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Abstract

Trade barriers due to transport costs are as large as those due to tariffs. This
paper incorporates the transport sector into a standard model of international trade
and studies the effects of trade and industrial policies. Transport firms need to commit
to a shipping capacity sufficient for a round trip, with a possible imbalance of shipping
volumes in two directions. Because of this “backhaul problem,” a tariff in one sector
may affect other independent import and/or export sectors. In particular, domestic
tariffs may backfire: domestic exports may also decrease, harming domestic export

sectors and the domestic economy.
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1 Introduction

The recent literature on international trade documents the important role of transport costs
in terms of both magnitude and economic significance (Estevadeordal et al., 2003; Anderson
and van Wincoop, 2004; Hummels, 2007). According to Hummels (2007), studies examining
customs data consistently find that transport costs pose a barrier to trade at least as large
as, and frequently larger than, tariffs.! Hummels (2007) also argues that, “[a]s tariffs become
a less important barrier to trade, the contribution of transportation to total trade costs—
shipping plus tariffs—is rising.”

Despite such clear presence in international trade, the treatment of transport costs tends
to be ad hoc. The standard way to incorporate transport costs is to apply the iceberg
specification (Samuelson, 1952): the cost of transporting a good is a fraction of the good,
where the fraction is given exogenously. Thus this specification implicitly assumes that
transport costs are exogenous and symmetric across countries. However, several trade facts
indicate that such assumptions are not ideal when studying the impacts of transport costs on
international trade. In particular, market power in the transport sector and the asymmetry
of trade costs are key characteristics of international transport, as detailed below.

Among the various modes of transport, maritime (sea) transport is the most dominant.?
Liner shipping, which accounts for about two-thirds of U.S. waterborne foreign trade by
value (Fink et al., 2002), is oligopolistic. The top five firms account for more than 45% of
the global liner fleet capacity.® Liner shipping firms form “conferences,” where they agree on
the freight rates to be charged on any given route.? An empirical investigation by Hummels
et al. (2009) find that ocean cargo carriers charge higher prices when transporting goods with
higher product prices, lower import demand elasticities, and higher tariffs, and when facing
fewer competitors on a trade route—all indicating market power in the shipping industry.’
Air cargo, whose share in the value of global trade has been increasing, is also oligopolistic
with two major alliances (SkyTeam Cargo and WOW Alliance) exerting market power in

the air shipping markets (Weiher et al., 2002). The prediction of standard trade theory

! Anderson and van Wincoop (2004) estimate that the ad-valorem tax equivalent of freight costs for
industrialized countries is 10.7 percent while that of tariffs and nontariffs is 7.7 percent.

2For example, waterborne transport accounted for more than 75% in volume (46% in value) of U.S.
international merchandise trade in 2011 (U.S. Department of Transportation, 2013, Figure 3-4). Globally,
maritime transport handles over 80% (70%) of the total volume (value) of global trade (United Nations,
2012, p.44).

3Based on the Alphaliner Top 100, www.alphaliner.com/top100/.

4De Palma et al. (2011) provide evidence of market power in various transportation sectors.

5Regulations may also be responsible for enhancing transport firms’ market power. Under the Merchant
Marine Act (also known as the Jones Act) of 1920 in the United States, for example, vessels that transport
cargo or passengers between two U.S. ports must be U.S. flagged, U.S. crewed, U.S. owned and U.S. built.
Debates exist over the impact of the Act on the U.S. ocean shipping costs.



without a transport sector, with exogenously fixed transport costs, may be altered once we
consider the markets for transportation explicitly by taking into account the market power
of transport firms in influencing shipping costs.®

Trade costs exhibit asymmetry in several dimensions. First, developing countries pay
substantially higher transport costs than developed nations (Hummels et al., 2009; Waugh,
2010). Second, depending on the direction of shipments, freight charges differ on the same
route. For example, the market average freight rates for shipping from Asia to the United
States was about 1.5 times the rates for shipping from the United States to Asia in 2009
(United Nations Conference on Trade and Development, 2010).” This fact is also at odds
with the assumption of iceberg transport costs in the standard trade theory.

Such asymmetry of transport costs may have substantial economic consequences. For
example, Waugh’s (2010) empirical analysis suggests that “[t|he systematic asymmetry in
trade costs is so punitive that removing it takes the economy from basically autarky to over
50 percent of the way relative to frictionless trade” (p.2095). Asymmetric transport costs

Y

are associated with the “backhaul problem,” a widely known issue regarding transportation:
shipping is constrained by the capacity (e.g., the number of ships) of each transport firm,
and hence firms need to commit to the maximum capacity required for a round-trip. This
implies an opportunity cost associated with a trip (the backhaul trip) with cargo that is
under-capacity.® To avoid the backhaul problem, that is, to have the balance in shipping
volume in both directions, transport firms adjust shipping capacities and freight rates.

This paper explicitly incorporates the transport sector with market power into a standard
model of international trade. This allows us to study how trade and industrial policies
perform given endogenous, and possibly asymmetric, transport costs in the presence of the
backhaul problems.

Attempts to incorporate transportation in general equilibrium trade models show the
challenges associated with defining simultaneous market clearing for the goods to be traded
and the transport services to be required (Kemp, 1964; Wegge, 1993; Woodland, 1968). They
assume a competitive transport sector without explicit attention to shipping capacity con-
straints. Thus, neither the market power in the transport sector nor the backhaul problems
are considered.

Several recent studies have developed trade models that incorporate an explicit transport

6Deardorff (2014) demonstrates that, even without an explicit transport sector, considering transport
costs may alter the pattern of trade.

"Takahashi (2011) and Behrens and Picard (2011) provide several examples where freight costs exhibit
asymmetry.

8Dejax and Crainic (1987) provide an early survey of the research on backhaul problems in transportation
studies.



sector in a tractable manner. Behrens and Picard (2011) apply a new economic geography
model with monopolistic competition in the output sector in order to study how the spatial
distribution of economic activities is altered when the freight rates for shipping goods across
two regions are determined endogenously, subject to backhaul problems. However, they
assume perfect competition in the transport sector. On the other hand, the following studies
explicitly consider market power in the transport sector but ignore the constraint on the
shopping capacity. Behrens et al. (2009), Takahashi (2011) and Forslid and Okubo (2015)
address the implication of endogenous transport costs on agglomeration and dispersion forces.
Abe et al. (2014) focus on pollution from international shipping and analyze the optimal
pollution regulation. Takauchi (2015) examines the relationship between freight rates and
R&D efficiency.

Existing studies have not investigated the impacts of trade and industrial policies in the
presence of a transport sector with backhaul problems (or with its capacity constraint). Our
point of departure is an investigation of how the effects of trade and industrial policies change
once the transport sector and its decision making are considered explicitly.

For this purpose, we incorporate a transport sector into a standard model of international
trade with perfectly competitive markets. In the basic model, we assume a monopolistic
transport firm to capture market power in a simple manner.” We investigate the effects of
tariffs and a tax on the transport firm on trade and welfare. We do so by taking into account
how each policy influences the volume of trade and the freight rates endogenously, with the
backhaul problem being considered explicitly.!°

Our model with an explicit transport sector with market power illustrates how transport
costs are determined endogenously, with possible asymmetry between domestic and foreign
countries. In particular, when a gap in the demand size exists between the two countries,
the country with the lower demand faces higher freight costs on shipping (provided the price
elasticity of shipping demand is not too different between the two countries). This theoretical
prediction is consistent with Waugh’s (2010) finding that countries with lower income tend

to face higher export costs. Furthermore, when a gap in the price elasticity of shipping

9In fact, a monopolistic transport firm can be justified by Hummels et al. (2009). They report: “In
the fourth quarter 2006 one in six importer—exporter pairs world-wide was served by a single direct liner
“service”, meaning that only one ship was operating on that route. Over half of importer—exporter pairs
were served by three or fewer ships, and in many cases all of the ships on a route were owned by a single
carrier”.

10As Demirel et al. (2010) argue, most studies that consider the backhaul problem assume that the trans-
portation sector is competitive and hence predict that the equilibrium backhaul price is zero when there is
imbalance in shipping volume in both directions over a given route. This is the case for Behrens and Picard
(2011). Demirel et al. (2010) offer a matching model to generate equilibrium transport prices that may differ
but are positive for both directions. Our model, with the transportation firms having market power, also
supports positive equilibrium transport prices.



demand exists between the two countries, the country with the higher elasticity faces higher
freight costs on shipping (provided the demand for shipping is not too different between the
two countries).

Our analysis demonstrates that an explicit consideration of a transport sector changes
the prediction of the effects of trade policies based on standard trade models. In particular, a
country’s trade policy may backfire: domestic import restrictions may also decrease domestic
exports and harm the domestic export sectors while benefiting the foreign import sectors.
These results are due to transport firm’s endogenous response to trade policy. A transport
firm with market power makes decisions on two margins: the freight rate to be charged
for each direction and the capacity for transport. With changes in trade restrictions, the
transport firm makes adjustments only in the freight rates, or in the freight rates and the
capacity, depending on the stringency of the trade policy. When the transport firm avoids
the backhaul problem, a policy that affects one trip may influence the return trip through a
linkage due to endogenous transport. Thus an increase in a country’s import tariff can reduce
its exports, thereby generating the backfiring effect described above. We also demonstrate
such policy linkages when the transport sector’s shipping capacity is taxed.

Our basic model consists of a monopolistic transport firm, a single export sector and
a single import sector in each country. Investigating this simple case allows us to explain
the economic intuitions of our main results (Propositions 1-3) in a transparent manner. We
then consider extensions and check the robustness of our results. In one extension, we in-
vestigate a case with multiple transport firms. In another extension, we consider multiple
exportable goods. In these extensions, besides the backfiring effects, we obtain a few addi-
tional results. Most importantly, we confirm that the main backfiring results that we find
with a monopolistic transport firm hold with oligopolistic transport firms. Indeed, the result
is more generalized: as long as one of the transport firms avoids the backhaul problem, an
increased tariff by a trading partner could decrease both exports and imports. The basic wel-
fare impacts remain the same as in the base case because the total shipping volume (instead
of shipping by individual transport firms) matters for computing changes in consumer and
producer surpluses. The effect of taxes on shipping capacity is also the same qualitatively
when there are multiple shipping firms. In the case of multiple exportable goods, a tariff
in one sector may affect other sectors even when the goods are independent (i.e., neither
substitutes nor complements). In particular, a domestic tariff in one sector could hurt the
other domestic import sectors and benefit the other foreign export sectors.

