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for international taxation differ from those that have been put forward on the basis
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1 Introduction

When tax revenue is raised by means of distortionary taxes, the marginal cost of a unit of
revenue will include the marginal efficiency cost, or deadweight loss, which represents the loss
to taxpayers in excess of the revenue collected (Auerbach, 1985). These marginal efficiency
costs may differ between countries, since they depend (for a given level of revenue) on the
range of taxes available in a country and the compensated demand responses of taxpayers.
If the marginal efficiency costs of tax revenue differ between countries, then intuition would
suggest that the standard argument for gains from trade applies: all countries can gain by
trading tax revenue. A first objective of this paper is to show that this intuition is correct
by providing a general analysis of the gains from trade in distortionary tax revenue between

countries, and the consequent policy implications.

A second objective of the paper is to use the concept of the gains from trade in tax rev-
enue to clarify and extend the analysis of Keen and Wildasin (2000), who build on Wildasin
(1978). Keen and Wildasin show that, in a standard competitive trade model, if there are
no lump-sum revenue transfers between countries, (second-best) Pareto-efficiency for the in-
ternational economy may require both that trade taxes are used and that global production
is inefficient. This conclusion is at odds with much policy advice concerning international
tax arrangements, which uses the Diamond-Mirrlees production efficiency theorem (Diamond
and Mirrlees, 1971) as a basis for advocating the removal of taxes on trade, and the destina-
tion rather than the origin principle for the taxation of internationally traded commodities

(Haufler, 2001, pp. 35, 50-1).! The present paper shows that, although the gains from

! The claim that the residence principle for capital income taxation is superior to the source principle



trade in distortionary tax revenue provide a general efficiency case for trade taxes, it is not
generally true that global production inefficiency is a feature of Pareto-efficient international
equilibria when lump-sum international transfers are restricted. Provided that a reasonable
condition on the matrix of countries’ net imports is satisfied, Pareto-efficient international
tax arrangements will involve both global production efficiency and the use of trade taxes.
However, as the paper shows, the policy implications of the fact that global production ef-
ficiency conditions are often, although not always, satisfied at Pareto-efficient allocations
involving the use of trade taxes differ from those that have been put forward on the basis of

the Diamond-Mirrlees theorem.

The plan of the paper is as follows. Section 2 sets out the model, which is one of com-
petitive trade between countries that have to raise government revenue using distortionary
taxes. It is assumed that there is a single household in each country, which means that
a Pareto-efficient allocation can be described as one in which it is not possible to make
one country better off without making another worse off. Furthermore, it is assumed that
lump-sum taxes and transfers cannot be used within countries, implying that allocations
described as Pareto-efficient are, strictly speaking, second-best Pareto-efficient. Section 2
also describes the approach used to characterise globally Pareto-efficient allocations, which
involves maximising an arbitrary linear world welfare function subject to the constraints
that world markets for traded goods clear and each country satisfies its national budget
constraint. The Lagrange multipliers on these constraints, which play an important role in

the subsequent analysis, are interpreted and discussed. Section 3 provides a simple exam-

because it satisfies production efficiency conditions is a particular application of this general argument.



ple that illustrates the way in which tax revenue can be traded between countries, and the
role of trade taxes in achieving gains from this trade. It then provides a general analysis of
how Pareto-efficient trade in tax revenue can take place between countries when there are
restrictions on the use of lump-sum international revenue transfers, and shows that, if the
marginal efficiency costs of government revenue differ across countries in the absence of trade
taxes, then Pareto-efficient international equilibria will involve the use of trade taxes. Section
3 also characterises Pareto-efficient trade taxes, and points out that, in the circumstances
in which Pareto-efficient international equilibria with trade taxes involve global production
efficiency, the standard policy conclusions concerning international taxation that are drawn
from the Diamond-Mirrlees production efficiency theorem do not apply. Section 4 shows that,
if there are no restrictions on the use of lump-sum international transfers to trade revenue
between countries, then trade taxes are not used in Pareto-efficient international equilibria,
which always satisfy global production efficiency conditions. In these circumstances, the pol-
icy conclusions drawn from the Diamond-Mirrlees production efficiency theorem do apply.

Section 5 concludes.

2 The model

2.1 International equilibrium

Consider a world of C countries with T traded private goods. In each country the vectors
of consumer and producer prices for goods 1,...,T are denoted respectively by q° and p¢,
¢ =1,..,02 The usual convention is adopted, that negative demand by a household

represents the supply of a good, while negative supply by a firm represents demand for an

2 All vectors are column vectors, with a prime indicating transposition.



input. There is a single household in each country with a budget constraint q¢x¢ = 0,
where x€¢ is the vector of household demands for goods 1,...,T. Private production in each
country is carried out by a single competitive firm that has a strictly convex production set.
The assumption of a decreasing-returns-to-scale technology is made solely for the analytical
convenience of being able to work with private supply functions rather than correspondences:
the results of the paper do not depend on this assumption. The private firm’s profit function

C

is (p°) = p¢ - y°(p°), where y°¢(p°) is the firm’s vector-valued supply function for goods
1,...,T. In each country, the vector of government supply of private goods is z¢, positive and

negative components of which correspond respectively to outputs and inputs.

