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Abstract

This paper studies non-cooperative commodily taxation in a trade model with in-
perfect competition and krade costs. Nationally oplimal tax policy sirmiltaneously
Lries to correct the domestic distortion from imperfect, competition and to shifl rents
to the home country. Importantly, this trade-off depends qualitatively on Lhe infer-
national commodity tax regime in operation. For low levels of trade costs, we show
that production-based commodily taxes dominate from a global welfare perspective,
but this ranking is reversed in favor of consumption-based taxation when irade costs

become sufficiently high.
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1 Introduction

In 1999, revenues from taxes on goods and services reprosented 12.6 and 8 percent
of GDP in the EU and the ORCD, respectively, making indirect taxcs the most
important souree of tax revernne in the KU and the third most imporiant source in
the OECD.! Among the various indircct taxes used, the valuc-added tax (VAT) is
by far the roost important. While only nine countries levied this tux in the 1960s,
this number has meanwhile increased to more than one hundred {Cnossen, 1998).
The VAT is used hy all OECD couniries, except the United States, and it has
also become increasingly popular in developing countries. It is now employed by all
Latin American countrics, ag well as many African and cx- communist economies
of Eastern Kurope. The VAT is also proposed as an alternative tax in the United
- Slates, since the existing system of retail sales taxcs has been repeatedly criticized

as an inefficient way of raising tax revenue (Mikesell, 1997).?

The snceess of the VAT can be attributed to at least two factors. First, since VAT is
paid at each stage of production, it is vory diffionlt to avoid. Sccond, the increased
mobility of national income iax bases — capital incore, in particuiar  has led many
countries 10 increase their reliance on commodity taxes. The increased dependence
on VAT and ihe deepening of international economic integration make it important,
however, to study the international repercussions of national commodity taxes. In
particular, a core policy issue is whether traded commodities should be taxed in
the country of consumption {destination principle), or in ihe country of produetion
{origin principle). This question has been debated in the [uropean Unjon since its
founding days, and it has re-gaived a prominent place in policy discussions due to the
abolition of horder controls in the internal market (see Keen and Smith, 1996). Its
relevance is, however, not confined to the [U but applies equally 1o other integrating
nations, such as the Commonwealth of Independent States, or to federal economies

with some subnational tax antonomy (e.g. Canada, Brazil, India and the U.S.).

'In the OECLY, the largest souree of tax revenue is dorived from personal income {9.3% of GDP),
followed by social security laxes (9.3%) and Laxes on goods and services (8%). See OECD (1999},

“Rales of sales taxation in the United Slates are, on average, below § percent, compared with &
total OECD average for the VAT of almost, 20 percent. As a consequence, revenne from consumption,
taxxes are much lower in the US than in the rest of the QECD. See QOECD (1899).



From a theotelical perspective, the issue of how commodity taxes should be levied is
closely related to the theory of economic integration and international trade policy.
If economic integration is perfect. in the sense that goods and consumers can move
withont costs across borders, a jurisdiciion that sets its tax rate above that of other
countries will find that no tax revenme can be raised. The literature on international
commodity taxation has shown that production taxes - but not consumption taxes
- give rise to tax base externalities and will generslly canse governments to set tax
rates loo low in the non-cooperative Nash equilibrium (Miutz and Tulkens, 1986,
Kanbur and Keen, 1993}, In the prosence of additional terms of trade effects strategic
motives also appear under the destination principle {Lockwood, 1993}, but this is
of concern only if countries are large in the world economy. 1lence the possibility io
avold mutually destructive bepgar-thy-neighbor policics has been one of the most

important argnments for consumption-based commodity tuxution.®

The importance of international fiscal externalities caused by national commodity
taxes suggests thal public fiuance and trade theorists could benefli. [tom working
Jjoinily on these issues. Neveriheless, there has been remarkably little interchange
betwoeen the two fields of research. One importanit dividing line between international
public finanee on the one hand and modern international irade theory on the other
scems to be that the literature on inlernational taxation and tax competition has
remained largely within the competitive paradigm while most of the modern lrade

literainre focuses on imperfectly competitive product markoets,

In the ‘new’ international trade lilerature, it is well established that the presence of
imperfect competition offers sn increased range for strategic trade palicies, even for
small countries. A variety of different scenarios has been analyzed, leading to very
different conclusions as to whether trade should be taxed or subsidized from the
perspective of 4 home government maximizing national welfare (e.g. Brander and
Spencer, 1984, 1985; Fatlon and Grossman, 1986). Tu almost all instances, however,
the foeus bas been on trade taxes, which allow governments o discriminate between

the tax treatment of foreigners and domestic agents. But one of the core implications

¥lhe other core argument is that the destination principle, but not the origin principle, is
compatible with production efficiency when tax rates differ aeross countrics aued firms behave

competitively. A detailod recent survey of these issucs is given in Lockwood {1998).
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of market integralion has been precisely that such diseriminalory irade laxes are

largely abolished, at least among industrialized countries.

One of the few conlributions to the literature on international commoedity Laxation
that departs from the assmmption of competitive product markets is 4 recent paper
by Keen and Lahiri (1998).% Using a duopoly model with integrated national mar-
kets they argue for both cooperative and non-cooperative tax policies that imporfeet
competition is likely Lo reverse the general presumption in favor of the destination
principle that emerges from models with perfectly competitive markets, One major
finding in their paper is that in a syrametric Cournot duopoly with non-cooperative
iax setting the origin priuciple achieves the first best, whercas the same is not
triue under the destination principle. The trade model of Keen and Lahiri is not
able, however, Lo capture the well-established empirical fact of inira-indnstry trade.
Furthermore, thelr analytical sct-up does not allow sn investigation of trade liber-

alization, which has been a core issue in the recent international trade literature.

In the present paper we bring together public finance and trade theory and analyze
the abeve-mentioned choice belween destination- and origin-based commeodity taxes
in a framework of notn-cooperative Lax setting under imperfect, competition. In com-
parizson to Keen and Lahiri (1998), we introduce additional model elements Lhat are
characteristic for the ‘new’ Lrade theory. Firsl, we account for the fact that trade
among industrialized countries is predominantly of the intra-industry type, so thal
ihe trade modet used should be able 1o explain this phenomenon. Second, and more
Important for owr results, the existence of irade costs is an integral element of our
analysis. A trade model which meets these requiremuents and simultaneously allows
for strategic interactions between fitms is the ‘reciprocal dumping’ model of Brander
and Krugman (1983). In this model two-way trade in homogeneous products arises
from the assnmption that national markets are segmented rather than integrated.
Furthermore, trade costs play a dnal role as they affect duopolistic competition

betwoeen firms and also add a real resource cosl to international transactions.®

Emperfect compctition has also been introduced in some recent analyses of environmental tax
competition {Markusen, Morey and Olewiler, 1995: Rauscher, 1995; Hoel, 1997) and capital tax
compekition (e.g. Jancha, 1898; Osmundsen, Hagen and Schjclderup, 1998, Haufler and Wooton,
19938). For an overview, sce Wilson (1999).

