economies is that the
government chooses policies in period zero and commits to these policies thereafter.
Our results hold under this conventional view. We go on to show that our results hold
under an alternative view. In this alternative view, the government in each period has
partial commitment in the sense that it can commit to one period returns on assets in
utility terms. That is, the government in the following period is free to choose policies
as it desires but must respect the previously committed return constraints.

The idea behind this notion of partial commitment begins by noting that returns on
assets must satisfy intertemporal Euler equations on the equilibrium path. This notion
of partial commitment requires that returns on assets must satisfy those conditions both
on and off the equilibrium path. We show that the Markov equilibrium in this set up
coincides with the commitment equilibrium with restrictions on the value of wealth.
Thus partial commitment provides one rationalization for studying Ramsey equilibria
with value of initial wealth restrictions.

We go on to study partial commitment to future taxes, rather than returns on
assets. This analysis is motivated by the analysis of Ramsey problems with exoge-
nously specified initial taxes. In this case Markov equilibria do not coincide with the
commitment equilibrium. The reason is that commitment outcomes face a time incon-

sistency problem as in Lucas and Stokey (1983). In particular with single period debt,



the government has a strong incentive to choose policies so as to reduce the value of
inherited debt. These incentives imply that Markov equilibria do not coincide with the
commitment equilibrium.

We briefly analyze an economy with heterogeneous agents and show that our repre-
sentative agent results hold in such economies. An interesting feature of heterogeneous
agent economies is that even if initial policies are unrestricted, the Ramsey equilib-
rium could distort intratemporal margins in order to achieve redistributive roles (see
Werning, 2007).

Finally we relate our results to the ones on uniform commodity taxation (Atkinson
and Stiglitz, 1972). Standard preferences used in the macroeconomic literature are
separable and homothetic in consumption and labor. With these preferences, the
growth model can be recast as a model in which constant returns to scale technologies
are used by competitive firms to produce final consumption and labor aggregates.
In this recast economy, we show that the Diamond and Mirrlees (1971) production
efficiency theorem can be extended to obtain that it is optimal not to distort the use
of intermediate goods. These intermediate goods consist of consumption, labor and
capital at each date in the original economy. This result implies that in the original
economy, future capital should never be taxed.

The paper is organized as follows: We present the two country economy model
with consumption and labor income taxes in Section 2. We compute optimal Ramsey
allocations, show that trade should not be restricted and that, for standard macro pref-
erences, capital should never be taxed. In Section 3, we consider alternative tax systems
that implement the same Ramsey optimal allocation. We first consider standard asset
income taxes, allowing for different treatment of foreign and domestic income (Section
3.1). We then consider a common tax on income from domestic equity and from for-
eign assets, together with a profit tax (Section 3.2). We discuss source versus residence
based taxes. We also discuss alternative ways of taxing consumption through value
added taxes with and without border adjustment (Sections 3.3 and 3.4). We move on
to discuss the assumptions on the initial confiscation of capital that are key for the
results on the taxation of capital (Section 4). We do this in the closed economy. We
justify the assumptions on initial confiscation, by considering an equilibrium with one
period commitment to returns on assets. The Ramsey solution in that model with one
period commitment coincides with the full commitment solution with restricted con-

fiscation. In Section 5 consider within country heterogeneity. For standard preferences



tax on capital is zero regardless of the ownership of capital. Finally, in Section 6, we

relate the results on the taxation of capital to production efficiency.

2 A two country economy

There are two countries in this economy indexed by i = 1,2. The preferences of a

representative household in each country are over consumption c;; and labor ng,
o0
i t i
U' = E Bu (City nit) ) (1)
t=0

satisfying the usual properties.

Following Backus, Kehoe and Kydland (1994) only intermediate goods are traded.
Final goods are not traded.

Each country, ¢ = 1, 2, produces a country specific intermediate good, y;;, according

to a production technology given by
Yire + Yioe = Yir = F* (Kig, g (2)

where y;;; denotes the quantity of intermediate goods produced in country 7 and used in
country j = 1,2, k;, is the capital stock, n; is labor input and F" is constant returns to
scale. The intermediate goods produced by each country are used to produce a country
specific final good that can be used for private consumption, ¢;;, public consumption,

git, and investment, x;;, according to

Cit + git + Ty < G' (Y1it> Yoit) (3)

where G is constant returns to scale. Capital accumulates according to the law of

motion

Tyt = k‘z’t+1 - (1 - 5) K. (4)

If lump sum taxes and transfers across countries are available, the allocations on

the Pareto frontier satisfy the following efficiency conditions,
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which, together with the resource constraints, characterize the Pareto frontier.

The conditions above mean that there are no intratemporal wedges (conditions (5)),
no intertemporal wedges ((conditions (7)), and no production distortions (conditions
(6) and (8)). Conditions (5) set the marginal rate of substitution between consumption
and labor equal to the marginal productivity in each country. Conditions (6) equate
the intertemporal marginal rate of substitution to the marginal productivity of capital.
Conditions (7) equate the marginal rates of transformation of the same intermediate
good in the two countries and conditions (8) equate the marginal rates of technical
substitution for the two intermediate goods.

We can use the intratemporal and intertemporal conditions, (5) and (6), to write
the intertemporal condition for labor,

u G;L:,tF :

nt n ) ] .
- = - 1—5+G2 F? 7221,2_ 9
Bunerr  GioiFoin : el (9)

We explicitly characterize this intertemporal labor margin because are interested in
understanding when it is optimal not to distort this margin.

Next we consider an economy with distorting taxes. Throughout we allow for
transfers across governments. We begin by considering only country specific consump-
tion and labor income taxes. We show that a cooperative Ramsey allocation has no
intertemporal distortions (for standard macro preferences) and has production effi-
ciency. We then include a richer tax system with alternative taxes and discuss alter-
native implementations. Finally we discuss what are important assumptions for the
results concerning the initial confiscation of assets. We end by relating the absence of

intertemporal distortions to production efficiency.



2.1 Competitive equilibria with consumption and labor in-

come taxes

We now describe a competitive equilibrium with taxes in which governments finance
public consumption and initial debt with (possibly) time varying proportional taxes
on consumption and labor income, 7%, and 77, as well as a tax on initial wealth, /;;.
Each country has two types of firms. Given that the technologies are constant
returns to scale, we assume, without loss of generality that there are two types of
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 capital according to (4).> Let Vjy be the value of the firm in
period zero after the dividend paid in that period, d;p. The intermediate good firm

maximizes the value of dividends

Vio + dip = Z Q¢ [Dit (Yire + Yizt) — Withir — GirTit (10)

t=0
subject to (2) and (4). where p; is the price of the intermediate good in units of
a numeraire (or common money across countries) at ¢, w; is the wage rate, and g;
is the price of investment, or equivalently of the final good, all in units of the same
numeraire. (); is the intertemporal price of the common numeraire at time ¢ in units
of the numeraire at zero (Qo = 1). Because the intermediate goods are traded, and
there are no tariffs, the prices of each of the intermediate goods are the same in the
two countries.

If we define 7“{ +1 to be the return on one period bonds in units of the numeraire

between period ¢t and t + 1, then it must be the case that

Q:

Qt—ﬂzl—FTngl,fOI'tZO. (11&)

The final goods firm in each country uses the technology in (3) to produce the

final good using foreign and domestically produced intermediate goods to maximize

3In Appendix 1 we describe, for a closed economy model, an alternative, more widely used decen-
tralization in which the household owns the capital stock and firms rent capital from the household.
The two decentralizations are equivalent, but it is easier to relate the taxes in the decentralization
described here to the ones in existing tax systems.



the value of dividends

[e.9]

Z Qs [q@‘tGi (Yuits Y2it) — Preyuic — p2ty2it] . (12)
t=0

This problem reduces to a sequence of static problems.

Household The household budget constraint in each country is

[e.e]

Z Q1 [t (14 75,) cae — (1 — 73) wirni]) < (1 — lio) Gio, (13)

=0
with
a0 = Viop + dio + Q_1bio + <1 + 7"(];) fios

where a;y denotes net holdings of assets by the household of country i, Q)_1b;,y de-

notes holdings of domestic public debt in units of the numeraire, inclusive of interest,

<1 + r{; ) fio denotes holdings of claims on households in the other country, in units of

the numeraire, also inclusive of interest. We assume that households within a country

hold claims to all the firms in that country as well as the public debt of the government

of that country. The households hold claims on the households in the other country.
The household’s problem is to maximize utility (1), subject to (13).

Government The budget constraint of the government of each country is given
by

Z Q: [Thaqicit + Thwiuni — qigit) + Lioio = Q—1bio — Tio- (14)
=0

where T}y received by the government of country ¢, from other governments, so that
Tyo + 1o = 0. (15)

The budget constraints of the government and the household (with equality) in

each country imply

Z Q: [Piyit — Git (Cit + gir + Tit)] = — (1 + 7’5) fio — Tho, (16)

t=0



which can be written as the balance of payments condition

Z Q: [PitVije — DjtYjit] = — (1 + 7’5) fio — Tio- (17)

t=0

with (1 + r{{) fro+ (1 + r{) fa0 = 0.

A competitive equilibrium for this economy consists of a set of allocations {¢;, ng, Yijts Kit1, Tit }
and d;o, prices {qit, pit, Wi, Qt, Vio }, and policies {75, 7%, Lio, Tio }, given {k,-o, Q_1bio, (1 + 7’5) f,-o}
such that households maximize utility subject to their constraints, firms maximize
value, the balance of payments conditions (17) hold, and markets clear in that (2), (3),
and (4) together with (15) are satisfied.

Note that we have not explicitly specified the governments’ budget constraints
because they are implied by the other constraints.

We say that an allocation {ct, i, Yijt, Kit+1, Tit } is implementable if it is part of a
competitive equilibrium.

The first order conditions of the household’s problem include

. u;t _ (1 =+ Tz(':t) qit (18)
Uy, 4 (1—77%) wit
Ui,t o Q1qit ﬁuf;,tﬂ

— = , (19)
(14+75) Qi (1 + Tgt+]_)

for all t > 0, where u, and u;, , denote the marginal utilities of consumption and labor
in period t.

The first order conditions of the firms’ problems are, for all t > 0,
pitFéﬂg = Wqt (20)

Quqit = Qt+1pit+1F]i7t+1 + Qi11Git+1 (1 = 6)) (21)

where F)., and F}, denote the marginal products of capital and labor in period t,

together with
QitG;t = Djt- (22)

By combining household and firms equilibrium conditions it can be shown that the
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value of the firm in (10) is
Vio +dio = qio [1 — 6 + Gﬁ,oF;;o] Kio. (23)
The first order conditions can be rearranged as

B uf:t _ (1+75) . (24)
ugz,t ( - zt) fot Z

ui,t . (1 + Tft)
ﬁ%m (1 + Tz?t+1)

as well as (7) and (8), repeated here,

[ zt+1Fk 1 +1—14] (25)

1 2
o [GitHFkl,tH +1- (5} G2 [Gg,tHFl?,tH +1-— (5} ,j=12
g+l gitt+1
Gay _ G
Gl, G,

for all ¢ > 0.