In what follows, Section 2 describes our trade model with an endogenous transport sector.
Section 3 studies the impacts of tariffs and taxes on shipping capacity on trade volume and

welfare. We provide extensions of our analysis when there are multiple carriers (Section 4)



and when there are multiple exportable goods (Section 5). Section 7 discusses alternative
international product market structures and the case of India’s trade liberalization in the
1990s to see whether our theoretical results are consistent with it. Section 8 concludes the

paper with a discussion on further research.

2 A trade model with a transport sector

There are two countries A and B. A single transport firm (firm 7°) supplies transport services

between the two countries.!! Firm T faces the following inverse demand:

Tap = — ppTap, Tpa = Qa — p4TpA, (1)

where T;; and z;; are respectively the freight rate when shipping goods from country 7 to
country j and the quantity demanded for transport services from country ¢ to country j.
The parameters 24, g, p4,and g are all positive scalars. We assume that both 24 and Qp
are large enough to have both z45 > 0 and zp4 > 0 in the rest of the analysis. We assume
that the freight rate is linear and additive by following the empirical findings supporting this
specification.'?

The costs of firm 7', C', are given by
C=f+rk,

where r, f, and k are, respectively, the marginal cost (MC) of operating a means of trans-
port such as vessels, the fixed cost (FC), and the capacity (or, the maximum load, i.e.,
max{zap,rpa} = k). In the following analysis, the MC plays a crucial role while the FC
does not. Thus, we assume r > 0 and f = 0. Firm T chooses the shipping capacity k& and

the freight rates Typ and Tgr,4 in order to maximize its profit:
Iy = Tapxap + Tpaxrpa — k.

The profit maximization generates three cases. First, if x4 > xp4 holds in equilibrium

HFirm T may be located in country A, country B, or a third country. The location becomes crucial when
analyzing welfare.

12Using multi-country bilateral trade data at the 6-digit HS classification, Hummels and Skiba (2004)
find that shipping technology for a single homogeneous shipment more closely resembles per unit, rather
than ad-valorem, transport costs. Using Norwegian data on quantities and prices for exports at the
firm /product /destination level, Irarrazabal et al. (2015) find the presence of additive (as opposed to ice-
berg) trade costs for a large majority of product-destination pairs.



(this case is referred to as type 1 in the following), then we have

Hp = Tapxap +Tpaxpa — 10a5 = (0 — ppTap)rap + (4 — fiyTpa)Tpa — TTaB.

The equilibrium (type-1 equilibrium) under free trade is given by

_QA F1 QB—T F1 QA
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2#373A 214
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The condition for type 1 is 4% > x5l which is p1,(Qp — 1) > pgQa.

Second, if zap < xpa holds in equilibrium (this case is referred to as type 3 in the
following), then we have

Il = Taprap + Teatpa — rTpa.

Type-3 equilibrium is

QB QA +7r QB QA —T
TF3 I TF3 — xF?) — ng — )
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The condition for type 3 is pg(Q4 — 1) > p, 0p.
Lastly, if x4ap = 2pa holds in equilibrium (this case is referred to as type 2 in the

following), which arises when both (g — ) < upQa and pg(Qs —r) < psQp hold (ie.,
Qs — pur < pupQa < pyQp 4 ppr holds), then we have

II7 = Tapxap +TpaTap — 1T AB-

Type-2 equilibrium is given by

1

B — —Q 20 Q
AB 2 (i + 1) (Tip At +2Qpps + Qppug),
1
T2 — Q 20 —Q
BA 2 (ia + 1i5) (T +Qapig +2Qapp BlA)
or2 g2 SatQp—r
4B A 2(pa + pip)

In the following analysis, we assume x g > 4 without loss of generality. There are two
types of equilibrium with x45 > xp4. In type 1, there is a large demand gap between the
two countries, implying an excess shipping capacity from country B to country A. That is,
a full load is not realized for shipping from country B to country A. In type 2, the demand
gap is relatively small. Thus, firm T adjusts its freight rates so that it does not have an

excess shipping capacity, i.e., it realizes a full load in both directions. Obviously, type-2



equilibrium arises if the two markets are identical. Firm T faces the backhaul problem in
the type-1 equilibrium but avoids the problem in the type-2 equilibrium.

Our result is consistent with Hummels et al. (2009), who find that freight rates are higher
as the market size of importing countries becomes larger and as the price elasticity of import
demand becomes lower. Observe from the type-1 equilibrium that a larger Q; (i = A, B)
means a larger market, indicating that the freight rate for shipping to a country with a
larger €); tends to be higher. However, TH% < TEL could arise even if 245 > z£l | that is,
the freight rate could be higher even with excess shipping capacity. This stems from the
difference in the price elasticities of the demand for shipping (which are characterized by p;,
i = A, B, and are positively correlated with the price elasticity of import demand). Even if
the demand for shipping is relatively large, firm 7" may set a low freight rate when its price
elasticity is relatively large.

The following proposition summarizes the above analysis.

Proposition 1 When the demand for transportation in country B is sufficiently larger than
the demand for transportation in country A (i.e., if pa(Qp —r) > ugQa), the equilibrium
shipping quantity to country B, X ag, exceeds the equilibrium shipping quantity to country A,
Xpa, with excess shipping capacity from country B to country A. Both Xg4 and the freight
rate from country B to country A, Tga, are independent of the MC of operating a means
of transport, r, in this case. Even with excess shipping capacity, Tga may be higher than
the freight rate from country A to country B, Tap. When the demands of the two countries
are close enough (i.e., if paQp — psr < pupQa < psQp + ppr), there is no excess shipping

capacity but the equilibrium freight rates are not necessarily the same.
Figure 1 here

Since we started with the derived demand for transportation, the above result holds
regardless of product market competition. Figure 1 specifically depicts the case of perfect
competition.'® Suppose that country i exports good i (i = A, B). For simplicity, we assume
that goods are neither substitutes nor complements and that shipping one unit of good 7
requires one unit of shipping capacity. In Figure 1, the upper panel shows the export supply
curve of good i, EX;, which is excess supply of good 7 in country i, and the import demand
curve of good i, I'M;, which is excess demand for good i in country j. With these two
curves, we can draw the demand for transportation services, DD;;, which is a gap between

IM; and EX; (see the lower panel). Facing this demand curve (i.e., (1)), firm 7" determines

13We analyze the case of an international oligopoly in the product market in detail elsewhere (Ishikawa
and Tarui, 2015). See Section 6.1.



the freight rate, Tf; , and the shipping load, xf;.l‘l

country j are, respectively, given by P and P[. The gap between the two prices is T}], i.e.,

T} = Pf — PY. In country i, free trade benefits producers of good i but harms consumers

The prices of good ¢ in country ¢ and in

of good i. The net gain in the product market of good 7 in country 7 is given by dcP}; in
Figure 1. In country j, free trade harms producers of good i but benefits consumers of good
1. The net gain in the product market of good 7 in country j is given by ang . The revenue

of firm T' from shipping good 4 from country i to country j is given by bcPL PZ‘; :
Figure 2 here

Type-2 equilibrium is shown in Figure 2. The upper panel and the lower panel show
trade in good A and trade in good B, respectively. Firm 7" adjusts freight rates, 17,5 and
Ty 4 50 as to have a full load in both directions (i.e., # 5 = 2 ,). We can easily confirm the

net gains from free trade in goods A and B and the revenue of firm 7" in the figures.

3 Trade and Industrial Policies

In this section, we first explore the effects of import tariffs on the freight rates and the
equilibrium welfare of the trading countries.'® Then we examine taxes on shipping capacity
as an example of industrial policies because taxing imports and shipping capacity exhibit
similar performance. Without loss of generality, we still assume that x4 > 4 holds under

free trade.

3.1 Tariffs

We begin with import tariffs on goods. We assume that product markets are perfectly
competitive and that country ¢ exports good i (i = A, B). Suppose that a specific tariff,
the rate of which is 7; (i = A, B), is imposed by country 7. Then the inverse demand curve

shifts downward by 7;:'¢

Tap = (Qp—17p) — pprap = 0% — ppTap,

Tea = (QA — TA) — piarpa = Uy — psTBA,

where 05 =Qp —7p and Q) = Q4 — T4.

In type-1 equilibrium, point Fj is the midpoint on the demand curve, because T} } does not depend on

the MC, r. Point F4 is located to the upper left of the midpoint.

15The effects of import quotas are similar to those of tariffs. See Ishikawa and Tarui (2015).

16Tf products markets are not perfectly competitive, the downward shifts are not simply given by 7;. See
Ishikawa and Tarui (2015).



Type-1 equilibrium with tariffs is given by

Qp—71B)+r  Qp+7r (Qa—T4a) Q4

T‘rl — TTl A Al tRA
oo Qs-Tp)-r Qv o (Qu-Ta) Q)
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An increase in 7; decreases z;; and increases x;; (1,7 = A, B,i # j), but affects neither z;;
nor xj;. This is the conventional effects of tariffs when goods A and B are neither substitutes
nor complements. An increase in 7; decreases T}; but the total trade costs from country j
to country i, which equal T}; + 7;, increase.

Type-2 equilibrium with tariffs is given by

T 1 T T T
Ths Tn T ) (rup — Qypp +2Qpua + Qpup) , (2)
T 1 T T T
T5y = Tn T ) (Tha + Qapia +200pup — Qppia), (3)
. - QL +Qn —r
2 = AR = —Q?HA +B“ 7 (4)
B

In this equilibrium, the shipping capacity is binding in both directions. We can easily verify
that an increase in 7; increases the trade costs not only from country j to country ¢, T}, +7;,
but also from country ¢ to country j, T};. Thus, both z;; and z;; decrease and both z; and
xj; increase (i,j = A, B,i # j). This is in contrast with type-1 equilibrium, in which an
increase in 7; affects the supplies only in country i, that is, an increase in 7; decreases xj;
and increases x;. An increase in 7; decreases z;; in both types of equilibrium. In type-2
equilibrium, however, the shipping capacity is reduced to be equal to x;; and hence z;; also
decreases.

