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In this paper we investigate the importance of fuel costs in shaping world trade. We use AIS data
on ship locations and transaction-level shipping prices, along with a dynamic model describing the world
shipping industry, to measure the elasticity of trade with respect to ship fuel costs. We nd that the
average estimated elasticity is 0.35, but ranges from 0.1 to about 1.2 depending on the level of the fuel
cost. The pass-through of fuel costs to transport costs is low, at 0.17. Strikingly, the trade elasticity
features a pronounced asymmetry in low vs. high oil prices. As fuel costs decline, the elasticity plateaus
and further declines have little impact on trade. This attening out of the elasticity is attributed to the
equilibrium of the transportation sector and in particular the changes in the relative bargaining positions
of ships and exporters. Finally, we use the estimated elasticity to assess the importance of ship design on
trade ows: if the large fuel e ciency gains achieved in the 1980s had not been realized, trade would be
12% lower today.

Keywords : fuel costs, shipping, world trade, trade elasticity, oil prices, fuel e ciency, fuel cost pass-

through

Cornell University, Department of Economics, 464 Uris Hall, Ithaca NY 14850, USA, giulia.brancaccio@cornell.edu
YHarvard University, Department of Economics, Littauer Center 124, Cambridge MA 02138, USA, myrto@fas.harvard.edu
*Boston College, Department of Economics, Maloney Hall 343, Chestnut Hill, MA, 02467, USA,

theodore.papageorgiou@bc.edu



1 Introduction

How signi cant an e ect do oil prices have on trade ows? Many have claimed that oil price spikes have
the potential to put a break on world trade by increasing transport costs® Indeed, oil prices determine
ship fuel costs, which constitute the core (variable) cost component of the transportation sector. In this
paper, we compute the world trade elasticity with respect to oil prices. We are able to isolate the impact
of oil shocks on transportation costs (vs. other channels such as production input costs or income e ects)
through the use of a simple structural trade model that explicitly incorporates the transportation sector.
We show that modeling the transport sector is crucial in understanding the mechanism behind the oil
price pass-through to exporters and the patterns of the estimated elasticity.

We focus on oceanic shipping, which accounts for the large majority of international trade, and in
particular on trade in bulk commodities, such as minerals, grain, and chemicals, which in turn accounts
for about half of all seaborne trade in tonnage (UNCTAD, 2015). Bulk ships are often thought of as
the ocean taxis, as the industry's structure and operation resembles that of taxicabs. We use data on
shipping contracts between shipowners and exporters that correspond to speci c trips; we also obtain AIS
ship movement data that inform us on ships' sequences of loaded and empty trips. This dataset was rst
used in our prior work, Brancaccio et al. (2020a), henceforth BKP.

We employ the dynamic spatial search model built in BKP, that centers on the behavior of ships and
exporters. Ships are homogeneous and contract with exporters for individual trips, setting shipping prices
through Nash Bargaining. After delivering the cargo for a price, a ship searches for new cargo in their
current location. If unable to nd an exporter, the ship can either wait at its current location, or ballast
(i.e. travel empty) to a chosen destination. Fuel costs are the main variable cost of ships and they are
captured through ships' cost of sailing. Exporters have one cargo to ship. Potential exporters decide
whether to export or not, as well as which destination to export to. Once this entry decision is made, they
wait at port until they match with a ship that will transport their cargo.

We leverage the model to compute the trade elasticity with respect to fuel costs as well as the pass-
through of fuel costs to shipping prices. Our estimated trade elasticity is 0.35 at the average observed fuel
cost level. In practice however, the baseline number is unlikely to be su cient for policymakers. Indeed,

we nd that the elasticity depends crucially on the level of the oil price and ranges between 0.1 and 1.2.

LFor instance, a report by The Economist (Wood, 2008) states For the countries of Asia, where the price of transporting



The pass-through of fuel costs to exporters is low, as the elasticity of prices with respect to fuel costs
equals 0.17 at the average observed fuel cost. This suggests that fuel costs are not a good approximation
of transport costs, and that modeling the transportation sector is crucial to understand the trade costs
that countries are facing and the ensuing trade ows.