Comparing these conditions with the ones for the Pareto frontier with lump sum
taxation, (5), (6), (7), and (8), we have that the consumption and labor taxes create
an intratemporal wedge in (24), and that time varying consumption taxes create in-
tertemporal wedges in (25). Taxes do not affect the production efficiency conditions
(7) and (8).

Using conditions (24) and (25), we can write

ufmt (1—73) G tFrit

' - F; 1-— 2
Bub i (L—70,) Gl Flyy G} i1 kt+1+ 5)] (26)

which makes it clear how the taxes affect the labor intertemporal margin.

A competitive equilibrium has no intertemporal distortions in consumption from
period s onwards if the first order conditions (25) and (6) coincide for all ¢ > s.
Similarly, a competitive equilibrium has no intertemporal distortions in labor from
period s onwards if the first order conditions (26) and (9) coincide for all t > s. Finally,
a competitive equilibrium has no intertemporal distortions from period s onwards if it

has no such distortions for both consumption and labor.
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With the taxes that we consider here, it is not possible to create production dis-
tortions in the use of the traded goods, so that (7) and (8) have to be satisfied always.
These marginal conditions will have to be imposed as restrictions to the Ramsey prob-

lem, but as we show below, they will not be binding at the Ramsey optimum.

2.1.1 Implementability

In order to characterize the Ramsey equilibrium we begin by characterizing the set of
implementable allocations. In the appendix we show that an allocation {c;t, nit, Yijt, ki1, it }
and period zero policies and prices, {0, 75, Tio, Gio }» given {kio, bio, fio} is implementable

as a competitive equilibrium if and only if they satisfy the resource constraints (2), (3),

(4), and the implementability conditions

B i + Buy, nir) = Wi, (27)
=0

t

where

Wio = (1 — lig) 2 | (1= 6+ GI o} o) ki + Q_sbio + (1 + 1
<0 0 (1+7_c) i,01°E,0 10 1Y40 0
20

fio
qi,0

| e

together with (7) and (8). We formally state the following proposition proved in the
appendix

Proposition 1: (Characterization of the implementable allocations). Any imple-
mentable allocation and period zero policies and prices satisfies the implementability
constraints (27), together with (7) and (8), as well as the resource constraints (2),
(3), (4). Furthermore, if an allocation satisfies these conditions for some period zero
policies and prices, then it is implementable by a tax system with consumption and

labor income taxes.

2.2 Cooperative Ramsey equilibria

A (Cooperative) Ramsey equilibrium is a competitive equilibrium that is not Pareto
dominated by any other competitive equilibrium. The Ramsey allocation is the asso-
ciated implementable allocation.

We say that the Ramsey planner is unrestricted if the planner can choose poli-

cies and allocations in all periods subject only to the constraint that the resulting
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allocations, prices and policies constitute a competitive equilibrium.
Consider the following programming problem, referred to as the Unrestricted Ram-
sey problem which is to choose allocations and period zero policies to maximize a

weighted sum of utilities of the households of the two countries,

0rUt 4 0*U? (29)

with weights 6" € [0, 1], subject to the conditions (27) and the resource constraints.
Assume policies are unrestricted in the sense that for any allocation, [,y (or any of
the other initial taxes) can be chosen to satisfy (27). Then the unrestricted Ramsey
problem reduces to maximizing welfare subject to the resource constraints, and there-
fore it immediately follows that it is possible to implement the lump-sum tax allocation

as the Ramsey equilibrium.

2.2.1 Ramsey problem

Suppose now that policies and initial conditions are restricted in the sense that house-
holds in each country must be allowed to keep an exogenous value of initial wealth W,
measured in units of utility. Specifically, we impose the following restriction on the
Ramsey problem

Wio =W, (30)

which we refer to as the wealth restriction in utility terms. One example of such a
restriction with positive wealth is that tax on the initial wealth cannot exceed 100%.
Then, since it is possible to set the tax on wealth equal to 100%, then W, is zero for
1=1,2.

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; (see
Armenter (2007) for an analysis with such a restriction). We show below that this
outcome is the equilibrium outcome for an environment with partial commitment.

The Ramsey problem is to maximize (29), subject to the resource constraints (2),
together with (3) and (4), that are combined as

Cit + git + kirsr — (1= 0) kir < G (nit, Yaur) (31)
together with the implementability conditions (27), the wealth restriction (30), (7) and

13



(8) . Condition (28) does not restrict the problem since it is satisfied by the choices of
the initial taxes. We are going to write the problem without imposing the conditions
for production efficiency, (7) and (8). We will show that they are satisfied at the
optimum.

Define

v (Cit> Nit; @ ) = 0u' (ci, nig) + [Uc,tCit + Un,t”it}

where ¢’ is the multiplier of the implementability condition (27). We can now use the
efficiency conditions for the case with lump sum taxes, (5), (6), (7) and (8), replacing
the marginal utilities of u’ by the derivatives of the function v*. The solution of the

Ramsey problem is given by

Ve L i1 (32)
— = =, 1 = s
Ufz,t G;,tF’rlL,t
Ui,t 4 i .
Bui, =1=0+Gj 1 Frpr 1= 1,2 (33)
ct+
Gl‘t 1 1 G2‘t 2 2
Glj, [Gl,t+1Fk,t+1 +1- 5} - GZJ, [G2,t+1Fk,t+1 +1- 5} yJ =12 (34)
git+1 g+l
Gl Gl
z e (35)
Gi, Gy,

Every Ramsey solution must satisfy the production efficiency conditions, (7) and
(8), even if the conditions were not imposed as a restriction to the problem. This
means that if we had considered tariffs as possible instruments, they would not need
to be used. The proposition follows:

Proposition 2 (Optimality of free tradej: Unrestricted international trade is
optimal.

Sketch of proof: Consider a tax system consisting of taxes only on consumption and
labor income in both countries and no tariffs are levied on goods as they cross borders.
Notice that if the consumption and labor taxes are set at the levels associated with the
Ramsey solution, then the associated competitive equilibrium implements the Ramsey
outcome.

In order to further characterize the optimal wedges, it is useful to write
Ué,t = ui’t [Qi + ¢ [1 — ol — afmﬂ

14



vfm = ufw [Hi + ¢t [1 + U?i - azmﬂ

where , , , ,
i UeeCit 4 UnntTit e UneiCit  op; Uen,¢Thit
o, = —— o, = . o N ==—— 0, = ——+—
t ) Y t 1 Y t 7 Y t ) ?
uc,t un,t un,t uc,t

are own and cross elasticities, that are only functions of consumption and labor at time
t.

Note also that if consumption and labor are constant over time, then the relevant
clasticities are also constant so v, and vj, , are proportional to u., and uj, ;, respectively.
It then follows that it is optimal to have no intertemporal distortions. This observation
leads to the following proposition.

Proposition 3: (No intertemporal distortions in the steady state) If the
Ramsey equilibrium converges to a steady state, it is optimal to have no intertemporal
distortions asymptotically.

For standard macro preferences,

o] 1—ot 1o

) c —1 n

Ul = b S A 36
>0 | | (36)

the marginal conditions are

LUy O (ltom) 1 (37)
U%,t 0" + ! (1 - Ui) G;,tF’rZL,t

together with the intertemporal efficiency conditions (6), and the production efficiency
conditions, (7) and (8) The proposition follows:

Proposition 4: (No intertemporal distortions ever) Suppose that preferences
are given by (36). Then, the Ramsey solution has no intertemporal distortions for all
t>0.

Corollary: The Ramsey allocations can be implemented with consumption or
labor taxes that are constant over time, but possibly different across countries.

Note that the preferences above are separable and homothetic in both consumption
and labor. We use these properties to provide intuition for the results in Section 6
below, where we relate them to results on uniform commodity taxation and production
efficiency.

The Ramsey allocation characterized in propositions 2 through 4 can be imple-

15



mented in a variety of ways. In any implementation, the initial wealth taxes, l;o, are

chosen to satisfy the wealth constraints.

3 Alternative implementations

In this section, we discuss a variety of other tax systems, including taxes on the income
from different assets. Our analysis is motivated by the observation that these alterna-
tive 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 income taxes. We
show that a variety of tax systems can implement the Ramsey allocation associated
with those taxes. Furthermore some tax systems do yield lower welfare.

We start with a tax system with taxes on the income from foreign assets and from

dividends. There is also a capital income tax levied on firms profits.

3.1 Taxes on capital income, dividends, and foreign assets

We now consider a tax system that includes, in addition to consumption and labor

k. dividends 7%, and taxes on income from net

income taxes, taxes on capital income 7
foreign assets T{t. The purpose of this exercise is to relate the Ramsey intertemporal
distortions derived above to the taxation of capital.

Capital accumulation is conducted by the (intermediate good) firms, and the firms
pay the capital income taxes. We assume that the firms are owned by the domestic
households, that trade shares and receive dividends. We now describe the problems of

the firms and the household in each country and define a competitive equilibrium.

Firm The representative firm produces and invests in order to maximize the
present value of dividends, net of taxes, Vig + (1 —7%) dio = Y pop Qir (1 — 78) dis.

Dividends, in units of the numeraire, d;;, are given by

dit = piF'(Kig, i) — wigng — TZ (i (Kie, i) — wihie — Qaedkiar] — Qe kg — (1 — 0) ki

(38)
where 7% is the tax rate on capital income net of depreciation. Notice that here the
intertemporal prices of the numeraire ();; are indexed by the country, because the

agents in the two countries face different taxes. It has to be the case that ;0 = 1, in
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both countries.

Note that in this way of setting up the competitive equilibrium, dividends are net
payments to claimants of the firm. These payments could be interpreted either as
payments on debt or as payments to equity holders. To clarify this interpretation,
consider an all-equity firm. In this case, our notion of dividends consists of cash
dividends plus stock buybacks less issues of new equity. In particular, under this
interpretation taxes on capital gains associated with stock buybacks are assumed to
be levied on accrual and at the same rate as cash dividends. Note also that dividends
could be negative if returns to capital are smaller than investment. In this case, a
positive tax on dividends would represent a subsidy to the firm. (In a steady state of
the competitive equilibrium it is possible to show that dividends are always positive).

The first order conditions of the firm’s problem are now (20) together with

0 1—74
Qitdit = ( T’tjl) [1 +(1- Tfﬁl) (zltHFk t+1 5)} (39)

Qit+1Git+1 1-— Tt it+1

Substituting for d;; from (38) and using (20) and (39) it is easy to show that the

after tax value of the dividends at time zero in units of the numeraire is given by

qi0

5 0u 1= rt) i = (=) [t = ) (220 =)k 0

The problem of the final good firm in each country is not affected by the capital

income and dividend taxes. The first order condition is equation (22).

