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Abstract:

Uncertain green regulation and market competition are two major external environmental
factors for ocean carriers to consider when making their decisions on business operations. The
uncertainty of the green regulation arises from the probability of its occurrence. It is assumed
that ocean carriers can adopt one of the two green strategies, i.c., the equipment upgrades
strategy or the slow steaming strategy, to comply with the potential green regulation. This paper
aims to examine the stable green strategies as well as the pricing decisions of competitive
carriers in the shipping market considering the service differentiation and the upgrade risk. A
two-period game model is formulated to seek the sub-game perfect Nash equilibrium under
potential regulation. We obtain the final sub-game perfect Nash equilibrium, i.e., when the
probability of enacting regulation is sufficiently high, there is always one carrier that will adopt
the equipment upgrades strategy. However, because of the joint impact of market competition
and uncertain regulation, the two carriers will never adopt the equipment upgrades strategy
simultaneously. In addition, our results show that the potential regulation sometimes may help
the two carriers achieve the optimal outcome. Nevertheless, the carriers may fall into a “sub-
optimal outcome” in some situations.

Keywords: Maritime transport; Slow Steaming; Upgrade Risk; Uncertain Green Regulation;

Service Differentiation

1. Introduction

Maritime transport carries the majority of global trade, accounting for 75% ~80% by volume
based on the data from United Nations (Lee and Song 2017; UNCTAD 2018). Compared to
other transport modes, maritime transport has a relatively ‘green image’. However, given the
large scale and rapid growth, it still has a huge impact on the environment. Environmental
pollution from ships has been a key issue for governments and third-party institutions like

International Maritime Organization (IMO). More stringent environmental regulations and
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policies have been introduced to control oil spills, ballast water discharge and emissions. Many
important regulations about pollutions in the maritime industry are agreed in the Annexes of
the International Convention for the Prevention of Pollution from Ships (MARPOL), including
“IMO 20207, which cuts the Sulphur content of ships’ fuel oil from 3.5% to 0.5% globally from
1 January 2020.

However, it should be noticed that sometimes the announced regulations may be delayed, or
even never be implemented due to disagreements among member states (Lister et al. 2015).
“IMO 2020” originally scheduled for January 2020, was delayed to March. The International
Ballast Water Management Convention, which was actively promoted and planned to start from
2017, has been postponed to 2022. In addition, IMO has set up an initial greenhouse gas (GHG)
strategy with the targets to reduce the carbon intensity of international shipping by at least 40%
by 2030 and towards 70% by 2050, compared to the level of 2008 (Song 2021). However, it is
unknown when the new regualtions will actually be enforced. Such uncertain regulations have
a great impact on the shipping companies’ decision-making in their business operations.

Decarbonizing shipping has been on IMO’s agenda for a long time. It is expected that IMO
will issue new green regualtions to reduce carbon emissions from shipping. In this study, we
focus on the short-term.green regulations that are potentially to be enforced by IMO or
goverments in near future. Here short-term regulations refer to the regulations that ocean
carriers should respond in short-term. Generally, there are two broad categories of measures
(we call them green strategies) to comply with the regulations from shipping: technical
measures and operational measures. The former focuses on energy efficiency and improved
equipment, e.g. engine, propulsion, scrubber, and alternative fuels. The latter focuses on
reducing emissions during operations at sea or ports. Typical operational measures include
routing design, speed reduction (slow steaming), ship fleet planning, etc. In addition, IMO also
identified the necessity of market-based measures. Nevertheless, market-based measures are
essentially different forms of green regulations, which ultimately act as an incentive or
enforcement to implement technical and operational measures (Bouman et al. 2017; Balcombe
et al. 2019). In summary, the technical measures require the companies to make investment in
advance, e.g., conducting the process of R&D or equipment upgrades. On the other hand, the
operational measures are more flexible and the companies could implement the measure after
the regulation is put into practice. However, it may significantly affect the shipping companies’
service quality.

Specifically, we take the equipment upgrades strategy as the representative in the technical
measures, and slow steaming strategy as the representative in the operational measures. It is
assumed that ocean carriers can adopt one of the two green strategies (either the equipment
upgrades strategy or the slow steaming strategy) to comply with the potential green regulation.

The equipment upgrades strategy requires shipping companies to commit significant effort and
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time to retrofit existing equipment. In addition, since it usually relies on innovative technologies,
the reliability of the retrofitting is difficult to estimate, which incurs uncertainties and risks in
future operations (Wang et al. 2021). For example, the operational cost of using an LNG engine
would rely on the availability of the LNG supply infrastructure and logistics in the world (Ren
et al. 2017). The efficiency of new green-techs largely depends on the external environment
and conditions, e.g., alternative fuels such as wind and solar power would highly rely on the
weather (Wen et al. 2019). The upgrade process has to be conducted before the regulation, thus,
the upgrade risk, the upgrade investment, and the uncertainty of whether the green regulation
will come into force are important factors that ocean carriers have to consider. On the other
hand, the slow steaming strategy requires the ships to sail at a speed that is significantly lower
than the designed speed (Cariou et al. 2011). However, the adoption of slow steaming means
the transit time will be increased, which reduces the carriers’ service quality and may be less
attractive to some shippers.

