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A Reversals of the orders in the levels of public investments

This appendix explores the effects of fiscal competition on investment levels. Without fiscal com-

Ti“_a < v and % < 79 hold. This shows that country B

invests more in the transport infrastructure when public investment is sufficiently inefficient and the

petition, we confirm %ﬁ < Eg when =

infrastructure-independent transport cost is large. In this case, the marginal impact of investment
on the local firm in country A is negative because of the larger gains from the separated locations
of the firms, and country A’s hesitation to invest in country A is large.

Under fiscal competition, we find that, /k\f > /k\g. This is easily confirmed by the second term of
Eq.7 which shows that the marginal effect on the local firm’s profits in country A is larger than

that on the equilibrium subsidy s% in country B.
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Figure 4: Equilibrium investment levels

Using the same parameter a = 1, Figure [4] shows different patterns of public investment in
infrastructure over different levels of infrastructure-independent transport costs, 79, with two dif-

ferent levels of efficiency of public investment, v. The dot-dashed curves in the figure illustrate
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Figure 5: Regional welfare

the equilibrium investment level without fiscal competition, whereas the solid curves represent the
equilibrium investment level with fiscal competition. We can observe EA < EB and 7@'\,4 > EB under

large 7y from the right ﬁgureﬁ

B Joint welfare

Figure [5| uses a = 1 and v = 4 and shows welfare in country B and joint welfare in the upper and
lower figures. The solid curves represent welfare under fiscal competition and the dashed curve
represents welfare without fiscal competition. Unlike the case with v = 3.25, shown in Figure
fiscal competition reduces welfare in country B. Despite this negative effect in country B,
there exists a unique threshold of 7 below which fiscal competition improves regional welfare. For
regional welfare, which also includes welfare gains in the non-host country, the region as a whole

can benefit from fiscal competition by improving transport infrastructure. Therefore, in such cases,

35The second term of 7513 comprises the direction term {2(3v + 13)a — 51y79} and scaling element. By comparing

1 Z (Oy=11) <~ 0 3 9v —22. Assuming v > %, the scaling effect

the scaling terms, we obtain (3 =1)(07=39) < 97(37—4)(97=29)

is larger for country B.




regional Pareto improvement is possible if the competing countries do some kind of transfer between

themselves.

C Exports from country 7'

We modify the model with two possible options for firm M: having a subsidiary in one of the two
competing countries or exporting goods from the MNE’s domestic country 7. For this modification,
we introduce the fixed cost of FDI, denoted as F', if the MNE decides to establish a subsidiary inside
the competing region.

If the MNE chooses to export its goods from country T without having its subsidiary inside
the region, then the FDI costs no longer arise; however, other transport costs, TZT = TOT — k;, are
needed. Because the main motivation for FDI in our model is (prohibitively) the high transport
costs between country T and the competing region, we assume 79 < TOT . In addition, government
i € {A, B}’s investments in transport infrastructure affect the transport costs between countries 4
and T and have no impact on the transport costs between —i and 1. With this specification, we
can conclude that the optimal strategy for firm M is to export if the fixed costs for FDI are large
and/or the gap in infrastructure-independent transport costs are small, and to otherwise, have a
subsidiary]

Now consider the effect of fiscal competition on firm M’s equilibrium supply choices. Let
(o™, o7¢) be the set of firm M’s equilibrium supply choices with and without fiscal competition,
where 0"/¢, of¢ € {Export, FDI}. Because this study focuses on the fiscal policy for FDI, and the
equilibrium fiscal policy is a subsidy, as shown in the benchmark analysis, the possible patterns
are (Export, Export), (Export, FDI), and (FDI, FDI). In the first case, (Export, Export), fiscal
competition has no impact on FDI. The last case, (FDI,FDI) corresponds to the benchmark
analysis. Therefore, we examine the second case (Export, FDI) in the rest of this appendix.

In the final stage, firms compete in a Cournot competition. Because the equilibrium outputs
under fiscal competition are the same as those in the benchmark case, we consider the case without

fiscal competition, in which firm M exports from country 7. The equilibrium output levels are

a—21% a4+ 7T
xf/b‘l = 4 and xf = A
3 3
atT 215 a+T1h—21
x}\F/fB =—7F727= and x:LFB "B~
3 3
e . . . . . T (IT +IT )2
These equilibrium supplies yield the following welfare function of each country, W, = % +
2 2 k2 T 42T 2 12
(sz) + (ng) — ,YTA and Wg = (‘TIWB%B) _ ’YTB'

36The trade-off between avoiding trade costs versus avoiding FDI fixed costs is known as “proximity-concentration
trade-off” |Brainard| (1997)).