A striking feature of the estimated trade elasticity is its pronounced asymmetry in low and high levels
of fuel costs. Indeed, the elasticity gets steeper as the fuel cost increases, while it plateaus as the fuel cost
decreases. This asymmetry is generated by the equilibrium of the transportation sector and in particular,
the changes in the relative bargaining positions of ships and exporters. Naturally, as the fuel cost declines,
trade increases, since fuel costs are a key input in transportation costs. In addition, however, as the
fuel cost declines, the world becomes more at, since distance matters less, and ships can reallocate
cheaply across di erent regions. Therefore, they are less tied to their current location and are able to
extract higher prices, as they have the option of ballasting to more attractive locations. This dampens
the price decline and mutes the increase in trade disproportionally at low fuel costs. In contrast, when
fuel costs are high, it is costlier for ships to change locations and exporters at their current location have
a stronger bargaining position, leading to large increases in trade. This e ect is particularly pronounced
in net exporting regions, where the high likelihood of nding a load makes ships almost certain to stay
put when oil prices are high. As a result, as the world becomes at under low fuel costs, the increase in
trade is muted because of ships' strong bargaining position.

To further document this mechanism, we explore a relevant testable prediction of our model. When
fuel costs decline and distance is of less importance, ship values tend to equalize over space. A ship in an
unloading region is now not much worse o than a ship in a loading region, as ballasting from the former to
the latter is cheaper. As the dispersion in ship value functions declines, so does the dispersion in shipping
prices which depend on the ship's value at the destination. We test this using the observed shipping prices
and external data on fuel costs and nd that indeed as oil prices fall, shipping prices equalize across space.

Finally, we use our estimates to assess how much recent trends in fuel e ciency of ship design have
a ected trade ows. Ship design is a ected by a number of factors over time, such as long-term trends in
the shipbuilding industry, technological improvements and environmental policies. We compute that the
e ciency gains achieved in the 1980s by world shipyards led to a decline in shipping prices of 5.5% and an
increase in trade by 12%. On the other hand, the recent deterioration in fuel e ciency design resulted in
a 5.6% reduction in world trade. These calculations showcase the policy relevance of our estimated trade

elasticity with respect to fuel costs, as a number of environmental regulations imposing fuel e ciency






2 Industry and Data

Bulk shipping involves large oceanic carrier vessels (larger than 10,000 DWT capacity) that carry mostly
commodities and raw materials, such as grain, iron ore, steel, coal, chemicals, etc. The industry is
unconcentrated with a large number of small rms. These ships operate much like taxi cabs: a shipowner
contracts with a cargo owner for a specic trip; the ship is lled up with this exporter's load and it
delivers the cargo at the agreed upon destination. The ship then restarts in that destination by looking
for a new contract. Similar to taxi cabs, bulk shipping services are considered fairly homogeneous. Prices
are negotiated between the shipowner and the exporter, and mediated by one or multiple shipbrokers.

Our analysis is based on two databases. First, a sample of contracts between shipowners and exporters
obtained from Clarksons Research. Each observation is a contract for a trip and it speci es the origin and
destination of the trip, the loading and signing dates the ship and the price between 2010-2016. Second,
we use AIS data reporting ship locations, as well as the ship's draft (i.e. the distance between the bottom
of the ship's hull and the waterline) which allows us to distinguish loaded from empty movements. We
obtain data for 5,000 ships (about half the world eet) between 2010-2016 from ExactEarth Ltd. For a
more detailed description of the industry and the data we refer the reader to Kalouptsidi (2014) and BKP
respectively; BKP also provides summary statistics and data patterns.

For example, a prevailing feature of the data is the large trade imbalances and their impact on shipping
prices. Indeed, most countries are either large net importers or large net exporters of the commodities
carried in bulk vessels. China and India are the biggest importers, while Brazil, Australia and North
America are the biggest exporters. These trade imbalances translate into asymmetric ship hiring rates at
di erent regions of the world: although a ship in Brazil is very likely to nd a cargo, a ship in China is
much less so. As a result, a ship would much rather unload a cargo in Brazil than China, as her options are
much better in Brazil and this is re ected in the prices the ship agrees upon. Indeed, the price to unload
in China is substantially higher than the price to unload in Brazil. Shipping prices exhibit pronounced
asymmetries, re ecting the world's natural geography (distances and natural inheritance) and its impact

on ship pro tability at di erent regions of the world.

3 Model

We next provide a description of the dynamic spatial search model of the global shipping industry.