Furthermore, it should be noticed that major shipping companies often cover similar
transportation routes and provide similar transportation services, which results in a low-service-
differentiation market (Lee and Song 2017). Such characteristics have caused fierce
competition in maritime industry. With the fierce competition and supply overcapacity, the
freight rate (price) and transit time or speed (service quality) are two main fists for carriers to
compete against each other. Obviously, the two green strategies will both affect the ocean
carriers’ competitiveness in the shipping market. The costly equipment upgrades strategy will
reduce the price advantages of carriers; however, the slow steaming strategy will reduce the
service quality advantages. Therefore, the service differentiation will be changed, the decision-
making for ocean carriers is further complicated. Considering the above pros and cons, which
green strategy is optimal for the shipping companies in response to potential regulations? What
will be the final stable outcome in the competitive shipping market? How could the green
regulations from IMO and Governments be more effective?

To tackle these challenges, we use game theory and behavioral economics to model the
relationship between the green strategy, the pricing decisions, and the external factors in the
context of two competing ocean carriers under a potential green regulation. We divide the
timeframe into two periods. In the first period, there is no green regulation and the carriers have
an opportunity to adopt a green strategy; in the second period, the regulation may be enforced
with a certain probability. The Conditional Value-at-Risk is used to measure the carriers’
attitude to the risk associated with equipment upgrades. We attempt to investigate the following
research questions:

(i) How will the adoption of different green strategies influence two carriers’ pricing

decisions and utilities in the two-period competition model? What are the impacts of the

potential regulation on their decisions and outcomes?
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(if) What are the final stable equilibriums of the green strategies for two competing carriers?
What are the joint impacts of the potential regulation and the competition on the final
equilibrium? Whether the final equilibrium outcomes are consistent with the ideal
outcomes for two carriers?

To address the above research questions, we establish four sub-games according to the
combinations of two carriers’ choices of the green strategies, i.e. (E, E), (E, S), (S, E) and (S,
S), where E represents that the carrier adopts the equipment upgrades strategy, and S represents
that the carrier adopts slow steaming strategy. The optimal pricing decisions and profits/utilities
will be derived and analyzed for each sub-game. By comparing the results of four sub-games,
we obtain the final sub-game perfect equilibrium of the two-period game. Then, the final
equilibrium will be analyzed and compared with the optimal economic outcomes.

We find that the potential regulation and the green strategies affect the competitive
relationship in the market significantly. Specifically, there exist three types of effects that could
be caused by the potential green regulation under market competition, i.e., the penalty effect,
the competition-alleviation effect, and the competition-aggravation effect. The ultimate impact
of the potential regulation on two carriers’ decisions and payoffs depends on which effect is
dominant in the system. In addition, though the slow steaming strategy is usually seen as a
remedial measure under the green regulation, we find sometimes the regulation may also benefit
the carrier with slow steaming. Thus, the final equilibrium outcome appears to be complicated.
Nevertheless, we find when the probability of the regulation occurrence is sufficiently low, the
two carriers will both adopt the slow steaming strategy; when the probability of the regulation
occurrence is relatively high, there is always one carrier adopting the equipment upgrades
strategy. However, because of the joint impact of the market competition and the potential
regulation, two carriers will never adopt the equipment upgrades strategies simultaneously. Our
results show that the potential regulation sometimes can be seen as a signal to help two carriers
collude to achieve better outcomes, whereas sometimes the final equilibrium outcomes can be
different from the optimal outcomes, which means, the carriers may fall into a “sub-optimal
outcome situation”.

To the best of our knowledge, we are among the first to investigate ocean carriers’ green
strategies in a competitive market facing uncertain green regulations. The two green strategies
under consideration, i.e. equipment upgrades and slow steaming, are typical strategies to reduce
shipping emissions in the technical measure category and the operational measure category
respectively. In addition, we explicitly illustrate the impact of the green upgrade risk, the
uncertain regulation and the service differentiation on carriers’ decision making, which has
seldom been studied in the shipping industry. Further, the final sub-game perfect equilibrium
of the whole game is obtained. The characteristics of the equilibriums are analyzed to offer

managerial insights.



It should be noted that slow steaming is likely to comply with the short-term regulations (e.g.
the recently proposed two regulations, Energy Efficiency Existing Ship Index (EEXI) and
Carbon Intensity Indicator (CII), which are expected to come into force on 1 January 2023);
but slow steaming will not be able to comply with the long-term regulations (e.g. zero-carbon
emission). Hence, the set-up of the problem under consideration is for short-term responses.
This setting is based on the following considerations. First, the governments or some third-
party organizations may be more concerned with the effectiveness of the regulation within a
certain period of time. For example, IMO’s EEXI and CII regulations (to be enforced on 1
January 2023) are regarded as short-term policies to reduce GHG emissions from shipping.
Pang et al. (2019), Fabrizi et al. (2018) and Zhimai et al. (2021) all put forward that timeliness
should be considered for environmental governance. According to European Commission, “The
urgency to identify and develop adequate and timely solutions is justified by the alarming trends
in global energy demand, the finite nature of conventional oil and natural gas reserves, and the
need to dramatically curb greenhouse gas emissions. These actions would effectively mitigate
the devastating consequences of climate change®.” Thus, our research setting is consistent with
the aims of many environmental governance bodies. Second, green technologies will continue
to be improved. In the future, green technologies will become more mature and cost-efficient
and the uncertainty will also be reduced. At that time, the carriers may be more willing to adopt
green equipment upgrades strategy. In addition, in long-term more strict regulations such as
extremely low or zero-carbon emission policies may be enforced that will force carriers to
upgrade equipment or scrap the vessels. Third, some policies may not be implemented for a
long time and may be changed or even be canceled. In this paper, we focus on short-term
regulations and the carriers’ responses to such regulations, which is highly relevant to the
current industrial practices.