"An alternative [ramework which accounty for intra-industry trade is a model with heteroge-
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The importance of trade costs has been emphasized in much of the recent inter-
naijonal trade literature. From a theorctical perspective, trade costs allow io in-
corporate a ‘home bias’ in internalional trade patterns (Krugman, 1980), and they
can also be used to explain successive phases of diverging and converging develop-
ments between industrial cores and the periphery (Krugman and Venables, 1993).

Summarizing the empirical evidence, Norman (1998, p. 62) concludes:

;‘E'L-‘G?l allowing for imperfect competition, studies show that the potlern
of markel shares scen in European maorkels can be made consistent with
prefit marimizing firms only of the sum of natural and ertificial barri-
ers to trade is equivalent to lariffs of 90-60 percent, depending on the

product.”

Our main finding is that the existence of trade costs in a model with scgmented
markets leads to conclusions thal. differ significantly from those derived in previous
work. With imperfeet competition and non- cooperative behavior by sovernrnents,
lax policy is set to achieve two goals. The first is to correct the markes failire
that stems from oligopolistic competition, while ihe second pertains to the usc of
the tax system as a way to shift rents (o the domestie economy. Whether nationally
oplimal taxation is consistent. with global wellare maximization depends on both the
tax principle in operation and the level of economic intcgration. In the abscnce of
trade costs, we confirm the result of Keen and Lahiri (1998, Proposition 6) that the
oulcome of non-cooperative tax setting nnder the origin principle Pareto dominales
the Nash equilibrium allocation mnder the destination principle. However, we also
show that the efficiency case [or the destination principle reappears when trade costs
arc inlroduced. I-Ien.(:e._ in the presence of trade costs, imperfect. competition does

not generally lead to an argument in favor of produciion-based commodity taxation.

In the remainder of the paper we proceed as follows. Section 2 describes the basic

model and snalyzes optimal tax policy with destination- based commodity Laxes.

neous goods and monopolistic compelition, as first used in Kmgman {1979). This model, however,
has no strategic interaction between firms and the existence of differentialed products makes it dif-

ficult t0 compare its results with those of Keen and Lahin {199%), where products are homogeneous.



Scction 3 performs the same analysis for origin-based commodiiy taxation and com-
pares the level of tax rates under the two regimes. Section 4 compares global welfare
uuder the deslination and origin principles when taxes are sct non-cooperalively.

Section 5 concludes and discusses some possible extensions of our analysis.

2 The model with consumption taxes

"The hasic structire of our model is adopted from the reciprocal dumping model of
Brander (1981) and Brander and Krugman (1983). We consider two countries, home
and foreign, which are identical in all respects. We thus explain the basic setup of
the model rom the viewpoint of the domesiic country only; all foreign variables

denoted by an asterisk — are derived analogously, There are lwo goods, X and
Z, where goods produced in different countrics are perfect substitutes. Good X is
produced in an oligopolistic industry whereas the mimeraire good 7 is produced in
a perlectly compefitive sector. The preferences of the represeptative conswmer are

given by the quasi-linear utility function
DX, X))y =uwX)+ Z, (1)
where w( X} is three times differeniiable with «' = 0 and «" < 0.

The consumer is endowed with a fixed amount of labor (L), Labor is the only [ac-
tor of production and is intersectorally mobile, but internalionally immmohile. Labor
units arc meastred such that one nnit of labor produces one unit of commodity Z,
Implying that the wage rate is equal Lo wnity. In addition o wage income the rep-
resentutive consumer reccives all profits (I1) earned by the domestic finm in the
oligopolistic market. Furthermore, [ollowing s standard procedure in the Lrade lit-
erature we assume that tax revenne T' is returned to the consimer as & lump sum.
Thus, the social vahiation of one dollar of tax reveuues is ceual to Lhe marginal
utility of the numerairc good Z. Denoting the consumer price of good X hy p. Lthe

consumer’s budgel coustraint is given by
L+T+T=pX+ Z. (2)

Utility maximization subject. to the budgel constraint (2) yields the demand function

for good X which, under the chosen utility function, depends only on relative prices.



The inverse demand function and its derivative are

p=u'{X) (X)) =u"(X) <. (3)

Production in the oligopolistic industry X requires ¢ units of labor per unit of
production and fixed costs of F > 0 to set up a production plant. F is assumed to
be sufficiently high so that only one firm in each country is able Lo make positive
profits. Hence there are two identical firms in our moxel, each located in one market.
The two firms engage in Cournot quantity competition in each of the two markets.
Exports of cither firm to the other market cause trade costs of s por unit of the good
shipped. Following standard notation in the {rade literature, @ describes the sales of
the domesiic firm in the home country and y arc the home country’s imports from
the forcign firm. llence, aggregaie consumption in the home market is X = x» + 3,
and the inverse demand function is plx + ). Analogously, ageregate demand in the
foreign market is X* = z* + y*, where z* are the foreign firn’s sales in the foreign
country (i.e.. its domestic market) and y* are the home firm’s exports 1o the [oreign

market.

A commodity tax at rate ¢ is levied on ibe good produced in the oligopolistic in-
dustry X. In this section we focus on destination-hased texes, which fall on the
consiwmption of good X. Note that the commodily tax considered here is selective,
so that desiination- and origin-based commodity taxes have diflerent real effects.®
We model taxes Lo be specific rather than ad valorem. This is done for analytical
simplicity, and in order to facilitate comparisoy with the modeling of specific tariffs

in most of the trade literature.”

Under the destination principle, the home tax rate ¢ is levied on domestic and loretgn

goods sold in the home market {x and y), whercas the foreign tax rate #* applies to

Y4 long slanding issue in international taxation is wnder which conditions destination- and
origin-based commuodily laxes can be equivalent. 3s emphasized by Lockwood, do Meza and Myles
(1994}, it i the selectivicy of the commodity tax which canses equivalence to break dowr, ot Lhe
preseace of imperfect competition in product markets as such,

It i3 well-known that in conirast to the competitive case, specific and ad valorem tases or
tariffs lead to different outeomes under imperfect competition. See Helpman and Krugman {198,
Ch. 4] for & comparison of specific vs. ad valorem tarifls in trade policy, snd Delipalls snd Keen

(1992} for an analysis of this issue in the case of commeodity taxation.



all sales in the foreign country (&* and y*). The profit equations for the domestic
2 ¥ i {!

and the foretgn firm under the destination principle (superscript D} are

n? = (p—c— s+ —c—s-y — F {4)
=@ —c Ya"+p—c—s—t)y—F (5)

An important assumption in this model is that firms pereeive the two markeis as
segmented. Since marginal costs are assumed constant, the profit maximizing pro-
duction decisions for the home and the foreign market can he completely separated
(¢f. Brander and Krugman, 1983). Turthermore, under the destination principle the
domestic tax rate affects only the domestic market. We can thus focus on the op-
timal levels of « and y chosen by the domestic and the foreign firm, respectively,
for sale in the home market. The analysis lor the forcign market will be complelely

syminetric. The relevant first-order conditions are

N2 =p—c—t+pu=0, (6)

JI;D:;U—(:—S—t—i—p’ymO, {7)

where subscript letters here and in the following denote partial derivatives. The first-
order conditions (6) and {7) give the two firms’ reaction functions in output space.
Note that (6) and (7} imply & > y for 5 > 0. Given that both firms face identical
marginal costs and taxes under Lhe destination principle, the domestic firm will have

a lurger markel share in the home market. since it does not ineur trade costs.