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

7 in units of the numeraire is given by

bitr1 + VieSiryr + firsa
Qlt ! zt+‘/;tszt+|:1+rt Zg(ﬂ{—(ﬂ—l)>} fi +
ta qdit—1

(]_ — T;it) ditsz-t + (]. — TZ) WitNir — (1 + Tz?t) qitCit - (41&)

Taxation of the foreign assets allows for an inflation deduction. In period 0, the con-

straint is
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bir + Viosin + fa
= (1 — le) Qi—lbiO + ‘/;082‘0 + (1 — T;-io)d 050 -+ |:1 —+ 7”0 — 7' (1 + TO dio )1 f10:|

di—1
+ (1 = 7i) wionio — (1 + 75) GinCio- (42)

Vi: is the (after dividend) value of firm’s shares in units of the period ¢ numeraire.!
Notice that for the country where the foreign assets are negative, a positive T{t repre-
sents a deductibility of interest payments. The interest rates on the foreign assets in
units of the numeraire at time t, rtf , are not indexed by the country, since there must
be a single price in that market.

The household’s problem is to maximize utility (1), subject to (41a), (42) and
no-Ponzi scheme conditions, limy . Q710711 > 0, and limp_ o Qiri1fire1 > 0.

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

(18), (19, )together with

Qi

Git+1
Qi1 o =1+ Tt+1 zt+1 <1 + Tt+1 _> (43a)

qit

and

Qi Vi + (1 —781) dinr
Qit+1 Vit '

The transversality condition limy_, ., Q741 Vir+1 = 0 implies that the price of the

(44a)

stock equals the present value of future dividends,

)
- Z 2t+1+s ta+1+sdzt+1+3a (45)
s=0

Using the no-Ponzi scheme condition, the budget constraints of the household, (41a)

and (42), can be consolidated into a single budget constraint,

Z Qit [qie (1 + 73) cie — (1 — 733) winie] < (1 — lio) aio, (46)

4Note that we allow only for a tax on wealth in period zero. It turns out that allowing for taxes
on wealth in future periods is equivalent to a consumption tax. Since we allow for consumption taxes,
taxes on future wealth are redundant.

18



where

Q0 = Qi—lbio + ‘/iosio + (1 — do)dloszo + |:1 + ’I“O — 7'10 (1 + 7“0 dio )} sz (47)

qi—1

Substituting for the price of the stock from (45) for ¢ = 0, and using (40) as well

as sp = 1, the initial asset holdings in (47) can be written as

qi—1

aio = Qi1bio+ (1 — 78) qio [ko + (1 — 75) (GLoFino — 0) ki ]+[1+r0—7 (1+ro qio)]fm

The interest rate parity condition is obtained from (39) and (43a), for i = 1, 2,

(1—74,,) R Gt VB, 1 _ ok
1], = 2 il T T e (Pl s | fori=1,2.
t+1 = 1_ d 7 7 k41
it —Tit =750 I — 75,0 \Gittq1

(48)
Using also (22) to replace the relative prices of the intermediate and final goods, it
follows that

1 d I s O k
G (1—7in) 1rf, il 1= T1t+1 (G, FLyyy — ) (49)
114 k11
Glam 1- 4 1- T{tJrl 1- 7'1t+1
[ ()
2 d — 2 k
Gh (L—mh) |1 g e (L-7h) (G341 FR i —0) |, for j =1,2
2t4+1" kt+1 ) — Ly <4
GJ 1 1= 1- T£t+1 1— T£t+1

If the dividend tax is constant over time, and the two tax rates, on capital and
foreign assets, are the same in each country, then (dynamic) production efficiency is
achieved. Having the tax rates on the two assets, capital and foreign, equal also means
that, for the country in which foreign assets are negative, there is a full deductibility
of the taxes paid on the capital that is borrowed from abroad.

The marginal conditions in this economy can be summarized as

Uey (1+75)

- = . 50
Ufm ( 1t>Gzt l ( )
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ul, (14T (1 — 7'%“) o . .
Buvi:,tﬂ B (1 + Tft+1) 1—7d [1 * (1 TitH) ( i1 F e 5)} (51)

together with the interest rate parity condition, (49) and condition (8), repeated here,

1 2
Gy Giy
1 2
Gie Gl

for all ¢ > 0.

Consider the tax systems that do not tax either consumption or labor, but do have
the other taxes. We refer to a tax system in which consumption taxes are set to zero, as
a no-consumption tax system, and similarly for the labor tax. The proposition follows.
The proof is straightforward.

Proposition 5: (Taxation of assets) None of the tax systems considered here
give higher welfare than the tax system with only consumption and labor income taxes.
The Ramsey equilibrium under the no-consumption or the no-labor income tax system
requires the taxation of either capital income or dividends and the taxation of foreign
assets. With constant dividend taxes, the rates on capital income and foreign assets in
each country must be equated. For standard macro preferences, only the consumption

or the labor tax is used, and it is constant over time.

3.1.1 Residence based versus source based taxation

In a residence based taxation system, the residents of a country pay taxes to the
government of that country on income they may obtain from different sources, from
home or abroad. Instead in an source based system they pay taxes in the country
that is the source of the income. If there were no further restrictions on the tax rates,
whether the system is residence based or source based would not matter. We compute
cooperative solutions, allowing for transfers across governments, so what is important
is what the tax rates are, not who sets them or gets the revenue from. But a residence
based system, in which the residents of a country could be taxed at different rates on
their income from home or abroad, is not exactly a residence based system.

We consider now a residence based system in which the tax rates cannot depend
on the source of income, whether from home or abroad. In this set up, where firms
are domestically owned, this could mean that the tax on capital income would be

restricted to be the same as the rate on income from foreign assets. Dividends would
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not be taxed to avoid double taxation. For the Ramsey allocation, the restriction
would not be binding. Instead, in an source based system, if the tax rates have to be
the same independently of the residence of the income earner, then it is possible that
the tax on capital in one country would have to be the same as the tax on the return
of investors in that country. This would be a restriction to the Ramsey problem.

For standard macro preferences, because there is no role for the taxation of assets,
the type of system is irrelevant. The proposition follows.

Proposition 6: (Origin vs residence based taxation) Consider the no-consumption
and no-labor tax systems with the additional restriction that tax rates have to be the
same for all assets. Then, under residence based taxation, the Ramsey equilibrium
without that restriction can be implemented, while that is in general not possible un-
der source based taxation. For standard macro preferences, residence or origin based

taxation are equivalent.

3.2 Taxes on capital, equity returns and foreign assets

We now consider in addition to capital income taxes, a common tax on the returns from
foreign assets and on the equity returns including capital gains. This is a residence
based system where capital from different sources is treated the same. We assume that
firms are residents of the country where they produce.

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 order to maximize the present value of dividends, Vg + d;o = Zfio Qd;;. Div-

idends, in units of the numeraire, d;;, are given by

diy = pitF<kita nit) — WMy — T?t [pitF(kita nit) — WMy — Qit(Sk’z‘t] — it [kit—l-l - (1 - 5)/%]

(52)
where 7% is the tax rate on capital income net of depreciation.
The first order conditions of the firm’s problem are now (20) together with
Q+qit Dit+1
R L+ (1 - Tft+1) %Fk,t+l —0 (53)
Qt+1Git+1 dit+1

21



Substituting for d;; from (38) and using (20) and (53) it is easy to show that the

present value of the dividends at time zero in units of the numeraire is given by

10

Vio + dio = Z Qidiy = [1 +(1—15) (?Fik,o - 5)} Ppiokio- (54)
=0

The problem of the final good firm is as before. The first order conditions are given
by (22).

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

7 in units of the numeraire is given by

bity1 + VieSits1 + firra (55a)
it— it — Qit—1) Vie—
_ Qt1bit+(Vit+dit)Sit—Tit<Vi—Wt1+dit—(Qt qit 1) tl)szﬁ-
Qit qit—1
Qit — it— n c
(1 + Tf) fit — Tt (7”1{ - —tq d 1) fir + (1 - Tit) WitNie — (1 + Tit) qitCit-
it—1

In period 0, the constraint is

bi1 + Viosi + fir (56)

0 — Gi—1) Vi-
= (1—1l) [Qi—lbio + (Vio + dio) Sio — Tio (V; —Viei +dio — (40 ; 1) 1) 5i0:| +
i—1

qio — qi— n c
(1 - lio) [1 + 7"5 — T50 (r{; - %)} fio + (1 - Tio) Wi0M0 — (1 + Ti[)) q;0Ci0-
i—1

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

allowance for numeraire inflation. The returns on public debt, b;;, are country specific,

%, because assets can be taxed at different rates in the different countries.

The household’s problem is to maximize utility (1), subject to (55a), (56) and
no-Ponzi scheme conditions, limy ., Qiry1bir11 > 0, and limp_ o Qiri1 firs1 > 0.
The first order conditions of the household’s problem in each country are, for ¢t > 0,
(18), and
Ui,t o QitQit 5“2,t+1

= , 57
(T4+75) Qunrdirrr (14 754) (57)
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together with

Qu = (1 - Tit—i—l) <1 + 7“1{;1) + Tit+1Qit+1 with Q0 = 1. (583)
Qit+1 it
and
Oy Vitri +diy1) — Tirpa (Wtﬂ — Vit + digyr — #E=EV, )
LA (59a)
Qit+1 Vit
which implies that
Viey1 + d;
1+ 7{+1 = == = (60a)
Vit
This condition on the two returns can be written, using 1 + rf = Q?—;, as

QtVit = Que1Vier1 + Qrrdivsr. (61a)

Imposing that llmT_,oo QT—FI%T—I—I = 0, then

§ : Qt+1+s
zt zt+1+s-

The present value of dividends for the households of country i, is a different ex-
pression from the expression above because they pay taxes on the asset income. Using
(59a), we have that

o0
= E Zt+1 Qit+1 dit11
t=0

(A—Tit1)

it +1Qit+1
9t Qit

the same since (1 — 7% +1) Qir+1 = Q¢y1. This condition is obtained from (58a).

where 1 — 7§, = II'_( (1 — 7y541), and 1 — 741 = ( ) The values are

1-Tit41

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

period 0 is
ioVie
Vio + dio — Tio (Vio—f—dio—q; 11> (63)
ioVie
= (1_7i0)(‘/i0+di0)+7—i0q; L
i—1

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

of the value for the firm for the households of each country, so that the solution of
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the maximization problem of the firm also maximizes share holder 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 scheme condition, the budget constraints of the household, (55a)

and (56), can be consolidated into the single budget constraint,

Z Qit [qie (1 + 75) cie — (1 — 73) winit] = (1 — lio) o, (64)
=0
where
2 ‘/; 2
ajo = Qi—1bio + (1 — 7i0) (Vio + dio) +7'zoq; S [1 +7“(J; — Tio <1 +7“(J; qQO )] fio
1—1 1—1
(65)

Using (54) as well as so = 1, the initial asset holdings in (47) can be written as

. o Vil
an = Qi1bio+ (1= 7io) gio [ko + (1 — 7)) (GioFiko — 6) kio] + Tzoq; .
i—1
+ [14—7“{;—71-0 (1+rg;_ 410 )} fi
qi—1
The interest rate parity condition is obtained from
Qs _ Git41 1 1 k Dit+1 Pit+1 o _5 66
= + ( - Tit+1) kyt+1 (66)
Qi1 qit dit+1

fori=1,2, or

q1t+1 Dit+1 qat+1 D2t+1
- {1 + (1 - T]ft+1> ( * Fk 1 5)} = =L {1 + (1 - T§t+1) ( * Fk 1 5)}

q1t qit+1 qat q2t+1
(67)

Using (22) to replace the relative prices of the intermediate and final goods, it
follows that

Cﬂ
at ) [1 + (1 - T]ft+1) (Git+1Fk1,t+1 - 5)} (68)
Jst+

2

G5y
- G2 [1 + (1 - Tl2€t+1) (GitHF,itH - 5)} ,for j=1,2
Jit+1
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To get production efficiency, i.e. satisfy (8), need either to set the two tax rates to

zero or to pick 7§,; and 74, according to

7'1t+1 (Gl t+1Fk1,t+1 - 5) (69)

Gli1/Giin .
o (GheaFti — - (B2 1)) o= 1.2
]7 ]7

In order to ensure production efficiency there has to be an adjustment to the move-
ments in the real exchange rate. The tax rate revenue on the return on capital in the
consumption of one country must be equal to the tax revenue on the return on capital
in the consumption of the other country minus the proportionate change in the real
exchange rate.