The rest of this paper is organized as follows: in section 2, we review the relevant literature.
In section 3, the main assumptions and the problem are described. The two-period game model
is established. In section 4, we analyze and compare the equilibriums for four sub-games under
two carriers’ given green strategies. In section 5, we obtain the final sub-game perfect
equilibrium of the whole game and analyze the characteristics of the final equilibrium outcome.
Extensions, including sequential green strategy making, the analysis of price sensitivity,
endogenous shipping speed, are discussed in Section 6. Finally, in section 7, we draw the

conclusions and indicate further research.

2. Literature Review

In this section, we review three research fields that are most related to our paper. First, literature

! Refer to https://cordis.europa.eu/programme/id/FP7-ENERGY
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that handles uncertain environmental regulations is introduced in a broad context. Second,
green strategies in terms of emission reduction in maritime industry are discussed. Finally,

literature on competition in shipping market is reviewed.

2.1 Uncertain Environmental Regulations

With the increasing public awareness of global warming and environmental protection, more
environmental regulations are coming into force at regional or international level in shipping
industry, e.g., Sulphur emission regulations in Emission Control Areas (Abadie et al. 2017),
ship-source pollution regulations in the Baltic Sea (Ringbom et al. 2018). It should be noticed
that many of the announced regulations may be postponed or even not be implemented. The
enforced date and detailed contents of the regulations are often uncertain. Marcus et al. (2011)
mentioned that uncertain environmental regulation has become a major concern of companies
in many industries. Lister et al. (2015) and Poulsen et al. (2016) both believed that as the IMO
is accelerating its environmental regulation process, the uncertainty of regulation in the future
will be increasing, which has become an important factor affecting shipping companies’
decision-making.

Many researchers have studied this emerging field. Engau et al. (2011) empirically studied
the impact of regulatory uncertainty. They found that most companies can’t ignore the potential
regulations. Ritzenhofen et al. (2016) proposed a regime-switching model to quantify the
impact of regulatory uncertainty. They believe that the uncertainty of regulation will delay or
even reduce the investment willingness of companies. Kraft et al. (2016) studied a two-period
game model with uncertain regulation for the substance of concern. Manufacturers need to
decide whether to replace the substance of concern and decide whether to collaborate with its
competitor. In the shipping industry, Zhu et al. (2018) used a multi-stage stochastic integer-
programming model to study the optimal navigation route and fleet planning for shipping
companies in the presence of uncertain environmental regulation. Haehl et al. (2018) designed
an option model to help companies mitigate the risk of uncertain regulation. Nevertheless, most
of the above studies are empirical or based on the optimization methods for a single

organization, without considering the effect of competition and other market characteristics.

2.2 Green Strategies in Shipping Industry

Environmental sustainability in maritime transport is regulated by IMO through the Marine
Environmental Protection Committee, which issued the International Convention for the
Prevention of Pollution from Ships (MARPOL) in 1974. In the last two decades, IMO has
identified three categories of measures to reduce carbon emissions from shipping including:
technical measures, operational measures, and market-based measures (IMO 2020).

Firstly, technical measures aim at promoting the use of more energy-efficient (or less
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polluting) equipment on ships. For example, IMO introduced the Energy Efficiency Design
Index (EEDI) in 2011, which specifies the energy efficiency of the ship or the ship-related
equipment, as a non-prescriptive performance-based mechanism. Many studies analyzed and
confirmed the effectiveness of technical measures, like Yliskyld et al. (2014), Abadie et al.
(2017), Busch et al. (2018), and Zheng et al. (2020). In reality, green technologies imply a high
degree of uncertainty, such as R&D success uncertainty (Bhaskaran et al. 2009), development
uncertainty (Song et al. 2016) and operational costs uncertainty (Bilgi¢ et al. 2016, Wang et al.
2021). These uncertainties may affect shipping companies’ willingness to adopt green
technologies. However, there is a lack of research to incorporate such uncertainties into the
models to compare different green strategies in shipping context.

Secondly, operational measures aim at reducing emissions during transport operations. For
example, IMO introduced the Ship Energy Efficiency Management Plan (SEEMP) in 2011,
which establishes a mechanism for ship operators to improve energy efficiency. The SEEMP
essentially acts as a benchmark practice for ship operators to better manage ships but without
punitive or incentive mechanisms to encourage a high energy efficiency operational indicator.
Slow steaming strategy is regarded as one of the most effective operational measures to cut
emissions, reduce transport costs, and comply with green regulations (Kontovas and Psaraftis
2011). Maloni et al. (2013) and Sheng et al. (2017) examined the pros and cons of slow steaming
strategy. They both believe that the slow steaming strategy can reduce the cost of carriers and
shippers and can maintain the relationship between the stakeholders. Mander et al. (2017) and
Cariou et al. (2019) compared the slow steaming strategy and the technology upgrade strategy.
Nevertheless, they didn’t consider the service differentiation and competition in the shipping
market, which is a major factor affecting the carriers’ choices of the green strategies. Moreover,
the impact of the uncertainty about whether the green regulation will come into force is largely
ignored in the existing models.