Even if x4p > xp4 holds under free trade, z4p < rps may arise with tariffs. That is,
tariffs may shift the equilibrium from type 1 to type 3 or from type 2 to type 3. Type-3

equilibrium with tariffs is given by

T T T T
3 0% 773 _ Dy+r 3 O 3 Oy —r

T = = = = — =
AB 27 BA 92 ' UAB 2/JJB’ BA 2MA

As in type-1 equilibrium, an increase in 7; in type-3 equilibrium decreases z;; and increases

xy; (i,j = A, B,i # j), but affects neither x;; nor x;.

Figure 3 here
Figure 4 here



The above cases are illustrated in Figures 3 and 4. Figure 3 (Figure 4) shows the re-
lationship between 75 (74) and the volumes of trade, i.e. x4p and xgs, with 74 = 0
(tg = 0). The free trade equilibrium is given by F4 and Fp in Figure 3 (a) and Fig-
ure 4 (a) and by F' in Figure 3 (b) and Figure 4 (b). In Figure 3 (a), as 7p increases,
only xap decreases with 0 < 75 < t(QBuA — Qg —7rpy). Both with 0 < 75 <
t (Qppa — Qupp — rpy) and with t (Qppag — Qupg +rpy) < 7 < Qp, T4 is indepen-
dent of 7. With t (Qpps — Qippg —riy) <7 < t (Qppg — Qg +7ly), Tap = Tpa
holds and an increase in 75 reduces both 45 and xg4. In Figure 3 (b), with 0 < 75 <
t (Qppuy — Qapp +ruy), both x4p and xps decrease together as 7p increases. With
t (Qppg — Qapg +ruy) <7 < Qpg, when 75 rises, zap falls but xp4 is constant.

In Figure 3, the equilibrium shifts from type 1 to type 2 and then to type 3 or from
type 2 to type 3. Type-1 equilibrium arises if 0 < 75 < t (Qppus— Qapig — rity), type-2
equilibrium arises if max{0, t (Qppus— Qg —ruy)} <75 < t (Qppg — Qapip +7iy),
and type-3 equilibrium arises if t (Qppg — Qg +ruy) <7 < Qp.

In Figure 4 (a), an increase in 74 decreases xp4 with 0 < 74 < Q4 but does not affect
zap. In Figure 4 (b), with 0 < 74 < ﬁ (rpy + Qapg — Qpiiy), both 245 and x4 decrease
together as 74 increases. With i (rpeg + Qapg — Qppiy) < 74 < Q,, when 74 rises, s
falls but x 4p is constant. In Figure 4, the equilibrium remains to be type 1 even if 74 rises or
shifts from type 2 to type 1. Type-1 equilibrium arises if max{0, ﬁ (rpy + Qg — Qpieg)}
< 74 < €1, holds and type-2 equilibrium arises if 0 < 74 < i (rpey + Qapg — Qppiy) holds.

The above results are summarized in the following proposition.

Proposition 2 If country i imposes a tariff, 7;, firm T lowers the freight rate from country
J to country i, Tj; (i,j = A, B,i # j) and mitigates the effects of the tariff. However, the

trade costs, T; + Tj;, increase and country j’s shipping quantity decreases.

Proposition 3 Suppose xap > xpa holds under the free-trade equilibrium. Any tariff of
country B, which leads to x s < x4, increases the freight rate from country B to country A
and decreases not only country B’s imports but also country B’s exports. Suppose Tap = xpa
holds under the free-trade equilibrium. Then any tariff of country B(A) increases the freight
rate from country B(A) to country A(B) and decreases country B(A)’s exports as well as

country B(A)’s imports.

Figure 5 shows the effects of country B’s tariff on its welfare. When a specific tariff,
Tg, is imposed, the import demand curve of good A, I M4, and hence the demand curve of
transport services from country A to country B, DD 4p, shift down by 75. Then the freight

rate and the capacity are now given by point 7 in the lower panel. The freight rate decreases.

10



However, the decrease in the freight rate is less than the tariff rate, implying that the total
trade costs from country A to country B increase and the shipping-load decreases. The total
trade costs from country A to country B are given by T z(= T4z +75). Therefore, as shown
in the upper panel, the price of good A in country B (importing country) rises from P45 to

P75 and the price of good A in country A (exporting country) falls from P, to P7,.

Figure 5 here
Figure 6 here

Next we examine the welfare effects of country B’s tariffs.!” We begin with the case in
which the profits of firm T are not included in welfare.'® In country B, compared with free
trade, the tariff harms consumers of good A and benefits producers of good A. The tariff
also generates tariff revenue, T'Rp in Figure 5, and improves the terms of trade of country
B. In the market of good A in country B, the total surplus, which is the sum of consumer
surplus, producer surplus and tariff revenue, increases as long as the tariff rate is small. In
the market of good A in country A, the losses of producers exceed the gains for consumers
and total surplus, which is the sum of consumer surplus and producer surplus, decreases.
These changes in surpluses are basically the conventional optimal-tariff argument and only
these changes arise if type-1 equilibrium is realized with the tariff.

If type-2 or type 3 equilibrium arises with the tariff, we have to take the other market
(i.e., the market of good B) into account when analyzing welfare. Because of a decrease in
the shipping capacity, not only exports of good A from country A to country B but also
exports of good B from country B to country A decrease. As a result, the price of good B
in country B falls. This benefits consumers of good B in country B and producers of good
B in country A but harms producers of good B in country B and consumers of good B in
country A. Country B’s tariff may not improve country B’s terms of trade. For country A,
the deterioration of its terms of trade is magnified because not only the export price falls
but also the import price rises.

Figure 6 shows the case where type-2 equilibrium arises with and without the tariff.!? As
shown in the lower panel of Figure 6, the total surplus in the market of good B in country B
and that in country A decrease. In country B, therefore, the total surplus in the market of
good A may increase (see the upper panel of Figure 6), but the total surplus in the market
B decreases. The net change in the total surplus, or, welfare may be negative. In country

A, the total surplus decreases in both markets.

1"The welfare effects of country A’s tariffs are analogous to those of country B’s tariffs.

18This is the case if the transport firms are located in a third country.

19Tf type-3 equilibrium arises as a result of country B’s tariff, g4 > =45 holds but the qualitative results
would not change.
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We now consider the changes in the profits of firm 7'. It is obvious that firm 7" loses from
any tariff, because tariffs reduce the demand for transport services. Thus, the location of
firm T is crucial for welfare evaluation. In particular, even if a tariff set by country B under
free trade is small, country B’s welfare necessarily deteriorates when it includes firm 7”s
profits (see Appendix A for the proof). It is obvious that country B’s tariffs worsen country
A’s welfare farther when it includes firm 7”s profits.

Thus, we can establish the following proposition.

Proposition 4 If xap > xpa holds under the free-trade equilibrium, then a small tariff set
by country B(A) improves its welfare if and only if firm T is not located in country B(A).
However, if xap = xpa holds under the free-trade equilibrium, then a small tariff by B(A)
may not improve its welfare even if firm T is not located in country B(A). In both cases,

country A(B) always loses form country B(A)’s tariff.

3.2 Taxes on Shipping Capacity

In this subsection, we compare a specific tax, ¢, on shipping capacity with tariffs.?

With the tax, the effective MC for firm T becomes r + t. In type-1 equilibrium, an
increase in the effective MC affects only 745 and x5 (recall Proposition 1). T, increases
and z 45 decreases. We can verify that if country B sets a tax on shipping capacity, the tax
is basically equivalent to country B’s tariff on good A in type-1 equilibrium. With ¢t = 75,
we have T # T4k but the trade costs are the same, i.e., T4; = T7L + 75 and hence
z'ip = 27} holds. In Figure 5, the freight rate and the capacity are indicated by point ¢ in
the lower panel. Thus, country B’s tax on shipping capacity is equivalent to country B’s
tariff on good A. If country A sets the tax instead, its effects on consumers, producers and
firm T are the same with the effects of country B’s tariff but tax revenue accrues to country
A’s government.

We should note that the effects of country A’s tariff on good B are different from those
of a shipping-capacity tax in type-1 equilibrium, because in type-1 equilibrium, 74 affects
only Tz, and zp4 while ¢ affects only Tz and z4p. It is straightforward that in type-3
equilibrium, country A’s shipping-capacity tax and country A’s tariff are equivalent with
t = 74 but the equivalence does not hold between country B’s shipping-capacity tax and

country B’s tariff.?!

20When country ¢ imposes a tax on shipping capacity of firm T, we implicitly assume that firm T is located
in country 4.

21Gince we have assumed x4p > rp4 with free trade, type-3 equilibrium does not arise with country A’s
tariff alone (see Figures 4(a) and (b)). We implicitly assume that country B also imposes a tariff in the
analysis of country A’s tariff in type-3 equilibrium.
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In type-2 equilibrium, a specific tax on shipping capacity increases both 7,5 and Tz 4
and decreases x 45 and x,. We can easily verify that T% = T7%+7p and T§, = TE4 + T a.
Also the effects on x; are the same between a shipping-capacity tax and country ¢’s tariff,

7i (1,7 = 1,2;1 # j). Thus, we obtain the following proposition.

Proposition 5 A tax on shipping capacity affects only Tyg(Tga) and x 45(Tg4) in type-
1(type-3) equilibrium: Tygz(Tg4) increases and x  p5(xgz,) decreases. In type-2 equilibrium,
a tax on shipping capacity increases both Tz and Ty, and decreases both x5 and xp,.
Country B’s(A’s) shipping-capacity tax and country B’s(A’s) tariff set at the same levels
are equivalent in type-1(type-3) and type-2 equilibria. In type-1(type-3) and type-2 equilibria,
if country B(A) can impose the taz on firm T, country B(A) can substitute the tax for a
tariff.

4 Multiple Carriers

In this section, we extend the basic model to the case with multiple carriers and investigate
how the results in the basic model (i.e., the case with a single carrier) are modified. We
assume that there are two transport firms: firm 77 and firm 75 and that these firms are
engaged in Cournot competition. Without loss of generality, we assume that 0 < r; < ry,
where 7, (h = 1,2) is the MC of operating a means of transport for firm 7},. In (1), we have
TAB = T14B + Toap and xpa = T1ga + Tapa. We focus on the case in which both firms 7}
and T3 supply positive transport services.

Appendix B shows that there are five possible equilibria with r; < ry, which are stated

in the following lemma (see the upper panel of Figure 7).

Lemma 1 Type 1) x1ap > T1pa and Toap > Topa hold if A (= Qhug — QQpua) < piy (11 — 219);
Type 2) w14 = T18a and Toap = Tapa hold if —psri < A < ppri; Type 3) v1ap < T1BA
and Toap < Topa hold if pg(2re —r) < A; Type 4) x14a > Tipa and Toap = Tapa
hold if py(r1 —2r9) < A < —puyry; and Type 5) x1ap < x1pa and Toap = Tapa hold if
ppr1 < A< pg(2ry —r).

