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1 Introduction

Tax competition between regions has been extensively investigated, both empirically and
theoretically. The main finding is that regions competing for mobile factors under-provide
public goods; and tax levels are below optimal.

In this paper, we consider a monopoly firm, which we refer to as a multinational, that sells
its product in two regions, A and B, and produces in another region, C.2 The regions could be
countries, or states, or municipalities.®> We assume that each region has an authority setting
that region’s sales tax level. The multinational is assumed to benefit from a diminishing
marginal cost of producing in the same factory for both A and B. We take the firm’s location
as fixed and analyze its production decision for each region in reaction to local sales tax levels
and the relative size of the regions. We then characterize the regions’ sales tax levels set by
their authorities at a non-cooperative equilibrium. Finally, we compare the equilibrium tax
levels with the cooperative optimum.

We show that, when the firm has a decreasing marginal cost, two non-cooperative regions
set higher sales taxes than those set by two optimally cooperating regions.* The link con-
necting the two regions’ tax policies is the nonlinear production cost of the firm. As region
A lowers its sales tax, or grows, the monopolist sells more in the region. This reduces the
monopolist’s marginal cost, which in turn results in more sales in region B as well. In this
case, region A’s consumers effectively subsidize region B’s consumers, as region A collects
less tax, but both regions receive more goods. A sales tax increase or a region size decrease
brings the opposite result. Raising sales tax in one region exerts a negative externality on
the other. In a non-cooperative game, the tax authorities do not fully internalize the effects
of changing their sales tax on the other region.

Our results show that there is potential for improving welfare globally by coordinating
sales tax levels, and emphasize the importance of international organizations, like the World
Trade Organization. Similarly, in the case when the regions are states or counties, the federal
government may accomplish this coordination. Coordination between sales tax levels would

be beneficial especially for smaller regions, as we show that, if a region is infinitesimally

1See Becker and Fuest (2010) for a theoretical argument and Devereux et. al.(2008) for an empirical one.
See Wilson (1999) for a review of older literature, starting with Tiebout (1956). Most of the papers deal
with country tax competition, but see Braid (1996) and Brueckner and Saaverda (2001) for examples of local
competition.

20ur arguments would hold if the multinational is based in either A or B, and we assume a negligible
transportation cost between A and B.

3A more proper term for the firm would be a “multi-regional” instead of a “multinational”, but for
simplicity, we use “multinational”, or simply “the firm”.

4There are other conditions to ensure the existence of a Nash Equilibrium in the tax setting game between
the two countries, and that the firm has a unique solution to its profit maximization problem.



small, its sales tax does not affect a larger foreign market, even though the small region is
affected significantly by that larger foreign market.

Most recent estimates of production functions show that firms indeed have decreasing
marginal cost. The production function of choice for empirical estimation is Cobb-Douglas,
and for this functional form we just need it to exhibit economies of scale. Ackeberg et. al.
(2006) show that for a dataset of Chilean plants in four industries — food products, textiles,
wood products, and metals — the Cobb-Douglas production function exhibits economies of
scale, regardless of the estimation technique used.

Economies of scale are one of the cornerstones of international trade.® Previous literature
has generally considered only one example of economies of scale: a fixed cost and a constant
marginal cost. We instead consider general concave cost functions (diminishing marginal
cost). Nonlinear costs are crucial for our results, since the externality between the regions is
due to the non-constant marginal cost of production. A constant marginal cost (even with a
fixed cost, resulting in economies of scale) leads to no connection between the two markets.
There would be no externalities of one region’s tax level on the other.

Many of our assumptions can be relaxed. When the firm’s cost curve is convex (increasing
marginal cost), the results are reversed. A higher sales tax in one region leads the firm to
produce less for that region, which in turn decreases its marginal cost (since the cost is
convex) and thereby increases sales in the other region. In other words, a sales tax of one
region imposes a positive externality on the other. In this case, the regions set their sales
taxes lower than their cooperative equilibrium levels. The assumption of one monopoly firm
in both regions can also be relaxed. While it is impossible to derive as general results as
in the monopoly case without further assumptions, we show some evidence that our main
result still holds with many firms in Section 5.