Fach country’s vector of net imports is n¢ = x¢ — y¢ — z¢. Positive components of this
vector correspond to imported goods, and negative components to exported goods. Countries
trade with each other at world prices for goods 1, ..., T, denoted by the vector p". In addition
there are lump-sum transfers between countries, which can be either positive or negative,
and are denoted by S¢ ¢ = 1,...C'. These lump-sum international transfers must satisfy
the constraint that 200:1 S¢ = 0. Each country’s balanced trade constraint is therefore

pV . n°=5¢¢c=1,..0C.

In each country, the government produces a (local) pure public good ¢¢ using private
goods as inputs. A vector of destination-based commodity taxes t¢ is imposed on household
demands x¢, ¢ = 1,...,C. The sign of the product t{z§{ shows whether the demand for a
particular good 7 is taxed or subsidised, so that a tax is indicated by ¢ > 0 if x§ > 0, and by

t¢ < 0if 2f < 0. A vector of trade taxes 7¢ is imposed on net imports n® ¢ =1,...,C, and

similar sign conventions to those for commodity taxes apply, so that the sign of the product
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T¢n$ shows whether the net imports of good ¢ are taxed or subsidised in country c. Thus
7¢ > 0 corresponds to a tariff if country ¢ imports good ¢, but to an export subsidy if good
i is exported, while 7§ < 0 corresponds to a import subsidy if country ¢ imports good ¢, but
to an export tax if good i is exported. The government in country c receives a transfer 5S¢
from other countries, taxes private sector profits 7€ at a rate of 100 per cent, and transacts

at producer prices for private goods, so that its net revenue is
R =t x4+ 7°n°+ 7+ p°-2°4 5° (1)

Note that the inputs necessary to produce ¢g¢ are included as negative elements of the vector

z€.

The commodity and trade taxes mean that consumer and producer prices for goods
1,...,T in country c are related to world prices as follows: q¢ = p"V +7°+t¢ and p¢ = pV +7¢.
Using these relationships in (1), together with the household budget constraint and the

private firm’s profit function, gives an alternative expression for government net revenue:
RE = _pW .n¢ + S° (2)

Equation (2) shows that the government budget constraint in a country is satisfied if its
balanced trade constraint is satisfied. This equation also shows that the world prices of all
goods must be non-negative. If some world prices were negative, the government of country ¢
could, holding taxes and subsidies constant, obtain revenue by importing the relevant goods,
and thus, by altering taxes and subsidies, use this revenue to improve the welfare of the

household in country c.

Household preferences in each country are represented by the indirect utility function



Ve(pW + 7¢ + t¢), and household demand functions are x¢(p" + 7¢ +t¢).2 Hence the net

import demand functions in each country are
nc(pW7 TC, tc) _ XC(pW Loy tc) _ yc(pW + TC) e (3)
The constraints of international equilibrium are as follows. First, trade must be balanced in
all countries:
pV (", 7t =S¢, e=1,...,C (4)

and second, world markets for traded goods 1,...,7 must clear:

C
S 0, 74, t) = 07 (5)
c=1

Let N = [nl n’ ... nC] be the T'x C' matrix with columns given by the net import vectors

of each country. The constraints (4) can be written as
Np¥ =8 (6)

where N’ is the C' x T' matrix given by the transpose of N, and S is the C' x 1 vector with
elements S¢. At any international equilibrium, world prices must solve (6). The necessary
and sufficient condition for (6) to have a solution is that the rank of N’ should equal the
rank of the augmented matrix [N’ S]. The maximal rank of N’ is Min(C — 1,T), since the
rows of N’ sum to zero by (5), while the maximal rank of [N’ S] is Min(C —1,T 4 1), since
the rows of S also sum to zero. Thus if T < C — 1, (6) will only have a solution for p" in

special cases. It is therefore assumed that 7> C — 1.4

3 For simplicity, the effects of the public good ¢¢ on indirect utility and demand in country ¢ are incorpo-
rated into the form of the functions V¢ and x°.

4 The case of primary interest for Keen and Wildasin (2000) is that in which all lump-sum international



2.2 Characterising Pareto-efficient allocations

The model makes the standard assumptions of optimal tax theory. Thus it assumes that
there are no restrictions on the use of commodity taxes, and that pure profits do not appear
in household budget constraints, so that these conditions of the Diamond-Mirrlees production
efficiency theorem are fulfilled. The latter condition is ensured by the assumption that the
pure profits which result from the decreasing returns to scale technology of private production
are taxed at a rate of 100 per cent. An alternative assumption that achieves the same outcome
- no pure profits in household budget constraints - is that private-sector production takes
place under constant returns to scale. The following analysis therefore applies both to the
case of decreasing returns to scale in private production with 100 per cent taxation of private-
sector profits, and to the case of constant returns to scale in private production. As noted
above, it is convenient to work with the former case. In this case, pure profits provide each
country’s government with a source of non-distortionary tax revenue. It is therefore assumed
that ¢¢ and z¢ ¢ = 1,...,C, are parameters fixed at values such that all countries have to

raise some revenue using distortionary taxes.