Figure 7 here

If r1 = 7o, only three types of equilibrium are possible, i.e., x14p > T1p4 and xoap > Topa
(type 1), 214 = 21pa and T2ap = T2pa (type 2), and z14p < 154 and Toap < Tapa (type
3). If r; < 7y, we have two more types, i.e., T1ap > Tipa and Toap = Tapa (type 4) and

14 < T1ga and Xoap = Xapa (type 5). This implies that firm 7} is more likely to operate
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without a full load in equilibrium. With given ry, as r; becomes smaller, the range of type-2
equilibrium becomes smaller and the ranges of type-4 and type-5 equilibria become larger.
Thus, as r; becomes small relative to ro, the range in which firm 7} has a full load becomes
smaller while the range in which firm 75 has a full load becomes larger. The economic
intuition behind this result is as follows. The MC of operating a means of transport is lower
for firm T than for firm 75, implying that the cost to operate shipping without a full load
is lower for firm 77 than for firm 75. Thus, firm 7} has less incentive to adjust freight rates

to have a full load in both directions. The following proposition is immediate.

Proposition 6 With ry < ry, the range of parameterization for operating without a full load

1s larger for firm Ty than for firm Ts.

Figure 7 (the middle panel) also shows the relationship between five types of equilibrium
and country B’s tariff rates (with 74 = 0). Since z1;; > 0 and z9;; > 0 (4, j = A, B), 75 must
satisty 0 < 75 < Qp. The free trade equilibrium is determined by 75 = 0. For example,
if —t (Qapg — Qppy — pars + 20 ,41m2) < 0 < —t (Qapp — Qppuy + p47r1) holds, then the
free trade equilibrium (i.e., 75 = 74 = 0) is type 4. We can obtain a similar relationship for
country A’s tariff rates (see the bottom panel in Figure 7). We should note that neither type-
3 equilibrium nor type-5 equilibrium arises with country A’s tariff alone, because xap > rpa
is assumed under free trade. As in the case of country B’s tariff, 74 must satisty 0 < 74 <,
and 74 = 0 determines the free trade equilibrium. If t (Qapg — Qppy + pear) > 0, the
free trade equilibrium is type 2. In this case, as 74 increases, equilibrium shifts from type 2
to type 4 and then to type 1.

We now compare the above five types of equilibrium with the three types of equilibrium

with a single carrier. With x145 > x184 and zo4p > T2p4a, the equilibrium is given by

1 1
TS = 5(971_3+7“1+7“2)7T§}1=§ e (5)
1 T T 1 T
aip = T (QF —2r1 +12) , 254 = e (O —2ra+11), 2Ths = 25p, = %QA’(ES)
2
1S = alip+aSip = e (2Q% —r1 —ra)  2Gh = aTha + 25h, = %QZ- (7)
B

The characteristics of this equilibrium are essentially the same with those of type-1 equilib-
rium with a single carrier. A change in 7; affects only shipping from country j to ¢, x1;; and
Z9j;. It should be noted that we have 145 > 245 but 154 = 22pa, that is, z1p4 = T2pa
holds even if x145 # xo4p. This is because T, is independent of r; and rs.

Similarly, with z14p < x1pa and zoap < Zapa, we have (A7)-(A9). The equilibrium

characteristics are essentially the same with those of type-3 equilibrium with a single carrier.
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A change in 7; affects only shipping from country j to i, z1; and x9;;. With 2145 = 154

and xeoap = Tapa, we have (A1)-(A6). The characteristics of this equilibrium are also the

same with those of type-2 equilibrium with a single carrier. A change in 7; (i = 1, 2) equally

affects all shipping volumes (i.e., T145, Toap, T1p4 and Topa).

With z145 > x18a and xoap = o4, We have

C4
TAB
C4
TBA

c4
T1AB

c4
T1BA

Cc4
LoAB

c4
Tap

c4
Tpa

1

m (3G — Vypg +2Qpup + 3pars + 2urs + 2ugrs) , (8)
m (220 pa + 3 pup — Vppia — pars + 2p472) (9)
~ Gpp (ui + 1) (s = 3104 — 2V + 3 = 2ppr2 + Apipr) , (10)
Gpia (ui ) (BSYatat 3 = Vgt + 2z = par) (11)
TS = m(QZﬂLQTB —2ry411), (12)
61 (ui + ) (app + 3Qphq + Appp = puars = 2pipry = 2pipra), - (13)
611 (ui oy a3 + Vgt + par = 24iar2). (14)

Although x4 > xpa holds, the characteristics of this equilibrium are different from

those of type-1 equilibrium with a single carrier. In this equilibrium, a change in 7; (i = 1,2)

affects both x4 and x4, which does not occur in type-1 equilibrium with a single carrier.

In particular, we should note that a change in 7; affects both z145 and x154 even though

T1aB > 14 holds. This stems from w94 = Z9g4. The direct effect of an increase in 7; is

to decrease z;; and x,;;. The indirect effect is to decrease z,,; because xyj; = xg;;, which in

turn increases x1;; as x1;; and wy;; are strategic substitutes with T1ji #+ Ty The decrease in

Ty;; dominates the increase in z1;; and hence x;; falls.
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With 2145 < 14 and xoap = x2opa, We have

ng = m (3Qppa — Qapp + 2Qpup — pipri + 2pp72) (15)
Tpa = m (2 pp + 34 pp — Qppia + 2001 + 21472 + 3ppr1) | (16)
i = 61t (Mi ) (3514 — Qapp +2Qpup — pipgri + 2ppr2) (17)
5‘71015,4 = _6MA (Mi ¥ g (Qppa — 3Uapp — 20 g + 4pgry — 2pme + 3ppr) , (18)
Tohp = Topa = W(QZJFQTB—?’@JFH); (19)
5% = 61t (Mi i) (Qapp + 3Qppa + 4505 + ppr — 2uprs) (20)
THh = g i ui ) (40 pp + 34 pp + Vg — 20ar1 = 2ppr2 = 3pgre) . (21)

Although x4 p < x4 holds, the characteristics of this equilibrium are different from those
of type-3 equilibrium with a single carrier. As in type-4 equilibrium above, a change in 7;

(1 = 1,2) affects both 145 and x154 even though 145 < x154 holds.

Figure 8 here
Figure 9 here

Figure 8 illustrates the relationship between shipping volumes and country B’s tariff rates
when type-1 equilibrium arises with free trade (i.e., when Qupug — Qg — ppar1 + 2 ,m9 < 0
holds).?? The upper panel and the lower panel show shipping volumes of firm 7} and those
of firm Ty, respectively. The lower panel is similar to Figure 3 (a): x94p monotonically
decreases as Tp rises. xop4 is constant in type-1 and type-3 equilibria but decreases with 75
in type-2, type-4 and type-5 equilibria. In the upper panel, x1 45 monotonically decreases,
while x154 does not. In type-4 and type-5 equilibria, an increase in 75 increases x154. Thus,
when country B introduces a tariff under free trade, firm 7;’s shipping volume from country
A to country B necessarily decreases but that from country B to country A may increase.

In particular, it is easy to verify that x1p4 in type-1 equilibrium is less than x4 in
type-5 and type-3 equilibria if 2,7 — pyre + ppr1 < 0 and that z154 in type-1 and tpye-4
equilibria is less than 154 in type-3 equilibrium if p 471 +2pgr —pgre < 0. These cases are

more likely to occur when r; is much smaller than 7o, that is, the range of type-2 equilibrium

22 As was mentioned above, the free trade equilibrium is determined by the location of 75 = 0 in Figure 8.
Setting the vertical axis at 75 = 0, we can easily analyze the cases in which the other types of equilibrium
arise under free trade.
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is much smaller than the ranges of type-4 and type-5 equilibria. A small r; relative to ry
implies that firm 7} can increase a means of transport less costly than firm T5.

Figure 9 illustrates the relationship between shipping volumes and country A’s tariff rates
when type-2 equilibrium arises with free trade (i.e., when t (Qapg — Qppy + par) > 0
holds). As in Figure 8, the upper panel and the lower panel show shipping volumes of firm
T and those of firm 75, respectively. Since z14p increases with 74 in type-4 equilibrium,
a tariff under free trade decreases the “total” shipping volumes in both directions but may
increase firm T)’s shipping volume from country A to country B. In particular, z;45 in
type-1 equilibrium is greater than x;4p5 in type-2 and type-4 equilibria if Qpu, — Qapg —
20471 + prar2 > 0 holds.

In type-4 and type-5 equilibria, 75 decreases firm T}’s profits from shipping the good from
country A to country B but increases firm 77’s profits from shipping the good from country
B to country A. The negative effect on firm T)’s profits is relatively stronger (weaker)
than the positive effect in type-4 equilibrium (type-5 equilibrium), because x,,5 > 154
(145 < x,54) holds. Appendix C proves that an increase in 75 decreases firm 77’s total
profits in type-4 equilibrium, but could increase firm T;’s total profits in type-5 equilibrium.
Firm 7} gains from an increase in 75 only if the gap between z, 4,5 and x, 5, is large. When
Z1p4 1s much larger than x, 45, the positive effect of the increase in ;5,4 on firm 7}’s profits
could dominate the negative effect of the decrease in z, 45 on firm 7}’s profits.

Similarly, in type-4 equilibrium, 74 decreases firm 73’s profits from shipping the good
from country B to country A but increases firm T)’s profits from shipping the good from
country A to country B. Appendix C also shows that in type-4 equilibrium, an increase in
74 could raise firm 77’s total profits. Again, firm 77 gains from an increase in 74 only if the
gap between z,,5 and x5, is large.

With respect to the effects of tariffs on each transport firm, the following proposition can
be established.

Proposition 7 Suppose 0 < 11 < ry. Also suppose 7; increases. Then xpj; (h=1,2;1,5 =
A, B,i # j) and x9;; necessarily decrease. Shipping x1;; increases in type-4 equilibrium (i.e.,
if g (r1 —2ry) < A< —pyr) and in type-5 equilibrium (i.e., if pgry < A < pg (2ry —r)),
decreases in type-2 equilibrium (i.e., if —pu,r1 < A < pgri), and is constant in type-1
equilibrium (i.e., if A < py (r1 — 2re)) and in type-3 equilibrium (i.e., if A > pug (2ra —ry1)).
Firm Ty always loses but firm Ty may gain from an increase in Tg in type-5 equilibrium and

from an increase in T 4 in type-4 equilibrium.