Subsequently, the followings are the first order conditions for k;,
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and provide the following equilibrium investments in the transport infrastructure:

3y(da + 78 — 879) — 4(78 — 270)

33y -=4)By—-1)
T _ 2{3v(2a — 1§ — 1) — (6a — 47 — 79)}
b 337 - 43y - 1) '

T

By comparing the equilibrium investments in the transport infrastructure, we obtain,

4(63% + 141y — 28)a — 3y(3y — 1)(27y + 100)70 — 3v(3y — 4)(97 — 29)7d ~

[ gy - >0

A 9y(3y — 1)(37 — 4)(97 — 29) <
< 4(637* + 141y — 28)a — 37(3y — 4) (97 — 29)7g _ kT
0> 3v(3v — 1)(27v + 100) -0

BT _ 2{4(135v% — 165 + 14)a — 3v(3y — 1)(72y — 79)10 + 3v(3y — 4)(9y — 29)7 } >
B 97(3y — 1)(3y — 4)(9y — 29) <
— s 4(1859% — 1657 + 14)a + 37(3y = 4)(97 = 29)79 _ _kyr

3v(3y — 1)(72y — 79)
and Téf Al _ Téﬂ BT _ _ (37—3?(%353152)$j‘2f%)—8a) < 0. Therefore, if 75 < 7'(]; aT holds, fiscal competition

increases public investments in transport infrastructure in both countries.

By comparing the terms in the first-order conditions, we obtain
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The second comparison is likely positive because TOT > 19 and 79 > k4 + kp. Therefore, fiscal
competition increases the marginal benefits of k; through consumer gains. Additionally, government
A has a stronger incentive to invest in transport infrastructure without fiscal competition to support
firm L in expanding its market share in country B, which means that fiscal competition makes

government A less likely to increase public investment.



D Two subsidiaries in the competing region

Next, we consider another possible option for the MNE: having a subsidiary in each country in the
region, which is identified with the superscript F'. Analogous to the case of exports from country
T shown in Appendix [C] having a subsidiary in one country incurs a fixed cost F. As in the
benchmark model, firm M chooses country B as its production location if it decides to establish a
subsidiary with a profit of Wﬁ* + sp — F. Alternatively, if firm M has two subsidiaries, firm M’s
profit is wf/j = pixf(} A+ pgxf(} g+ 5B+ 5a—2F. Recall that we focus on the equilibrium at which
an MNE has one subsidiary in each country under fiscal competition. Therefore, country B does
not design its fiscal policy in equilibrium sp = 0 because firm M is already located there without
fiscal competition and firm M’s decision is whether or not to enter country A.

In the new case, the equilibrium outputs are,

B a— 27 a a a B a+T
<~’UMA= 3 <>~’UMA:3:55LA<<95LA= 3 >,

r _a+T p . .
TypyB = 3 =TyMB and B = 3 =XrB-

This indicates that the MNE establishes one subsidiary in equilibrium without fiscal competition if

ﬂfl\z B ﬂﬁ'sA:sB:O = {(xlf\}A)Q + (xﬂB)z —2F — (If/[B)2 - (xﬁA)Q - F}
_Ar(a—T) dr(a —7)
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holds. This means that the MNE ceases having a second subsidiary if the fixed cost exceeds the
gains from having a second subsidiary in country A.

Under fiscal competition, firm M decides to additionally enter country A if and only if,

w780 = {@H0)" + (@ie)” + 54— 28} — {(&Fa) + (hun) — )

4 — 4 —
M>O — SA>F—M

= - F
SA + 9 9

=sh >0,

where the last inequality holds, because F' > F¥. Recall that firm M does not have a second
subsidiary because of the high fixed costs; thus, country A needs to provide a subsidy to attract
firm M.

Next, we examine country A’s incentive to attract firm M. By comparing welfare in country A



with and without attracting firm M, we obtain
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Because country A has a local firm, attracting firm M reduces the local firm’s profits, which exceed
the gains from consumers. Therefore, government A cannot provide subsidies or impose taxes on
the firm M. This clearly contradicts the FDI decision of firm M in country A as firm M needs
a subsidy to establish a second subsidiary. Thus, country A has no incentive to design its fiscal

policy to attract firm M in the equilibrium.