Finally, IMO recognized that technical and operational measures alone may not be sufficient
to satisfactorily reduce the amount of GHG emissions from shipping, and has agreed there is a
need for market-based measures as regulation of GHG emissions from ships. A number of
market-based measures have been proposed by different countries including GHG Fund,
Emission Trading Scheme, Energy-efficiency Credit Trading Scheme, Cost or Compensation
Measures (Lagouvardou et al. 2020). Nevertheless, market-based measures are essentially
different forms of green regulations (Bouman et al. 2017; Balcombe et al. 2019). So far, none

of these market-based measures has been implemented in practice.

2.3 Competition in the shipping market
Due to the capital-intensive and low-service-differentiation nature, competition between ocean

carriers is fierce (Lee and Song 2017). Many studies considered the competition and pricing
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decisions between ocean carriers in the shipping industry, such as Zhou and Lee (2009), Yilmaz
et al. (2012), Liier-Villagra et al. (2013), Chen et al. (2016), Lu et al. (2020), etc. Song et al.
(2019) further examined the competition between carriers and forwarders. In addition, some
researchers analyzed the contract design in the competitive shipping market, such as Mutlu et
al. (2013), Lee et al. (2015) and Trapp et al. (2020). However, the above research ignored the
uncertainties in the shipping market. Zheng et al. (2017) analyzed the pricing decisions of two
competing carriers by considiering demand uncertainty and constrained capacity in the shipping
market. Choi et al. (2020) addressed the effect of risk attitude and uncertainty in a competitive
shipping market. They found sometimes the uncertainty may bring benefits to the liner
companies. Service differentiation could be another major factor affecting the competition
between shipping companies. A few studies have paid attention to the delivery service in the
competitive shipping market. Shah et al. (2012) proposed a general competition model for
carriers considering the effect of pricing and service frequency. They analyzed the short-term
and long-term effects of customer loyalty brought by on-time delivery on the final economic
outcomes. Lu et al. (2020) proposed a multi-stage game model between shippers, customers
and carriers in a competitive environment considering the service differentiation. They obtained
the optimal delivery speed for carriers and the optimal delivery plan for shippers. However, the
potential environmental regulations and the carriers’ green strategies were not considered in the
above research.

In summary, the research on maritime environmental regulation and green strategy has
mainly focused on cost optimization, or examined the effect of the regulation empirically. The
uncertainties of the green regulations and the choice of the green strategies have largely been
ignored. Moreover, competition and service differentiation may have a huge impact on the
competing shipping firms’ decisions on green strategies. However, to the best of our knowledge,
no study has been published in this aspect. In this paper, we focus on the optimal green strategies
and pricing decisions for ocean carriers responding to uncertain green regulations in a
competitive market. The risk caused by green technology implementation is also considered.
We attempt to investigate the joint effects of the market competition and potential regulation

on the carriers’ decision-making processes by using game theory and behavioral economics.

3. The Model

We consider a competitive maritime shipping market consisting of two risk-averse shipping
carriers with different initial ship sailing speeds. One carrier is a high-speed carrier, denoted by
carrier H, and the other is a low-speed carrier denoted by carrier L. The phenomenon of
asymmetric carriers competing with each other is common in the shipping market. There are
some researchers stating that the carriers would compete with each other through different

service qualities such as speeds (transit times), reliability, environmental impact, and profits
8



(Thai, 2008; Zondag et al. 2012; Mansouri et al. 2020). In practice, different vessels often have
different design speeds, thus, the carriers with different ships may set different sailing speeds
which are appropriate for their vessels (Eide et al. 2020; Ricci et al. 2012). In addition,
individual carriers may have their preferences to the sailing speeds. With these in mind, we
made the assumption of asymmetric carriers in terms of operational speed. In order to focus on
the effect of the potential regulation and the green strategies of two carriers, we simplify our
assumption that the two carriers compete for a point-to-point spot transportation market in two
periods (T =1,2). Specifically, in the first period, the two carriers provide shipping services
with the existing equipment and compete on pricing decisions. In the second period, there is a
potential green regulation coming into force with a certain probability. This reflects the fact that
it is still uncertain whether and to what degree that IMO will issue carbon emission regulations
on international shipping in the near future.

We assume there are two green strategies that are able to comply with the potential regulation,
i.e., committing effort to upgrade the equipment in period 1 (termed equipment upgrades
strategy), or limiting the ship sailing speed to a lower level at period 2 if the green regulation
comes into force (termed slow steaming strategy). Here the equipment upgrades can be
interpreted as changing the existing engine to a dual-fuel engine or retrofitting an exhaust gas
scrubber which is assumed to be completed by the end of period 1. If a carrier chooses the
equipment upgrades strategy at period 1, he can keep his speed at period 2 regardless of whether
the regulation comes into force. Nevertheless, besides the fixed investments, the equipment
upgrades strategy also brings about uncertainty in terms of future operational costs. As shipping
companies are rather conservative, they may care more about the risks towards such uncertainty.
On the other hand, slow steaming strategy is more flexible because it requires no investment
and allows carriers to operate business as usual if the regulation doesn’t occur. However, if the
regulation is enforced, the carrier adopting the slow steaming strategy will lose the service
competitive advantage in the market. Clearly, the carriers’ decisions will influence their
competitiveness and pricing decisions in both periods.

It should be noticed that that carrier H may become the low-speed carrier in period 2 when
the regulation occurs if he adopts slow steaming strategy. Thus, we use the term ‘initial speeds’
to represent the speeds of two carriers at the beginning of period 1, which are used to classify
two carriers to be carrier H and carrier L. To simplify the narrative, we use the term ‘realized
speeds’ to represent the actual speeds of two carriers in two periods. Based on the above
description, the two carriers’ realized speeds in period 1 are the same as their initial speeds
respectively, whereas their realized speeds in period 2 may differ from their initial speeds

depending on their green strategies and the enforcement of the green regulation.