The second-order conditions for a profil, maximum are
Upp = 20" +p'z <0, I, =20 + 'y < 0. (8)

In the following, we impose the condition that the goods are strategic substitutes in

the sense of Bulow, Geanakoplos and Klemperer (1985):
Wy =9 +p"2 <0, 11 =p' =p'y <0 (9

Condition (9) gnarantees thal lhe reaction curves are negatively sloped so that
the optimal reaction of a firm to oulput expansion of the rival firn is to reduce

its own output. Comparing (9} with (8) shows that the assumption of strategic

=1



substititability implics the sullicient second-order condition for a profit maximum.
Finally, it follows from. conditions (8) and (9) that the determinant of the Jacobian

matrix of the two first-order conditions (6) and (7)) nmst be positive:
I = T I, — g 10, = 3(0)° + 9= +y) > 0. (10}

Conditjon {10} implies that each firm’s own quantily choice has a lareer effect on its
marginal profits than the output choice of the competing firm, thus cnsuring rea-
sonable comparative statics resulls. Uo determine social welfare in the home country
we use the budget constraint (2) to substitute out for Z in the individuals utility

tunction (1). Domestic welfare nnder the destination principle is then given by
WP =u() = p() +9) + 7 + L+ (2 +u)t, (11)

where () refers (o the functional argument (z + ). The first two terms in (11) give
ihe consumer surplus in the oligopolistic industry, which is an exact wolfare measure
under the quasi- linear utility function assnmed here. Maximiving (11) with respect

to ¢ and using % = p from (3) yields in a first step
W = —pel e+ + e +y) + @l +pf) r+ 107 =0 (12)
Next, we differentiate the domestic Grm’s profits [eq. {4)] (o get
N2 ={w()-at+p—c—1t > (13)

Furthermore, p(-) = p/{ )« Fy2). Finally we use p'z = o'y — s, whick follows from
the firms’ first-order conditions {6) and (7). Rearranging and solving for the home
governinent’s nationally oplimal tax rate £ yields®
. 1
P —— Iyl o) - s 2P vy a” — ) . 14
(xij_i_ytg}lz}(t Er) L TRy Y (14)
O ) @

In equation (11) we have identified two main cffects, which we label (I) efficiency

effect and (L1} rent shifting effect. Each of these effocts can be [urither broken down

flu the following we assume that he second-order conditions for & national welfare maximum
are fulfilled under hoth {ax principles, i.e., Wy < 0. Furthermore, we assume thal a urigue and

symometric Nash equilibrium exists in the present mods].
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into two parts. The efficiency effect consists of a term for the change in domestic
consumption and a term for the elliciency costs of international trade. The rent
shifting effect. incorporates a profit shifring term in the horae market and a tax

exporting effect.®

To imterpret and sign the different cffects, we need to determine the general equi-

librium responses of « and ¥ to the change in the domestic tax vate £. These are

derived in the appendix and are given by

| 2pf
<0, 24yl = ﬁ <0. (15)

N A k) A N N i 4 Gl
e 1 |J| < 1 it |J|

where |.7| = 0 from (10).1

From (14) and (15) it follows that the efficiency effect (I) is ambiguous under the des-
. tination principle. The first {domestic) part of the efficiency offect is clearly negative
and describes the familiar incentive to increase (he suboptimally low consumplion
of the oligopolistically produced good X by means of a subsidy. The second (trade-
related) part of Lhis effect is positive {negative) if 47 = 0 (22 < 0). It reflects that
an increase (reduction) in domestic production following a tax increase will reduce
(increase) imports for any given lovel of domestic demand {eontrolled by the firsl,

effecl), therehy saving (increasing) excess trade costs borne by domestic consumers.

The rend shifting effect (11} is unambiguously positive under the destinalion prinei-
ple. The first term depends again on the sign of 2 as a positive response of domestic
production to a tax increasc implies that profils are shifted from the foreign to the
domestic firm. The lax exporting effect in the second term is unambiguously posi-
tive, however, since the consumption tax falls partly on imports (y) and thus shifts

rents from the forcign firm to the domestic treasury. Furthermore, substituting =7

YThe profit shifting lerm is also labeled berms of trade effeet i partzs of the liLerature.

Note that the sign of =7 is ambiguons, in pencral. Recslling thal = > . < 0 follows
unambiguously if the inverse demand function is convex (" == (). Tn the opposite case of concave
inverse demand (p” < 0}, however, domestic production may risc in response to a domoestic tax
increase, if tracle costs are high and (y - =) is large in absolute value, lutuitively, p** < 0 implies
that demand is more elastic at low levels of output so that the tax increase will affect imports mwore
than domestic production. [u contrast, y? < 0 is always fulfilled from the assumnption of sirategic
subscitutability (9). Furthermore, aggregate consumption 2P + 4P always [alls in rosponse {o a tax

increase, since p' < O from {3).



from (15) and using (10) and (9}, it ean be shown that the positive tax exporting

cffect will dominate the profit shifting term, even if the latter is negative.
Having discussed the basic effects in detail, we can now substitute the results in (15}
io sinplify (14). Using (10}, this vields after straightforward manipulalions

sy +7/ (g = )]
25

= —yp'x — ) {16)

From (16} it is immediately seen that the balance between the competing cffects
depends critically on the curvature of the demand function.!! The results for non-

conperative taxation under the destination principle can be surmnarized as follows:

Proposition 1: (a) Under the destination principle, the nationally eptimal tuz role
is negative for all levels of trade costs, if the inverse demand function is conven
(p" = 0). (b) If inverse demand is coneave (p” < 0), then the optimal tox rote is
posilive at s = 0 und it is positive ot higher levels of s, iff 2P > 0.

Proof: Part (a) of the Proposition follows immediately from substitnting p” > 0
into {16} and noting from y < x thal the second term in {16) is unambignously
negative in this case. For (b) we use p” < 0 and either substitute s = (0 or use the

expression for [’ in (13). J

Iutuitively, the curvature of the demand function determines how effective a subsidy
is in raising domestic ouiput. If the inverse deraand function is convex (p" = 0)
then the demand increase following a subsidy is large and the incentive to raisc
domestic consumption by means of a subsidy is strong.'® In contrast, if p” < 0
then a tax increase causes only a moderale lall in domesiic consumption and this
effect is relatively weak, The nationally optimal tax will then be positive if trade
costs are zero and the rent shifting term (II) i accordingly strong (because trade
levels and thus foreign profits in the domestic market are high). In addition, the
destination-based tax may also turn positive at higher levels of s. The rent shifting

cffcet will then be weak, bul the efficiency effect. turns positive if 2 > 0 and a

UThis ts a well-known result from eloscd-ceonomy models analyzing tax incidence and optimal
taccation under conditions of imperfect competilion. See, e.g., Myles (1995, Ch. 11).