The literature provides other explanations to why non-cooperative authorities tax too
much. One is the well-known double marginalization problem in vertical tax competition
where the federal government is competing with a local tax authority. The other presents
itself when two regions tax a multiregional firm and provide tax credits.5

A branch of the literature analyzes the optimal tax policies of different regions while
focusing on the principal-agent problems where the regions cannot observe the costs of the
multinational. In this context, Bond and Gresik (1996) find that regions tax the firm too
much if the taxes are set non-cooperatively. We find parallel results due to a different reason,

which is the existence of a firm producing with a decreasing marginal cost. Calzolari (2001)

See Krugman (1980) for example. Burbidge and Cuff (2004) examine capital tax competition when firms
enjoy economies of scale. Since regions compete for mobile firms, competing regions set taxes lower than the
cooperative equilibrium.

6See Wilson (1999), Keen and Kotsogiannis (2002) and Bond and Samuelson (1989).



continues with the multi-agency approach and relates the regulation of the multinationals
to the standard regulation theory. Different from this literature, all the players in our model
have full information and there are no principal-agent issues. Gresik (2001) reviews different
ways that the multinationals’ income gets taxed, and the implications of these methods.

Another related work is Bulow, Geanakoplos, and Klemperer (1985). Similar to our
results, they show that following a positive shock, and thus more sales in one market, the
firm sells more (respectively less) in the other market if its cost function exhibits economies
(diseconomies) of scale. In our paper, we specify a positive shock as an increase in the
relative market size or as a decrease in the sales tax level of a given market. Different from
Bulow et. al.(1985), we endogenize the shocks by analyzing the optimal sales tax levels set
by the authorities.”

In the next section we present the general setup. As a benchmark, we consider the one-
region case where we first solve for the monopolist’s optimal reaction to a sales tax in that
region, and then characterize the region’s optimal tax policy. We then analyze the two-region
case where we solve for the monopolist’s optimal sales in the regions given their sales tax
levels. In Section 3, we present and discuss comparative statics of the equilibrium quantities
with changes in market conditions in the domestic and the foreign markets. In Section 4, we
characterize sales tax levels set by the regions in a non-cooperative equilibrium and compare
them with the levels set at cooperative optimum. Section 5 extends our arguments to the
case of competing multinationals by an illustrative example. In Section 6, we discuss some
of our assumptions and how relaxing them would affect our results. Section 7 concludes our

paper. The technical proofs are relegated to the Appendix.

2 Model

A monopolist sells its product in two regions, A and B. Region A’s inverse demand is P(q4),
where ¢4 is the quantity sold in A. To analyze the implications of the relative market size
of the two regions, we define region B’s demand as a scaled version of region A’s demand,
such that B’s inverse demand is P (qg), where 6 > 0.8 If # = 1, then the countries are the
same, if 6 — 0, then A is much bigger than B. We assume that the demand is decreasing
in quantity sold, P’(e) < 0, and there is a choke price in each region (prices cannot go to
infinity).

The monopolist is allowed to charge different prices across the two regions and we assume

"Moreover, we consider a firm with a decreasing marginal cost.
8The qualitative results would still be valid if we allowed for different demands in different regions (through
substituting P;(g;) by P(g;) in the analysis).



that there is no parallel importing. The tax authority in region A sets its sales tax level,
ta € (0,1), which results in the total tax revenue of t4P(q,)q, while leaving the firm a
revenue of (1 —t4) P(q,)q,. Similarly, region B’s tax authority determines the sales tax
level in region B, tp € (0,1), which creates tgfP(qz)qy of tax revenue for region B and
leaves the firm (1 — tg) 0P(qp)gp of revenue from region B. The tax authorities maximize
the sum of the consumer surplus and tax receipts in their region.

The timing of the interactions is the following. First, the authorities simultaneously and
non-cooperatively set their sales tax levels, (t4,tp). After observing (¢4, tg), the monopolist
chooses its level of production for regions A and B, (g4, gg). Let (¢%, ¢5) and (t%,t5;) denote
respectively the equilibrium quantities sold by the monopolist and the equilibrium tax levels
set by the authorities.

Suppose that the firm has one factory located in another region with the same trans-
portation cost to A and to B.? The firm’s cost function is C'(q4 + ¢g), which we assume to

be increasing, twice differentiable and concave:
A1. Decreasing Marginal Cost: C"(q) < 0

A diminishing marginal cost in quantity could be because, e.g., a larger scale enables the
firm to learn about more cost efficient technologies or use of its resources.