3.1 Sequence of Events



The system can be represented by a two-period game model. The full sequence of the events in

the two-period game model is shown in figure 1.

New shippers make
their purchasing
decisions.

Carrier adopting
Strategy S in period 1
has to limit his speed.

The two carriers set their

The two carriers introduce their prices/freight rates Pu. 2.

service and set their prices/freight The regulation occurs with
rates Pz Pr . probability 2
The two carriers set their Shippers arrive to the market and make X
green strategies S/E. Then their purchasing decisions by considering The 1'&'1.’1!121119171 is deferred .
there are four possible the prices and speeds of two carriers. with probability 1-p The 1o cartiers set thexr
outcomes (S, S). (E, 5). (S, prices/freight rates pa. 25,
E)and(E, E). -
Carriers keep their New shippers make
ongmal strategies. their purchasing
decisions.
Period 1: Before the potential regulation : Period 2: After the potential regulation

Figure 1. Sequence of Events

The details are summarized as follows:

Period 1: Before the potential regulation

At the beginning of the game, all the players in the game notice that there may be a green
regulation to be enforced in period 2. The two carriers have to decide their green strategies
simultaneously. The assumption of simultaneous decision-making for the green strategy (i.e.
un-informed or ignoring such information) can be explained as follows. The green strategy is a
relatively long-term decision. Although switching from strategy S (slow steaming) to strategy
E (upgrade equipment) is relatively easy technically, it may incur various implications such as
bunker fuel management (e.g. the use of bunker derivative products such as forward contracts,
swaps and options), the supply chain relationships with ports and shippers, and the shipping
network adjustments. Nevertheless, in Section 6.1, we will mak an extension by considering

another case where the two carriers decide the green strategy sequentially.

Weuse A = {E, S}, i=H,L torepresent the action set of firm i, where E represents that the
carrier adopts the equipment upgrades strategy and S represents that the carrier chooses the
slow steaming strategy. Then, there are four possible equilibrium outcomes:
(a).a))€{(s.S).(E.S).(S,.E).(E,E)} , a €A . For example, (E, S) indicates that carrier H

chooses E strategy and carrier L choose S stratege. We assume that the firm adopting £ strategy
will spend the whole first period to perform the upgrades. During this time, he still provides
transportation service with the existing equipment. We assume that the upgrades process will
not influence the operational capacity of the firm in the first period.

Next, the two carriers compete by their service quality (speeds) and prices (i.e., freight rates),
where the prices (P, P;) are treated as decision variables and will be set simultaneously. Then,

the customers (i.e., shippers) enter the market and choose the transportation service according
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to their utility functions by observing the prices and the speeds. We will provide the details of
consumer utility in Section 3.2.1.

Period 2: After the potential regulation

At the beginning of period 2, the upgrades will be finished if the equipment upgrade strategy

has been chosen. The green regulation occurs with a probability pe [0,1] . If the regulation does

occur, then the carrier adopting the slow steaming strategy will be forced to limit his steaming
speed to reduce carbon emissions and comply with the regulation; whereas the carrier adopting
the equipment upgrade strategy will keep its initial seailing speed in period 2 and comply with

the regulation. If the regulation does not occur in period 2, then the two carriers will keep their
speeds the same as that in period 1. Finally, the two carriers set their prices (Py,, P,,) for the

second period. After that, the new shippers enter the market and choose the transportation
service from one of the carriers according to their utility functions.
All parameters and notations used in our paper are listed in Table 1.

Table 1. Notations and Parameters

Notation Definition

Model parameters:
i i=H,L, where i=H represents the carrier with higher initial speed and i=L
represents the carrier with lower initial speed,;

j Transportation period, j=1,2;

V. The vessel speed of carrier i in period j, the initial speeds of two carriers v, =1,

v, =ve(0.Y,,], where g _min| 2~ 21" 0(2-B) -1+ {1+4B(1+0) | gngres that
e 20 ’ 2B ’

max

the demands of carriers are non-negative.

Vo The slow steaming speed that can comply with the green regulation.

P The probability that the green regulation will come into force in period 2

Vi The utilities of shippers taking service from carrier i in period j,

u The shippers’ basic willingness to pay.

(7 The shipper’s sensitivity to the speed, which is distributed uniformly over the interval

[0,1]. éj represents the indifference point between the utility functions for two carriers

in period j.
D; The demands of carrier i in period j.
o The unit cost coefficient with the existing equipment.

O (Vij ) The unit delivery cost per trip.
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& The unit cost coefficient with the upgraded equipment, which is a random variable

distributed in [ o—&, o+e& ] with cumulative distribution function @(-) and
probability density function ¢(-). Themeanof ¢ is o and <o

n The risk-averse indicator of carrier i.

B. The perceived operational cost of green upgrade for the risk-averse carrier i with risk

preference indicator 7.
T The profit of carrier i in period j
CVaR;,  The utility (conditional value at risk) of carrier i with strategy E in period 2.
U* (1)  The total utility function of the carriers in sub-game (aH ,aL) within two periods.
Decision variables:

A, g The green strategy action of carriers, A={aH,aL} , & =E means that carrier i

upgrades the equipment in period 1; and @, =S represents that carrier i adopts the slow
steaming strategy.

Pij The price (freight rate) per unit for carrier i in period j.