Using the intertemporal condition of the household (57), and

Qit
Qit+1

Q¢ qit+1
+ Tit+1

Qt+1 qit

= (1 —=Ty41) =~ (70a)

obtained from (58a) together with Q?_il =147 +1, and combining it with the firm’s
condition (53), together with (22), we obtain

Ui,t (1 + Tft+1)
ﬁulc,tJrl (1+75)

=1+ ~Ti11) (1 - TftJrl) ( ZmF;ﬁ t+1 5) . (71)

The marginal conditions in this economy can be summarized by

ufzt (1 +75)
- — = . 72
u?z,t ( - zt) GthZ ( )

the intertemporal condition (71), the interest rate parity condition, (68) and condition
(8), for all t > 0.

In this economy with a common tax on equity and foreign returns, it is possible
to set to zero either the consumption tax or the labor income tax, but not both. The
Ramsey allocation can be implemented with a, possibly time varying, common tax on
home and foreign assets. Capital income taxes in both countries must either 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. For standard macro preferences, all the

taxes on assets are set to zero and the labor income tax is constant over time. In
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this economy with a common tax on domestic equity and foreign returns, firms use a
common price to value dividends. The restriction that firms are owned by the domestic
residents if relaxed would not change the implementable allocations.

Consider the tax systems that do not tax either consumption or labor, but do have
the other taxes. We refer to a tax system in which consumption taxes are set to zero, as
a no-consumption tax system, and similarly for the labor tax. The proposition follows.
The proof is straightforward.

Proposition 7: (Common tax on domestic equity and foreign returns)
None of the tax systems considered here give higher welfare than the tax system with
only consumption and labor income taxes. The Ramsey equilibrium under the no-
consumption or the no-labor income tax system requires the taxation of domestic and
foreign assets at the same rate. Capital income taxes can be set to zero. For standard
macro preferences, only the consumption or the labor tax will be used, and it will be

constant over time.

3.3 Border-adjusted value-added taxes and labor income taxes

Consider next an economy in which consumption taxes are replaced by value added
taxes levied on firms with border adjustment. What border adjustment means is that
firms in a country do not pay VAT taxes on exports, and cannot deduct imports.
Taxes on assets are set to zero, but not labor income taxes. The value added taxes
are denoted by 77,. The set up is the same as in the economy with only consumption
and labor income taxes except that we distinguish prices in this economy with carets.
Because taxes on assets are zero, there is a single intertemporal price of the numeraire.

The intermediate good firm now maximizes
Z Qt [(ﬁiltyz‘lt + ﬁz‘Qtyth) — WitNiy — Cjz‘tl‘z‘t] (73)
t=0
- Z QtT;]t [ﬁiit?/n’t - ffitiUit}
t=0

subject to (2) and (4), where p;;; is the price of the intermediate good produced in

country ¢ and sold in country j.
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The final goods firm now maximizes
Z Qt [QitGi (?ﬁm ym) — PritYrit — ﬁQity%t} - (74)
t=0

Z QtT it [CfitGi (Yait, Yoir) — ﬁiityiit]
t=0

The household problem is the same as above, except that the consumption taxes
are set to zero.

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

)

u ~
| ) (75)
Up, ¢ (1 —75) Wi
ui,t = AQ# Uf:,tﬂ’ t=>0, (76)
Qt+1%t+1

The first order conditions of the firms’ problems for an interior solution are
it (1 —73) Fy, =y (77)

Qt(jit (1 - T;)t) = Qt+1ﬁiit+1 (1 - T;)t—i-l) Fli,t-rl + Qt+1dit+1 (1 - T;}t—i-l) (1 - 5)) 78

Piie (1 — 73;) = Dije 79

intG;t = Piit 80

(78)
(79)
(80)
Gie (1 —734) G, = Pjis, for j # i (81)

In order to show equivalence between these two tax systems, consider the following

prices with value added taxes. Let

it (1= 73) = qa (82)
Diit (1 - T;)t) = Pit (83)
ﬁz‘jt = Dit, J 7’é 1, Wi = Wig, Qt =@ (84)

Replacing the prices with caret in the first order conditions in the economy with value
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added taxes, we get

u .
AT et )

. , 1—77
= g LT 120 0
Pk, = wi (87)
Pit = Dit (88)
Qi = QriPiri1 Fi oy + Quiainy (1= 9)) (89)
QitG;',t = Djt (90)

These are the same conditions as in the economy with consumption taxes with

1
1—7% = 91
th 1 + T?t ( )
The budget constraints of households in the two cases are (13) and
Z [Gitcit — (1 — T5) wani]) < (1 — L) aip, (92)

where
a0 = Gio (1 —75) [1 -0+ GZ:,OFIQO] Eio + Qi—1bio + <1 + 72{;) fio

Using the condition establishing the equivalence between the prices in the two
economies, (82) and (84), it follows that the budget constraint in the value added
economy (92) becomes (13).

The budget constraint of the governments in the value added economy are given by

Z Q: [Tft [DiitYiie — Gaeie] + Ty [ditGi (Yuits Y2it) — ﬁiityiit} + [Tip Wi — Qitgz‘t]]
=0

+lioaio = Qi—1bio — Tho. (93)
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The balance of payments conditions are
Z Q: [Pijeyise — Diunjie) = — (1 + T{o) fio — Tio. (94)

where (1 + 7"{0) fio+ (1 + 7“50) fa0 = 0.

Since p;;jr = pit, for j # i, the balance of payments condition coincides with the one
with consumption and labor income taxes.

The two economies are equivalent. This is stated in the following proposition.

Proposition 8: (Value added taxes with border adjustment) Competitive
equilibrium allocations in the economies with consumption and value added taxes co-

incide if the taxes in the two systems satisfy (91)

3.4 Value-added taxes without border-adjustment: The role
of tariffs

Consider next an economy just like the one in the previous section except that value

added taxes are levied on firms without border adjustment. This means that the

taxation of intermediate goods will be source based. We will also consider tariffs.
The tariff levied by country j on the good imported from the other country i

y

is denoted by 7;;,. The value added taxes in country ¢ are denoted by 7j. The

intermediate goods firm now maximizes
Z Qe [(1 = 78) (Piseyine + Pizeize — Gnir) — Wienie] (95)
t=0

subject to (2) and (4), where p;;; is the price of the intermediate good produced in
country ¢ and sold in country j.

The final goods firm in country 1 now maximizes
Z Qt (1—77) [@uGl (Y116 Yore) — Prueynne — (L + 75;,) 1521153/2115} (96)
t=0

and similarly for country 2.
The household problem is the same as above, except that the consumption taxes

are set to zero.
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The first order conditions of the household’s problem are

i .
u dit

c,t
- — = — —. t>0. 97
i, - A=) - ) e, &7)
U’it = thlt ct+17 t>0. (98)
7 Qt+1ta+1

The first order conditions of the firms’ problems for an interior solution are
Diit (1 - Tft) F,it = Wy (99)

Qtdit (1—7) = Qt+1f?z‘z‘t+1 (1 - T;)t—',-l) F/i,t+1 + Qt+1ﬁz‘t+1 (1 - T;)t—i-l) (1-0)) (100)

Diit = Pijt = Dit (101)
GGy = Piie, 1 = 1,2 (102)
intG;t = (1 + T?it) ﬁjita for i 7éj (103)

We can rearrange the first order conditions as

ufzt 1
- — = ,t>0. (104)
Uy, 4 (1—- T?t) (1—- zt) GthZ

“f:?t (1 =75) = (1= Th) Bui,tﬂ [Gz,t—&-lFli,t—l-l +1-10)]

Using (102) and (103), we get

G%,t _ (1+ Tglt) Gg,t
G%,t (1+ 7'31/216) G%,t

(105)

Using (100) and (102), we have that

1— 1-—
TV Qi1 (G Flyy +1—6] = Tor1 Qott1 (G2, F2 oy +1—0]. (106)
1-— Tlt qlt 1- T2t Q2t

From (102) and (103) ,the real exchange rate is

@ _ (]‘ + Tglt) G%,t _ G%,t (107)
Gt G%,t (1+719) G%,t ’
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so that it follows that

(1 _ TT{H—I) (1 — Tgt) (1 + 7'21t+1) GQ 41 [Gl 1Fk1 1 +1-— (5} G2
t+ S+

(1 - T§t+1) (1—79,) 1+ T21t> G2 1 G (108)
108
The marginal conditions are summarized by
ul, 1
= . TE (109)
Unp t (1 —=73) (1 —=7%) G'Lt
ui,t (1—73) = (1 - T;)t-i—l) 6“2,t+1 [ zt+1Fk 11— 5)} (110)
(1 - 7'111t+1) (1—73) (1 + TgltJrl) Gg 1 1 G2 9
G . F +1-9 G2, .. F +1-—
(1 =7800) A =71) 1 +75,) Giin & R I= G [ 2R

(111)
G%,t _ (1+ Tglt) Gg,t (112)
G%,t (1+ 7_111215) G%,t

The Ramsey allocation in the economy with consumption taxes can be implemented
in this economy with a VAT without border adjustment and tariffs. The tariffs will
have to be the same in the two countries, 75,, = 7,,, to satisfy the (static) production
efficiency condition (??). The common tariff will in general be time-varying to undo
the distortions imposed by the VAT taxes on the (dynamic) production efficiency con-
dition, (7). The value added taxes will have to move over time, differently in the two
countries to implement the optimal intertemporal distortions, and the labor income
tax, will implement the optimal intratemporal distortion. Without tariffs, the Ramsey
allocation in the economy with both consumption and labor income taxes cannot in
general be achieved.

For standard macro preferences, there is no need for tariffs, and the Ramsey allo-
cation can be achieved with VAT taxes that, in general, are different across countries,
but constant over time. Border tax adjustments in this case are irrelevant.

We state these results in the following proposition:

Proposition 9: (Value added taxes without border adjustment)The Ramsey
allocation can be implemented with consumption taxes replaced by value added taxes
without border adjustment and tariffs. The tariffs must be the same for the two
countries and have to be time varying to compensate value added taxes that may move

differently across time in the two countries. For standard macro preferences, the value
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added tax rates are constant over time, and therefore there is no need for tariffs.