2T see this analytically, note from (10) that p” > 0 reduces the absolute value of the Jacobian
determinant. As shown by the last term in (15), thiz leads 10 a larger fall in aggregate demand for

good X in responsc 10 a tax incrdase.
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tax increase raises domestie production and reduces trade costs. Finally. note that
in the special ease of a linear invarse demand function (p¥ = 0) and zero trade
costs, the counterscting incentives just offset cach other and the non- cooperative

consumption Lax is zero.

These tesnlts can be compared to previous findings in the literature on stratesic
trade policy. In Brander and Spencer (1984, Propositions 1 and 2) the sign of the
nationally optimal imporl. {arift also depends on the curvature of demand. However,
in their analysis the borderling case of a linear demsnd function involves a positive
tariff at s = 0, whereas this demand function implies a vero consumption tax in
the present snalysis. This difference is easily explained from the fact that the tariff
affects only the imports of good X and thus can be dircetly tarseted at the remts
that accrue lo [oreign producers in the home market. In contrast, a consumplion
tax stmmltancously raises the price of domestically produced goods and thus implies

a more severe underconsumption of good X for any given level of rent. shifting.

3 Production taxes

Under the origin principle, commodity laxes are levied in the conntry of production
rather than in the country of final consamprion. Henee the home country’s lax rate
t now applies to the domestic sales of the home firm (%) and to its cxports to the
foreign country (y*). Analogously, the [oreign tax rate (#*) applies Lo the foreign
firm’s sales in each of the lwo countries (x* and y). The profits of the domestic and

the foreign firm under the origin principle (supcrscript O) are

HO=[-p—c:—t)I—l—(p*—f:—s—t)y*—F, (17)

N =(p*—c- )2 +(p—c—s—tYy—F {18)

An importani. difference to the analysis in the previous section is that lhe domestic
tax rate now affects both the home and the foreign market, Hence we need o

determine the optimal levels of output that both firms produce for each markel,.

“I'he first-order conditions are
Of =p—c—t+pz =0, (19}

11



IO =p oo g— 1 —ply =0, @0
I =y —c—t | pYz" =0, @)

T

ng =p'—c—s—t+p 'y =0 (22)

Again the sufficient second-order conditions for a maximum will be implied by the
asgumplion of strategic substilutability in both markets. These conditions are un-

changed from eq. {9} above.

Welfare in the home country under the origin principle is siven by
WO =ul) - p() o+ 9+ 10+ L+ (5= ), (23)

where the tax base now includes the home country’s exporis of good X, rather than

its imports. Using +' = p vields in a first. step
WP = —p()a +y) + (z+y") = t(af +5,7) + 10 = 0.

The effects of a tax increase on the domestic firm’s profits are slightly more compli-

cated than under the destination principle. Differentiating (17) gives

P = (o) = B+ (p = ¢ = D + (] () = Ly + (0" — o — 5 — B)y;°.
Also, p{-) =9/ (V&P +yP) and pi(-} = p() (279 +42). Finally, p'c — p'y — s again
follows from the firms’ optimality conditions (19) and (20}, and the fuct that ¢ =+
in the symmetric equilibrium. Selving for the home government’s nationally optimal
tax rate I and rearranging yields

e o

1 wf ¥ % f
=T Py (2 + ) — s o8 +plyl - py a:f”J ) (24}

M ) an )

The efficiency cffect (1) is analogous in sirncture to the optimal tax formula under

the destination principle [eq. (14)]. The rent shifting effect (IT) again incotporates
a prolit shifting term in the home market {the first term), but the tux exporting
motive under the destination prineiple is now replaced by a profit shifting effect in

the foreign markel (the second term).

To sign these terms we use the following comparative static results, which are derived

in the appendix:
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20"+ p'y : W +1"y) P
Is] X . ) o o]
= T o, P = >0, P +3% =<,
t |J| H e |,,T| d I3 Jt |J|
o (px.f ‘!‘D*HJE*) 0 2p$.f ;_p¢.irm* 0 o0 p*!
'rf. |}T+| ’ y{ |J*| k 'rt +yr |J*| U

(25)
where |J| = 0 from (10}, |/* > 0 from symmetry and we have used the assumplion

of strategic substitiiability jeq. (9}] to sign the terms. '

The efficiency effect {I) is unambiguously negative under the origin principle. The
first term in (I} again caplures the motive to correct. for the domestic consimplion
incfficiency by means of a subsidy. Note, however, that this term will, coteris paribns,
be less sirong than thoe corresponding effect under the destination principle because a
production subsidy is ouly an Imper(ect instrument Lo raise domoestic consumption in
an open-economy setting.'* The sccond effect. in (I) is also unambiguously negative
under the origin principle since a domestic production tax will reduce domestic
production and increase imports (cf. [ootnote 13}, thus raising the cxcess trade

costs borne by domestic consummers.

The rent shifting effect (I1) is also unambiguously negative under the origin principle
and thus has the opposite sign than under a consumption-based commodity tax.
The first term in (11} shows that a posilive production tax shifts profits in the home
market towards the foreign firm, whereas the second term describes a parullel effect
in the foreign market. Vice versa, a subsidy can be used to increase the profit share

of the domestic v in both national markets.

P contrast 1o the destination prineiple |eq.(13)], all output changes caused by a domestic tax
inerease are unambiguous under the origin principle. Since the tax falls only on domestic producers,
it will Jower the sales of the domestic fitm in both the home market (x) and the forelpn market
{¥*). The coniraction in supply induces s price rise which in turn leads the Iorcign firm which is
unafected by the tax — to increase its supply in bolh markets (z* and ¥, respectively). Aggrezale
consumption, however, most fali in both national markets.

‘% Algebraically, note from (25) thas «f |42 in the first term of (24) work in opposite directions,
whercas = +7© in the denominator of (24) have the same sign. Hence, the weight sttached Lo
this eflect: is Juwer than under the destination principle, where the corresponding terms simplify to

unity [see eq. (14)].
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Using (25) in (24), the optimal tax formula can be simplified to

JO — gy — &t_‘ﬂﬂy) @
' Toap ety

and our results are swwmmarized in

Proposition 2: Under the origin principle, the notionally oplimal tex rale 15 neg-

ative for all levels of trade costs.
Proof: This foliows dircctly from (26) and strateglc substitutability [eq. (9)]. 3

Proposition 2 shows that commodity taxes levied under the origin principle lead
to vesnlts that resemble the case for strategic exporl subsidies, aimed at increas-
ing the domestic firm’s market share in a foreign market (Brander and Spencer,
1985). Together, our Propositions 1 and 2 this encompass two of the main beggar-
thy-neighbor strategics analyzed in the lileraturce on strategic trade policy: (2] the
incentive o shift profits from the foreign firm to the home treasury through an im-
port. tariff; and (#) the incentive to shift profits from the foreign to the domestic firin
through an cxport stibsidy. Which of these two strategic incentives is al work n a

commodity lax sctting depends only on the international tax principle in operation.