3.2 Customer Demands

In our model, shippers are customers of the two carriers and the market sizes in both periods
are normalized to 1. Following Kalish (1985), Chiang et al. (2003) and other prior literature,
we model the demands considering customers’ willingness-to-pay (WTP). Shippers’ utilities
are the value they derive from the basic WTP, the steaming speed and the price of the carrier’

service. Thus, the consumer utility for carrier i, i=H,L, inperiodj, j=1,2,is Vij = u+(9vij =Py
where the parameter ue [0,1] represents the basic shipper’s WTP for the shipping service,

which means the utility that the shipper can derive when his cargos are transported successfully.
The shipper’s sensitivity to the price is fixed and normalized to 1. In section 6.2, we further
consider the effect of price sensitivity by relaxing the assumption of shippers’ sensitivity. In

addition, shippers can derive extra utility if the delivery time is shorter, i.e., we assume that
shippers are heterogenous in the preference of the steaming speeds. Vj represents the realized
speed of carrier i in period j and @ represents the shippers’ sensitivity to the steaming speed,
which is uniformly distributed over [0,1] to describe the shipper’s heterogeneity. Hence, OV;

indicates the shippers’ preference of ship speed. At the beginning of period 2, the green

regulation will occur with probability , < [0,1] - If the green regulation does not come into force
or the carrier has committed the equpement upgrades at period 1, the carrier’s realized speed in

period 2 will be kept the same as the speed in period 1, i.e., Vj; =V;;. On the other hand, if the

12



regulation occurs and the carrier chooses the slow steaming strategy in period 1, his realized
speed in period 2 will be limited to Y, to reduce the carbon emission and comply with the

green regulation. The initial speeds of two carriers in period 1 satisfy: vo < v <wvyi. To simplify

the model analysis, we apply a linear transformation to normalize the speed range [vo, vui] to
be [0, 1]. In other words, we can assume vo = 0 and Vy, =1. It means shippers can’t gain any

extra utility from the slow steaming speed. Moreover, to ensure that the demands of carriers are

positive, there is a bound of pricing decisions. Since the price is an endogenous variable, the
condition is converted to the constraint of v, that is, we assume V; =V€(0, V. ], where vy is

given in Table 1. This setting of carrier L’s initial speed also ensures that the initial market
competition is not too drastic and helps us focus on interesting scenarios. It should be noted

that the initial speeds of two carriers v, are treat as a pre-specified exogenous parameter at

strategic planning level. The assumption is consistent with the reality that vessel operators may
have a preference to specific sailing speed. For example, different vessels often have different
design speeds; thus, the carriers with different ships may set different sailing speeds which are
appropriate for their vessel, which is an exogenous factor (Eide et al. 2020; Ricci et al. 2012).
In the last decade, although many vessels have deviated from their designed speeds by adopting
slow steaming practices, there are three common categories of slow steaming: normal slow
steaming around 21 knots, extra slow steaming around 18 knots, and super slow steaming
around at 15 knots. Shipping companies often have a preference to one category of the slow
steaming practice at strategic and tactical planning level. In addition, it is also reasonable to
regard the ship speed as an exogenous parameter when the main concern of the problem is about
other decisions, e.g. shipping service pricing, shipping network design, ship schedule design.
For example, Wang et al. (2014) considered the exogenous shipping speed (shipping time) in
their model and they also believed that the freight rate and shipping time are two major factors
affecting the demands. Zhang et al. (2019) and Lu et al. (2020) stated that the shipping speed
would affect the service quality of carriers and they also set them (service quality or shipping
speed) as exogenous factors. In section 6.3, we have made an extension to extend the model to
consider the shipping speed as an endogenous decision variable.

In addition, we assume that u is large enough so that all the shippers will purchase the
delivery service in the market during a period. It is reasonable because the transportation service

is requested timely and the shippers will always choose one transportation service or they may
have to bear a considerable loss (e.g., goods spoilage loss). Let éj represent the indifference
point between the shipper’s utility functions corresponding to two carriers in period j, i.e.,
éj =(py; — Py)/ (v —Vy;) . Thus, for the shippers with high 6 (6> éj ), their utility from carrier
H is higher than that from carrier L and they prefer to choose the shipping service from carrier
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H (V,; >V,;). Similarity, the shippers with low & (&< éj) prefer to choose carrier L. As a

result, the demands of two carriers in period j are given by D, =1—9Aj and D :éj

respectively.

3.3 Firm Profits
Carrier i can earn a revenue of [ from each shipper in period ;. In the shipping industry, the

vessel operating cost is predominantly determined by the fuel consumption cost. We assume
that the unit delivery cost of carriers is proportional to the fuel consumption. Empirical studies
have shown that the daily fuel consumption of a vessel is roughly a cubic relationship with the

steaming speed (e.g. Wang and Meng 2012). Hence, the unit delivery cost per trip can be

represented by & (V)=oVit=oV; -d /v, = odV; , where  is the delivery time, d is the delivery

ij >

distance, vj is the realized steaming speed and o is the delivery cost coefficient. Without loss

of generality, we normalize the delivery distance d to 1. Thus, the unit delivery cost could be

represented as 6(v) = O'Vj In addition, to represent the uncertainty of equipment upgrades, if

the carrier adopts the equipment upgrades strategy in period 1, then the delivery cost will be

represented by 6(v) =&V, after the upgrades process. = is a random variable distributed in
the interval [6—-¢, o +¢ ] with cumulative distribution function ®(-) and probability density

function (p() , o—¢>0.Themean of & is 0o .The assumptions about the random unit cost