Origin versus destination based taxation In order to discuss restrictions
on tax systems based on origin and destination, we need to be clear about what a
destination based system and an origin based system mean. One possible meaning
is the following: A destination based system is one in which taxes are set by the
destination country, and similarly, an origin based system is one in which taxes are set
by the country where the goods originate from. In such a destination based system there
is no reason why imports would be taxed at the same rate as domestically produced
goods. Similarly, in an origin based system, there is no reason why exports would
be taxed at the same rate as domestically used goods. In such a system, whether
destination based, or origin based, there would be four tax rates that would allow to
implement the Ramsey allocation. Under the destination based system, the Ramsey
policy would set rate on imports equal to the rate on domestically produced goods,
and under the origin based system, the rate on exports would be equal to the rate on
the goods produced in the destination country.

Another interpretation of destination versus source based systems, that is more
restrictive, but it is also closer to what people have in mind, is that a destination based
system is one where tax rates do not depend on origin and an origin based system
is one where tax rates do not depend on destination. In this case the VAT system
with border adjustment, would be a destination based system while the VAT system
without border adjustment would be an origin based system. In the case of value added
taxes with border adjustment, the goods leave the country untaxed and are taxed in
the destination country at the single value added tax rate in the destination country.
Instead in the case with value added taxes without border adjustments, goods are
taxed at the single rate of the origin country. For this interpretation of destination
and source based systems, while the destination based system does not impose relevant
restrictions on the set of implementable allocations, the source based system, would
in general impose such restrictions. Without tariffs, the destination based system is
superior, since in general it is not possible to implement the Ramsey allocation without
tariffs when no border adjustments are made. Those restrictions would be undone by
tariffs but what tariffs would do is convert an origin based system into a destination

based one.
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4 On the confiscation of the initial capital stock

The assumption that initial wealth was given in units of utility was useful to allow us
to abstract from the initial confiscation of the household’s wealth. This is an important
assumption because as we will see below, it is the initial confiscation of wealth that
justifies high taxation of capital along the transition and possibly asymptotically that
have been obtained in the literature as in ...

In this section we discuss alternative assumptions on the initial confiscation and
relate our results to this literature. In order to simplify the analysis, and to make it
more comparable to the literature, we consider the model with only one country. The
production structure is also simplified since, without trade, there is no need to distin-
guish between an intermediate and a final good. In the economy with two countries
we found it convenient to consider a common nominal numeraire. That is no longer
the case in this single country economy, so we pick the good in period zero as the nu-
meraire. We consider the standard neoclassical growth model in the closed economy.
The remainder of the paper will use this structure

The preferences of a representative household are over consumption ¢; and labor
n¢, as in (1) without the country indices.

The production technology is
ct+ etk — (1= 0) ke < F(ng, ky) . (113)

We allow for a rich tax system similar to the one in the economy in section 3.1 that
includes taxes on consumption 7¢, labour income 77, capital income 7¥, dividends 7¢,
and a tax on initial wealth, [j..

Capital accumulation is conducted by a representative firm. We now describe the

problems of the firm and the household and define a competitive equilibrium.

Firm The representative firm produces and invests in order to maximize the
present value of dividends, net of taxes, >~ ¢ (1 — Tf) d;, where ¢; is the price of
one unit of the good produced in period ¢ in units of the good in period zero and 7¢

are dividend taxes. Dividends, d;, are given by

dt = F(k‘t, nt) — WNy — Tf [F(kt,nt) — WMy — 5kt] — [kt+1 — (1 — (5)]%] (114)
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where w; is the pre-tax wage rate, 7¥ is the tax rate on capital income net of depreci-
ation.

Let the interest rate between periods t and t 4+ 1 be defined by

=1 4 rpy, with go = 1. (115)

qi+1

The first order conditions of the firm’s problem are

Fn,t = Wt (116)
1—74 )1+ (1 =7k ) (F -5
4y = L) | (1 ;ﬁ“)( keer = 0) (117)
It

where F,,; and Fj,; denote the marginal products of capital and labor in period t.
Substituting for d; from (114) and using (115) — (117) it is easy to show that the

present discounted value of dividends is given by
doa(—rd=(1-77) L+ (1-7F) (Fro—6)] ko (118)
t=0
Household The flow of funds constraint in period t for the household is given by

1

——bip1 F S = b+ vsy + (1 — Tf)dtb’t + (1 —7)wmny — (1 +75) ¢, (119a)
147

for t > 1, and for period 0

b1 + vpS1 = (1 — lo) [bo + vgSo + (1 — Tg)dob”o} +
1 + 7

(1 —75) wong — (1 4 75) co. (120)

where b;,; denotes holdings of government debt that pay one unit of consumption in
period t + 1, s;1 denotes the household’s holdings of the shares of the firm, v; is the
price per unit of firm’s shares in units of the good in period ¢.> Note that the price v,

is the price of shares after dividends have been paid in period t. The initial conditions

®Note that we allow only for a tax on wealth in period zero. It turns out that allowing for taxes
on wealth in future periods is equivalent to a consumption tax. Since we allow for consumption taxes,
taxes on future wealth are redundant.
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are given by by and sg = 1.

The first order conditions of the household’s problem include

Uet (1"’7—;)

_ et L t>0. 121
un,t (1 — ’7‘?) Wt ( )
fel (14 ) Puer s (122)
(1+7%) (1+7¢,1)
and 4
Vg1 + (1 —17 d
14Ty = — ( ) =, (123)

Ut
for all ¢, where u.; and u,; denote the marginal utilities of consumption and labor in
period t¢.
The transversality condition implies that the price of the stock equals the present

value of future dividends,

= Qi+1+s
vy = § :—q: (1 =78 00,) desiss, (124)
s=0

Using the no-Ponzi scheme condition, the budget constraints of the household,

(119a) and (120), can be consolidated into a single budget constraint,
Z a1+ 7) e — (T—77)wme] < (1—1lo) [bo + voso + (1 — 7§)doso] - (125)
=0

Substituting for the price of the stock from (124) for ¢t = 0, and using (118) as well

as so = 1, the budget constraint can be written as
a1+ e — (1 =17 wn) < Wy (126)
t=0

where the initial wealth of the household, excluding the lump sum transfer, is given by

Wo=(1-1o) [bo+ (1—75) [ko+ (1 —78) (Fro — 0) ko] -

A competitive equilibrium for this economy consists of a set of allocations {c;, 1y, d; }

. o . d k .
and {k;11, byi1, Sea1}, prices {qg, re41, vg, we }, and policies {7’?, T T T, lo}, given {ko, by, S0}
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such that households maximize utility subject to their constraints, firms maximize value
and markets clear in that resource constraints (113) are satisfied and the market for
shares clears, s; = 1 for all t.

The first order conditions associated with the equilibrium when lump-sum taxes

are available are given by

Uet 1
et - 127
un,t Fn,t’ ( )
Yot 14 By —0 (128)
6Uc7t+1 — k,t+1 )
Up, F,
L M R, (129)

ﬁun,tﬂ Fn,t+1
and the resource constraints (113). As before, we write the intertemporal labor margin
in (129) because we will be interested in understanding when it is optimal not to distort
this margin.
With distorting taxes, we can combine the first order conditions of the household

and the firm to obtain
Uet (1 + T?)

T : 130
Un, t (1 - 7‘?) Fn,t ( )
Ueyt (1= 7f) (L+75) k
o 1+ (1- Frei1 —d]] 131
e~ rf) iy [ (7o) e =0 03D
and ) )
= =Tl 8= )P [1 + (1 - Tf+1) [Pt — 5]} (132)

Bniyr  (L=78) (L =77,) Faun
Notice that a constant dividend tax does not distort any of the marginal conditions.
Such a tax of course raises revenues by reducing the value of the firm at the beginning
of period zero. In this sense, a constant dividend tax is equivalent to a levy on the
initial capital stock. Notice also that a tax on capital income distorts intertemporal
decisions in the same way as do time varying taxes on consumption, dividends and
labor income. Indeed, as shown below, many tax systems can implement the same

allocations.
Implementability In order to characterize the Ramsey equilibrium we begin by

characterizing the set of implementable allocations. In order to do so, we substitute

prices and taxes from the first order conditions for the household into the household’s
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budget constraint (126) to obtain

E B [Ue €t + Unime] = W (133)
=0
where
Ue,0
Wy = ————W,. 134
NG (134)

Thus, any implementable allocations together with initial conditions and period
zero policies must satisfy (133) and the resource constraints (113). We now show that
the converse also holds. Specifically, consider an arbitrary allocation, that together
with initial conditions and period zero policies, satisfies (133) and (113). We will show
that this allocation is implementable. To do so, we construct the remaining elements
of the allocation, prices and policies and show that all the conditions of a competitive
equilibrium are satisfied.

Since multiple tax systems can implement the same allocation, for simplicity we
begin by considering the case where 7F = 0 for ¢t > 1 and 7§ = 7§ for all . The wage
rates w; are pinned down by (116), and the tax rate on labor 7} is pinned down by
(130). Given 7, the time path of dividend taxes is pinned down by (131) while the
time path of consumption prices ¢ for t > 1 is determined by (115) and (117), given
go = 1. Finally, (124) determines the stock prices p;, the household’s flow of funds
determines debt holdings b;,1 and dividends d; are given by (114). It is immediate
that these allocations satisfy all the marginal conditions for households and firms. The
lump sum transfers are chosen to satisfy the household budget constraint. Thus, the
so constructed allocation, prices and policies are a competitive equilibrium.

We summarize this discussion in the following proposition

Proposition 10: (Implementable allocations). Any implementable allocation
satisfies the implementability constraint (133) and the resource constraints (113). Fur-
thermore, if a sequence {c¢;, ny, ki11}, initial conditions kg, by and period zero policies
(15,73, 7F ly),satisfies (133) and (113), it is implementable.

We emphasize that each implementable allocation can be implemented in numer-
ous ways. For example, consider a tax system which arbitrarily specifies a sequence of
taxes on capital income ?f The other taxes can be constructed using a similar proce-
dure to the one described above. Alternatively, if taxes on dividends are set to zero,

time varying taxes on consumption and labor can be chosen to implement the same
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allocations.

Given that capital taxes here are redundant instruments, what does it mean that
capital should not be taxed? In our view, the relevant question is whether it is optimal
to have no intertemporal distortions.

Next we consider restrictions on tax rates. One common practice is to impose an
upper bound on the capital income tax. One justification for this upper bound is
that the tax revenue ought not to exceed the base, so that 7 < 1. Such restrictions
are imposed in Chamley (1986) and Judd (1985), Bassetto and Benhabib (2006) or
Straub and Werning (2015). These restrictions do not affect the set of implementable
allocations because with a rich tax system there are alternative taxes.

Note that analogous restrictions on labor and dividend taxes such as 77 < 1, 7¢ < 1
do not restrict the set of implementable allocations. This result follows immediately
from inspecting (130) and (131).