The other simplifying assumptions of the model - a single household in each country, and
no non-traded private goods - can be relaxed at the cost of some additional complexity. The

analysis that follows does not depend on them.

transfers are zero. In this case, the necessary and sufficient condition for (6) to have a non-trivial solution
for p" is that rank N’ < T — 1. If T > C, then rank N’ < C' — 1, and hence rank N’ < T — 1, so that
a non-trivial solution for pW exists. But if T < C, then rank N’ < T < C — 1. In this case, when N’ has
maximal rank, the only solution to (6) is p" = 0r. In order that some positive world prices exist when
T < C and there are no lump-sum international transfers, it is necessary for there to be at least one linear
dependence between countries’ net import vectors at an international equilibrium in addition to that implied
by world market-clearing. Although these additional linear dependence(s) are certainly possible, they cannot
be relied upon.



Pareto-efficient allocations can be characterised by examining the first-order necessary

conditions for stationary points of the arbitrary linear world welfare function

C
W = ZwCVC(pW + 7+ t%, w°>0 (7)
c=1
over the feasible set defined by the constraints of international equilibrium.? To characterise

Pareto-efficient allocations, these first-order conditions must be stated in a form that is

independent of the welfare weights w°®.

It is assumed that all world prices are strictly positive at Pareto-efficient allocations. Thus
one of the world market-clearing conditions in (5) is redundant. The condition dropped is

the one for good 1, so that (5) is replaced by
C
Znil(pW7T67tC) = OTfl (8)
c=1
where n® | (p", 7¢,t¢) is the vector of country ¢’s net imports excluding the element for good

1. Since good 1 has a positive world price, equations (4) and (8) imply that the world market

for good 1 also clears (Zgzl n$(p"W, 7¢,t¢) = 0). The world price of good 1 is normalised to

be 1. Without loss of generality, this good is taken to be untaxed in each country, so that

¢g=pi=1Lc=1,..,C.

In the general case, the control variables for the problem of finding the stationary points
of (7) subject to the constraints (4) and (8) are the commodity taxes in each country t¢,
the trade taxes in each country 7¢;, the lump-sum international transfers S¢, and world

prices pKVl. The subscript —1 means that these vectors exclude the element for good 1.

® See Panzar and Willig (1976).



Letting p¢, ¢ = 1,...,C, be Lagrange multipliers on the constraints (4), v;, i = 2,...T,
be Lagrange multipliers on the constraints (8), and « be the Lagrange multiplier on the

constraint ZcO:1 S5¢ =0, the Lagrangean for this problem is

C
L= ZwCVCp +7¢+ t9 Z [Zn Tc,tc)]
- C

— Zuc [n({(pw, T°, tc) + Zpg/l/nlq(pw’ Tc7t(:) _ g
1=2

c=1

Suppose initially that the control variables are the commodity taxes in each country
and world prices, with trade taxes in each country and lump-sum international transfers
being parameters. Denoting household income in country ¢ by m¢, the first-order necessary
conditions for the control variables are as follows:

0x¢

(vi + ppV) 5 L=0 j=2,.,T,c=1,.,C (10)
qj

oo OVE o
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j

NE

=2

C C
ove or§ 0y
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c=1
cC T C
Bz Byf ,
3o (i + 1) )(62 a—Z@)—E pnS =0 j=2,.,7 (11)
J

c=1i=2

2.3 The shadow value of government revenue

Recalling (2), the multipliers u¢, ¢ = 1, ..., C, measure the shadow value (in terms of the world

welfare function (7)) of government revenue in country ¢.5 At a Pareto-efficient allocation,

5 The analysis in this subsection draws heavily on that of Wildasin (1978).



commodity taxes in country ¢ will be set so that the shadow value of government revenue is
the same whichever tax is used to raise additional revenue. Using the Slutsky equation, the

conditions (10) imply that

coVve T 7 c
¢ (U) ome Zl QUZBMC) +Zz 201311

H p) )
w1+212y/x

<

j=2,..T,c=1,..,C (12)

where 7§ denotes the compensated demand for good i in country c. Recalling (2) and

3), —1/ <8zr1 + Ez 5 D) ?V) is the change in t7 required to raise an additional unit of
government revenue. The two terms in the numerator of (12) are (wc gXLC - Z? 5 Vi giC) 5,

ozs

the net marginal world value of income in country c, and EZTZQ via—qé, the marginal world
J

cost of the compensated changes in demand due to the commodity tax on good j in country

The shadow value of government revenue will typically differ between countries because
of differences in the two components of (12). The first component embodies equity consid-
erations (as reflected in the weights w® that enter the net marginal world value of income in
country c), while the second embodies efficiency considerations (as reflected in the marginal
world costs of raising revenue in different countries by distortionary taxes). The condi-
tions that characterise all Pareto-efficient allocations must be stated in a form independent

of the welfare weights w®. For this purpose, differences between countries in the terms

c Oxf 0, ox§ . . . .
- (wcai ST v aquc> ¢/ ( S, ST pW 8_%> are ignored, since such differences arise

ome

from distributional judgements. However, because the efficiency costs of taxation may differ

between countries, differences in the terms — ZlT 9 Zgz / <ng1 + Zl N ) are relevant
for Pareto-efficiency. In the analysis that follows, differences in the shadow values of govern-

ment revenue between countries are assumed to arise solely from differences in the marginal
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efficiency costs of government revenue.