We focus on an interior solution for the firm’s profit maximization problem where the
firm sells positive quantities in both markets, i.e., g%, ¢5; > 0. To ensure that the profit of
the firm is a quasi-concave function in its production for region A and its production for

region B, we make the following assumptions: for ¢ > 0 and ¢ = A, B,
A2. Sufficiently Concave Revenue: (1 —t;) [2P!(q) + P! (q)q] < C"(q).

The assumptions above imply concave revenue. In general, log-concave demand functions
lead to a concave revenue.

Define t; as
o C// q
t’l(q) = 1 - / ( )// )
2P/(q) + P/'(q)q

Assumption A2 ensures that #;(¢) > 0. An interior solution exists only for sufficiently

for 1=A,B.

low values of ¢;. For instance, when t¢; goes to one, A2 does not hold. A2 implies that
t;(q) € (0,1), and thus, for all ¢; € (0,%(g)) there exists an interior solution to the firm’s
optimality problem.

9 Alternatively, the factory could be located in either A or B, with negligible transportation costs to the
other region.



We also assume that the welfare function that each region maximizes is concave in the
region’s tax level, so that we can solve each region’s maximization problem using the stan-
dard first-order conditions. This is a standard assumption, with one caveat in our model:
unfortunately, it involves numerous higher order derivatives of optimal quantities sold in
each region, and it is displayed in a somewhat more manageable form in the Appendix. For
an optimal tax problem’s second-order condition to hold, the firm’s margin in that region
cannot be decreasing too fast in the region’s tax level, and the optimal quantity sold in the

region cannot be too convex in the region’s tax level.

2.1 Benchmark: one-region case

We present the case of one region, say region A, where the monopolist is selling its product
and paying a unit tax, t4, over its sales revenue, so the firm’s profit is the difference between

its after tax revenue and the cost:

II(ga) = (1 —ta) P(q4)q4 — C(qa).
The firm chooses its optimal quantity to maximize its profit:

max I1(q4) (1)

qA

The first-order condition of (1) gives us the optimal quantity, ¢%(t4), which satisfies

(1 =1ta) [P(d4) + P'(d4)qa] = C'(¢4) (2)

The maximum profit is achieved when the firm equates its marginal revenue to its marginal
cost. We verify that the second order condition is satisfied by A2.Considering the impact of

the sales tax on the firm’s activity, we obtain the following result:

Lemma 1 The monopolist sells less when the sales tax level increases (gff—i‘ < O).

Proof. By applying the Implicit Function Theorem to equilibrium condition (2), we show

that the optimal quantity is decreasing in the tax level:

dgy Plaa) + P'(¢4)ds 3)
dit (1 =ta) 2P (1) + P"(¢h)ax] — C"(q4)
C'(q)
(1= t1)50C, ="



since P(¢%) + P'(¢})qs = C;,_(‘ii) > 0 by condition (2) and the denominator is negative by
the second-order condition. m
The tax authority sets a sales tax which maximizes the sum of the consumer welfare of

the region and its tax revenue:

*

max (L) = / " Pl)dg — (1—t) Pa3)

The optimal tax level, t%, is characterized by the first-order condition:

dq
dt 4

P(qh)ah +{P(qh) — (1—ta) [P(gh) + P'(¢h)aa]} = =0 (4)
Substituting the monopolist’s equilibrium condition, (2) and the derivative of its optimal

quantity, (3), into equation (4) leads to the optimality condition for t :

C'(qn)

(—t2)S0C, " (5)

P(qa)qy + [P(¢h) — C'(g4)]

2.2 Two-region case

We now analyze our base model when the firm sells its product in both regions. The firm’s

profit is then

I(ga,qp) = (1 —ta) P(q4)q4 + (1 —tB) 0P (q3)q5 — C(qa + gn), (6)

where the first term on the right hand side is the after-tax revenue from region A, the second
term is the after-tax revenue from region B and the third term is the total production cost.
The firm takes the sales tax levels t4 and tg as given, and chooses quantities g4 and ¢p to
maximize its profit. In equilibrium the monopolist sells positive quantities ¢% and gj such
that:

(1 —=ta) [P(q4) + P (1)aa] = C'(¢4 + q5) (7)
(1 —tp)0[P(qp) + P'(4p)qs] = C'(¢4 + qp)- (8)

To derive explicit equations for the optimal quantities as functions of tax levels t4 and
tg, one needs to specify the cost and demand functions.'®
Using the implicit definitions ¢%(ta,tg,0) and ¢;(ta,ts, 6), we now derive some compar-

ative statics.