The changes in firm 7} ’s shipping volume caused by tariffs are not simple, but the effects of

tariffs on the “total” shipping quantities from one country to the other are similar to Proposi-
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tion 3. That is, any tariff of country B, which satisfies max{0, —t (Qapg — Qppy — pam + 20479) } <
Tp < 1, increases the freight rate from country B to country A and decreases country B’s

exports as well as country B’s imports; and any tariff of country A increases the freight

rate from country A to country B and decreases country A’s exports as well as country A’s

imports if 0 < i (Qapg — Qppy — par1 + 211 472) holds.

The effects of tariffs on consumers and producers depend not on the shipping volumes of
each transport firm but on the total volumes of shipping coming in and out from the country.
This implies that as long as the profits of transport firms are not included in welfare, the
analysis of the welfare effects of tariffs with a single carrier remains valid with multiple
carriers. Thus, in view of Proposition 6, Proposition 4 holds for the case of multiple carriers
as well.

Next we examine the effects of taxes on shipping capacity and compare them with those
of tariffs. For this, we specifically consider the case in which the same specific tax rate, t,
applies to both firms 77 and T5. It is straightforward to confirm that in type-1 (type-3)
equilibrium, x4 (x1p4) and zo4p (r2pa) decrease but x1p4 (145) and xopa (eap) are
constant; in type-2 equilibrium, all shipping volumes, x14p, Toap, *154, and x3p4, decrease;
and in type-4 (type-5) equilibrium, =, 45 (Z154); Toup, Tapa, Tap and x5, decrease but x5,
(x,4p) increases.

In fact, we can establish the following proposition.

Proposition 8 Country B'’s shipping-capacity tax and country B’s tariff set at the same
levels are equivalent in type-1, type-2, and type-4 equilibria. Similarly, country A’s shipping-
capacity tax and country A’s tariff set at the same levels are equivalent in type-2, type-3, and

type-5 equilibria.

Whereas x45 > xp4 holds in type-1, type-2, and type-4 equilibria, x4 < xp4 holds in
type-2, type-3, and type-5 equilibria. Thus, the effects of taxes on shipping capacity with

multiple carriers are basically the same with those with a single carrier.

5 Multiple Exportable Goods

In this section, we extend the basic model to the case with multiple exportable goods and
examine the effects of tariffs. For this, we consider a model with three goods: Ay, As, and
B. Country A exports goods A; and A, to country B while country B exports good B to
country A. Firm T faces the following inverse demand for shipping good Aj from country
A to country B:

Tap = ng - ﬂgkx£%> k=12, (22)
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where xﬁ% is the quantity demanded for shipping good Ay from country A to country B. As
in the previous section, the intercepts are inclusive of tariffs: Qg“ = ng —1kp (k=1,2)
where 7;p is country B’s specific tariff on good Ax. Regarding the shipping from country B

to country A, firm 7" remains to face (1). Arranging (22), we obtain
Ak 1 AkT
iy = <QB —TAB> k=12
Hp

The total demand for transport services from country A to country B and its inverse demand

are given by

1 T T
A = ‘rAB + I ﬂ (le 2 4 QA2 Al - ,LLBITAB - ,uB TAB)
Hp H
1 T T
Tap = ——— (5705’ + Qg — pg' 15" ap)
NB + Up

Again we have three cases with profit maximization. If xp(= 2% + %) > x4 holds,

we have
TMl _ le"' + QAQT Al + r(lugl + ,U/g2) TMl _ %
v 2+ ) AT 2
B
1
A M1 Aar A Ar A Ar A A A
Tap = 2 (g + i) (U " — Q' Tag = 20" g+ gt +rp)
1
AsM Air A Asr A Asr A A A
i = _Q,MAz (1 + 1) (" — Qi = 205" g 4t + )
B \UB B
1 Q7
M1 Ar A Asr A A A M1 A
x :—Ql 2+ QR uRt —rupt —rugt) , xn = ——.
AB 2M A2 ( B HB B HMB Hp Uy ) BA 204
If x4p < xp4 holds instead, we have
AT A Aor A T
™3 _ Q' M32+92 g TM3_QA+T
AB 9 (Mgl +,LLB ) BA — 9 g
1
A1 M3 AoT A AT, A AT, A
xAlB = _2luA1 (IuAl n ILLAQ) (QBQ Bl _ QBI /*LBZ — 2931 /’LBI)
B \Mp B
1
Ao M3 A1t A Aor A Ao A
Tap = _2/@2 (u’él I #22) (QBl pgt — Q" pgt — 205 UBQ) )
.TMS _ 1 (QAlTIuAQ + QA2TMA1) .TMS — Qz - T
AB —2,“ MAQ B Hp B Hp):Tpa 2%,

In both cases, an increase in 715 or Top decreases T4z, while an increase in 74 decreases

Tga. Thus, a tariff on good Ay affects not only the market of good A but also the market of
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good A; (k,l =1,2;k # 1) through a change in the freight rate. That is, a tariff on good Ay
has a spillover effect on the the market of good A;. An increase in 7,5 directly decreases xﬁ’;_;
but indirectly increases leB. The total load from country A to country B, x 45 = 745 + 243,
decreases, because the direct effect dominates the indirect effect.

If xaop = xpa holds, then we have another spillover effect. In type-2 equilibrium, we

obtain
THE = e ) — e (i ) 2

Hp + Hp

g (1 s 4 205 1+ 205 1) QT+ g (5t i+ 20 e + 2052 a) Q)
TE% = T{rualug' +pg) + (ug 1 + s ia + 1) Ly — pg maQs” — pgtpaQy'"},
whp = wph = T{O5 g + QT ug + (ug' + pgt) 0 — r(ug' + pgt)},

where I' = 1/ {2 (u’glugz’ + i g pgzuA)}. An increase in 745 (k = 1,2) decreases T 5
but increases T, As a result, 2% and x4 decrease but x4}, increases (k,l = 1,2; k # ).
Since the decrease in z4% dominates the increase in x4, x4 + 42 = x4 decreases.
The economic intuition behind the spillover effects is as follows. When 7,p rises, to keep a
full load in both directions, firm T decreases the reduction of the load from country A to
country B by lowering T4p and decreases the load from country B to country A by raising
Tg4. Similarly, when the load from country B to country A falls because of an increase in
T a, firm T increases Tsp to reduce the load from country A to country B.

In any equilibrium, an increase in 74 (k,l = 1,2;k # 1) decreases a:’:% but increase xﬁlB.
Thus, an increase in 7pp harms producers of good Ay but benefits producers of good A; in
country A and vice versa in country B. In both countries, the sum of producer surplus and
consumer surplus decreases in the market of good A; but increases in the market of good
A;. The latter increase may exceed the former decrease. This implies that a small tariff on
good Ay set by country B under free trade may benefit country A.

The above results are summarized in the following proposition.?3

Proposition 9 Suppose xap > xga holds under the free-trade equilibrium. Any tariff on

A A A A A A A A
Qapp' pp? =05 Tpapp? =052 pappt Froa(ppt +1r5?)

23With 74 = 0, we have type-1 equilibrium if 0 < 745 < —

A
#A#BL ’
A A AqT A Aot A A A
1e1 . . Qapstns2—05 22 14r ol 42
type 2  equilibrium  if —=2Esfs s Mallp p uil parp Trialip Tip) < TkB <
AHB
A A AqT A AgT A A A
el 1 2041 24042 1yt 2 oqe . .
Ablp Pp T'p Pallp o Paklp TVp Pp and type-3 equilibrium if TkB >
A A A IJ/IZILB A A A A
e} 1 2+Q 17 2+Q 27T 1+T 1 2 . .
Abp Pp To'p Palp e Pallp TWp B (k1 = 1,2,k # [). With 75 = 0, we have type-2 equi-
HAHlp
A A AqT A Aot A A A
1. . Q 1 2_Qnt 2 —052 T Tyr T4rp 2 1ol e .
librium if 0 < 7,4 < —2fsfs—"p Fallp Tl A; allp TThallg TTRARE and  type-1 equilibrium  if
Kp KB
A A AqT A Aot A A A
(9] 1 279 1 279 2 1+,’,‘ 1+,’, 2
TA> m&X{O, Al Hp B HMHaHlp #AlB#AsAHB Halp Hakp }
B B
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good Ay set by country B lowers the freight rate from country A to country B, decreases
country B’s imports of good Ay, and increases country B’s imports of good Ay (k,l =1,2;k #
1). Any tariff of country B, which results in xap < xpa, increases the freight rate from

country B to country A and decreases country B’s exports.

When country B sets a tariff on good Ay (k = 1,2), firm T lowers the freight rate Tap
and its profits decrease. Thus, firm 7" may stop shipping good Ay when 745 is large enough.
Appendix D shows that this case actually occurs under some parameter values.

Thus, we obtain the following proposition.

Proposition 10 An increase in 715 (Top) may lead firm T to stop shipping good Ay (good

Ay). This may increase Tpy.

It may seem that the above analyses crucially depend on the assumption that firm 7" sets
a single freight rate for shipping from country A to country B even though there are multiple
exportable goods. In the following, therefore, we briefly consider the case in which firm T
can price-discriminate between goods A; and Ay. With price discrimination, the profits of
firm T" become

Ay A Ay A
Hp = Typrap + Thptap + Tparpa — Tk,

where ng is the freight rate of good Ay (k = 1,2). Firm T sets three freight rates, ng,

ng and Tg4. With profit maximization, type-1 equilibrium is given by

1 1 1 1 1
Ta = gr+ 5T, TaE™ = or+ 5057, Tpa= 59
Type-3 equilibrium is
1 1 1 1
Aim At Aom Aot m T
iy 3:593 N 3:593 : TBj:§r+§QA.

In type-1 and type-3 equilibria, a change in 7,5 lowers TAAg but affects neither T’ ;{‘g nor Tga
(k,l = 1,2;k # 1). Intuitively, the spillover effects through a single freight rate disappear,
because firm T can set the different freight rates between goods A; and As.