Based on Propositions 1 and 2, we finally compare the non- cooperative tax rates
snder the destination and origin principles. Ti. turns out that this comparison is less

clear-cul, than may appear at first sight. Our resulls are summarized in

Proposition 3: (u) The nationally optimal tax rote is higher under the destination
principle, if the inverse demand function is concave (p7 < 0} or if trade costs are
zevo. (B) The optimal oz rate s higher under the origin principle, if the inverse

demand function is conver (p" > 0) and frade costs are sufficiently high.
Proof: See the Appendix.

Proposition 3 can be direcily related to our earlicr interpretation of egs. (14)
and {24), and in particular to the efficiency and the rent shifting effects. The com-
parison of Nash equilibrinm tax rates under the two tax principles depends on two
eointeracting forces. On the one hand, the negative efficiency ellect in the home
market [the first term in (1)] is stronger under the destination principle, since the
subsidy can be directly targeted at domesiic consumption. On the other hand, the

rent shifting effect ([T} raisos the optimal tax rate under the destination principle

14



(sign of cffect is positive), but lowers it under the origin principle (sign of effect is
negative). Henoe, it is intnitive that {7 = £2 holds when frade costs arc zero {or
very low). When trade costs are high, £ > 9 will also hold if 3/ < 0, sinec the
incentive to snbsidize domestic consumption is then relatively weak. However, when
the domestic efficiency effect is strong (p” = 0} and the rent shifting terms are neg-
ligible (trade costs are high), then the [ailure of the ori gin principle to fully correct

for imperfect competition implics that 2 < (9.

4 Welfare comparison of tax principles

The analysis in the preceding scctions has pointed oul the different strategic incen-
tives thal exist for national tax policy under consumption- and production-based
commodity taxation, leading to different equilibrinm tax levels. The final objective
of our paper is to compare the welfare levels that cach country can obtain under the
two alternative tax principles when tax rates are set non-cooperatively, The policy
idea. that underlies this analytical setting is that an international agreement on tax
principles is far easier to reach than an agreement on tax rates. The relevance of this
scenario is clearly demonstrated by the strong resistance of many memhber states of

the Europesn Union towards a further harmonization of value-added tax rates.

As a firsl step in this analysis, we derive the optimal tax formnila that would resuli
under aggregate welfare maximization and usc it as a benchmark for the comparison
of the two commodity tax regimes. In our symumetric setting, the optimal tax policy
is equivalent to a coordinated tax policy under elther the destination or the origin
principle: hence, it does not matter whether we maximize joint utility under the
first or the latter. There is, however, a clear expository advantage in determining the
optimal tax rate under the destination principle. Under this tax scheme the national
markels for good X are independent and consumer surplus in each national market
15 affected only hy the domestic comruodity tax rate. Therefore, it is sufficient to
consider the spillovers of domestic tax policy on the [oreign firm's profits and thus
choose the domestic tax rate 5o as to maximize the sum of domestic consumer surphs
and the profits of both firms. By the symmetry of the model the foreign tax rate

will be identical and the solution represents an aggregate global welfare optimum,.



Denoting all values that obtain under global welfare maximization by a tilde, the
ahjective fupction 1s given by

W=ul()—ple+y+(e+y)t+L+0°+ TP, (27)

where the difference to (11} lies in the additional term for the profits of the for-
eign firm (I1*) . Differentiating (27), wsing v = p and p, {*) = p' (-} (zF + ¢7 ) and

stbstituting {13) and the corresponding expression for IID gives

W, = —p() (@ +uf) @y + @ 2p) + (@ +9P)t + TP + 17
(@ +97) t—ply (27 +y7) + sz = 0. (28)

We can then salve for the optimal coordinated lax rate ¢
1 Totar () 1 oD o
= -~ 1Py Yo ) — s x|, 29
(:Ulp + y]_p) |_p J ( 3 + .ff, ) [3 ] : ( )
which can bhe further reduced, using {15):

o s+ (y - 2)]

t=1yy o (30)

In general, the optimal coordinated tax rate balances the competing considerations
to () correct the domestic underconsumption of good X in bolh countries and (44)
ensure an cofficient level of trade. In the special case of zero frade costs, two-way
trade yields no efliciency loss and only the domestic correction motive is operating,.
In this casc the sccond term In (30) is zero and the oplimal tax is unambiguously
negalive, When s ks increased, the market power of cach national firm rises in its
home market. increasing the need for a consumption subsidy. At the same time,
however, two-way trade involves rising levels of wasteful trade costs. Tu the neigh-
borhood of the autarky equilibrium, trade levels are unambiguously too high from a
global welfare perspective (Brander and Krugman, 1983) and an optimal trede tax
would be unambiguously positive. T'he sign of the optimal commodify lax is ambigu-
ous, however, since a posilive tax also aggravates the domestic underconsumption
of good X.

The next step is 1o compare (30} with the nationally optimal tax rate under the
destination and the origin principle, respeciively, We will consider two special cases

— zero trade cosls and trade costs that make it optimal to eliminate all trade — and
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show that the welfare ranking between the two lax principles is reversed when we

move from low Lo high levels of s.

Since the second-order conditions for nalional welfare maximization are assured to
hold in the prosent analysis, and W{t} is continuous and quasi-coneave under both
tax principles, it is possible o link tax raves and welfare levels in an unambiguous
way. In particular, if one of the non-cooperative lax rates (fp, T } coincides with
the optimal coordinated tax rate £ for a specific level of transport costs s, then the

corresponding tax principle mmst {at least weakly) dominate the other in this point.