10Tt is also necessary to verify that the cost and demand specifications satisfy our assumptions.



3 The effect of market conditions on optimal quantities

3.1 Changes in the domestic market

Considering the impact of a sales tax level on the monopolist’s sales in that region, we obtain

the following result:

Proposition 1 If a region has a higher sales tax level, the firm sells less in that region
<g%, g‘j—i < 0).

The proposition generalizes the result of the one-region case to the case of two regions:
increasing the sales tax level in a region leads to less sales in that region.

When 6 is very close to zero, the relative market size of region B goes to zero, the
firm sells nearly zero in region B and sells ¢%(¢4) in region A which is given by the one-
region equilibrium condition, (2). In other words, when 6 approaches zero, the equilibrium
quantities of the two-region case approach the corresponding equilibrium quantities of the
one-region case. This is intuitive, but it does not prevent B’s tax rate from influencing A, even
when 6 goes to zero. This is the case if a marginal change in B’s production still influences
the firm’s marginal cost. Below we show that our assumption of an interior solution rules

this case out.

Proposition 2 If one region’s market size is nearly zero, the changes in sales tax level in

that region do not affect the other region (lim9_>0 8q’*“(g?/’f3’9) = aqg‘g“).

This result shows that if a region is very small compared to some others, its tax policy
does not affect the other regions, even when there is a firm with non-linear costs selling its
product in all regions. On the other hand, a relatively big region’s tax policy has a significant

impact on the smaller regions.

3.2 Externalities between the regions

The relative size of region B to region A, 0, affects the optimal quantity sold in region A,

since the firm has a non-linear cost of production:

oy . . . . 5 . oq%,
Proposition 3 The firm sells more in region A if region B’s market is larger (6—5‘ > O).

When the firm’s marginal cost is decreasing, if one market becomes bigger, the monop-
olist produces more overall, lowering its marginal cost of production, and thus selling more
quantities in both regions. The quantity for region A shifts due to a change in an external
circumstance, the relative size of market B (f). As a result of a variation in 6, region A’s

consumer welfare moves to the same way as quantity.



. . . . . . aq*,
Corollary 1 The firm sells less in region A if region B increases its sales tax level (ﬁ < O) )

If region B’s authority sets a higher sales tax, the firm is going to produce less for region
B. This increases the firm’s marginal cost, and thus the firm sells less in region A as well.
Besides the effect on own consumers, increasing the sales tax level in one region decreases the
other region’s consumer welfare, and thereby imposes a negative externaltity on the other

region’s consumers.

Corollary 2 Increasing the sales tax level in one region decreases the consumer welfare in

the other region.

One region’s tax authority exerts an externality on the other region when setting its sales
tax level. When the regions set their tax policies non-cooperatively, this externality cannot

be internalized, which leads to a suboptimal outcome.

4 Equilibrium of tax competition and comparison with

the cooperative outcome

The welfare of region A (and respectively B) is the sum of the consumer welfare and the tax

receipts of the region:

*

Waltarts) — / " Plo)dq — (1-t2) P34
Wg(ta,tg) = /OqBé’P(Q)dq—(1—tB)9P(qj§)QE

where ¢} and gy are the equilibrium sales of the firm in region A and B, respectively, as
functions of tax levels (t4,%5) (given by equations (7) and (8)). Each tax authority faces a
familiar trade-off while choosing its sales tax level — lowering the tax level induces the firm
to produce more, but reduces the tax receipts.

Region A’s authority picks a sales tax level, 4, to maximize its welfare:
II%&XWA@A,tB). (9)
A

Region A’s best-response tax level to region B’s tax, t57 (¢5), is the solution of

aVVA o 0\ % 8WA 8qj1
Ot 4 B P(QA>QA+ 0qa Oty a
* A * * 1ok % aq*
= P(qa)da+{P(qh) — (1-ta) [P(qh) + P(¢4) a4} Wj = 0.