coefficient for upgraded equipment can be explained as follows. First, green initiatives and
equipment upgrade usually rely on innovative technologies, which imply a certain degree of
uncertainty with respect to the technologies and the operational cost. For example, the
reliability of the retrofitting is difficult to guarantee, which incurs uncertainties and risks in
future operations (Wang et al. 2021). The operational cost of using alternative fuels such as
LNG and methanol will rely on the availability of the supply infrastructure and logistics in the
world, which is hard to estimate in advance (Ren et al. 2017). The efficiency of new green-
techs may depend on the external environment and conditions, e.g., alternative fuels such as
wind and solar power would highly rely on the weather (Wen et al. 2019). Several studies have
explicitly considered the operational uncertainty of green technologies, e.g. Bilgig et al., (2016)
and Wang et al., (2021). Therefore, we assumed that the operational cost after the green
upgrades is uncertain. Second, the main purpose of the equipment upgrade strategy in our model
is to reduce GHG emissions to satisfy the potential regulatory requirements. It is possible that
the unit operational cost may increase. For example, to meet the emission requirements,
shipping companies may adopt equipment upgrade strategies such as using more expensive

refined fuels (rather than heavy fuel oils), introducing dual-fuel engine to run on both gaseous
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and liquid fuels, and installing an onboard carbon capture and storage unit to reduce emissions.
Such strategies are likely to incur more operational costs. Several studies indicated that this is
one of the main reasons that many firms in the maritime industry are reluctant to upgrade their
equipment (Burel et al. 2013; Song 2021). To reflect this phenomenon, we assumed that the
operational costs after green upgrades may increase to o +&. However, the operational cost
after the green upgrade may be reduced sometimes (the new system may be more energy-
efficient). Therefore, we also consider that possibility, which is represented by the lower bound
of the operational cost (o —¢) in our model. In our model, we try to focus on the uncertainty
of green tech, as well as the impact of competition and service differentiation on the carriers’
choice of green strategies. Thus, we set that the average operational cost after the green upgrade
isequal to o toreduce the complexity of the computations.

The profits of two carriers in period j is defined as:
T = Dij (pij -0 (Vij )) (1)

To capture the value lapsing between periods, we discount the profits in the second period

by & . To ensure that the potential regulation in period 2 won’t be ignored, we set s <[0.5,1]-

What’s more, the carrier adopting the equipment upgrades strategy has to invest a fixed cost F'
at the beginning of the game, which represents the cost of fitting the new green equipment or
other transforming costs.

Thus, the total profits over two periods for the carriers are:

7T :7Ti1+5[p”irz +(l_p)”in2]_':kaﬂ=E ()

where k, =01 is an indicator function, k, . =1 when &,=E, the superscript  and n

represent the case with regulation and without regulation. For the convenience of comparison

and analysis, as well as to ensure that all the utilities of shippers and the profits of carriers are

positive, the marginal costs and the fixed costs in our model are normalized to [0,1] , Which is

reasonable, e.g., 100 USD is equal to 0.1 thousand USD.

3.4 Risks Generated from Green Upgrade

In period 1, the utilities of two carriers are equal to their profits. However, the equipment
upgrades often involve the implementation of new green technologies, which not only requires
an initial investment but also implies uncertainty in future operations. That is, when a carrier
adopts the equipment upgrades strategy, he has to bear the risks generated from the uncertain
green technology outcomes in period 2. To measure the effect of risks, we use the Conditional
Value-at-Risk (CVaR) as the carrier’s utility function in period 2 if the equipment upgrades
strategy is adopted. CVaR is defined as the average profit below the #-quantile level, ignoring

the contribution of the profit exceeding the specified quantile, i.e.,
15



CVaR"(7)=E Mn <K’ (n)] . Following Rockafellar et al. (2000) and Li and Song (2021), the

CVaR utility can be represented by:
CVaR"(7)= max{zc+£E[min(;r —K,O)]} (3)
* n

It should be pointed out that when ;, —1, CVaR is equal to the expected profit, which means
the decision-maker does not care about the risk when making decisions. When o< <1, the

decision-maker cares about the risk and will be more risk-averse as # decreases. Plug the
carrier’s profits into Equation (3), we obtain the utility of the carrier in period 2 under the
equipment upgrades strategy as follows:
CVaR,, (7, ) = max {K+i E [min(Di2 (P, —&v5)—rx, 0)]}
7.

L @
~0upe DL {0 @) L[ [0 £Jo)

If the carrier adopts the slow steaming strategy, then in period 2, his utility is the same as his
profits, i.e., CVaR(z,)=7,.

Thus, the total payoff/utility function of the carriers is given by:

U, ()= =, + 5| pri, +(1- p) 7, | if the carrier adopts S strategy;

U, (77)z7ri1+5[,oCVaR{2+(1— p)CVaRi”z]—F , if the carrier adopts E strategy with risk
preference 7.

In summary, there are three types of decisions to be made by two carriers. At the beginning
of period 1, the two carriers have to decide the green strategy (£ or S strategy) simultaneously.
Given the green strategy, the two carriers decide their prices in period 1. At the beginning of
period 2, depending on whether or not the green regulation comes into force, the two carriers
change their steaming speeds and decide their prices in period 2. Thus, the problem is a sub-
game perfect Nash game. Based on the green strategies of two carriers at the beginning of
period 1, we have four types of sub-games as (S, S), (E, S), (S, E), (E, E), which are related to
the four potential equilibrium outcomes.