E Product similarities

We modify the model with the representative utility function as u; = a(z;r,+zip)— = 5 L

which yields the inverse demand function as p;;, = a — z;;, — Bx;p and pyr = a — x40 — Brip. To
simplify the discussion, we focus on the case § = 0 hereafter.

In the last stage of the game, firms produce the following outputs:

A a A a—T B a—T B a

TAM = 5 > TpMm = ) and TApm = > TBM = 5
2 2 2 2
a a—T a a—T

xﬁL—§>$gL: 5 and :EEL:§>$§L:72

In the third stage, firm M decides which country to locate in by comparing its profits,
T — Ty = 5B — 54, (C-01)

which means that firm M prefers to be located in country B because of the weak preference
assumption for firm M in country B without fiscal competition, sp = s4 = 0.
First, we consider the case without fiscal competition. Given the location of firm M in country

B, the welfare functions of the two countries are,

(J:EL) ’ (3/’51\4)2
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Additionally, the first order conditions and the optimal investments in public infrastructure are,

B ~ ~ ~ ~
88‘2/2 =a—To+ka+kp—7ka=0 . kAZZ(;Y__T??)
B ~ ~ ~ ~
B =a—1y+ka+kp—2vkp =0 kp = £
Under fiscal competition, the most generous fiscal policies are,
2 2 T(2a—71 T(2a — T _
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2 2 T(20—T1 7(2a — T _ _
Wg—Wﬁ‘:(ng) —sB—(:ch) :(4)—8320 & SBS(zL)ESB(:SA)'

The most generous fiscal policies are the same across countries because no market interactions
occur, and the only gains from attracting firm M are via consumer surplus. This implies that fiscal
competition does not affect firm M’s location.
Similar to the benchmark analysis, the equilibrium fiscal policy of the host country B is derived
as,
Wﬁ—ﬂﬁ:\’ﬁ_/—i-sB—gA:O <~ S*B:§A.
=0

Under fiscal competition, the first-order conditions and optimal investment levels are

oW B ~ ~ ~
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We find %B <7<;A <7€\A :743\3.

F Three countries in the region

We introduce another country in the competing region, denoted as country C. Supplies to country
C are provided by firms L and M which incur trade costs that differ from those between countries
A and B, 7(= 19 — ka — kp). If goods are exported from country A, the per-unit trade costs are
Tac = To — ka — ko, whereas exports from country B entail 70 = 79 — kg — k¢. As exports from
country ¢ € {A, B} to C use ports in countries ¢ and C but not in j # ¢, the new transport costs
are a function of public investments in countries ¢ and C but not in country j. For simplicity, we
normalized ko = 0.

For simplicity, we assume that there are no firms in country C' to make it easy to compare
the results with those in the benchmark analysis. Furthermore, the market size and utility of
the representative consumers are assumed to be the same as those of countries A and B: po =
a(rer +rom) — M
The amounts of supplies to countries A and B are the same as in the benchmark analysis, and



those to country C' are computed as follows:

ady = =5, wiy = =5 (Firm M in A),
9 9
ng S TA; i TBC, ng _ ¢ i TAC3 TBC (Firm M in B).

Given the set of outputs, firm M’s decision on its location is

47’2 (kA—kB)(a—TBc)

B A
7TM—7TM: ?_ 9 +(SB_5A)7
~
=0 EQBC

where the first and third terms have the same fundamental location advantages in B and fiscal
policies as in the benchmark analysis. The second term is a new term in the presence of a third
country in the region. Because the trade costs for country C depend on the investment level
in the host country, larger investments in the host country enhance attractiveness of country A.
Therefore, if k4 > kp, country A is more attractive and the term capturing the export platform
location advantage 2pc is negative. Alternatively, when kg > k4, meaning that country B is
attractive, Qpc > 0 holds true.

Note that, as the sign of the second term is ambiguous, firm M’s location choice can be either
in A or B. To make the analysis compact, we focus on the case where firm M chooses country B
to locate for the purpose of comparisonm In other words, we assume €2 4+ Qpc > 0 for a while.