10



Substituting in the firm’s equilibrium condition, (7), we get the simplified equilibrium con-

dition characterizing t5% (tp) :

oW,
ota

P(q3)4 + [P(43) = C'(a + a3)] 5, =0 (10)
Symmetrically, authority B sets its tax level by maximizing

max Wg(ta, tg),
tp

and so its best-response tax level to region A, tB% (t,), is characterized by

OWp OWp Oqi

atB 9 (qB)qB + an (9tB ( )
o * * * 1 ( % * 8q*B _
= P(qp)ap + [Plgp) — C'(q4 + qB)] Bty 0.

We assume that a region’s tax level has a higher impact on the quantity sold in that

region and on its first-order effect than the other region’s tax level, respectively,

oq;
ot;

52 q;
otz

o2 q;
ot;0t_;

Oq}

A3. Br

and

>

,fori= A, B.

This seems like a natural assumption when the countries are symmetric, however it might
be violated when one of the countries is sufficiently larger than the other, so that it virtually
determines the firm’s overall production and its marginal cost.

Assumption A3 ensures that the equilibrium is stable, which means that the best-response
functions’ slopes are below one (in absolute value) in the neighborhood of an equilibrium
candidate (see Appendix). The non-cooperative equilibrium tax levels are given by the

intersection of the best-response functions: % = 5% (57 (t4)) and t3 = t57 (¢3).

Proposition 4 If the two regions coordinate their tax policies, they set lower tazes than if

they do not cooperate.

When one of the regions increases its tax level, the firm decreases its production level,
which in turn increases the marginal cost. As we have shown before, this leads to a decrease
in quantity sold in the other region as well, and higher prices. Overall, the regions do not
internalize the externality imposed on the other region through the decreasing marginal cost

function, and thus set tax levels which are too high, when setting them non-cooperatively.

11



5 N multinationals

Introducing strategic competition of two (or more) firms in each region makes it impossible
to derive general results on comparative statics without making more restrictive assump-
tions. The issue that makes the derivation particularly tricky is the fact that with imperfect
competition tax rate pass-through might be higher than one (see Anderson et.al. (2001) and
papers cited within).

Below, we present a numerical result for Cournot competition between N symmetric
multinational firms, facing identical linear demands in both markets. The demand function
is given by P(Q) = 2 — @, where @ is the total quantity in the market, and each firm has a
cost function of C(Q) = Q"?.

Suppose there are N symmetric multinationals operating in both markets, playing a
standard Cournot game in both A and B. There is no entry. The game has two stages:
authorities of A and B simultaneously decide on taxes, and then the firms play a Cournot
game in each market.

In the first stage, authority A maximizes the welfare of region A:

Qi
max Wa(t) = [ Plada—(1 = ) P@QQ5, (12)

and authority B simultaneously maximizes the symmetric function with respect to tp.
In the second stage, each firm, say firm ¢, simultaneously chooses the quantity it sells in

A, g;4 and the quantity it sells in B, ¢;5, given t4 and tg, to maximize its profit:

I(gia, gip) = (1 —ta) P(Qa)qia + (1 —tB) P(QB)giz — C(qia + ¢iB), (13)

where the total quantity in region A is Q4 = Zf\il ¢;4 and for region B is Qg = Zfil Gib-
In Figure 1, solid line and dashed line represent, respectively, the non-cooperative (Nash)
and cooperative equilibrium tax levels as a function of the number of firms in each market.
This simulation illustrates that our qualitative result holds in this particular example of
Cournot competition with N firms: the competitive tax levels are too high compared to
their cooperative levels. The pattern of equilibrium taxes decreasing with the number of
firms does not hold with different demand specifications. Similarly, the gap between the
two regimes does not always increase with the number of firms. We leave a more complete
treatment of symmetric oligopoly, i.e., competition between symmetric multinationals, and
the interesting case of an asymmetric oligopoly, i.e., competition between a multinational

and a local firm, for future research.