3.1 Environment

Time is discrete. There arel regions in the world and two types of agents: exporters (or freights) and

ships. Every period, at each location



at the start of the period and is given by,

Vi= "+ iEjr (i +Vy)+(@Q i)V 2)

i.e. the ship pays the port cost,c, and with probability ; it meets some exporter with destinationj and

valuer



Shipping Price It is straightforward to show that Nash bargaining implies that the shipping price is,

ir =@ DU Vy)+ oar 5)

where ; =(1 ) (1 )=(1 a 9).
The equilibrium price depends positively onr, so that more valuable freights pay higher prices. More-

over, the price depends on the value of traveling from to j, V; (which in turn depends on
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Figure 1: This gure uses the estimated model to compute changes in total trade in reaction to changes in the fuel cost. The
left panel shows the total change in world trade for di erent shocks to fuel costs, while the right panel plots the corresponding
elasticity. The average weekly fuel expenditure within our sample period is around $69,100. To produce the gure above, we



increase of 30% from the weekly fuel expenditure in our sample of about 69,100$. When the fuel cost
increases by 30%, total trade falls by about 15%; in contrast, when the fuel cost declines by 30%, total

trade grows by about 8%. As we argue below, this asymmetry is generated by the equilibrium of the

transportation sector and in particular, the relative bargaining position of ships and exporters.

Since fuel costs are ships' main variable cost, higher fuel costs naturally lead to higher shipping prices,
all else equal. Fuel costs, however, do not act just as inputs for ships; they also determine their relative
bargaining position. When fuel costs increase, ships become captive to their current location: as it is
costly to ballast elsewhere, ships are constrained in their ability to exploit opportunities in other regions.
This limits the competition for ships between exporters across di erent regions and allows exporters to
pay lower shipping prices than otherwise. In contrast, when fuel costs decrease, it is cheaper for ships
to reallocate in space. Ships are less tied to their current region and it is now the exporters that are
in a weaker bargaining position and thus forced to agree to higher prices than otherwise. This indirect
e ect of fuel price shocks, coupled with the direct e ect of fuel costs on the cost of transporting a cargo,
determines the level and shape of the elasticity plotted in Figure 1.

Formally, from the price equation (5), a decline in the fuel costcﬁ ,

directly reduces the value of a
traveling ship, V;, by reducing its cost (see equation (1)). At the same time however it a ects ships'
outside options, captured by the U; term (see equation (3)). This e ect tends to dampen the overall
reduction in prices, and exporter entry, when fuel costs fall.

In order to understand the asymmetry in Figure 1 note that the e ect of fuel cost shocks on the ships’
bargaining position is di erent for di erent levels of the fuel cost, cﬁ . In a world with high fuel costs,
ships' bargaining position reacts less to changes in the fuel cost. Indeed, at high fuel costs, the ship is
likely to stay put rather than ballast, especially when in loading regions (net exporters). As a result, the
price decline is not dampened as above and the increase in trade is sharper. Formally, when fuel costs
are high, the outside option of shipsU;, is roughly equal to value of remaining in the current region,V;,
especially in exporting countries. A change mcﬁ has little direct e ect on V; and therefore U;, and the
dampening impact ofcﬁ on prices is very small: most of the reduction incfj' shows up directly in prices
which leads to a correspondingly large increase in exporter entry in net exporting countries.

Consider now a world with low fuel costs. In contrast to the situation above, it is now relatively cheap
for ships to reallocate in space. In this at world, a ship is likely to choose the ballasting rather than the

waiting option, and as a result, declines in the fuel cost have a large impact on its outside option. This

mutes substantially the increase in trade and the elasticity of trade shrinks substantially. Formally, the



Figure 3: This gure uses the estimated model to compute changes in trade in reaction to changes in fuel price for net
importers and net exporters. The left panel shows the total change in trade for di erent shocks to fuel costs, while the right
panel plots the corresponding elasticity. We classify a region as a net importer if the number of incoming cargoes is higher
than the number of outgoing cargoes and vice versa.

outside option of ships,U;, is more likely to equal to one of the traveler values)jj , and a reduction inc ,
can now have a sizable increase ib;, leading to a dampening in the price decline and a smaller increase
in exporter entry.