We first farn Lo the case where the level of trade cosis is wero, As discussed above,
the Parcto optimal tax rate is then unambiguously negative, as two-way trade causes
no efficiency losses and lax policy scrves Lhe sole purpose of correcting the domestic
distortions in the two national markets for good X. For this casc we get:

Proposition 4: Af 5 = 0, non-cooperative tazation under the origin principle is
Pareto efficient. The origin principle striclly deminates the destination principle in

this poind, that s WP| < WO

3. ) A=l

Proof: Settiug s == (0 in (16}, (26) and (30) gives
i=F=py and = —pay

Hence, £ and # always coincide at s = 0. In contrast, £ and f colnelde if and only

itp' = —p'm <= p' +p"z =0, which violates the assurnphion that the commodities

are strategic substitutes [eq.(9)]. 3

To understand this result, it is helplul Lo return to the detailed optimal tax formulae
under the two tax principles, as developed in ihe preceding scetions feqs. (14) and
{24)]. The efficiency torm (1) is the same under 1he destination-based tax [eq. (14)]
and the optimal tax [eq. (28)], il both are cvaluated at 5 = 0. This shows that
the consumption-based tax in each country lully internalizes the optimal subsidy to
correct for the domestic distortion. Hence, the non-cooperative tax rate under the
destinalion principle will diverge from the optinial tax rate by the reni shifting effect
(IT}. Since this effect 1s unambignonsly positive under the destination prineiple, the
nationally optimal tax rate /7 will always be “too high’ (i.e., subsidies are ‘too low’)

from the perspective of global welfare maximization.
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Under the origin principle [eq. {24]], the efliciency effect (I} falls short of the op-
timal subsidy |eq. {29)] at ¢ — 0, since the tax alfects only that parl of domestic
corsumption which is also domestically produced. However, the rent shifiing effect
(IT) also works in the direction of a subsidy. In a symmetric model, and in the ab-
sence of trade costs, both firms share both markets equally and the strategic rent
shilting effect just makes up for the incomplete incentive to snubsidize domestic con-
sumption. Hence, even Lthough governments set tax rates non-cooperatively, the sum
of all cffects under the origin principle is just as large as in the ageregate welfare

optinuum.

Onr Proposition 4 is closely related to Proposition 6 in Keen and Lahiri (1998). In
the absence of lrade costs, Keen and Lahirl show that non-cooperative tax setting
under the origin principle is able to attain the first best solution if both countries
are identical and trade cosls are absent, whoreas the same is not true under the
destination prineiple. Our model reproduces Lhis result for s = 0, and it also offers
sn cxplanation thal is relaied to the strategic rent shifting incentives known from
the international trade literature.'™ As we have argued sbove, it is the complete
gymmetry of the model in the abscenee of trade costs which ensures thart the strategic
rent shifting motive is an exact complement to the partial incentive to correct the
domestic distortion. This, however, is no longer true when positive trade costs are

introcuced,

We now Lurn to the other limiting case where trade costs are so high thal the optimal
policy is to eliminate all irade, In the following we denote by & the (minimal) level
of trade costs for which the coordinated tax rate £ implics ¢ = y* = (0. The sign of £
is generally ambiguous at 3, as the tax trades ofl the competing incentives to correct
the domeslic disiortion on the one hand, and to cut off inefficient levels of trade on
the other. It is important to emphasize that the levels of s at which non-cooperative

tax policy under the destination and origin principles eliminates trade, denoled by

1¥Note also that with complete symmetry and zero trade costs the difference between the inte-
graled market assumption in Keen and Lahiri (1998) and the segmented markets model assuraed
here Is immaterial: even if firms are permitted to charge different prices in the home and the [oreign
markes, they will nol do so if trade costs are zero, This can be scen directly from egs. (19} and {22)

by setting s = 0 and z = ¢
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57 and s, respectively, need nol. coincide with 5. The following proposition shows

that tax policy under the destination principle will always cut off international trade

at s = § whereas the same is nol (roe, in general, under the origin principle.

Proposition 5: Af s = §, non-cooperative tazation under the destination principle
is Pareto efficient. The destination principle weakly dominates the origin principle
i the nesghborhood of this point. (o) If inverse demand is conecave (p =< 0), the

ovigin- principle eliminates trade at 3° > & and W7 > WO . (b} If inverse

s
demand is conver (p" > 0), the origin principle eliminales trade of 3° < § and

ﬁ,rl) - L_?l,.r( 3

4—F

L (c) If inverse demand is linear (p" — 0), the vrigin principle
S=F
= I_.i!O

=g

eliminates trade at 5° = § and W7

i=F

Proof: See the Appendix.

- Intuitively, as trade costs approach prohibitively high levels the rent shifting effects
(IT} become less important under both tax principles and efficiency effecls dord-
nate. It is then seen from the comparison of egs. (14) and (29) that non-conperative
taxation under the destination principle fully internalizes the optimal trade-off he-
tween an efficicat level of domestic consumption and an efficienit level of international
trade. The reason is that, in each couniry, the destination-based tax can be targeted
directly at the domestic underconsumpiion of good X, and it also incorporates allt
trade costs that must he borne by domestic consumers. lu contrast, the origin-hased
tax deviates from the optimal tax in two respects: On the one hand, il neglects
the import component of domestic demand, implying that the subsidy for domestic
consumplion is too low. On the olher hand, it also neglects the trade costs borne by
foreign consumers, leading to cxcessive subsidization of domestic exports. The net
cffect. of these two deviations from the optimal tax rate at high levels of trade costs

depends again on the curvature of the domestic demand [unction.

[ the inverse demand [imction is coneave (p” < 0), then the domestic elliciency effect
18 relatively weak so that the excessive subsidization of exports under the origin
principle is the dominant effect, This conforms with Proposition 3(a), which shows
that in this case 2 > (7 must hold al. & = &. Since £ is the slobally efficient tax rate
in this point, £2 must be ‘oo low’ from a global welfure perspective. Furthermnore,

trade levels in the non-cooperative eguilibrium are a monotonously falling function
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of national tax rates. Therefore, non-cooperative commodity taxation under the
origin principle will still support positive levels of trade at s = 3, and this trade is

globally welfare reducing.

If the inverse demand function is convex (p” > 0. then the motive to subsidize
domestic consumption is strong and the failure of the origin principle to fully inter-
nalize this effect leads to a production tax that is ‘too high’ from a global wellare
perspective. This conforms with Proposition 3(b}, given thal the consiumption- hased
tax rate is again optimal. Hence, under the origin prineiple trade is cur off at 59 < 3,

ituplying ‘too little’ trade for all levels of trade costs in between these two values.

In sura, for cithor strictly convex or strictly concave inverse demand, the origin
prinviple induces antarky at a level of trade costs that differs from &, where trade
should be eliminated from a glohal welfare perspective. The only excoption ariscs
in the ‘intermediate’ case of lnear inverse demand (p” = 0}, In this special case
the devialions [rom the oplimal tax rate are just offsctting, and non-cooperative

taxation under the origin principle is Pareto efficient at. s = 5.6

From DPropositions 4 and 5 it is straightforward o develop our next, and final,

proposition:

Proposition 6: As trade costs are continvously increased, there is of least one
critical level 8% where the welfare ronking of the two tax principles is reversed, that

is W2 < o and 177 > W

58" £ 8" &=a" B

Proof: All optimal tax rates must be contimmons functions of s, since they depend
enly on the first and second derivatives of the iuverse demand function, which are
continuously differentiable. Furthermore, from the assumption thal the second-order
conditions of the optimal tax problems are fulfilled under both tax principles, W{#7)
and W () are continuous and quasi-concave in # for any level of s. Proposition 6

then follows directly froin Propositions 4 and 3. L1

The intuition for Proposition 6 follows immediately from owr carlior discussion. As
trade costs increase, the Iimporiance of the strategic rent shifting effects is reduced,
and the non-cooperative tax rate under the destinalion principle approaches the op-

timal level. Thus, there must. be a critical level of trade costs at which the advaniage

164 doetailed analysis of the linear inverse demand case is available from the authors upon request.
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of the destination principle to optimally trade off domestic consumption efficiency
and imternational trade cficiency dominates the wellare comparison of the two tax

principles.