12



Mash and cooperative solutions
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Figure 1: Cooperative (dashed) versus Nash (solid) sales taxes with n multinationals

6 Discussion

We assume one monopoly firm selling in two regions, and cost as a function of the sum of
quantities in both regions in order to illustrate our results in as simple a setup as possible.
Chen and Ross (2007) examine a model of a duopoly with increasing marginal costs compet-
ing in two markets. They find that multimarket contact is anticompetitive in that setting.
Their results, and our simulations, lead us to believe that our findings would not change
substantially if there are several multinational firms. Examining that in more detail might
be worthwhile, particularly the case of multinational firms competing against local firms.
However, the functional form generality of our framework will have to be sacrificed.

We assume that the firm’s cost is a function of the sum of the quantities produced
for the two regions. We conjecture that the qualitative results would still be valid under
a more complex cost specification with less interdependence between the production costs

of the two regions. With a less interdependent cost structure, the inter-region effects are

13



correspondingly weakened, but as long as the production decisions that the firm makes for
the two regions are strategic complements, our findings hold.

Another concern might be aggregation across industries, assuming that the sales tax has
to be the same for all industries. A region could be a big market for one industry, but a small
market for another. With a common (for all industries) sales tax, the region is over-taxing
all industries, although the over-taxing is less severe for the small market industry. The
optimal solution is to separately account for all industries, and have agreements with all
other relevant regions. However, the relevant regions are not the ones that the region does
a lot of trade with. The relevant regions are the ones that are buying the same goods from
the same third region.

We assume that the multinational firm is based in a third region, and therefore the tax
authorities of the two regions maximize the sum of their consumers’ welfare and tax revenue.
Instead, suppose that the multinational is based in one of these two regions and the region
authority cares about the multinational’s profits as well as the consumer welfare and the tax
revenue of its region. That region then internalizes some of the effects of its tax level on
the other region, and therefore does not raise the sales tax as high as in the case where the
multinational is based somewhere else.

If the firm has a convex cost (increasing marginal cost), the results are reversed. Selling
more in the domestic market implies selling less in the foreign market, and thus one region’s
sales tax level exerts a positive externality on the other region’s consumers. As a result, the
regions set their sales taxes lower than their cooperative equilibrium levels.

We do not explicitly restrict the regions to set positive taxes. Indeed, this restriction is
not necessary for our arguments. Our conclusion with negative taxes (subsidies) would be
that the regions would subsidize more if they were cooperating. In the equilibrium of our
oligopoly simulation, we frequently encounter sizable negative taxes (heavy subsidies) in,
especially if the marginal cost diminishes particularly quickly (strong economies of scale).
Subsidizing competing firms with quickly diminishing marginal costs is a good solution for
the regions, since this leads to higher efficiency, and so lower consumer prices.!!

We left two major related issues out of our paper for purposes of tractability. The first
issue is parallel imports — consumers or other firms buying the good in one region and selling
it to another region where they compete with the original producer. We assume no parallel
imports. The likely effect of allowing parallel imports in our model would be dampening
the cross-region externalities. The second one is per unit, as opposed to ad valorem, taxes.

As a line of papers (see Delipalla and Keen (1992) for example) shows, there is a difference

1'With quickly diminishing marginal costs, driving some firms out of business might, of course, be optimal.
We kept the number of firms fixed in our simulations.

14



between the two in imperfectly competitive environments. We expect that our results still
hold with a per-unit tax. We chose ad valorem tax because it dominates specific tax from

the perspective of social welfare.

7 Conclusion

This paper shows that there is an opportunity to improve consumer welfare and tax receipts
globally through coordinating national sales tax policies. The same is true on other levels —
for example, there should be more cooperation between the states within the United States.
When a firm with a decreasing marginal cost sells its product in several regions, lowering
sales taxes cooperatively leads to an increase in welfare for all regions, higher profits for the
firms, and higher consumer welfare — a win-win-win situation.

We argue that the suboptimality of non-cooperative sales taxes is due to the independent
tax authorities not internalizing the externality of their tax level on other regions buying the
same good. These externalities originate from the fact that firms have nonlinear production
costs, and sell in many regions. The sign of these externalities, and thus whether the taxes
are too high or too low, depends on whether firms have decreasing or increasing marginal
costs. When multinationals enjoy decreasing marginal costs, a region’s sales tax exerts a
negative externality on other regions buying the same product and thereby non-cooperative
taxes are set too high compared to their cooperative levels. The opposite result holds if
multinationals have increasing marginal costs. The magnitude of these externalities and
how far they are from the optimum depends on several factors, like the degree of nonlinear-
ity in multinationals’ production costs, feasibility of parallel-imports between the regions,
and the degree of competition among multinationals or between multinationals and local
firms. We show that the first factor reinforces these externalities and increases the extend of

suboptimality, whereas we conjecture that the other factors might mitigate the externalities.
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Appendix

The proof of the monopolist’s second-order conditions

Claim. Assumptions 1-3 imply that the second order conditions for the firm’s maximization

problem hold.