4.1 Ramsey equilibrium

We start by assuming that policies and initial conditions are restricted in the sense that
households must be allowed to keep an exogenous value of initial wealth YW, measured
in units of utility.
The first order necessary conditions for an interior solution to the Ramsey problem
are
Uy  14+@[l+op —op] 1

_ et _ >0 135
U, t 1+§0[1 —O't—O'gn] nt ( )

Yot 1+ @[l — 0w —ofy]
o L+ Fign = 6], 20 136
ﬁuC,tH 1+ [1 — o, — Ugn} [ kt+1 ] > ( )
Uy 1+ +0p —0i5)) Foy[L+ By — 0

By 41 14 (1+ o0} — o) Foih

L t>0 (137)

together with the constraints, where ¢ is the multiplier of the implementability condi-
tion.

Comparing these conditions (135) — (137) with the related conditions with lump-
sum taxes (127) — (129) it is clear that the optimal wedges depend on own and cross
elasticities of consumption and labor. If those elasticities are constant, it is optimal

not to have intertemporal distortions. Note that in this case intratemporal wedges are
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constant and in general positive.

Note that conditions (136) and (137) imply that if elasticities are not constant
over time, it is optimal to have intertemporal distortions, but whether it is optimal
effectively to tax or subsidize capital accumulation depends on whether elasticities are
increasing or decreasing over time.

Note also that if consumption and labor are constant over time, then the relevant
elasticities are also constant so that it is optimal to have no intertemporal distortions.

Propositions analogous to propositions 3 and 4 trivially follow: If the Ramsey equi-
librium converges to a steady state, it is optimal to have no intertemporal distortions
asymptotically. And, for standard macro preferences, the Ramsey solution has no
intertemporal distortions for all t > 0.

Suppose next that policies are restricted in that the household must keep at least
V), initial wealth, but now in units of goods rather than in utility terms. This wealth
restriction in goods units implies that the constraint faced by the Ramsey planner on

the confiscation of initial wealth is

Wo oy,
1+75 —

The implementability constraint can then be written as

> B [tesct + tngni] = teoV.
t=0
The problem is the same as before except for the term on the right hand side. The
Ramsey conditions are the same as before in (135), (136) and (137), for all ¢ > 1. The
conditions for period zero are different. The intertemporal condition for consumption

between periods zero and one, for example, is now

uqo . 1+90(1_O.1+0.(1:n)
/BuC,l 1_’_Q0<1_0'0+0-8n+ﬂ>

co

(14 Fy—9]. (138)

and the intratemporal condition at time zero is

n nc ncf}

s ‘ (139)
Un,0 1+ © [1 — 0o+ 0.8n + 00%] Fn,()
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Since the Ramsey conditions for ¢t > 1 are unaffected, as before, wether it is optimal
effectively to tax or subsidize capital accumulation depends on wether elasticities are
increasing or decreasing over time.

With standard macro preferences, since elasticities are constant over time, it is
optimal to have no intertemporal distortions, from period one onwards. Consider now
intertemporal distortions in period zero. With standard macro preferences o, = o

and the cross elasticities are zero, so that if V > 0, (138) implies that

Ue,0

<1+ Fp1—09.
5/“0,1 * ol

Thus, it is optimal to effectively tax capital accumulation in period zero, or subsidize
the consumption good in period zero, relative to consumption in future periods. One
intuition for this result is as follows. The household is entitled to an exogenous amount
of wealth in period zero. The Ramsey planer finds it optimal to reduce the value of
this wealth in utility terms. This value can be reduced by decreasing the marginal
utility of period zero consumption. This decrease is achieved by inducing households
to increase their period zero consumption relative to consumption in all future periods.
We summarize this discussion in the following proposition.

Proposition 11: (No intertemporal distortions after one period) Suppose
preferences satisfy (36) and the wealth restriction in goods units must be satisfied.
Then the Ramsey solution has no intertemporal distortions for all ¢ > 1. If V > 0, it is
optimal to effectively tax capital accumulation from period zero to period one.

The Ramsey allocation can be implemented as follows: Set the initial tax rate
on wealth to satisfy the wealth restriction; set capital income and consumption taxes
to zero in all periods; set the labor income tax to satisfy (130), (135) and (139).

Specifically, set the labor income tax to

1+o[1-0+2]
14+ @[l +0om

n o _

Y

in period zero and to
1 1—
| Ltell—d]
1+ @[l+ o7
in all future periods. Set the dividend tax to zero in period zero and then to a constant

value thereafter. This constant value 7% must satisfy (138) and (131) so that its value
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is given by

Note that under this implementation the tax rate on dividends is always less than
one and is positive if V is positive. An alternative implementation uses the consumption
tax rather than the dividend tax. The disadvantage of this implementation is that
in order to satisfy (130) and (135), the required tax on labor income might have
to be negative, to compensate the effect of the higher consumption tax after period
1. The dividend tax implementation has the advantage that this tax affects only
intertemporal decisions, so that the labor income tax can be chosen to satisfy the
intratemporal condition. The consumption tax has the disadvantage that it affects
inter and intratemporal decisions. The dividend tax has the disadvantage that, as we
remarked earlier, the base on which it is levied could be negative, so that the tax would
constitute a subsidy to the firm.

The standard implementation in the literature uses capital and labor income taxes
and sets consumption and dividend taxes to zero. A disadvantage of this implementa-
tion is that the capital income tax may have to be greater than 100% to implement the
Ramsey allocation. Given this disadvantage, the literature typically imposes an addi-
tional restriction that the tax rates on capital income cannot exceed some upper limit

7. This restriction implies the following additional constraint to the Ramsey problem

Uce,t

Buct+1 —
—_—2>1-T.
Fk,t+1 - (5

This restriction may bind for a number of periods as in Chamley (1986) or forever
as in Straub and Werning (2015). Straub and Werning allow the maximum tax rate
to be 100% and show that the optimal solution for particularly high levels of initial
debt may have the capital income tax be set at 100% forever. One intuition for the
Straub and Werning finding is that by taxing capital income forever, real interest rates
are zero forever and that is the way consumption in period zero can be increased the
most, reducing the value of the good in the initial period. Given that the initial real
rate cannot be below zero, the whole term structure is flattened down to zero.

To see this more clearly, notice that the planner has a strong incentive to make
U0 small so as to reduce the value of initial wealth. We refer to this incentive as the

confiscation motive. The planner however must respect the intertemporal conditions,
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with restricted taxes,

Ue,
Bu tt+1 =1+ <1 - Tf+1) (Fk,t+1 —9).

Given wu,, the confiscation motive provides an incentive to make 74 large to reduce
ucpo. If the confiscation motive is sufficiently strong, the bound on 7§ is met. In this
case, the planner has an incentive to make v, ; small to reduce u. o, thereby confiscating
initial wealth. Fixing ., u.1 in turn can be made small by making 75 large. Again,
if the confiscation motive is sufficiently strong, the upper bound will be met. This
recursion suggests that the Ramsey solution will have capital taxes be at the upper
bound for a length of time, and then zero. If the initial debt is sufficiently large, the
confiscation motive is very strong, and the length of time could be infinite as pointed
out by Straub and Werning.

With a rich tax system, and with fixed initial policies, the confiscation motive is
satisfied in one period by levying a sufficiently high dividend tax in period one, as is
apparent from (131). The advantage of the dividend tax is that it effectively allows
the tax to apply to a larger base than the capital income tax. This advantage can be
seen by inspecting (131) evaluated in period zero with zero consumption taxes and zero
dividend taxes in period zero. Notice that if the dividend tax in period one was used
fully at 100% the gross return on capital would be zero. In contrast, full taxation of

capital income with 7§ = 1, can only reduce the net return to zero, provided Fj ;—§ > 0.

4.2 Partial commitment equilibria

The notion of Ramsey equilibrium is developed in an environment in which in period
zero the government commits to an infinite sequence of policies. Here we consider an
alternative institutional framework in which the government has partial commitment.
We develop a notion of equilibrium for such an environment, referred to as a Partial
commitment equilibrium. In our environment, in any period, governments lack full
commitment in the sense that they cannot specify the entire sequence of policies that
will be chosen in the future. They do have the ability to constrain the set of policies
in the subsequent period. We consider two kinds of constraints.

In the first kind, the government in any period can commit to the one period returns

on assets in utility terms. The government in the following period is free to choose
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policies as it wishes but must respect the previously committed return constraints. In
the second kind, the government in any period can commit to (a subset of) policies
in the following period. We show that with the first kind of partial commitment the
equilibrium coincides with that under full commitment with constraints on the initial
value of wealth. With the second kind of partial commitment, equilibrium outcomes
do not coincide with those under full commitment with constraints on initial policies.

Consider the environment with partial commitment on returns. In order to develop
our notion of partial commitment in this environment consider the intertemporal Euler

equations for bonds and capital from period t — 1 to period t.

uc,t—l o uc,t
5 (1 + 7}71) (1 + Tffl) N (1 + 7—%2)’ (140)
et (L= 1) e (L) [L4 (1 = 7F) (Fie = 0) (141)

BA+7e,) (14 7%)
Let A\;; denote the right side of (140), and g denote the right side of (141). With
partial commitment, the government in period ¢ — 1 chooses period ¢ — 1 policies as
well as A1, and Ag;. The government in period ¢ can choose any policies but they must

have the property that the induced allocations and policies must satisfy the constraints

on returns
. uc,t
S G (142)
and ; i
A27t _ 'UJCJ (1 — Tt) [1 + (]. — Tt) (Fk,t — 6)] ' (143)

(1+79%)
The government in period ¢ chooses period ¢ policies as well as Aj¢y1 and Ayy41, to
constrain policies in period t 4+ 1.5 We assume A1,0 and Mg are given.

In order to understand the nature of partial commitment here, note that the Euler
equations for bonds and capital, (140) and (141), will, of course, be satisfied on the
equilibrium path. The spirit of this form of partial commitment is that the government
must respect these intertemporal Euler equations also off the equilibrium path. This
requirement is intended to capture the idea that policies must not induce regret on the

part of households on their past choices. Specifically, the government in period ¢ is

6We consider the same tax instruments, except that now, in order to treat every period alike, we
set the initial wealth tax to zero, Iy = 0.
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free to choose policies as it wishes but since any policy must respect the intertemporal
Fuler equations it will not induce regret about choices made in period ¢ — 1. The spirit
of the assumption that \;p and Ay are given is that the economy was operating in
previous periods, and the choices made in those previous periods constrain the choices
in period 0 as well.

Next, we develop a notion of Markov equilibrium with partial commitment on
returns which we call non confiscatory equilibrium. It is convenient, and without loss
of generality, to think of the government in period t, as choosing allocation, policies
and prices directly in that period. The state of the economy in period ¢ is given by
st = {ki, be, A1ty Aot ). Let hy (s¢) denote the policy function in period ¢ which maps the
state of the economy into allocation, policies, prices and A 441, A24+1. The government
in period ¢t maximizes welfare taking as given the continuation value function and the
policy functions in period ¢ + 1, subject to the marginal conditions of agents, budget
constraints and market clearing conditions in period t. Specifically, the government in

period ¢ solves the following problem

ve (8¢) = max {u (¢, ne) + Bur (se41)} (144)

subject to the period ¢ equilibrium conditions and (142) and (143). Note that the
policy function hyyq (s;41) enters the intertemporal Euler equations in these equilib-
rium conditions. For example, period ¢ 4+ 1 policies on consumption, labor, and the

consumption tax, appear in the households bond Euler equation,

Bue (Cei1 (Se41) , N1 (Se41))
(1475 (s41))

uc,t
(14 7%)

= (1+m) (145)
where ¢; 11 (8141), st (Se41) and 7§, (s41) are elements of hyiq (s441).