Onhur resnlts in ihis seclion are llustrated in Figures 1 and 2. Figure 1 corresponds
to a case where the inverse demand function is concave (Proposition ba) whereas
Figure 2 represents the opposile case where the inverse demand Mwnciion is convex

{Proposition 5b).
sk RARRE Pioyures | and 2 about here FRERRERA Rk

Note first that the welfare plots in both figures exhibit the U-shape tvpical for the
reciprocal damping model. A low levels of trade costs, trade is beneficial (i.c., the
pro-competitive offeet of trade dominares excess transportaiion costs) and increases
in g are welfare reducing. In contrast, trade is harmfnl ar high levels of s {1.c., the loss
from excess trade costs exceeds Lhe gaivs frow nereased consnuption of good X}

and a further rise in s is welfare increasing (of. Brander and Krugman, 1983).

Figurcs 1 and 2 both show that, at s — (), non-cooperative taxation under the
origin principle yiclds a higher level of welfare as compared to nationally optimal
commodity taxation under the destination principle (Proposition 4). For high levels
of trade costs, however, the destinalion principle leads to a higher wellare level either
al § (Figure 1} or at 3° (Figurc 2), whichever level is lower (Proposition 5). Since
the curves W(s) aud WP (s) are continuous functions of =, they must intersect at
a critical level of trade costs % (Proposition G). Finally, once trade is eliminated
under the origin and the destination principle, then welfare must also be equaﬁzcd
under both iax principles. This ocenrs to the right of 32 in Figure 1 and to the right

of 3 in Figure 2.7

1"Nole, however, that the optimal tax tates in 52 (Figure 1) and # (Tigure 2} do not correspond
tor the optinal monopoly subsidy in a closed econurny. The reason s that even though no irmports
oceur at these levels of trade costs, the poteniial cntry of the foreigu finn still lnits the optinal
subsidy granted to domestic producers in cach country |of. the constraint implied by ¥ = 0 in
egs. (7) and (20}]. This restriction is gradually relaxed as Lrade costs are Further inercasced, raising
national welfare. For & > &9 the first-best monopoly subsidy can be set in each country without

inducing entry of the foreign firm.
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Table 1; Critical values of trade costs for isoclastic utility functions u = X*

elagticity parameler a | critical trade cost level s°
0.1 0.046¢ |
0.2 0.082¢
0.4 0.108¢
0.4 0.123¢c
0.5 0.127¢
0.6 0.121e
0.7 0.104¢
0.8 0.077c
0.9 0.043¢

So far, we have established the gualitative resildi. ihal ihere must be a critical valie
ol irade costs at which the welfare comparison hetween destination- and origin-hased
commodity taxalion is reversed. The mportant gquestion from a policy perspective
is then whether this reversal oceurs al ‘realistic’ values of trade costs. Table 1 sum-
marizes the critical values ° for the class of isoelastic wsility functions u(X) = X¢,

in relaiion to the vit costs of production ¢ %

The table shows that, depending on the precise value ol the elasticity parameter o,
the reversal of the welfare ranking oceurs at lovel of irade costs that lic between
4% and 13% of produetion cosis. These values are either below or in between the
different levels ol trade cosis assumed, for example, by Markusen and Venables
{1998} in their simulation model of irade and foreign direct investment. (10% and
16%). Furthermore, they are much lower than irade cost estimates inferred from
real-world trade pasterns (see Nomman, 1998, as quoted in the mtroduction). In
short, Lhe exanple of isoelastic utility functions demonstrates thal the reversal of
the welfare ranking between Lhe destination and origin principles is not merely a

theoretical curiosity, bit may well oceur in an empirically relevant parameter range.

Finally. we emnphasize that the argument favoring the destination principle at high

Y The Mathematice file underlving {hese simlations and a more detailed summary of the special

case of the square root utility function (e = (0.53) ate available from the sauthors upon request.
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levels of s does notf depend on the symmetry assmmption used in this model, As
we have geen in section 2, the destinalion principle allows to consider each markert
separately, if marginal production costs are constant and identical across firms. If
trade costs are high, the nationally optimal tax rale in each country systematically
incorporates the officiency terms that result from aggregate wellare maximizalion,
and this will remain true if couniries differ with respect to population size or con-
sumer preferences. In contrast, the supertority of the origin principle in the case of
zero trade costs depends crucially on the symmetry assumption, which cnsures that
disparate offects (the incomplete domestic correction ineentive and the rent shifting

incentive} add np to the optimal 1ax rate.

5 Conclusions

Our aim in this paper was to exploit some of the insights from the literature on stratc-
gic trade policy in order to shed new light on the comparison belween different inter-
national commodily Lax prineiples under imperfect competition. For this purpose,
we have seb up a symmelric two-country model with segmented national markets
and trade costs in which both firms and governments behave non-cooperatively. In
this frarmework, national tax policy faces a trade-off heltween the tncentive to correct
the domestie underconsumption of the good produced in the oligopolistic markel,,
and the motive to shifl profits from the foreign firm to the home country, We have
scen that the latter effect, and hence the trade-off for national tax policy. depends
qualitatively on the lax principle in operalion. Rent shifting will tend to raise the
optimal commeodity tax raie if taxes are levied in the country of final consumption,

but lower it il Lthe tax basc is domeslic production.

Furthermore, our analysis has shown that the welfarc comparison hetween the two
tax principles depends crucially on the level of Lrade costs, If trade costs are #ETO,
non-cooperative taxation under the origin principle is oplimal, as an imperfect in-
cenlive to correct ihe domestie distortion in the goods market. is jusl compensated by
8 strategic rent shifting effect. This is the same result that Keen and Lahiri (1998)
have obtained in a model with integrated commedity markets. When trade costs

arc introduced, however, the strategic rent shilling incentives become less relevant
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while trade costs cause an clement of pure waste that needs to be incorporated by
an optimal tax policy. This tilts the welfare comparison in favor of the destination
principle, which is able to trade off the conflicting goals of domestic consumption

cfficicney and international trade efficiency in a Pareto oplimal way,

In addition, it should be cmphasized that at least some of the simplifying features
used in our analysis are likely to understate the arguments in favor of the destination
principle. First, we have assumed the existence of lamp-sim Laxes. If distortive taxes
have to be levied instead, then a subsidization policy will be less appealing. This

tends to work against the origin principle, where subsidics arc higher in mosi. cases.’®

Second, we have argued above that the symmetry of the trading countries is erncial
for the welfare dominance ol the origin principle when trade costs are zero, whereas
the same vestriction does not apply to the wellare dominanee of the destination
principle at high levels of trade costs. Hence, while a more eeneral framework with
asyinmcetric countries will greatly complicate the analysis  and perhaps malkoe it
Intractable analytically  we cxpect that this extension generally strengthens the

welfare case in favor of consiumption-based commodiiy taxatior.

