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Ocean transport carries 80% of the global
commodity trade by volume (UNCTAD, 2009).
In seaborne transport, bunker fuel has been
increasingly used to power the vessels’ engines for
propulsion since the 1950s. The global bunker
fuel market had a high trading value of $97,203
million in 2016, and it is expected to grow with a
compound annual growth rate (CAGR) of 9.6%,
reaching $142,489 million in 2023. As
Notteboom and Vernimmen (2009) stated,
container vessels sailing at slow speed of 20 knots
from 25 knots incur a bunker cost, nearly 50%
from 60% of the total ship costs. Even though at
the slow steaming, bunker cost still constitutes a
large proportion of operating costs. Ronen (2011)
pointed out that bunker cost occupies about 75%
of the operating cost of a large containership at
bunker fuel price of 500 USD/ton. Fuel expenses
for sea transportation are impacted by the
increasing bunker price globally Therefore, as the
necessary fuel consumptions of ocean transport,
the cost of bunker fuel covers major part of
transport costs, directly impacting on earnings and
profitability of running a ship, a shipping company,
and market participants.
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Global bunker fuel markets are not isolated from
each other. Sourced from crude oil, the prices of
global bunker fuel are commonly susceptible to

the fluctuations of crude oil price (Shi et al.,
2013),making fluctuations in global bunker prices a
common trend. Additionally, international trade
and goods transport make bunker markets over
the globe to be closely connected. When there
exists international trade and goods transport
between ports, ships operating intimately connects
the two ports , and then bunker price fluctuations
in either port would affect that in the other port. It
implies that regional market participants and
stakeholders are exposed to the risks of global
bunker prices fluctuations, including shipowners,
charterers, traders, physical bunker suppliers, and
financial institutions.
Furthermore, bunker prices are tightly correlated
with transport service price (freight rate)
(Notteboom and Vernimmen 2009; Yin, Luo, and
Fan 2017). When the demand of transport service
increases (decreases), the supply of bunker fuel
remains stable but the demand of bunker fuel
climbs (falls), which makes the price of bunker fuel
increases (decreases) accordingly. Thus, this
exposes bunker market participants and shipping
companies to the risk from the freight rate market.
Additionally, Tao and Green (2012) proposed that
the volatility spillover hypothesis could explain the
information flow between spot and futures market,
and a shock in either market would rise volatility
and volatility-persistence in both markets. Thus, it
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This data set of this research includes monthly
prices of bunker fuel in 13 ports (Figure 1a), of
four shipping freight rate indices (Figure 1b) and of
one bunker futures (Figure 1c). The empirical
findings of this research are summarized as
follows. First, an absolute volatility transmitter to
other markets is found to be existed in each
region and across regions, by examining static and
dynamic volatility spillovers among bunker
markets in Asian, European, American regions
and across regions. Specifically, Singapore,
Rotterdam, and Houston are the net transmitters
of spillovers to other markets in Asian, European,
and American regions, respectively. Furthermore,
Singapore is still the leader in the three stated
markets, as shown in Figure 2. Thus, all bunker
traders, shipping carriers and participants in global
bunker markets need to pay more attention on
the situation in the Singapore market. Also, the
volatility spillover effects are of great significance
for stakeholders and investors in bunker markets
to manage risk exposures. When there is a shock
to bunker price in the Singapore market, bunker
prices of other bunker markets would be affected.
The time-varying cross-market interdependences
increase aggregate risk exposures. Those risk
exposures could be incorporated into bunker
derivatives pricing model to improve hedging
performance. Second, shocks to the Singapore
bunker market significantly contributes to the
forecast error variance of shipping freight markets,
and the magnitude varies over the sub-segments
of shipping freight markets. The volatility
transmission from the Singapore bunker market
to shipping clean tanker market is higher than that
to others. Third, it provides the evidence of

unidirectional interdependence between bunker
spot and futures market in Singapore, which is
affected by important economic events, such as the
global financial crisis (2007-2008) and historical oil
shocks. Surprisingly, the volatility is mainly
transmitted from bunker spot market to bunker
futures market, which is opposite with most
financial markets. This illustrates that bunker spot
and futures markets cannot adjust similarly in
response to the same market-wide news, and
bunker futures market is not equally informative as
bunker spot markets.
This research fills the gap in the previous studies
regarding the magnitude and direction of volatility
spillovers among multiple bunker spot markets.
Furthermore, freight markets and bunker futures
market are incorporated into exploring volatility
spillovers across bunker, making risk measures
more accurate. Additionally, the empirical dynamic
results disclose the interesting information in
volatility spillovers over time and confirm that the
identified spillovers are time- and event-specific.
Hence, it is supposed that market participants and
stakeholders should adjust their hedging strategies
in response to crucial events in particular markets,
such as the global financial crisis and the COVID-19
pandemic, to manage risks linked with their
operational and economic activities.
The findings of this research have important
implications for shipowners, charterers, bunker
traders, investors, and regulators. Specifically, the
dynamic volatility spillovers among bunker markets
are associated with the fluctuations in other bunker
markets. The time-variant interdependence across
different markets also influences significantly
aggregate risk exposures for bunker markets. Put it
differently, the risk exposures for bunker market
source from the other bunker markets, freight
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is interesting to identify the degree of
interdependence between the bunker spot and
futures market in terms of volatility spillovers.
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markets and bunker futures markets. Considering
the spillover effects from various markets
volatility, market participants could have a more
comprehensive
understanding
of
risk
dissemination across markets and improve risk
hedging accordingly. In addition, the Singapore
market acts as a leading bunker market to
transmit volatility to other bunker markets and
Singapore futures market. Therefore, traders
could utilize the fluctuations in Singapore market
to foresee the volatilities in other bunker markets,
shipping freight markets, and bunker futures
markets. Also, the research is helpful to improve
the predicted ability of the volatilities among
bunker markets, freight markets and futures
market. Risk hedgers could improve their
portfolios to be more efficient according to
aggregate risk exposure. For policymakers, they
could monitor the fluctuations in the Singapore
market against potential risks to stabilize local
markets.
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Figure 1. Figure (a) shows the monthly path of bunker prices in 13 ports, Figure (b) shows the indices of
shipping freight rates, and Figure (c) shows the Singapore bunker futures. Note: CSI denotes ClarkSea Index;
BDI denotes Baltic Dry Index; BCTI denotes Baltic Clean Tanker Index; BDTI denotes Baltic Dirty Tanker
Index
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Figure 2 The total, directional, and net spillover indices among the three leading bunker markets - Singapore,
Rotterdam and Houston
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