2.4 The multipliers on the world market-clearing constraints

The multipliers v;, i = 2, ..., T, give the shadow values (in terms of the world welfare function)
of an additional unit of good i becoming available to the world economy from a source that
does not relax a particular country’s balanced trade constraint, such as, for example, a

supranational body.” In each country, by the theory of the competitive producer,

c T
Moy @ e B o ”
J =2

<0

so that, multiplying by u¢,

Ayt dy; oy .
u"’ai+ch‘/al=—2ucﬁa—pi j=2..T (14)

Using (10) in (11),

T P (9yc
Zviza’c Zucn§+ZZuT Lt j=2,...,T
P — e i=2 c=1
or
C
[Dy'] vo1=N_ipu+ Y [Dy ure,
c=1

Here [Dy*]’ is the (T — 1) x (T — 1) matrix with typical term {8yf/8p§}, i,j=2,...T, ie.,

the transpose of the matrix of derivatives of private sector supply functions with respect to

" If a specific country made an additional unit of good i available, the shadow value would be v; + upy",
including the effect of the additional unit in relaxing the country’s balanced trade constraint.

11



producer prices in country ¢; v_j is the (T'— 1) x 1 vector with elements v;, i = 2,...,T; N_;
is the (T'— 1) x C matrix with columns given by the vectors of each country’s net imports
of goods 2,...,T; and [Dy'] = ZcO:1 [Dy*°]’ is the (T — 1) x (T — 1) matrix with typical term
{chzl 8yf/8p§}, i,j =2,...,T. Assuming that [Dy’]_1 exists, the values of the multipliers
on the world market-clearing constraints are given by

C
v1=[Dy] " {N1u+z [Dyc]’ucT‘il} (15)

c=1

To interpret (15), consider an example with only two traded goods, in which case it

becomes

S € [ + 75 (95 /9p3)]
S Ays/ops

Suppose that, at the international equilibrium corresponding to the parametric values of 7§,

Vo = (16)

c=1,...,C, a unit of good 2 is made available to the world economy by a supranational
body. World market equilibrium for good 2 can be maintained by a change in pgv that, with
7§ constant for all ¢, changes producer prices in all countries such that world production
of good 2 falls by one unit, while ¢5, ¢ = 1,...,C, are adjusted to keep the consumer price
of, and thus the demand for, good 2 unchanged in all countries. Since these commodity
taxes were initially chosen to satisfy (10), small changes in them have no welfare effects,
and since pure profits are fully taxed, there are no effects on household welfare from the
change in producer prices. The only welfare effects are those that occur via the changes in
government net revenue due to the change in pY. Recalling (2) and (3), in this two-good

example the effect of a small change in pY on government net revenue in country ¢ when #§

12



adjusts to keep ¢§ constant is [(Oy$/0pS) + pY (0yS/0pS) — ng], which can be written, using
(13), as — [n§ + 72(0y5/0ps)]. The change in p¥ required to reduce world production of
good 2 by one unit is — (1 / ZcO:1 ays/ 8p‘23). Hence the change in ng due to the extra unit
of good 2 becoming available leads to a change in government net revenue in country c of

(n§ + m2(0y5/0p5)) / Zle 0ys/ 8p§} . Multiplying the revenue change in each country by u¢
and summing across countries gives the effect on world welfare: as (16) shows, this effect is

equal to vs.

When there are more than two traded goods, the interpretation of the multipliers v;,
1 = 2,...,T, is the same as in the two-good case. These multipliers measure the overall
welfare effects of the changes in government revenue in each country resulting from the
changes in world prices required to keep world markets in equilibrium when an additional
unit of good i becomes available to the world economy. The only difference is that the

computation of these effects is more complicated in the many-good case, as (15) shows.
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3 Restrictions on lump-sum international transfers, trade taxes,
and Pareto-efficiency

3.1 An example of a Pareto-improvement achieved by trade taxes

To understand how Pareto-improving trade in government revenue between countries can
occur, and the role of trade taxes in achieving such an outcome, consider a two-good, two-
country example, in which good 1 is the untaxed numeraire. Assuming for simplicity that
there are no lump-sum transfers between the two countries, the conditions of international

equilibrium in this case are:

ny(py ,ty,73) +n5(py 113,73 = 0 (17a)
1, W ,1 1 W1, W 1 _1
ni(py st3,T2) +pg na(py t3,73) = 0 (17b)
ni(py ,13.75) + py n3(py ,13,75) = 0O (17c)

Suppose that the initial equilibrium involves no trade taxes (73 = 73 = 0), and the marginal
efficiency cost of government revenue (in terms of good 1) is positive in country 2 but zero
in country 1. Consider the following perturbation of the initial equilibrium: let there be
offsetting changes dn} and dn? in the countries’ net imports of good 1 (dni + dn? = 0),
combined with changes in the world price dpgv and each country’s trade tax (dri and dr3)
that keep consumer and producer prices in both countries constant, so that dng = —drl =
—dr3. From (3), if consumer and producer prices are constant, the changes in net imports
imply that dn} = —dz! and dn? = —dz?. From (17b) and (17c¢), and noting from (3)
that the partial derivatives of net imports with respect to ng , T% and T% are identical, the
required change in p¥ is dp¥ = —(dn$/n$), ¢ = 1,2. Consequently the common change

dry = (dn§/n$§), c=1,2.