To maximize the monopolist’s profit (6), we derive the optimality conditions with respect

to g4 and ¢p:
90 (1—ta) [P(¢4) + P'(¢a)qh] — C' (¢4 + q5) = 0, (14)
@ = (1—-tp)0[P(qp) + P'(qp)as) — C'(d4 + q5) = 0. (15)

Differentiating equations (14) and (15), we get the Hessian matrix for the second order
conditions:

i 62712'[ 21
B dq 0949qp
H =1 21 oo
| 94B0qa 9%
_ | U =ta) 2P (qh) + P (g4)ah] — C" (¢4 + aB) —C"(¢4 + qp)
I —C" (g} + ap) (1—tp)0 2P (q5) + P"(ap)ap] — C"(¢h + ap)

The second-order conditions are satisfied if and only if

011 6211 0’11
y 222 >0, 16
@ 943 Oqi, (0QA8QB) (16)
. 0
(17) 8—(]% <0,
NN
0 o < 0.

It is then straightforward to check that Assumptions 1-3 are sufficient for the second-order

conditions.

Assumptions to ensure that the regions’ second-order conditions hold and

that the equilibrium of the regions’ game is stable

) o W
Concavity of welfare maximization (TQ“ < 0):
A

Wi _0qy € 9q30(P(qh) —C") | &g}
O, Otal—ty Oty Oty 082

SOC, : (P(q}) — C") < 0. (17)
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Ensuring that the equilibrium is stable (the best-response functions’ slopes are below 1):

oty  0*Wj;/0taotp
oty W3 /ot%

(18)

Differentiating equation (10) with respect to ¢ for the numerator and ¢4 for the denominator

we get:
. aq; 9q4 9(P(q4)—C") 0%q «
atA - atﬁl —ty + Ot;: 8?3 + 8t,48/t‘3 <P(qA> - C/> (19)
9 dqy (P(qy)—-C") | 92q; N :
Otp 81‘: 1—i,4 + atj B?A + at’iA (P<qA) - )

Comparing the numerator and the denominator term-by-term, we can see that the frac-
tion is less than 1 in absolute value if the effects of a country’s tax level on domestic con-
sumption, the firm’s margin, and consumption’s response to tax changes are stronger than
the effects of the foreign region’s tax policy on the same variables. We ensure this by A3.
Note that this assumption holds when the regions are close in size, or symmetric, however,
as one of the regions becomes sufficiently larger than the other, it determines a significant
part firm’s production level and thereby its marginal cost, in which case these conditions

might not hold anymore.
Proof of Proposition 1.

We present the proof for qA < 0, the derivation for E < ( is symmetric.
In the previous section we derlve the optimality condltlons, (7) and (8), which define
¢(ta,tp,0) and q5(ta,tp,0) implicitly. Treating tp and 6 as constants and taking the total

derivatives of the optimality conditions give
(1 —ta) [2P"(q4) + P"(qa)qh] dga—[P(qh) + P'(¢4)da] dta = (dqiy + dqi) C" (¢4 +45), (20)

(1 —tp) [2P'(qp) + P"(qp)ap] dap = (dqy + dgp) C" (¢4 + qp)- (21)

By solving the latter equations together, we get

011
- 2 2 « £ \12°
Ota  1-ta FE55 —[C"(qh +qp)]

The derivative % is negative because g_na_n — [C"(q% + ¢3)])* > 0 and 6—H < 0 by the

second-order conditions (see (16)).