A Markov equilibrium with partial commitment on returns, a non confiscatory
equilibrium, consists of value functions vy (s;) and policy functions, h; (s;), which solve
(144) for all s; and all t.

Next we show that the Markov equilibrium outcome coincides with the Ramsey
outcome with wealth constraints. Using the same logic as in our characterization result
in Proposition 1, it is straightforward to show that the period ¢ equilibrium conditions

can be equivalently represented by the resource constraint and by the following period
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t implementability constraint,
BALi+1bi41 + BAoip1kirr = Aby + Aok — U ny — ey (146)

Multiplying these constraints by ' and summing up yields the implementability con-
straint of the Ramsey problem. Thus the Ramsey allocation is feasible. Note that
future controls do not appear in the objective function, (144), or the constraint set
which includes (146). We can then use an identical argument to that in Stokey and
Lucas with Prescott (1989)7, to show that the functional equation in (144) solves the
date zero sequence problem.

We have proved the following proposition.

Proposition 12: (Partial commitment is full commitment). The Markov
outcome of an economy with partial commitment in returns coincides with the Ramsey
outcome with wealth restriction given by Wy = A1 oby + A2 0ko.

Kydland and Prescott (1980) propose a method to compute Ramsey outcomes.
They show that a Ramsey equilibrium could be characterized recursively starting in pe-
riod one, with the addition of a state variable. This state variable represents promised
marginal utilities which is the analog to A;; and Ag; in our environment. The gov-
ernment in period zero maximizes discounted utility while being unconstrained by the
added state variable. An extensive literature has exploited this recursive formulation to
characterize commitment outcomes. We show here that their clever insight can be used
to prove that equilibria in environments where policy makers are constrained not to

confiscate coincide with equilibria with full commitment and initial wealth constraints.

A partial commitment equilibrium on instruments Consider next an alter-
native form of partial commitment. In this form, the government in period ¢ chooses
a subset of policies, {rg 1 Tos TfH} that will be implemented in period ¢ + 1. The
government in any period ¢ is free to choose the labor income tax, 77. The spirit of
this assumption is that in the literature, as already discussed, this subset of policies is
exogenously fixed in period zero. We extend this spirit to allow for partial commitment
to that subset of instruments in every period. The Markov equilibrium, with this form
of partial commitment does not in general coincide with the Ramsey outcomes with

exogenously specified initial taxes. Together with our results on partial commitment

"Theorem 4.3
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on returns, this result shows that the nature of partial commitment plays a crucial role
in determining whether Markov equilibria coincide with commitment equilibria.

Consider, the implementability constraint with this form of partial commitment. It
follows from (142) and (143), that the implementability constraint can be written as
(146), above. Notice here that ;11 and Agy1 depend not only on policies chosen in
the current period, {7 ,,7F,,, 7%}, but also on allocations and policies that will be
chosen in the next period.

A Markov equilibrium is defined analogously to the one above. The state of the
economy in period ¢ is given by s; = {kt, b, 76, TF, Td } As before let hy (s;) denote the
policy function which maps the state of the economy into allocations, the labor tax
rate, prices and the period ¢ + 1 taxes, {Tf 1 T* 1 Tngl}. The government in period ¢
solves the analogous problem to the one above.

Note that in a Markov equilibrium, A 411, for example, is given by

Ue (Cry1 (St41) 5 Mer1 (8641)) (147)

\ —
o (1 + Ti (St))

This equation shows the precise sense in which A;;;; depends on the policy function
which will be followed in in the next period. The government in period t takes this
future policy function as given in choosing its current optimal policy. Put differently,
future controls appear in the constraint set in period ¢. The arguments in Stokey and
Lucas with Prescott (1989) no longer apply.

Lucas and Stokey (1983) provide examples in production economies without capital
where the Ramsey outcome is time inconsistent. Chari and Kehoe (1993) characterize
Markov equilibria in that environment. Klein, Krusell, Rios-Rull (2008) characterize
Markov equilibria in environments similar to ours, with partial commitment to instru-
ments. The results in these papers imply that Markov outcomes are in general different

from commitment outcomes.

5 Heterogeneous agents within a country

The results obtained above for the representative agent economy remain under cer-
tain conditions in economies with capital-rich and poor agents. In order to show this
consider an economy with equal measure of two types of agents, 1 and 2. The social

welfare function is
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U + (1 - 0)U?

with weight # € [0,1]. The individual preferences are assumed to be the standard
preferences allowing for possibly different elasticities for the two types of agents,

i

o=y 5 | =iy (148

l1—-0
t=0
The resource constraints are
¢+ G+ gt kg — (1= 0) ke < AF (n) +ni k),

where k; = k! + k2.

The taxes are the ones in the rich tax system considered in the representative agent
economy that includes taxes on consumption 7¢, labour income 77, capital income 7%,
dividends 7¢ and a tax on initial wealth, lo. Note that we do not allow for the taxes
to differ across agents.

With heterogeneous agents it turns out that we do not need to impose constraints
on the initial policies. In particular, for reasons pointed out in Werning (2007), it
turns out that without constraints on wealth taxes, it may be optimal for the planner
to distort intratemporal decisions.

The implementability conditions can be written as

> B [ulber + ol ni] = uly (1—1o) V', (149)
t=0

and .
Z o [uz,tcf + Uit”?] = Ug,o (1—1o) Vg, (150)
t=0

with Vi = [b)+ (1 —78) [1+ (1 — 7§) (Fro — 9)] k§]. Since the taxes must be the
same for the two agents an implementable allocation must also satisfy the following

marginal conditions

1 1
uc,t o un,t
2 .2
uc,t un,t
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and

1 1
uc,t o uc,t—i—l
2 2
uc,t uc,tJrl
These conditions can be written as
1 2
uc,t - ryuc,t (151)
1 _ 2
un,t - r)/un,t (152)

where v is some endogenous number.®
Let ¢! and ©? be the multipliers of the two implementability conditions, (149) and
(150). The first order conditions for ¢ > 1 imply”

L0+t (1= S +[(1-0)+¢* (1-0%)] %
" : L= (153)

C,t 0’2 + 0'1
2 1
Ct Ct

and
0+ (1+9")] %+ [(1-0)+¢* (1+9°)] &
Ui,tﬂ o' ( )] nng [<¢1 )+ 6% ( )] nl C \Fat>1 (154)
ny T onf

which, together with
=Xt + BAg [frg1 +1 =0l =0

imply that, if elasticities are equal, o' = 02 = ¢ and ¥' = ¢? = 1, future capital
should not be taxed from period one on. To see this, notice that, from (151) and (152),
¢! must be proportionate to ¢2, ¢! = v =2, and n! must also be proportionate to n2,
n} = (’y)i n?. Tt then follows that the terms multiplying the marginal utilities on the
left hand side of (153) and (154) are time invariant.

In period zero the first order condition for consumption of type one has an additional

term. Using u;, = yuZ, that first order condition is

V2
9“2,0 + ‘Plui,o (1 - Ué) + MUUJ—:C,O - uic,o (1—1o) <‘P1V01 + 90270) = Ao (155)

8See also Greulichy, Laczé and Marcet (2016). Werning (2007) also computes optimal taxes with
heterogeneous agents taking adavantage of this proportionality of marginal utilities.
9See Appendix... for the derivation.
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The first order condition for an interior solution of [ is

2

§
 (0) (solvol ; 90270) 0

Thus, the additional term is zero, so that the first order condition for period zero,
(155), has the same form as the ones for t > 1.

Consider next the additional restriction that the initial wealth tax has to be lower
than 100%, Iy < 1. If the solution to this problem is interior, the additional term is
zero. If the solution has [y = 1, the additional term is also zero.

The first order conditions for labor of both types in period zero also have additional

terms. The condition for labor of type one in period 0, also using uéo = 7“307 is

Bul b (1400 + g = b (1= ) (1= 78) Fona | 1K = 922 | = —duf
! (156)
and similarly for n2.

The derivative with respect to 7 is @' u} o (1 — lo) (Fro — 9) k‘é—{—gﬁ% (1 —1lo) (Fro—0) k3.
If there are no restrictions on 7§, the solution is interior, and then o'k} + @2:—8 = 0.
On the other hand, if 7§ is restricted to be below 100%, and if the solution is at the
corner, TF = 1, the term in the first order condition for labor in period zero is again
ZEro.

We summarize this discussion in the following proposition.

Proposition 13: (No intertemporal distortions in heterogenous agent
economies) Suppose that preferences for all types of agents are in the class of standard
macroeconomic preferences. If all agents have the same preferences, then the Ramsey
equilibrium has no intertemporal distortions for all ¢ > 0.

Note that this proposition holds even if we impose the additional restriction that
lp <1.

This proposition shows that with standard and identical preferences, allowing for
heterogeneity in initial wealth does not overturn the result that, with a rich tax system,
future capital should not be taxed.

With heterogeneity and distributional concerns it may be optimal for the planner
to distort intratemporal decisions regardless of whether the initial wealth tax is con-

strained to be below 100% or not. This result is in striking contrast with the result in
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the representative agent model. In that model, as stated in Proposition 2, if the initial
wealth tax is unconstrained, the outcome coincides with the lump sum tax allocations
and the intratemporal decisions are undistorted.

Consider next the case in which agents’ preferences differ, in that o! # ¢2. In this
case it is possible to show that if the two types of agents can be taxed at different rates,
it is optimal not to have intertemporal distortions. The reason is that restrictions (151)
and (152) can now be dropped and the analog of proposition 6 can be proved. If the
two types of agents cannot be taxed at different rates, then it may be optimal to distort

intertemporal decisions.

6 Relating capital taxation to production efficiency

In this section we connect our results to results on production efficiency and uniform
taxation. To develop these connections we set up an alternative economy, that we call
an intermediate goods economy that seems different at face value but turns out to be
equivalent to the one considered above. In this alternative economy, the representative
household consumes a single final good denoted by C, and supplies a single final labor
denoted by N. Preferences for the household are given by

C 1
U(C,N)=——18_ NV, (157)

The economy has three types of firms. The first one is the same as the one described
above. We refer to this as the capital accumulation firm. This firm produces interme-
diate goods ¢, hires intermediate labor inputs n;, and accumulates capital according
to the technology (113). The second type of firm, referred as the consumption firm
produces the final good C using the intermediate goods c¢; according to the constant

returns to scale technology given by

1

1—0o

C =Clcg,c1..) = [Z ﬁtctl“’] . (158)
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The third type of firm, referred to as the labor firm produces the intermediate labor

inputs using final labor, according to the constant returns to scale technology given by

1

N = N(ng,ny..) = [i ﬁtn?] ’ . (159)

In terms of the tax system, we assume that the government can levy a tax on
the final consumption good, 7¢, and on final labor denoted by 7”. In addition, we
assume that the government can levy taxes on all intermediate goods, denoted by 7§
and 77'. We retain the dividend taxes and the capital income taxes levied on the capital
accumulation firm, as well as the initial levy [5. We do not impose any taxes on the
profits of either the consumption firm nor the labor firm because these profits will be
zero in equilibrium.