Given the location of firm M in B, the objective functions of countries A and B are:

we_L(2a-7 2+ a+T 2+ a— 2t 2+ a—2rac+7c\? kY
D) 3 3 3 3 2’

1/2a—7\2 7k2
wB— 2 _ _ "B
B_2< 3 ) B 2

First, we consider the case without fiscal competition, sg = s4 = 0. The first-order conditions

are

OWE  2a—71  20—107 2(a—27ac + 7BC)

= —vka =0
Dk 1 o "9 9 TR
+:Export expansion effect
GWg 2a —T
= —~vkp = 0. 4
O 9 kB (14)

The sole difference from the first-order conditions in the benchmark analysis is the third term in the

first-order condition for country A, which captures the export expansion effect of firm L. As public

3"We also assume away the possibility that countries A and B deviate from the interior solution. By increasing
from the interior solution, both countries may benefit owing to more public investments even with the same location
of firm M. However, such deviation may not be allowed by citizens as such deviation would increase their tax burden
although they are convinced with the interior solution because it is based on cost-benefits analysis, namely, the
first-order conditions.



investments in transport infrastructure in country A reduce the transport costs of firm L to country
(' and increase profits from the country, the term is positive, and country C has an additional benefit
from investments. Therefore, country A’s investment increases. Additionally, such an increase in
k4 induces country B to invest more because of the complementarity of the public infrastructure.

By solving the system of equations, we derive the following public investments:

~c 6(12y+1)a — (1357 — 8)19 ~c 63y —=5)a— (97 —4)7

A 3(277% — 607 + 4) o B 3(277% — 607 + 4)

As we assume 2 + Qpc > 0 to derive the optimal investments given firm M’s location in B, we
need to check whether (Eg, Eg) satisfies the inequality. We have,

4(Zq,a® + Zq,ato + Egng)
81(2792 — 60 + 4)2
where Eq, = —18(2437% — 774~% — 138y — 68)
Eq, = —18(927+2 4 504y — 20) < 0
Eq, = +(65617" — 16038+ + 2316672 — 1692 + 32) > 0.

Furthermore, we have,

0" 2+ Onolg g 80,
72 = 51277 — 60y 142 0

9 Q+ Qpelie je _ 8a(72007% — 119074” + 21247 — 64) _
01y _— 243~v(9y — 4)(2792 — 60y + 4) '

This implies that Q + BC\’,;c zc takes the minimum value at 7 = 7, and the maximum value at
A'™B
T =To:
8a?(27y — 4)(819% — 108~ + 16)
@+ 250lig 16 mmry = - 72972(9y — 4)2 <
_a?(7299* — 48677 4 16247 — 127 + 32)
o=To $172(07 — 4

Q+ QBC|E§,E§ > 0.
Therefore, there exists a unique ) = 7'52 below which © + BC‘%g,Eg < 0 holds. When 7 is small,
the fundamental location advantage in B, 2, is small, and the export platform location advantage,
Qpe, is relatively important. As the benchmark analysis shows that investment in A is likely to be
larger than that in B, Qp¢ is the dominant effect under small 7y, and firm M prefers a location in
A. To avoid these possibilities, our analysis focuses on the range 7y € [7’62 ,T0]-

Let us now consider the case of fiscal competition. In the second stage, governments determine
their fiscal policies as in the benchmark analysis. Note that country B’s most generous fiscal policy
is the same as in the benchmark case because no local firms exist, and the consumer surplus and

costs of public investments are the sole interests that are independent of country C. In country



A, the most generous fiscal policy is associated with country C' because local firm L makes profits

from the country. This it is computed as:

Wi -WF >0 < sa< 7—(4a1897—)+ _(kAk;B)(Zag?’TACﬁLTBC)

=54 =35 (—:Fierce market competition effect)

The second term is new and is negative when k4 > kp. With larger public investments in country
A and lower trade costs, firm L has a cost advantage over firm M if the location of firm M is in
B. This means that country A has additional hesitation to attract firm M in the presence of a
neighboring country.

Given the new most generous fiscal policies, we can determine the condition under which firm

M chooses to locate in country B as:

Wﬁ—ﬂﬁ:Qﬁ-QBcﬁ-(EB—?A—?%):Q+QBC+(§B—§A)+(—§%)
+ +

This means that country B is more likely to attract firm M because country A is hesitant to attract
firm M if public investment does not change significantly.

Similar to the case without fiscal competition, suppose 2 + Qpgc > 0 for a while and firm M is
located in country B. Given this possibility, the equilibrium fiscal policy in B is s = —Q—Qpc+54.
The first-order condition in country A remains unchanged compared to the case without fiscal
competition, but the welfare function in country B is Wg = CSg —sp — gl and the first-order

2
condition in B is

OWE  2a-—r7 <87’ 2a—97>

Ok 9 9 9
B (kAng B a97'30> B <k‘A9kB n 2a37f;C+TBC> kg =0
:>2a9—7' (897'_2&;97’)_a—QTAgc'—l-TBC_k'A;k?B_,YkB:O
+ (28, >0)

This implies that the marginal benefit from an increase in kg decreases in the presence of fiscal
competition if k4 > kp holds, and both countries’ investment levels shrink because of comple-

mentarity@ This is because larger investments in country B reduce the trade costs of firm M

38The new first-order conditions provide the following optimal investment levels,

2(36y — 91)a — 5(27~ — 56) 10
33y —11)(9y — 14)

2(27y — 17)a — 10(18v — 23) 79

.
and - kp = 3(3y — 11)(9y — 14)

el
kA =

2(97—"74)a+5(97+10) g

and we have k§ — k§ = 3(39-11)(9y—14)

which is positive when ~ is sufficiently large.