We also examine the pass-through of fuel cost shocks to shipping prices. Figure 2 displays shipping
prices as a function of fuel costs, as well as the elasticity of shipping prices with respect to fuel costs. The
elasticity is equal to 0.17 at the average fuel cost level and ranges from 0.03 to 0.43. Naturally, it features
the same asymmetry. The level of the elasticity suggests that the pass-through of fuel costs to exporters
is relatively low. Our estimates are similar to those found in Hummels (2007). The low pass-through, as
well as the varying range of the elasticity suggests that transport costs are not well approximated by fuel
costs and that modeling the equilibrium of the transportation sector is important in understanding the
nature of trade costs.

We explore further our proposed mechanism by investigating separately the behavior of net exporters
vs. net importers. Figure 3 plot exports and trade elasticities for di erent fuel cost levels for net exporting
and net importing regions separately. The graphs are telling: at high levels of the fuel cost, for net
exporters decreases in fuel costs are associated with substantially steeper increases in trade than for net
importers. Indeed, ships in net exporting countries almost always prefer to stay put rather than ballast
away when the fuel costs are high. Therefore, ships benet less from decreases in fuel prices their
bargaining position does not improve substantially and any decline in fuel costs leads to large reductions

in shipping prices and thus large increases in trade. Therefore, a decline in fuel costs when the fuel cost
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is high, disproportionally bene ts net exporters, widening the trade gap between countries. As fuel costs
further decline, however, the world becomes at, as ships can costlessly reallocate.

Finally, it is worth noting that we nd that as fuel costs decline ships do ballast more and there is a



the fuel cost. To test this prediction we use time-series data on fuel costs between 2012 and 2016 (from
Clarksons Research) and regress the dispersion in per-day shipping prices on contemporary fuel cost.

Importantly, the focus on per-day prices allows us to control for the di erential exposure to oil shocks



di erent types of ships (see Figure 7 therein speci cally for bulk ships)? They nd that energy e ciency
for bulk carriers improved dramatically (by about 25%) in the 1980s and after a short stable period began
deteriorating. This observed reversion in energy e ciency is striking.

Ship design is determined endogenously by the long-run market equilibrium in the shipping and ship-
building markets; as such it is a ected by market conditions (world trade), fuel costs, and environmental
policies. For instance, the improvements in e ciency in the 1980s follow the oil crisis of the 1970s. The
lag in the shipyards' reaction is also consistent with the time required to produce novel ship designs (Faber
and Hoen, 2015). The later deterioration in ship e ciency may originally have been due to the massive
increase in trade starting in the 1990s-2000s: at the time, shipyards faced severe capacity constraints
and opted for simple and quick to build designs (Kalouptsidi (2014), Kalouptsidi (2018), Faber and Hoen
(2015)), while high freight rates made high fuel costs less painful for shipowners.

Overall, the combination of (i) long-term trends in the shipbuilding industry; (ii) technological improve-
ments; and (iii) environmental policies lead to time-varying ship designs in terms of fuel e ciency. Here,
we use our estimates for the trade elasticity to calculate (i) the gains in trade because of the improvement
in design fuel e ciency since the early 1980s; and (ii) the reduction in trade brought about by the more
recent deterioration in fuel e ciency. Our estimated elasticities suggest that the 25% improvement in fuel
e ciency since the 1980s have led to a decline in shipping prices by 5.5% and a corresponding increase in
trade by 11.8%. On the other hand, since the 1990s e ciency has deteriorated by 13%, resulting in a 5.6%
reduction in world trade, and a 2.5% increase in shipping prices. Note that these estimates vary from the
back-of-the-envelope calculation one would obtain using the mean estimated elasticity.

In summary, consistent with the trade elasticities estimated above, we nd that ship design is an im-
portant determinant of trade. As global institutions are currently considering the phasing in of substantial
environmental policies (e.g. the International Maritime Organization (IMO) is currently phasing in limits
on sulphur in ship fuel) it is our hope that our methodology and estimates can be of use in the cost-bene t

analysis of determining the optimal levels of environmental standards.

%In order to assess design fuel e ciency, Faber and Hoen (2015) use data from the IHS Maritime World Register of Ships
and from Clarksons World Fleet Register to compute each ship's Estimated Index Value (EIV). The EIV computation takes
into account the ship's capacity (deadweight tonnage), main engine power, auxiliary power and design speed.
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Impact on
Shipping Prices International Trade

Fuel e ciency gains, 1980-1990 -5.%0 11.8%
Fuel e ciency decline, 2000-2015 2.%0 -5.6%

Table 2: Impact of changes in ships' fuel e ciency in 1980s and 2000s on international trade and shipping
prices.

7 Conclusion
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