If xap = x4, firm T’s profit maximization is given by:

Ar, A Az A
max Iy = max{T pris + Tiaxs + Thatpa — rTpat
A A
st. Tpa = Typ+THn
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Type-2 equilibrium is

TA””2 = (29‘;” U QA” A2 + QAQT Al + QA” — Qapq + r,ugluA) ,
TAE™ = T (Qp T + Qfé”ugl + 2%27;!32 + QT a — Qapy’ + T )

Tps = T (Quapy' — Q= Q7 pa + Qapig® + 2Qupg + rpfs pa + rpis)

where I'" = 1/ {2 (ugl + o+ ft4) }. An increase in 715 or Top decreases both T4% and
T+42 and increases T4 while an increase in 74 increases both 744 and 742 and decreases
Tga. In contrast to the case with xap # xpa, therefore, firm T adjusts all freight rates
to keep a full load in both directions. That is, when 715 or Top rises, firm 7' avoids the
reduction in the load from country A to country B by lowering Tfé and T' ffg and decrease
the load from country B to country A by raising Ts4. Analogously, when the load from
country B to country A falls because of an increase in 74, firm T increases both ng and
T ;;% to reduce the load from country A to country B. In type-2 equilibrium, therefore, even
if firm T" can set different freights rates among different exportable goods, the effects of tariffs
are qualitatively similar to those of tariffs in the case where firm T sets a single freight rate

from one country to the other country.

6 Discussion

Here we discuss the robustness of our findings regarding competition in the output markets

and empirical relevance of our main results.

6.1 Product market competition

In our basic model, we have assumed that the product market is perfectly competitive.
Most of our main results would survive under various kinds of international product market
competition. In particular, domestic import tariffs could decrease not only domestic imports
but also domestic exports given other types of other product market competition.

In Ishikawa and Tarui (2015), the case of an international duopoly in the product market
is explored. In the model, there is a single manufacturing firm in each country and the
two firms engage in Cournot competition in the segmented domestic and foreign markets.
When domestic import tariffs decrease both domestic imports and exports, consumers in
both countries lose because of higher consumer prices. There are two conflicting effects of
tariffs on the firms, the direct effect and the indirect effect, the sizes of which depend on

parameter values in the model. The direct effect is conventional, that is, domestic import
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tariffs benefit the domestic firm at the cost of the foreign firm. The indirect effect stemming
from a decrease in domestic exports benefits the foreign firm at the cost of the domestic firm.
As a result, domestic import tariffs could harm the domestic firm and benefit the foreign
firm. It is also possible that both firms gain. In this case, the decrease in the domestic
imports and the decrease in the domestic exports caused by a domestic tariff strengthen the
market power in the firm’s home market, that is, for both firms, the gain from the decrease
in imports dominates the loss from the decrease in exports.

In the case of a standard model of monopolistic competition in the product market,
tariffs are also detrimental to consumers because they face both higher consumer prices and
less varieties. Import tariffs do not affect the profits of producers, which always equal zero

because of free entry and exit.

6.2 Suggestive evidence

Our main result implies that domestic tariff reductions may increase domestic exports.
Whether removing import restrictions (such as reducing tariffs) may enhance exports has
been a subject of trade policy research in the literature. Previous studies have identified a
few channels through which an import tariff reduction may influence export. Though early
studies indicate a negative effect of liberalizing imports on exports (e.g., restricting import
could enhance export when the protected industry exhibits increasing returns to scale, Krug-
man, 1984), more recent studies identify positive effects. For example, a tariff reduction on
intermediate goods may expand the sectors that use those goods as inputs, enabling them
to increase their exports (Cruz and Bussolo, 2015). This effect via supply chain may be
through direct effects on production costs (that drop due to lower input costs) or indirect
effects through more intense import competition and resulting productivity increases for
the affected firms (Trefler, 2004; Amiti and Konings, 2007). Our study identifies another
channel-—endogenous transport costs—through which import liberalization has a positive
effect on the country’s exports—an empirical question of high policy relevance.

Which channels are present or have larger effects in magnitude than others? Answering
this question would require careful empirical investigations. The case of India’s trade liberal-
ization in the 1990s, which has been studied as an example of externally imposed reductions
in trade barriers (e.g., Topalova and Khandelwal, 2011), suggests that our finding regarding
the link between tariffs and transport costs may be empirically relevant.?*

The United States has been a major destination of India’s exports (about 20% as of

2000). Figure 10 describes the trend of India’s import tariffs and the real transportation

24The authors thank one of the referees for her/his suggestion that the unilateral trade liberalization by
India in 1990s should be investigated.
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costs of the top exports from India to the United States.?> In the figure, the transport costs
for all HS categories considered (except for HS68 stone and cement) demonstrate a clear
downward tread during the period of India’s trade liberalization. While HS68 exhibits a more
erratic trend, overall the transport costs declined by more than 40% over the period. This
observation is consistent with our theoretical prediction regarding the response of transport

costs to changes in trade policy due to backhaul problems.?8

Figure 10 here

7 Conclusion

This paper explicitly incorporated the transport sector into a standard international trade
model and studied the effects of trade policies when transport costs are endogenously deter-
mined. Our model captures key stylized facts about international shipping: market power by
transport firms and asymmetric transport costs across countries. Furthermore, we explicitly
took into account “backhaul problems” that have not been paid much attention in the inter-
national trade literature. Transport firms need to commit to a shipping capacity sufficient
for a round trip. This may lead to imbalance in shipping volume in two directions, that
is, an opportunity cost associated with returning without a full load. Given such backhaul
problems, we demonstrated how the freight rate from one country to another, as well as the
freight rate of the return trip, is determined and explored the effects of import tariffs on
transported goods and taxes on shipping capacity.

Our analysis reveals that domestic tariffs reduce domestic exports as well as domestic
imports when transport firms try to avoid the backhaul problem. Domestic tariffs, which
benefit the domestic import sector and harm the foreign export sector in a standard model
of international trade, can also harm the domestic export sector and benefit the foreign im-
port sector. Thus the tariffs may not improve the country’s welfare. This unconventional

result occurs because transport firms choose their shipping capacity levels, subject to back-

25The figure displays the average unit transport costs on for the two sectors with the highest export share
in volume (HS68 “stone, plaster, cement, asbestos, mica, etc articles” and HS73 “articles of iron or steel”)
and the two sectors with the highest export share in value (HS 71 “pearls, precious stones, metals, coins,
etc” and HS62 “articles of apparel, accessories, not knit or crochet”). All values are normalized so that the
1991 values equal one. Appendix E details how we compute the average import tariff rates.

26Qur theory also predicts that the transport costs of India’s imports from the United States increase as
India’s import tariffs decrease. This result is due to the transport firms’ market power and does not depend
on their capacity constraints or the associated backhaul problem. Because the transport costs of India’s
imports in the 1990s are not available at OECD’s Maritime Transport Costs data (except for cereals, which
are shipped via clean bulk carriers and not containers), we do not have a figure similar to Figure 10 on
India’s imports.
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haul problems, while the export sector cannot export beyond the transport firm’s shipping
capacity. Clearly, tariffs reduce the transport firms’ profits.

A tax on shipping capacity could be equivalent to an import tariff on shipped goods.
This implies that the subsidies on shipping capacity may work as a substitute for an export
subsidy on shipped goods. If a foreign country hesitates to lower its tariffs, the domestic
country can increase its exports by providing export subsidies. However, export subsidies
are prohibited by the WTO and countervailing duties may be applied. Alternatively, the
domestic country could increase its exports by providing subsidies to carriers. The subsidies
may also increase domestic imports (i.e., foreign exports).

The extensions of our basic model revealed that the non-conventional impacts of trade
policies discussed above also arise in richer contexts under less restrictive assumptions. In
particular, in the presence of multiple carriers, even if the shipping volumes are not balanced
between the two directions, a tariff could decrease the shipping volumes in both directions.
We also obtained additional results in the extensions. When multiple exportable goods are
considered, a tariff affects not only the targeted sector but also other independent import
sectors (i.e., goods that are neither substitutes nor complements of the targeted good).

For simplicity, we focused on a two-country model. In reality, a carrier may call at several
places en route. In our analysis, we can regard one of the two countries as the rest of the
world. However, a promising direction for future research is to explicitly investigate the case

with more than two countries.?”

Appendix A

In this appendix, we prove that even if the tariff set by country B is small in the type-1
free-trade equilibrium, country B’s welfare deteriorates when it includes firm T’s profits.

In the upper panel of Figure 5, free trade increases the total surplus in the market of
good B by abPiy, in country B. Free trade also generates firm T’s profits. The profits from
shipping good B from country A to country B are given by its revenue bcP}, Pi; minus its
costs to ship zf 5 units. In the lower panel of Figure 5, point F' gives the largest profits on
the derived demand curve DD 45.

When a tariff is imposed, the total surplus in the market of good B is given by ab'Pjp
plus the tariff revenue T'Rp in the upper panel. Firm 7”s profits from shipping good B from
country A to country B are given by its revenue 727 ;OT 5 minus its costs to ship 7 5 units

in the lower panel. In the lower panel, the sum of the tariff revenue and firm 7’s profits is

27See Higashida (2015) for a three-country shipping model with capacity choice by transport firms with
market power.
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given by tx7 zOT" 5z minus firm T’s costs, which actually equals firm 7’s profits at point ¢
without the tariff. Since point F' gives the largest profits of firm T" along DD 4p, the sum of
the tariff revenue and firm 7”s profits is smaller than firm 7”s profits under free trade.

Thus, the sum of the total surplus in the market of good B and firm 7"”s profits from
shipping good B from country A to country B with the tariff, which equals ab/c¢ P}, minus
firm T’s costs, is less than that without the tariff, which equals abcP%, minus firm T’s costs.

Appendix B

In this appendix, we show Lemma 1.

There are nine possible combinations: i) z14p > 154 and xoap > Tapa; ii) T145 > T1BA
and Toap = Tapa; iil) T1ap > T1pa and Toap < Tapa; iV) T1ap = T1pa and Toap > Tapa; V)
T1aB = T1pA and Toap = Topa; Vi) Tiap = T1pa and Taap < Tapa; Vil) 14p < T1pa and
Toap > Tapa; Vill) T1ap < Z1pa and Taap = ¥2p4; and ix) T1ap < T1pa and Taap < T2p4.
As shown below, however, only five combinations arise in equilibrium.

We start by characterizing each equilibrium. First, suppose that x4 > x134 and

Toap > Topa hold in equilibrium. Then the profits of firms 77 and 75 are given by
Iy = TapwiaB + Tpar1Ba — 117148, o = TapToap + TBaTapa — T2T24B.