14



How does this perturbation affect each country’s government net revenue? Since 734 =

72 = 0 at the initial equilibrium, the change in country ¢’s government revenue is, from (1),
dR°® = n§dra + dz{, ¢ = 1,2. Recalling that dro = (dn{/n$) and dn{ = —dz{, dR® = 0, so
that government net revenue in both countries is still zero at the international equilibrium
after the perturbation. Let the perturbation involve an increase in country 1’s net imports
of good 1 (dni > 0) and a corresponding decrease in country 2’s net imports of good 1
(dn? < 0). Then government budget balance in country 1 is maintained by additional tax
revenue nidry = dni and reduced revenue from government supply dzj = —dni. Since
the marginal efficiency cost of revenue (in terms of good 1) is zero in country 1, the changes
that maintain budget balance have no net effect on welfare in country 1. Government budget
balance in country 2 is maintained by reduced tax revenue ndrs = dn? and increased revenue
from government supply dz? = —dn?. These changes have a positive net effect on welfare
in country 2, because the marginal efficiency cost of revenue (in terms of good 1) is positive
in country 2. Hence this perturbation is Pareto-improving. Note that the perturbation
involves trade of good 1 for tax revenue: country 2 gives up some of good 1 to country 1 in
exchange for having to raise a correspondingly lower amount of tax revenue, while country
1 receives some of good 1 in exchange for raising additional tax revenue. Note also that the

perturbation involves the introduction of a (common) trade tax in each country.

This example illustrates the way in which trade in tax revenue can take place, and the
possibility of making Pareto-improvements by using trade taxes. However, being an example,
it has some special features, one of which is that changes in net imports of good 1 are

assumed to be the result of changes in government supply of good 1. The general analysis
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in the next subsection dispenses with this and other special features of the example, and
shows that there is an efficiency case for trade taxes when there are restrictions on lump-sum
international transfers and differences in countries’ shadow values of government revenue at
international equilibria in the absence of trade taxes. To reiterate, differences in the shadow
value of government revenue between countries are taken to arise solely from differences in
the marginal efficiency costs of government revenue.

3.2 Pareto-efficient trade taxes and the shadow values of government rev-
enue

The analysis in subsection 2.2 took trade taxes and lump-sum international transfers to
be parameters. Now, with lump-sum international transfers continuing to be parameters,
consider the effects of changes in trade taxes on world welfare when commodity taxes and
world prices are chosen to satisfy (10) and (11) respectively. By the envelope theorem, the

effect of changes dT? in country ¢’s trade taxes from their parametric values is given by

N
W= L o mesic s
j=2 J
From (9),
T
oL Love o [0x§ 0y cwy [ 9% Oyf

Using (10) and (14), this becomes

T
oL oy§ .
87'(? = E (Ui - MCT;,':) a_zz J = 27"'>T> Cc= 17"'70 (19)
J =2 J

16



Using (19) in (18),

T T
B
dw = ZZ(% — pTs) W%ch? j=2,...,T,c=1,..,C

where d7¢, is the (T — 1) x 1 vector with elements dr§, j = 2,...,T.

Equation (20) shows that, when commodity taxes and world prices are also control vari-
ables, the condition for trade taxes to yield a stationary point of (7) subject to the constraints

of international equilibrium, and thus be Pareto-efficient, is that
Dy (vo1 —p7¢) =0p—1  c¢=1,..,C

Assuming that [Dy*]’ is nonsingular, this implies that Pareto-efficient trade taxes are char-
acterised by

T¢ i =—v c¢=1..,C (21)

Since (15) must hold for Pareto-efficient trade taxes, it can be written, using (21), as

(&
L R polerel Iy 2

c=1
Using the definition [Dy’] = Zle [Dy*°]’, (22) implies that when trade taxes are at Pareto-

efficient values

N_ip =07, (23)

If the rank of N_; is C' — 1, then (23) has a unique solution for g (up to a factor of

proportionality), which is u¢ = pu, ¢ = 1,...,C, so that the shadow value of government

17



revenue is equated across countries. Since N_j is a T'— 1 x C matrix, and its columns
must sum to zero by the world market-clearing conditions, the maximal rank of N_; is given
by Min(T —1,C —1). Hence if T > C and N_; has maximal rank, Pareto-efficiency will
unambiguously involve equal shadow values of government revenue across countries. But
if T < C,orif T > C and N_; does not have maximal rank (so that there is at least
one linear dependence between countries’ net import vectors in addition to that implied by
world market-clearing), then (23) does not have a unique solution for g (up to a factor
of proportionality). One possible solution is u¢ = u, ¢ = 1,...,C, but there are others
in which the values of p¢ differ between countries, and it is therefore ambiguous whether

Pareto-efficiency will involve equal shadow values of government revenue across countries.

To understand the relationship between trade taxes and the shadow values of government
revenue in different countries, and the reason that (23) holds if trade taxes are at Pareto-
efficient values, consider the effect on world welfare if all countries’ trade taxes on good j
change from their parametric values by the same amount dr;. From (9), this is (by the
envelope theorem)

C T
_ _ cavc c__,c 81‘(1: . 83/% _ . c, W 81‘? . ayf .
dW—{Z [ w 8mc$j W (8(]3? 8;0;) Z(vl—i-upi ) 3 8p§ dr;

c=1 =2

<

which can be written, using (11), as

C
dW = {Zucng} drj j=2,..,T
c=1
A small change in the trade tax on good j that is the same in all countries thus has an

effect on world welfare given by the weighted sum of each country’s net imports of good j,
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where the weight for country ¢’s net imports is the shadow value of government revenue in
country c¢. There is no other effect on world welfare, because commodity taxes and world
prices satisfy (10) and (11). A common perturbation of all countries’ trade taxes on a good
transfers revenue between countries according to the pattern of trade in this good. If the
trade tax on good j is increased by the same small amount in all countries, government
revenue will be transferred from the countries that export good j to those that import it.
These transfers are pure redistributions, since the world market for good j clears. The effect
of this common increase on world welfare is given by weighting the transfers by the relevant

shadow values of government revenue and summing over countries.