Proof of Proposition 2.
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Consider 24 which we derive in the proof of 1

Bty
* lA * * (‘)Q_H
o - C'(qy + qp) 0%
- 217 52 N * 12
Ota  1—ta THOE_[00(gy + gp)]

. e qe . . 2 .
Dividing the nominator and denominator by gTQH gives
B

9qn _ C'dh + ap) 1
Ota L—ta  gon  [c"@tap)]
qu gjig
If limgy_sq gz—g = —oo, we show that
0t Cailt)  Oai(ta)
6—0 8tA (1 — tA) SOCA(tA> oo~

From the proof the Hessian of the monopolist’s problem, we have

Ol

o 0(1—tp)[2P (¢5) + P"(q5)as) — C" (¢4 + qB)-
B

We know that C”(ga+¢g) is finite, and thus, by A2, P”(q})q}; cannot be positive infinity.

Let’s examine OP'(q};) closer. By the optimal quantity for country B, from 8, we have

(1 —tp)0[P(qp) + P'(ap)ap] = C'(¢4 + qb)-

Since everything else is finite, 0 P'(q};)q5 must be finite as well. Given that limgy_,o¢j; =0

and P < 0, limg_,0 OP'(q}) = —o0, and thus limy_, ZZ—E = —00.
B
Proof of Proposition 3.

Treating t4 and tp as constants, and taking the total derivatives of the optimality con-
ditions, (7) and (8), result in

(1 —ta) [2P"(q4) + P"(¢2)aa] dgy = (dgy + dai) C" (¢ + a5) (23)
(1—tg){0[2P'(¢5) + P"(qB)ds) dap + [P(qp) + P'(qp)qs) A0} = (dgy + dap) C" (¢4 + q3).-

(24)
foadl!

Using the definitions of ‘32—1; and o (see the proof of the second-order conditions above),
A B
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we rewrite the latter equations:

o211
an A B ( A B)
82]1 * * / * * * 1! * *
WdQB + (1 - tB) [P(CIB) + P (QB)QB] df = dq,C (C]A + QB)
B

After substituting the optimality condition (8), (1 — t5) [P(q5) + P'(¢5)as] = %, into

the latter equality, the solution of the two equations gives

dgy — C'(qh +qp) C"(qh + qp)

o o SRE —[C"(qh + ap))’

(25)

Since g%ng%n —[C"(¢, +q5) > 0 by the second-order condition (i) (see (16)) and

C’(.) > 0 by assumption, we conclude that %24 is of the opposite sign of C”(¢% + ¢3)-
Proof of Corollary 1

From the view point of the firm, the effect of ¢ is the opposite of the effect of 6.

Symmetric to (25), we derive

dgy  C'(q¢4 + qp) C"(q + q3) (26)
- 2 2 * *\12°
dip 1-tn GEa — 0@+ a)]

Since g_na_n —[C" (g% + ¢5)]> > 0 by the second-order condltlon (i) of the firm’s problem (see

(16)) and C’(.) > 0 by assumption, we conclude that is of the same sign as C" (¢4 + ¢}).
Proof of Proposition 4

If the two regions’ tax authorities coordinated their policies, they would set their tax

levels by
max (Wa(ta,tg) + Wa(ta, tp)].

tatp

Cooperative equilibrium taxes, (tg, tg), is the solution to the two first-order conditions:

oW, oWy
ot | ot 0
oWa Wy
ots | ots

Consider the value of the first-order condition with respect to t4 at competitive tax levels,
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t% and t}; :
oW 4 oWpg

- |tA:tj‘4 - |tA:tg
atA tB:tE atA tB:t*B

From (10), the first derivative is zero. Since the welfare of region B depends on the tax

level A only through its equilibrium quantity, we have

8WB 8WB 8qg
a |tA:tt;: Y |tA tz
ta

tp=th

Moreover, from (11), we get

W o = _0P(q5)qp
= — a *
dqp tg:tﬁ 83—5

and therefore

W5 9g5 oy = _0P(dB)qp 993
8(]3 825,4 ta=ta g(j_*g 8tA

tBZt}‘3

Since ?)Z_*g < 0 (see Lemma 1), we conclude that

OWg 0¢*
( B@> amte < 0
Oqp Ota ) 1p—is

if and only if % < 0, i.e., if and only if the cost function is concave (by Corollary 1). This

implies that whenever the cost is concave, we have

oWy  OWp
Ot Ota

’tA=tf4< 0
tBZt*B

and therefore, starting from the competitive tax levels, the regions would prefer to lower the
tax level of region A at cooperative equilibrium: t§ < t%. Symmetrically, we can prove that

t§ < t% if and only if the cost is concave.
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