In equilibrium, we have (6) - (7).

Second, suppose that x14p = 14 and z94p = T2 hold in equilibrium. Then
IIy = (Tap + Tpa)xiag — rix1an, s = (Tap + Tpa)Toap — T2%248.

In equilibrium, we have

Tsh = m (3Qppa — 2 pp + Qppp + ppri + pgra) (A1)
TS = o (Y + 3%y = 2+ s+ aara), (A2)
o = o= o G+ =2 ), (A3)
W = 5= o (B Q=2 (A4)
= m (2Q7 +2Q% — 1 —19), (A5)
= m (2Q7 + 205 — 711 —139). (A6)

Third, suppose that z14p < 14 and 2945 < 254 hold in equilibrium. Then the profits
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of firms T and T; are given by

IIy = TapriaB + TBaT1BA — T1T1BA, o = TapToan + TBAT2BA — T2T2B4-

In equilibrium, we have

1
ng = _an Tgi:

3 (QL+T1+7’2),

W =

(A7)

1 1
iy = a5iy = JQEJJ%A e (L —2r + 1), 255, = E () + 71— 219 (AS)

B A
2 1
c3  _ c3 c3 r 03 C3 c3 -
Tap = TiaptTopp = 30 Op, Tpa = Tipa + Tops = T (20, —r1 —1ra).
Hp A

Fourth, suppose that z145 > 154 and x94p = 24 hold in equilibrium. Then
I} = Tapxiap + Tpaxipa — 11x1ap, Ho = (Tap + Tpa)Toap — T2%24B-

In equilibrium, we have (8) - (14).

Fifth, suppose that x14p < x134 and X945 = X254 hold in equilibrium. Then

Iy = Tapxiap + Tpaxipa — r1i%1an, , o = (Tap + Tra)Toap — raT24B.

In equilibrium, we have (15) - (21).

Sixth, suppose that x145 = 184 and xo4p > Tap4 hold in equilibrium. Then

Iy = (Tup + Tpa)xiap — r1ixiap, o = Tapxoap + TpaTopa — maToaB.

In equilibrium, we have

1 T T
iy = afpa= 3int i) () +Qp —2r1 + 1),
1 T T T
xng = _6MB (/lA i NB) (QANB —3Q0pus — 2Qpup + 3ppare — 21Ty + 4#37”2) )
1 T T T
Ig]gA = 61a (s + 1) (QQAMA +3Q%up — Qppig + 2par1 — MAT2) .

Seventh, suppose that r145 = 184 and x94p < x9p4 hold in equilibrium. Then

IIy = (Tap + Tpa)xiap — rixiap, s = Tapxoap + TpaTopa — ma%24p.
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In equilibrium, we have

1
x?jB = x?BZA = 3 (/JJA + NB) (Qz + Q% - 27n1 + TZ)?
1 T T T
xSZB = 61ip (in + fip) (3Qppa — Qypp +2Qppup + 2upry — ppra)
1 T T T
1'20;,4 = _6MA (in + 1i5) (Vppp — 3 — 2 g — 2p 471 + dpigre + 3ppra) .

It should be pointed out that the combination of 2145 > T1p4 and zoap < Tapa never
arises in equilibrium. To show this, suppose in contradiction that the combination arises in

equilibrium. Then we should have

1
Tiap = —— (Qp —2r1), 204 = 57— (Qp +711),
3ip b Hp b
(@ +72) — (@~ 2r,)
T1BA = 5 — r2),T2BA = 5 — 4T
3hta 4 3hta 4
We need 14— 2184 = —m (Qupp — Qo + 21471 + pgre) > 0, which implies Q7 pup <
Q% . However, we also need xops — Toap = —m (Qops — Vypip + pgrs + 2ugrs) > 0,

which implies Qg > Qpuy. Thus, the combination of z145 > 714 and xeap < Tapa
never arises. Similarly, the combination of z145 < 154 and x9ap > x9p4 never arises.

We next examine the conditions under which the above equilibria are actually realized
as Nash equilibria.

The condition under which zo4p > wopa arises given zyap > w1pa is that zoap(=
ﬁ (QF —2ra+11)) > xopa(= ﬁﬁg), which becomes Q7 g — QG — piar1 + 21472 < 0,
Le, A= Qup — Q) < py(r1—2ry). Now the condition under which 2145 > 154 arises
given Toap > Tapa is that z1ap(= ﬁ (QF —2r1 +12)) > x1pa(= ﬁﬂﬁ), which becomes
g — Qppia +204m1 — pgra < 0, 1e, A < py(ra —2r). Since puy(ry —2rg) < pug(re — 2r)
with 71 < ry, the combination of o453 > Zop4 and 145 > T1p4 arises as a Nash equilibrium
if A < puy(r —2r).

The condition under which xo45 = xop4 arises given x145 = x1p4 is that neither xo45 >
TopA NOT Toap < Topa holds given x14p = T1pa. Suppose Toap > Topa given Tiap = TigAa-
Then

1
XoAB | = —
( 6up (g + Lp

) (hpp — 3Qppa — 2Qp0p + 3pars — 21571 + 4MBT2))

1
> — 207, 307 1 — QO 9 — .
T2BA ( TR (2Q%p 4+ 3Qupp — Qppig + 24471 um))
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Thus, the condition under which xo45 > z2p4 does not hold given x14p = x1p4 IS Toap —

Topa < 0,1.e., A > —p re. Suppose oap < Topa given Tiap = Tipa. Then

1
€T =
2B < 6up (g + ip

) (3Q%51a — Qapp + 2Qpup + 2upr — MBT2))

1
6 (pia + pip

Thus, the condition under which z945 < x4 does not hold given x14p = T1p4 IS Toap —

< Typy (= ] (Qppa — 3Qpp — 2 g — 2p 471 + dpig72 + 3#37“2)) :

Tapa > 0, i.e., A < ppry. The condition under which x145 = 2154 arises given xo4p = Tapa
is that neither 14 > 14 nor 145 < 154 holds given xoap = xropa. SUPPOSE Tiap > T1BA

given roap = Tap4. Then

1
x =—
1B ( 6up (g + 1ip)

(hpp — 3Qppa — 2Qp0p + 3pars — 2ppr2 + 4MBT1))

1
C4 T T T
1BA ( 6/1/ ( L ) ( AM A AHMB BHA HaT2 — [y 1))

Thus, the condition under which xy45 > x154 does not hold given zoap = Topa is x1ap <

T1gA, .., N > —p,r1. Suppose T1ap < T1pa given Toap = Tapa. Then

1
x =
1Ap < g (pa + iip

) (3Q5pa — Qapp + 2Qpug — ppr + 2#37“2))

1
<z = —
- e < 6o (fia + i

Thus, the condition under which x145 < x154 does not hold given zoap = Topa iS T1ap >

] (Qppa — 3 pup — 2 pa + dpary — 2par2 + 3u3T1)> :

1A, 1.e., A < pugry. Therefore, the combination of 145 = z154 and xo4p = T2p4 arises as
a Nash equilibrium if —p m < A < pgr.

The condition under which x94p < wapa arises given x1ap < 1pa is that xoap(=
i (Q%)) < x2pa(= ﬁ (Q7 + 11 — 2rg)), which becomes Q7 g —Qppu s+ ppr1 — 20572 > 0.
This condition is equivalent to A > pz(2rs—ry). Now the condition under which z145 < 154
arises given xoap < Tapa is that ziap(= ﬁﬁg) > r1pa(= ﬁ (Q7 — 2ry + r3)), which be-
comes (Qqup — Qppua — 2ugr1 + ppre) > 0. This condition is equivalent to A > ug(2r; —
r9). Since r; < ry, the combination of xoap > wopa and w1ap > T1pa arises as a Nash
equilibrium if A > pug(2ry — ).

The condition under which xo4p5 = xopa arises given x145 > T1p4 is that neither xo45 >
Toga NOT Toap < Taga holds given x4 > T1pa. Suppose Toap > Tapa holds given x4 >

r1a. Then we have zoap(= ﬁ (0% —2ry +711)) > Topa(= ﬁ (27,)). As pointed out
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above, the combination of 2945 < o4 and x4 > x1p4 never occurs. Thus, the condition
under which x94p5 = Zapa arises given x4 > x1pa is that ﬁ (QF —2ry+1r1) < ﬁQQ
holds, that is, (Q4up — Qpuy — piar1 + 211472) > 0 holds. Thus, the condition becomes
f (11— 2r9) < A. Now the condition under which x14p > 7154 arises given xoap = Tapa is
that

1
TiAB | = —
( g (pa + iip

) (hpp — 3Qppa — 2Qp0p + 3par — 2pprs + 4#37"1))

1
> T1BA (:
Gpia (poa + pig)

which becomes (24 pug — Q%4 + pym1) < 0. This condition is equivalent to A < —p 471. Thus,

(2Q%p g + 3y g — Qppug + 2470 — um)) :

the combination of xoap = Tapa and 145 > x1p4 arises as a Nash equilibrium if g4 (r; — 2r9) <
AN < —pyry.

The condition under which xo45 = xop4 arises given x145 < x1p4 is that neither xo45 >
Topa NOT Toap < Toga holds given x14p < x1pa. The combination of x94p > x2p4 and
T1aB < T1pa never occurs. Suppose that xoap < xop4 holds given x14p < x134. Then
we have xoap <: ﬁﬂ%) < Zopa(= ﬁ (Q — 2ry + r1)>. Thus, the condition under which
ﬁ (7, — 2ry + 1) holds, that is,
(g — Qo + ppr1 — 2pgre) < 0 holds. Thus, the condition becomes A < g (213 — r1).

ToAB = Topa arises given riap < T1pa is that ng >

Now the condition under which x4 < x1p4 arises given xo4p = Top4 is that

1
T1AB | =
( 6p (pa + ip

) (3Qpua — Lypp + 2Qppup — ppri + 2#37"2))

1
<z =—
o ( 6 (pia + g

which becomes (Qpuy — Qypup + ppr1) < 0. This condition is equivalent to A > ppgry.

) (Qppa — 3 pp — 2 pa + Adprary — 2pam2 + 3#37“1)) ,

Thus, the combination of xoup = z9opa and x4 < x1pa arises as a Nash equilibrium if
pprt < A < pg(2ry —ry).