If commodity taxes, trade taxes, and world prices are control variables, a stationary
point of (7) subject to (4) and (8) will, therefore, require trade taxes to be at values such
that small common perturbations drj, j = 2,...,T, have no effect on world welfare, i.e.,
Zle pn§ =0, j = 2,...,T, which is the condition (23). To understand whether Pareto-
efficient trade taxes will equate the shadow values of government revenue among countries, let
da be a C x 1 vector, with its rows summing to zero, of desired small transfers of government
revenue between countries. If these transfers have to be made by common perturbations in
all countries’ trade taxes, given by the (7" — 1) x 1 vector d7 with elements drj, j = 2,...,T,

then it must be possible to solve the system of equations
N’ ,dr = da (24)

for dr, where N’ ; is the transpose of N_j. The necessary and sufficient condition for (24) to
have such a solution is that both N’ ; and the augmented matrix [N’_; da] have the same

rank. If N_; has rank C' — 1, then the rank of N’ ; is also C' — 1 and its rows sum to zero.
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Since the rows of da also sum to zero, the augmented matrix has the same rank as N’_;, and
so (24) has a solution for any desired dee. Thus if N_; has rank C' — 1 at a Pareto-efficient
allocation, the corresponding trade taxes must be such that the shadow value of government
revenue is the same in all countries. If these shadow values differed among countries, then
whatever small transfers of revenue between countries were required to move towards equal
shadow values could be achieved by suitable common perturbations of trade taxes, as given

by (24).

However, if the rank of N_; is less than C'—1 at a Pareto-efficient allocation, it will not be
possible to solve (24) for an arbitrary vector of transfers da that satisfies only the restriction
that the sum of its rows is zero, because the condition that N’ ; and [N’ ; da] have the
same rank will, in general, not hold. Pareto-efficient trade taxes may then be such that the
shadow value of government revenue differs between countries, because the revenue transfers
that would be required to move towards equal shadow values cannot be achieved by common
perturbations of trade taxes. Trade taxes may, however, succeed in equating the shadow
values of government revenue even if the rank of N_ is less than C' — 1 at a Pareto-efficient
allocation. Suppose that the revenue transfers required to move towards equal shadow values
are such that da satisfies some restrictions in addition to the sum of its rows being zero,
such that the rank of [N, da] is the same as that of N’ ;. Then common perturbations
in trade taxes can still achieve the desired transfers, and hence a Pareto-efficient allocation

must have shadow values of government revenue that are the same in all countries.®

8 Suppose, for example, that the rank of N_; is C'— 2 because one country does not trade, so that its net
import vector is the zero vector. If the desired transfers between countries are such that there is to be no
change in this country’s revenue, it is possible to achieve these transfers by perturbations of world prices.
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3.3 Pareto-efficient trade taxes and global production efficiency

From (21), an international equilibrium with no trade taxes will be Pareto-efficient if v_1= 07_1
at such an equilibrium. Using (22), this requires that (23) should hold at an international
equilibrium with no trade taxes. Hence there are two cases in which an international equi-
librium without trade taxes is Pareto-efficient. One is when the shadow value of government
revenue is the same in all countries at such an equilibrium. The other is when the shadow
value of government revenue differs across countries at such an equilibrium, but the con-
straints do not permit transfers of revenue between countries because the rank of N_; is
less than C' — 1. However, if the shadow value of government revenue differs between coun-
tries at an equilibrium without trade taxes, and the constraints allow transfers of revenue
among countries to be made, such an equilibrium will be Pareto-inefficient. A necessary, but
not sufficient, condition for a Pareto-efficient allocation to involve trade taxes is thus that
the shadow value of government revenue should differ among countries at the international
equilibrium without trade taxes because of differences between countries in the marginal
efficiency costs of government revenue (recall the discussion of (12) above). Note that, if
each country can raise government revenue using lump-sum taxes, there are no differences
between countries in the marginal efficiency costs of raising revenue domestically, since with
lump-sum taxes there are no such costs. Thus there is no efficiency case for the use of
trade taxes to transfer revenue between countries when lump-sum taxes are available in all

countries.

The Pareto-efficient trade tax on a particular good i = 2,...,T will, from (21), take the

sign of v; at a Pareto-efficient allocation, and thus be the same in all countries. This means
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that, at a Pareto-efficient international equilibrium, it will be the case that the producer
price of a particular good will either be above the world price in all countries, or below it
in all countries. It cannot be Pareto-efficient for the producer price to be above the world
price in some countries and below it in others. Recalling the convention that the sign of the
product 7${n$ shows whether the net imports of good i are taxed or subsidised in country
¢, the fact that the Pareto-efficient trade tax on a good has the same sign in all countries
means that if, for example, the Pareto-efficient 7§ is negative, countries which import good

1 subsidise imports and those which export it tax exports.