10



from country B to country C' and make the government in country A hesitant to attract firm M.
Therefore, country A regards consumer gains as a more important welfare effect and can increase
its most generous fiscal policy, forcing country B to increase its equilibrium subsidy.

Therefore, once we consider a third country in the region, it is ambiguous whether fiscal compe-
tition increases public investments. If the role of the third country in the competing region is small,
owing to a small market or relatively geographically isolated location in the region, the effects in

the benchmark analysis are dominant, and our results should hold.

G Export-spurring investments in transport infrastructure

We modify the formulation of the total unit transport cost from country ¢ to country j as follows:.
Tij=710—ki—(1—n)k; i#j=ADB.

In the final stage, the Cournot outcomes are

$MA—73 ) $M3—73 ) UCLA—73 ) xLB_73
A a4 A A _Q—TAB 4
wMA_g_xLA7 xMB_73 =B

Unlike the benchmark analysis, the location choice of firm M depends on the level of public

investment and the type of investment 7. Under no fiscal competition, this is characterized by

. . 4 4
Wﬁ — W]’?/[ |sA:sB:O = 9<7‘i3 + a(TAB — TBA)) = 9(7’%3 —I-CLT](k‘B — k‘A))

This implies that the location of firm M depends on the difference in transportation costs Tap—7pA4.
From the definition of transportation costs, a higher level of public investment in country B rather
than in country A reinforces the incentive to locate in country B. To simplify our comparison with
the main findings, we assume that a =1, vy =4, and p = i which leads to firm M’s location in B
irrespective of fiscal competition.

Under no fiscal competition for any 1, we obtain w2 — 77}(‘4* sA—sB—g > 0, and firm M enters

country B as in the benchmark case. The public investment levels are as follows:

B _ 84 — n{13 + (—26 + n)n}
AT 41288 + (=2 + n)n{—47 + (=2 + n)n}]’
B _ (1 —n){60 —n(-15+7n)}
B 4288 + (=2 + n)n{—4T+ (=2 +n)n}]’

By contrast, under fiscal competition, firm M chooses to enter country B if and only if
B — ij‘ s4=0,s8=g3, > 0 for 0.122185 < n < 0.561274. Therefore, within this range of 7, fis-

cal competition does not influence the location choice of firm M. The public investment levels are

11
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Figure 6: Equilibrium investment level

as follows:
B _ 68 + n{223 — (10 + 3n)}
A 28[B6+ (2 —nn{61+ 32—}’
B _ 40 + {127 — 3n(2+ ™)}

B 2836 + (2 — n)n{61 + 32 — n)n}]’

Considering the difference in public investment between the no fiscal competition and fiscal com-
petition cases yields l;:lB — l%lB > 0 for i = A, B if n < 0.222433, and otherwise I;:ZB — I%ZB > 0 for
i = A, B. Therefore, fiscal competition reduces investments in both countries under a low 7, which
corresponds to the case with a large Té“ in Figure |4} fiscal competition increases investments when
public investments are more export-spurring. In Figure[6] the dot-dashed lines indicate the equilib-
rium public investment level of a no fiscal competition case, whereas the solid lines illustrate that
of a fiscal competition case. When n = 0, the solid lines lie below the dot-dashed lines, consistent
with Figure 4| for 79 = i. If n > 0.222433, the opposite results are observed and the solid lines lie
above the dot-dashed lines.

This finding indicates another policy implication, that export-spurring investments tend to re-
sult in fiscal competition that induces more public investments globally. In the benchmark analysis,
we find that sufficiently low infrastructure-independent trade costs are important for welfare im-
provement. However, under a wave of anti-trade liberalization, such as anti-dumping protections,
accelerating trade liberalization is difficult to pursue. However, even in such cases, countries can
avoid investment-shrinking fiscal competition by designing international rules that allow for fiscal

competition only when they compete in export-spurring public investments.
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