The household’s problem is to maximize (157) subject to the budget constraint
p(1+79C — w1l — V)N < (1-1p) Vg (160)

where p and w denote the prices of final consumption and labor in units of the con-
sumption good in period 0, and Vj is the value of initial wealth in units of goods.

The consumption firm’s problem is to maximize

pC — Z @ (14 7%)ce (161)
=0
subject to (158).

The labor firm’s problem is to maximize

oo
Z (1 — 19 )wing — wN (162)
t=0

subject to (159).

The capital accumulation firm’s problem is the same as above. A competitive
equilibrium is defined in the standard fashion.

Next, we show that the competitive equilibria in the two economies coincide, in
the intermediate goods economy and in the growth economy with distorting taxes. To

do so, we first show that we can rewrite the equilibrium in the intermediate goods
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economy as an equilibrium in the growth economy with taxes by incorporating the
decisions of the consumption and the labor firm directly into the households problem.

Consider the budget constraint of the household. Given that in any competitive
equilibrium profits are zero for the consumption and the labor firm, we can substitute
pC =37 at(1+75)¢ from (161) and wN = Y2 q:(1— 77 )wyn, from (162) into (160)
to obtain a budget constraint of the form (126) in the growth economy with taxes. The
only difference is the presence of the tax on the final consumption and on final labor,
which amounts to rescaling the consumption and labor income taxes in the original
economy.

Substituting from (159) and (158) into (157), we see that the household’s utility
function in the rewritten intermediate goods economy is the same as in the growth
economy with taxes.

To establish that the converse holds, note that we can set up the household’s prob-
lem in the growth economy with taxes as a two stage problem of first choosing an
aggregate value for consumption and labor and then choosing the disaggregated levels
of consumption and labor to achieve the desired value of the final consumption and
labor. Thus, the equilibria in the two economies coincide.

In the intermediate goods economy, the Ramsey problem is to maximize (157)

subject to the implementability constraint

Uc

UC+UyN = ——
o& U = e

(1 —1o) Vo, (163)
and the requirement that the allocation is in the production set given by (158) and
(159) with inequalities and (113).

Suppose now, as before, that the initial wealth in utility terms, given by the right
hand side of (163) must be at least as large as an exogenous value, W.

Next we apply the production efficiency theorem of Diamond and Mirrlees to our
intermediate goods economy. This theorem asserts that if pure rents are fully taxed
away, any Ramsey allocation must be at the boundary of the production set. In our
context, the theorem asserts that if YW = 0, any Ramsey allocation must be at the
boundary of the production set. In the Appendix we extend this theorem to the case
where W is exogenously fixed.

Somewhat loosely speaking, the theorem as extended, implies that one way to im-

plement the Ramsey allocation is to tax only final goods and not to tax intermediate
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goods. Thus, the theorem implies that it is optimal not to have intertemporal distor-
tions.
More formally, the result that a Ramsey allocation must be at the boundary implies

that there exist supporting prices p and w such that the allocation solves
max pC' —wN

subject to the requirement that the allocation is in the production set.

The first order conditions for this problem include

Cct
Cct +1

—1—0+ Frypa, (164)

and

Nnt o Fn,t
Nnt—l—l Fn,t+1

These are conditions of production efficiency. Condition (164) equates the rates at

(1= 06+ Frpsr). (165)

which ¢; is transformed into ¢;,; through the composite C' to the rate at which ¢; is
transformed into ¢;;1 through capital, k;,1. Condition (165) is the analog for labor in
consecutive periods. Notice that, since S'u.(t) = U.Cey and 3'u, (t) = Uy Ny, it follows
that Cf:frl = B;:,;:l and NJ:L[:LL = ,35:,;:1' Thus, conditions (164) and (165) imply that
it is optimal to have no intertemporal distortions. They also imply that intratemporal

distortions are constant. We summarize this discussion in the following proposition,
which is the equivalent to Proposition 4 in the intermediate good economy.
Proposition 4’: (No intertemporal distortions ever) Suppose that preferences and
technologies are given by (157), (158) and (159) and the wealth restriction must be
satisfied. Then, the Ramsey solution has no intertemporal distortions for all ¢ > 0.
Consider next the case in which the wealth restriction is imposed in units of goods
rather than in utility terms. Here, production efficiency is no longer optimal. Never-
theless, it is straightforward to show that an analogue of Proposition 5 holds in the
intermediate good economy in the sense that it is not optimal to distort intermediate
goods decisions from period one onwards. It is optimal to distort intermediate goods
in period zero relative to all other intermediate goods in order to partially tax rents.
The intermediate good economy helps clarify circumstances in which it is optimal

not to have intertemporal distortions. We have shown that it is optimal not to have
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such distortions when the underlying economy can be represented as a constant returns
to scale economy in the production of intermediate goods. In this sense we have shown
an equivalence between the principle that intermediate goods taxation is undesirable
and intertemporal distortions should not be introduced.

In the process of doing so, we have shown that the celebrated result of Atkinson
and Stiglitz (1972), that uniform commodity taxation is optimal when preferences are
homothetic and separable, follows from the production efficiency result of Diamond
and Mirrlees. Thus, our result of no intertemporal distortions is very closely connected

to the uniform commodity taxation result.

Production efficiency in an economy without capital How different are the
results above from the ones in an economy without capital as in Lucas and Stokey
(1983)7 In that production economy, uniform taxation is optimal for standard macro
preferences. How does that relate to production efficiency? Can we map that economy
into an intermediate good economy as we did in the growth model?

In Lucas and Stokey, instead of the intertemporal technology (113), the technology
is static and given by

¢+ g < Ay (166)

The map between the original economy and the intermediate good economy is the
same except that instead of the capital accumulation firms, we have now production
firms that use technology (166). The conditions for production efficiency in the inter-
mediate good economy are now

Cct Nnt At+1

pu— 3 167
Cct+l Nnt+1 At ( )

instead of (164) and (165).
Because C; and N, are proportionate to Uer and u, g, condition (167) implies
that intratemporal distortions are constant over time. There are no implications for

intertemporal wedges because there are no such wedges.

6.1 Production efficiency in an heterogeneous agent economy

Consider now developing an intermediate goods economy that is equivalent to our

heterogenous agent economy. Here we think of the intermediate good economy as
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producing two distinct types of final consumption goods denoted by C? for i = 1, 2.
For simplicity, we assume the economy utilizes one common type of final labor, denoted

by N. The preferences for household of type ¢ are given by

i

()™ -

1—ot

1
U (C',N') = (N (168)
where N denotes the amount of the common final labor supplied by type i. The
technologies for the capital accumulation and the labor firm are the same as before.
Each consumption good is produced by its own constant returns to scale technology

given by
1
1—o?

Ol =Ci(ch,ct.) = [Z ik (C;)l—”"’] . (169)

fori=1,2.

The tax system is the same except that we require that the tax rate on final con-
sumption goods must be the same for the two types. We do so to show the equivalence
between the intermediate goods economy and the heterogenous agent economy with
type independent taxation.

Household of type i maximizes (168) subject to the budget constraint
PA+7N0 —w(l —M)N < (1 — 1) V§ (170)

where p’ denotes the price of final consumption good of type i, in units of the con-
sumption good in period 0.

The consumption firm of type ¢ maximizes
p'Ct — Z q(1+ 75)ck (171)
t=0

subject to (169) .

The other firms solve the same problems as in the representative agent economy.
A competitive equilibrium is defined in the standard fashion.

Next, we show that the competitive equilibria in the intermediate goods economy
and the heterogenous agent economy with type independent taxes coincide. A key

step in this proof is that the tax rates on the final consumption goods are restricted
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to be the same. Recall that in the representative agent model we used zero profits for
consumption goods producers and replaced for the pre-tax value of consumption in the
households budget constraint in the intermediate goods economy by the value of the
intermediate goods. Following the same procedure, we can use (161) and write (160)

as
oo

L+7)> a(+ 79 —wd - )N < (1 -1V}
t=0

Notice that this budget constraint coincides with the budget constraints in the het-
erogenous agents economy except for rescaling. Notice that if the tax rates in the two
consumption goods were allowed to be different in the intermediate goods economy,
the budget constraints would not coincide and the competitive equilibria would be
different.

The rest of the argument that the equilibria coincide is the same as in the repre-
sentative agent economy. Clearly, if we were to set-up an intermediate goods economy
that coincided with the heterogenous agent economy with type-dependent taxes, we
could allow the tax rates in the two final consumption goods to be different in the
intermediate good economy.

Consider now the Ramsey problem in the intermediate goods economy with the
same tax rate on both consumption goods. This requirement imposes an additional
restriction on the Ramsey problem. Straightforward algebra shows that this constraint

can be written as

_UUCCN = _((]]%C/i/a ,t>0. (172)
Ni¥¥ng Ni/ Ve

The Ramsey problem is now to maximize utility subject to implementability con-
straint, the requirement that the allocation is in the production set and (172). The
Ramsey problem in the intermediate good economy with type-dependent taxes simply
drops (172).

We now have the analog of proposition 13.

Proposition 13’: (No intertemporal distortions in heterogenous agent economies)
Suppose that preferences for all types of agents are in the class of standard macroeco-
nomic preferences. If all agents have the same preferences, then the Ramsey equilib-
rium has no intertemporal distortions for all ¢ > 0. If agents’ preferences differ, and if

tax rates on consumption and labor income can be type-dependent, then the Ramsey
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equilibrium has no intertemporal distortions for all ¢ > 0.

7 Concluding remarks

We characterize cooperative Ramsey allocations in the open economy. We show that
free trade is optimal also in the second best Ramsey allocation and that for standard
macro preferences capital should never be taxed. We study alternative implementa-
tions of the Ramsey allocation including taxes on equity returns, foreign asset returns
and firms profits, and value added taxes with and without border adjustments. We
discuss the desirability of residence versus source based taxation of asset income and
destination versus origin based taxation of goods.

The results on the zero taxation of capital are related to the influential results of
Chamley (1986) and Judd (1985) that argue that capital should not be taxed in the
steady state but while it should be heavily taxed along a transition. We also relate the
results to the more recent literature, in Bassetto and Benhabib (2006) and Straub and
Werning (2015), that challenge the optimality of zero taxation of capital in the steady
state

To obtain our result that there is no presumption that capital ought to be taxed
along the transition, it is important that the initial confiscation be restricted not only
directly as is common to assume in the literature, but also indirectly through valuation
effects as proposed by Armenter (2008). We discuss the relevance of this assumption
and relate it to partial commitment to asset returns.

Another important assumption to shorten the transition of heavy capital taxation
is that the tax system may be rich enough, in the sense that no taxes that are available
in advanced economies may be left out if relevant for policy. We consider such a rich tax
system, but that is not the common assumption in the literature. The assumptions
that indirect confiscation is possible, while direct confiscation is not, together with
a very restricted tax system, explain the extreme results in Bassetto and Benhabib

(2006) and Straub and Werning (2015).
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