Although Pareto-efficient trade taxes on goods take the same sign in all countries, (21)
shows that the level of these trade taxes in each country will depend on the relationship

between the shadow value of government revenue in each country. For any two countries c,

d=1,...,C, (21) implies that

d
oK o T
T’Ld ll/c ) )

If the solution to (23) is such that u¢ = pu, ¢ =1, ..., C, then the Pareto-efficient trade tax on
any given good will be the same in all countries. Thus, if the constraints allow transfers of
revenue between countries by trade taxes to equate the shadow value of government revenue
across countries, Pareto-efficiency will also involve equal trade taxes across countries. But
if the shadow value of government revenue cannot be equated among countries, the level
of Pareto-efficient trade taxes will differ between countries, with the level being lower in
countries with higher shadow values of government revenue. However, even when the levels

of Pareto-efficient trade taxes differ across countries, Pareto-efficient relative trade taxes will
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be the same in all countries, since (21) also implies that

C

T v

T 1 _ . s
—=— c¢=1,.,C,4,5=2,..,T
Tj Uy

The vector p¢; = plf/l +7¢, gives the relative producer prices of goods 2, ...,T" in country
¢, c=1,...,C. Hence when the shadow values of revenue and trade taxes are the same in
all countries at Pareto-efficient allocations, relative producer prices are also the same in all
countries. In these circumstances, i.e. when rank N_; = C — 1, Pareto-efficiency involves
global production efficiency. In each country, private producers face the same relative prices,
which implies that, since private production is assumed to be competitive, for the world as
a whole private production is on the boundary of the world private production set. But
when the shadow values of revenue and trade taxes differ across countries at Pareto-efficient
allocations, as they may do if rank N_; < C' — 1, relative producer prices also differ across
countries. Thus Pareto-efficiency does not necessarily imply global production efficiency. It
is also the case that global production efficiency does not necessarily imply Pareto-efficiency,
because the existence of an international equilibrium with trade taxes and relative producer
prices that are the same in all countries does not ensure that (23) holds and, even if it
does hold, does not guarantee that its only solution has an equal shadow value of revenue
in all countries. Global production efficiency is thus neither necessary nor sufficient for
Pareto-efficiency when countries raise government revenue by distortionary taxes and there
are restrictions on the use of lump-sum international transfers. Consequently policies cannot

be adequately justified solely in terms of their consistency with production efficiency.
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Even when global production efficiency is consistent with Pareto-efficiency, because trade
taxes are the same in all countries, this does not mean that a general presumption in favour
of destination- rather than origin-based commodity taxes is justified. A positive trade tax
on a good is equivalent to imposing equal rates of a destination-based commodity tax and
an origin-based production subsidy on the good, while a negative trade tax is equivalent
to equal rates of a destination-based commodity subsidy and an origin-based production
tax. Hence there are two alternative ways of describing the distortionary taxes that are
consistent with a Pareto-efficient international equilibrium which satisfies global production
efficiency conditions when lump-sum international transfers are restricted. One way is to
say that trade taxes are the same in all countries, while destination-based commodity taxes
may differ between countries. The other is to say that origin-based commodity taxes (and
subsidies) are the same in all countries, while destination-based commodity taxes may differ
between countries. The equivalence between trade taxes and destination- and origin-based
taxes means that, in the particular circumstances when it is Pareto-efficient for there to be
no trade taxes in any country, the use of destination-based commodity taxes alone, with
no origin-based commodity taxation, is consistent with global production efficiency. But
in the circumstances when Pareto-efficiency involves trade taxes that are the same in all
countries, global production efficiency is consistent with the use of origin-based as well as

destination-based commodity taxation.
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4 Unrestricted lump-sum international transfers and Pareto-
efficiency

The previous section analysed the efficiency case for using trade taxes when lump-sum in-

ternational transfers are fixed at parametric values. Suppose that trade taxes, together with

commodity taxes and world prices, are at Pareto-efficient values conditional on the paramet-

ric values of lump-sum international transfers. Will small changes in these transfers from

their parametric values result in a Pareto-improvement?

Let dS¢, ¢=1,...,C, denote a small change in the lump-sum transfer to country ¢, with

ZCC:I dS¢ = 0. By the envelope theorem, the effect of the changes dS¢ on world welfare is

C
oL | .
dW = @db’
c=1
From (9)
oL .
850_'“_7 c=1,..,C
and hence
C
dW =Y (u =) dS° (25)
c=1

Since ZCC:1 dS¢ = 0, (25) can be written dW = 25:1 wudSe. Thus, if the shadow value
of government revenue has been equated across countries by Pareto-efficient trade taxes
(u€ = p, c = 1,....,C), dW = 0: the ability to use lump-sum international transfers rather
than trade taxes for a small part of the transfer of revenue between countries does not
change world welfare, and thus does not result in a Pareto-improvement. However, if the

shadow value of government revenue has not been equated across countries by Pareto-efficient

trade taxes, the use of lump-sum international transfers instead of trade taxes does permit
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a Pareto-improvement. Thus it is only when trade taxes cannot equate the shadow value of
government revenue across countries that restrictions on the use of lump-sum international

transfers impose an efficiency cost on the international economy.