The condition under which x4 = x1p4 arises given xoap > Tapa is that neither
T1AB > X1BA NOT XT1ap < T1pa holds given xoap > xopa. Suppose xoap > Tapa holds
given 145 > T1ga. Then we have xy4p <: ﬁ (Qn —2r; + 7’2)> > T1BA (z ng). The
combination of x14p < x1pa and Zoap > Tapa never occurs. Thus, the condition un-
der which w14 = xi1pa arises given Toap > Tapa is that ﬁ (Q —2r1 + 1) < ﬁﬁg
holds, that is, (Q4ug — Qpuy — piare2 + 21471) > 0 holds. Thus, the condition becomes

2py (r2 — 2r1) < A. Now the condition under which xoap > xopa arises given xiap = T1pa
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is that

1
ToAB | = —
( Gpup (g + iip

) (Vapp — 3Qppa — 2Qppup + 3puars — 2071 + 4u37“2))

1
> 2V 1y + 3V 1y — Voppin + 24t 71 — ,
TaBA ( 61a (ia + fin) (2Q%p g + 3y g Bl 20471 MA7"2))

which becomes (Q4pup — Q%us + par2) < 0. This condition is equivalent to A < —pyrs.
Since —par < 24,4 (re — 2r) with 71 < ry, the combination of xoap = zopa and z1ap >
T1pa hever arises as a Nash equilibrium.

The condition under which xy45 = x1p4 arises given xoap < Topa is that neither x4 >
T1BA NOT Tiap < T1ga holds given xoap < apa. The combination of x14p > x4 and
Toap < X4 NEVer occurs. Suppose Tiap < Tipa holds given xoap < wops. Then we
have x14p (: ﬁ@g) < T1BA (: ﬁ (Q —2r + r2)>. Thus, the condition under which
T1AB = T1pa arises given Tosp < Tapa is that iQTB > i (Q7, — 2ry + r9) holds, that is,
(Qupup — Qpps — 2upr1 + ppra) < 0 holds. Thus, the condition becomes A < g (211 — 12).

Now the condition under which zo4p < wopa arises given x4 = T154 is that

1
ToAB | =
< Op (ta + ip

) (3Q5pa — Qapp + 2Qpup + 2upr — MB7“2))

1
< — Votin — 30 s — 200, — 2 4 3 :
Topa ( TR (Qppa W WHA — 20471 + 4T + uBrz))

which becomes (Q%u, — Qhug + pgre) < 0. This condition is equivalent to A > pgrs. Since
fp (2r1 — o) < pgre with r; < 7y, the combination of z145 = x154 and x94p > Topa never
arises as a Nash equilibrium.

Appendix C

In this appendix, we first prove that an increase in 75 decreases firm 77’s total profits in
type-4 equilibrium and then show that an increase in 74 may increase firm 7}’s total profits
in type-4 equilibrium and an increase in 7 may increase firm 7}’s total profits in type-5
equilibrium.

Firm T}’s total profits in type-4 equilibrium is given by II¢* = pg(2$i5)? + w285 4)2.
Differentiating this with respect to 7; (i = A, B), we have

dI1¢4 dx¢4 dr¢4
drli = 205y CaB dlAB + 2y ng—dlfA

pC4 2 C4
T 3ua+2
_ — TIAB __ HATsHB TIBA __
In type-4 equlhbrlum xlAB > 2{4 , with 74 = 0. Since uB T Tt and fi 4 dTB =
Ha
6(natrp)’
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Next we consider the effect of an increase in 74 on ﬁrm Ti’s total profits in type-4

2 C4
equilibrium. With 75 = 0, 2945 > 254, We have up d“‘B = G(M,ffug) and ,u Slea —
24 +3p c4
—m. Thus, as long as the gap betgveen slAB ;
The gap becomes the largest with 7,4 = ~—2£5= B“i‘é;“f‘rﬁ PA™2 Thus, if the following holds,
for example,
l‘lch QAMB—QB[LA—[LAT1+2[LAT2 ( - :ClAB) < 3 1BA QA;LB—QB;LA—;LAT1+2;AA'P2
B B

= 2QB + 511 — 77”2 > 0, (AlO)

Qa, Qp, ,uA, ,uB, r1 and 79, which satisfies (AlO) 2 >0, TS: >0, 281, > 288, > 0, and

3:202‘3 = 254, > 0. The condition (AlO) is likely to hold if the gap between xij and z{3,

hold. To see this, suppose 4 = pp. d;

close enough to SARE=SBEA—MATIRZUAT ¢ 416 fo]lowing holds:

tB
Cc4 C1 c4
xlAB QA”BfﬂB“A7MA7'1+2/"A7'2 ( = JflAB) > 5 '/L‘IBA‘T 7QA“370B“A*NA7'1+2”A7'2
LB AT LB
~ 4QB +7r1 — 11ry < 0. (Al].)

We consider the conditions under which (A11) holds. Setting Qg = ar; and ro = bry, (Al1) is
equivalent to 4a+7—11b < 0. For 2§15 > 0 and 2§45 > 0, we need ry < % & 20 <a+l.
Once we find a pair (a,b) which satisfies both 4a — 11b < —7 and a — 2b > —1, it is easy to
find a set of parameter values, Qa, Qp, 114, pig, 71 and 79, which satisfies (A11), T3 > 0,
TS >0, 2045 > 283, > 0, and 2515 = 254, > 0. For example, Q4 = 30, Q5 =20, u, = 1,
iy =1, 7 =11 and ry = 15 are such a set of parameters.

Lastly, we consider the effect of an increase in 75 on firm T}’s total profits in type-5
equilibrium, which is given by given by II{® = 15(x$55)* + p4 (23 4)? Differentiating this

with respect to 75, we have

o5 4 C5
dIT; —9 os dxTap 4+ 924,253 dripa
d = MB$1AB—d AT1BA d
TB TB TB
lAB __ 3pat2up defp, Ha
With 74 =0, 2555 < 2¢5,. We have ug = G0y and =gt = gl Thus,

as long as the gap between {3, and 23, i
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—Qapp+Qpu,—ppri+2ppre
Ha

the largest with 75 = . For example, if the following holds:

C5
mlAB —QA;LB+QB;LA—;LBT1+2;LB7"2 ( - JJ].AB) < 3 :ClBA :—QA;LB+QBMA—/LBT1+2;LBT2
HA HA

S QQA + 5711 — Trg > 0, (A12)

dr
that Qp in (A10) is replaced by Q4 in (A12). It is easy to find a set of parameter values,

then we have dni5 < 0 in type-5 equilibrium. The difference between (A10) and (A12) is

Qa, QB, s, g, 1 and 79, which satisfies (A12), TSy > 0, TS5 > 0, 2$5, > (55 > 0,

NG o digs
and 2§55 = 255, > 0. Similarly, we have - > 0 for 7p Wthh is close enough to
—Qapp+Qpu —pprit+2upgre if

Ha

cs
',L‘].AB __QA/"‘BJ"QB“A_“BTlJ"Q“BTQ > 5 fL’lAB _—QA;LB+QB,U.A—,LLB1"1+2;LBTQ
- HA N KA
& AQu+Tr; —11ry <0 (A13)

holds. The difference between (A1l) and (A13) is that Qp in (All) is replaced by Q4 in
(A13). Thus, we can find a set of parameter values, Q4, Qp, 4, pg, r1 and ro, which
satisfies (A13), TS5 > 0, TS5 > 0, 255, > 2§35 > 0, and 2§55 = 255, > 0.

Appendix D

In this appendix, we show Proposition 10. For this, we find a case in which an increase
in 715 (T9p) actually leads firm 7T to stop shipping good A; (good As). For simplicity, we

assume 715 > 0, 795 = 0 and J: B+ xAB < xpa. Then we have

QAlT + QAQT A1 1 .

Ti%
2 (MB + HB ) g

AT Ao AogT Ay
The profits of firm 7T from shipping both goods A; and A, are (QBA 05 K )
4/‘/ ZMB <M31+M 2)

. When

firm T ships only good As, we have Ty = %QgQT and the profits from shipping only good A,
AoT AT
are (2522)2. Thus, if Q’g” > i%ll (,ugl + \/ ,ugl (u’gl + u’éQ)), then the profits from shipping

only firm A, are greater than those from shipping both goods A; and A,. It should be noted
that even if x4 > xp,4 initially holds, stopping shipping good A; may lead to x4 < xpa
(where 2/}, = 0). If this is the case, T4 increases.

Appendix E

We describe details on computing the tariff rates used in Figure 10.2* The World Inte-
grated Trade Solution (WITS) database does not contain tariff data for 1991, 1993-95, and

28The authors thank Kazunobu Hayakawa for sharing with them the tariff data computed with the fol-
lowing procedure.
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1998. For these years with missing tariff data, we assume that tariff rates did not change
and apply the rates from the previous year. (Thus the 1991 tariff rates are equal to the 1990
level in the data, the 1995 rates equal to the 1992 level, etc.) In the figure the tariff rate
appears to change every year because import values, and hence the weights on the sectoral
tariff rates, differ across years.

Tariff rates are typically defined at a level finer than the HS six-digit level. We took a
simple average of tariff rates within each HS six-digit level to compute the sectoral tariff
rates. The six-digit level import value weights are then applied on the sectoral tariff rates
to derive the weighted-average tariff rates. The import values are taken from the United
Nations Commodity Trade Statistics Database (UN Comtrade).

For the purpose of this analysis, the weighted average was taken over those commodities
that are subject to containerized trade (instead of all traded commodities).

We use the weighted average tariff rates in the figure (instead of the tariff rates for each
sector) because a container may carry a mixture of products from various sectors: freight
rates on a particular manufacturing good may depend on not only the trade volume of
the good itself but the total trade volume between countries. We also note that, in the
computation of the average tariff rates, we use the weighted average in terms of imports at a
commodity-level because the effect of tariff rates on freight rates will be larger for products

with larger trade volume/values.
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Figure

Figure 1: Trade in goods and freight rate
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Figure 5: Tariffs and surpluses




Figure 6: Tariffs and surpluses with balanced shipping
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Figure 10: India’s import tariffs and transport costs
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: Average unit transport costs (in 1990 US dollars) for goods categorized in HS 62,

68, 71, and 73 are from OECD Maritime Transport Costs database (adjusted with US
GDP deflator). Tariff rates refer to the weighted average of India’s HS six-digit level
MFN rates using total imports as a weight. The data on MFN rates and total imports are
obtained from WITS database and UN Comtrade, respectively.