In sum, it is by no means clear that iinperfeet competition in product markets es-
tablishos a general case for production-based commodity taxation. Instead, welfare
comparisons depend crueially on a muaber of ceniral model parameters, and possi-
bly also on the choice of the trade model itself. This opens up many new avenues for
theorelical rescarch, as well as cmpirical work assessing the quantitative magnitude
of critical variables. However, Il the new international trade literature is any guide,
vhen it is unlikely that the emerging results based on models of imperfect. competi-
tion are sufficiently robusi 10 serve as a basis for actual tax policy. The couflicting
implications derived from models of strategic trade policy have led many interna-
tional Irade theorists Lo return to the basic case for free trade as s Tule of thumb’
{scc Krugman, 1987}, In a similar way, we predict. that international tax specialists
will return to the robust virtues of ihe destination principle under conditions of

porfect competition, even il these conditions are not generally mel. in practice.

Tt has been shown by Keen and Lahiri (1998, Proposition 7) that wilth intcgrated national
markets this argument roverses the welfare ranking in favor of the destination principle evern in she

absence of trade costs, if the shadow price of public revenues becomes sufficiently high.
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Appendix

Derivation of egs. (15) and {25):

Destination Principle [eq. (15}]: To obtain the gencral equilibrium changes in
the output levels z and ¥ in response 1o a change in the domesiic tax rate, we totally
differentiate the firms® first-order conditions for profit maximization I, (x, y, t) and

Iz, 'y:.t) [eqs. (6) aud (T)]. "This yields

IL,.dx + Hydy + Nt = 0,
T, doe + T0 dy +T,dE = 0. (A1)

Substituiing the second-order derivatives given in eqs. (8)-(9) and I, = H;E =-1

into {A.1) yiclds the simultaneous equation system

2+ P+ 1 1
pors o dat. (A.2)
Pty 20+ | | dy 1
Applying Cramer’s rale to {A.2)} gives Lhe expressions for dx /dt = uy and dy/dt = %

in eq. (15} of the main lexi.

Origin Principle [eq. (25)]: To oblain the effects of a dotnestic 1ax increase in
the home market we totally dilferentiate the first-order conditions I{x, », ) = 0
and I {x, y) = 0. 'Lhis gives

M Iy i 1

e = dt. (A3)
m, 1, || Ay 0

Similarly the effects of a domestic tax increase in the foreign market are obtained

by totally differentiating 1%, (+*, ¢*) = 0 and IL,-(z”, 47, ¢) — 0. This yields

(W SU F kot dz* 0
i E = i, (A
H‘y" e Hyu:yx d'yw' 1
Applying Cramer’s rule to (A.3} and (A.4) gives
1T I .. L
o “J'U‘ g — . HE . o AW . = b A5
BETL ETTRT ST YT A9
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where | J] is given in (10) and |J*| — Iepellyyr — Tps eIl is the analogous
Jacobian for the forcign markel.

The relevant sccond-order derivatives of the profit functions [T and II* are oblained
from (19) (22}. Using the assumption of siralegic substitntability, these can be

signed as

I, = §+py<0, I, =20 +p"y <0,

vy
.
I,

Pt <0, I . = 2p7 4 pT2T < (. (A.6)
Substituting (A6} in {A.5) vields the results summarized in eq. (25) of Lhe text.
Proof of Proposition 3:

. The proof is based on the first-order condiiion for national wolfare maximizaiion

under the destination principle, From (12) and (13) this is given by
W, = —p'(2e + pedy +y +t (@ ) + 522

We cvaluate this expression at the equilibrinm lax rate under the origin principle.
Since the second-order conditions of the government’s maximization problem are
agsumed 10 hold nnder both tax principles, W/ must be continuous and quasi-
concave in 2. We can then infer that i > {“ when W/ o = 0 and P < Y when
wph | i < 0. Setting ¢ equal 1o 2 in (24), using the comparative static results (15}
and expanding by |J| as given in (10) yields

Bt | ol

WPt =1 =1 = ﬁ 20"y(p" 1) + 9"y — @) 73112;& Jlr ;’3 - (A7)
From strategic substitutabilily [eq. (9) the first term is unambignously positive for
y > 0. The sccond term has the opposite sign as p”, sW&, o > 0if s = 0 or if
#" < (). This demonstrates part (a) of the proposition. For part (b}, note that a large
level of s implics that g is small and hence the firsi. positive term becomes small.
Furthermore, the second term (which is negative if p” = 0} increases with s and
decreases with y in absolite terms. Henee, a sulliciently large s exists such that the
second term dominates the first for all levels of trade costs above this value, giving

WP, < 0. |
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Proof of Proposition b:

For each of ¥, {°

and t we assume thal (rade is eliminated by sctting y = 0 in

— _
=gl ¢ =0

(16), (26) and (30). This yiclds for the destination principle 7|
f|_y=0 =1 |¢,_-§ ~= 30 = 3 In contrast, 12 and £ coincide for y = 0 if and only
it 20" /(4 + p'y) = (o — ¢¥'y)/ 2. The only demand specification which fulfills
Lhis condition and sirultaneonsly meets the assumption of strategic substitutability
[eq. (9)] is the linear inverse demand function (p” = 0). This is Proposition 5(c}. In
all other cascs, we have f.":"|3_gc, = 1 ) £t |y_u =1 |3_E w59 £ 5 Two cases
must be distinguished:

(a) " < 0: In this case, we know from Proposition 3(a} that £ > 2. Furthermore,
from eqs. (7) and (20} (with ¢ = £* in the symmetric equilibricm) ¥ is monotonously
_ falling in ¢ under both tax principles. Henee 59 > 5 must hold and cq. (26) describes
the optimal non-cooperative tax rate under the origin principle at s = §. This

deviates from the Parelo optimal lax rate { at s = §, establishing Proposition 5(a).

(b) 5" > 0: In this case, Proposition 3(b) siates that 2 < {© for low levels of 3.
Using again the property that 5 is monotonously falling in ¢, this implics 52 < & In
this case, the origin principle no longer supports trade at s = 3 and cg. {26) cannot
be used to describe the optimal non-cooperative tax rate undor the origin principle
at s = & To show thal the destination principle dominates the origin principle at
59, we cvaluate W, at £ — 2 by substituting (18} into (28). This yiclds, for any

level of 5 < 5

_ oy 2 200y -y

W | - - o ) < O
ot 7 T WA
from strategic substitntability [eq. (9)]. It then follows from the quasi-concavity
of W) that {9 > & > { holds al 3°. Hence, W2 > wo > broving
Proposition 5{b). ] -
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Figure 2: Convex inverse demand { ¥ <)
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