If there are no restrictions on the use of lump-sum international transfers, is there an
efficiency case for trade taxes? To answer this question, suppose that the control variables
for the problem of finding stationary points of (7) subject to the constraints of international
equilibrium are the commodity taxes in each country, world prices, and lump-sum interna-
tional transfers, while trade taxes in each country are parameters. The first-order necessary

conditions for the control variables are (10), (11), and,
S p—y=0 c=1,..,C (26)

The first-order conditions (26) show that, with no restrictions on lump-sum international
transfers, a Pareto-efficient international equilibrium will involve these transfers being set
to equate the shadow value of government revenue in different countries. In these circum-
stances, there is no efficiency case for the use of trade taxes. In the absence of trade taxes
(7€, = 07_1), the shadow value of government revenue will be the same in all countries, and
thus (23) will be satisfied. Hence, from (15), v_; = Op_1, and thus, from (21), 7¢; = Op_1 is
Pareto-efficient. With no restrictions on lump-sum international transfers, Pareto-efficiency
implies that producer prices in all countries should equal world prices, and thus that global
production should be efficient, irrespective of the rank of N_1. Thus if lump-sum transfers
can be used as a means of trading distortionary tax revenue, global production efficiency does
imply that neither trade nor origin-based commodity taxes should be used. In these circum-

stances, the policy conclusions concerning international taxation that have been drawn from
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the Diamond-Mirrlees production efficiency theorem are correct, since unrestricted lump-
sum international transfers merge the separate national revenue constraints into a single

international one.

5 Conclusion

This paper has analysed the implications of the fact that, when the marginal efficiency costs
of government revenue differ between countries, it is possible for all countries to gain by
trading tax revenue for other goods. It has shown that, in these circumstances, if lump-sum
international transfers of revenue are restricted and the matrix of countries’ net imports
satisfies a suitable condition, Pareto-efficient international equilibria require trade taxes to
be used in order to exploit the gains from trade in tax revenue, even in a framework of
competitive trade with no restrictions on the use of domestic commodity taxes and full

taxation of any pure profits.

If lump-sum international transfers are restricted, and the matrix of countries’ net im-
ports of taxed traded goods always has rank equal to the number of countries minus one,
then Pareto-efficient trade taxes are able to equate the marginal efficiency costs of govern-
ment revenue across countries, and hence to achieve the same outcomes as would be possible
if there were no restrictions on lump-sum international transfers. In these circumstances,
Pareto-efficient trade taxes are such that the producer price of a particular good is, in all
countries, either above the world price by the same amount, or below it by the same amount.
Relative producer prices are thus the same in all countries, and so Pareto-efficient inter-

national equilibria are characterised by global production efficiency. But global production
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efficiency in these circumstances involves the use of trade taxes, which can alternatively be
interpreted as a combination of destination- and origin-based commodity taxes and subsidies:
it implies neither that trade taxes should not be used, nor that destination-based commodity

taxes are superior to origin-based ones.

If lump-sum international transfers are restricted, and the matrix of countries’ net imports
of taxed traded goods has rank less than the number of countries minus one, then Pareto-
efficient trade taxes cannot, in general, equate the marginal efficiency costs of government
revenue across countries. In these circumstances, Pareto-efficient international equilibria
are typically not characterised by global production efficiency, and the outcomes achievable
by means of trade taxes are typically Pareto-inferior to those that would be possible with

unrestricted lump-sum international transfers.

The case for using trade taxes when lump-sum international transfers are restricted is
stronger than the case for sacrificing global production efficiency in these circumstances.
It is Pareto-efficient to use trade taxes if countries have different marginal efficiency costs
of revenue at international equilibria with no trade taxes, and a reasonable condition on
the matrix of countries’ net imports holds. Provided that this requirement holds, Pareto-
efficiency requires trade taxes to be the same in all countries, so that global production
efficiency conditions are satisfied. For Pareto-efficient international equilibria to be globally
production-inefficient, it is necessary that this condition on the matrix of countries’ net

imports does not hold.

However, if lump-sum international revenue transfers are unrestricted, Pareto-efficient
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international equilibria do not involve any trade taxes, since these transfers can equate the
marginal efficiency costs of government revenue across countries in the absence of trade taxes.
In these circumstances, globally Pareto-efficient allocations always involve global production
efficiency, and the desirability of global production efficiency implies both that trade taxes
should not be used and that destination-based commodity taxes are superior to origin-based

ones.

The efficiency case for trade taxes thus depends critically on whether unrestricted lump-
sum international revenue transfers can be used as a means of trading distortionary tax
revenue. The feasibility of such transfers is a subject that requires further research. It is
not clear whether the asymmetric information problems that standard optimal tax analysis
uses to explain why lump-sum redistribution between individuals is not possible also rule out
lump-sum revenue transfers between countries. The Pareto-efficient trade taxes that have
been analysed in this paper take a very particular form, and it is not obvious that, if such
taxes were introduced, they would long survive distortion by rent-seeking interests. Hence
there are reasons to be cautious about the efficiency case for trade taxes and for arguing
that, if possible, trade in tax revenue should take place via lump-sum transfers. But it is
important to recognise that, in the absence of unrestricted lump-sum international transfers,

an efficiency case for trade taxes does exist.
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