In our two-period game model, an important issue is to investigate the stable green strategies
of two carriers, which corresponds to the final equilibrium of the game model. Here the final
equilibrium is a stable state that both carriers will not deviate from their strategies and decisions
unilaterally. Thus, the results in the final equilibrium may be different from the optimal results
among all sub-games. The final equilibrium analysis proceeds in two steps as follows. First, in
Section 4, we will use the backward induction method to derive the equilibriums of each sub-
game in terms of two carriers’ optimal pricing decisions in two periods. Then, in Section 5, we

analyze the outcomes of four sub-games and derive the final sub-game perfect Nash equilibrium,
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which leads to the stable green strategies for two carriers.

4. Equilibriums of Four Sub-games

In this section, we first derive the optimal pricing decisions and the resulting profits for each
sub-game. Then, we analyze the effects of the potential regulation in each sub-game and
examine the common characteristics. The rationale to analyze individual sub-games in detail is
twofold. Firstly, it is an essential step to establish the final equilibrium. Secondly, individual
sub-games can represent the cases that the carriers select their green strategies without
considering the other carrier’s response. As a result, the system becomes a two-period price

competition model under given green strategies, which is also worth investigating.

4.1 Sub-game Equilibrium OQutcomes
In sub-game (S, S), the two carriers both adopt strategy S, i.e., the slow steaming strategy. If

the green regulation does not come into force in period 2, then each carrier’s steaming speeds,

unit delivery costs in two periods will be the same, i.c., Vi, =Voy' =1, V5 =V3"=v

b

5‘ijss V)= aV,f . On the other hand, if the green regulation occurs in period 2, then the two carriers
have to limit their steaming speed to be the threshold level to comply with the green regulation,
SS,r SS,r

ie., Vg, =V, =V, . The utility functions, demand functions, profit functions and object

functions for two carriers are given in Table A1 in Appendix, and we can obtain the equilibrium

of sub-game (S, S) in Table 2.

Table 2. Equilibrium for sub-game (S, S)

Carrier H Carrier L
. . SS 1 2 SS 1
Optimal Price P 25(2+20'—2V+GV ) P :§(1+J+V(—1+ ZO‘V))
Period 1
1 1
Optimal Utility o :§(l—v)(2—(0'+0'V))2 P :5(1—v)(1+ (o-+0v))2
Optimal Price pf,sz" = O'Vg -0 pfi' = O'Vé -0
With
regulation
Optimal Utility Toy =0 75 =0
Period 2
1 1
Optimal Price Py ==(2+20-2v+0v?) " =21+ o+v(-1+20v))
Without 3 3
regulation 1 1
optmal Uity 5 = S(1-v)(2 (o +ov)f 5 = 1)1+ (o + o0
Total utilities US =mp + 5‘:pﬂ_i825,r +(1-p) ”iszS'nJ
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It should be noted that when the green regulation occurs in the sub-game (S, S), both carriers
have to limit their speed to the threshold level vy, which means they are competing with each
other through the same service quality at period 2, i.e., perfect competition. As a result, they
have to lower their prices to their marginal cost and obtain no profits.

In the following, we set B, = (1-7, )—ij.;j(lﬂh)[@*l (1-m)-&]d®(&)i=H,L, which can

be interpreted as the perceived operational cost for a risk-averse carrier. For convenience, we

restrict B, <o +¢, i.e., the perceived cost is smaller than the upper limit of the uncertain cost.

It should be noticed that we have 5Bi / aﬂi <0 thus, we can treat B as the new risk-averse
indicator; when B increases, the carrier cares more about risks. Similarly, we can obtain the

equilibriums of sub-game (E, S), (S, E) and (E, E), which are shown in Appendix Al.

Then, we compare the prices and payoffs of two carriers for each individual sub-game. The
comparison among different sub-games will be provided in Section 5.
Proposition 1. Within each individual sub-game, comparing the prices and utilities of two
carriers at two periods respectively, we can obtain:
(i) The carrier with higher realized steaming speed will set a higher service price.
(i) If the green regulation occurs in period 2 under the sub-game (S, S), then two carriers both

obtain no profits in period 2. In all other situations, we can difine a function of ¢ in each
sub-game, z-f:' 2 (o). If & follows a uniform distribution, then rj-":' a (o) has a positive
relationship with o . When % (5) <1/2, the carrier with higher realized speed gets
higher utilities, otherwise, the other carrier gets higher utilities.

The function z'?; a (o) and the related proofs are given in the Appendix.

Proposition 1(i) shows the relationship between the pricing decisions of two carriers. In
general, the carrier providing delivery service with higher realized speed will set a higher price
because most customers like to pay more for better services. The relationship between two
carriers’ utilities is more interesting. There is a special case, as Proposition 1(ii) shows, in sub-
game (S, S), when the green regulation occurs, the two carriers’ realized steaming speeds will
be both restricted to V. Carriers have to survive in a perfect competition market, in which they

provide the same services and compete against each other only by pricing decisions. As a result,
the two carriers will reduce prices to their marginal costs and obtain no extra profits, which is
in line with the traditional Bertrand competition (Bertrand, 1883). In reality, the carriers’ service
speeds may not be exactly the same. Besides, the other aspects of the service qualities of the
carriers may be different. Thus, their profits may not be as low as zero. Nevertheless, the green

regulation and the choice of the slow steaming strategy will lead two carriers’ service quality
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to be more similar (Ferrari et al., 2015; Raza et al., 2019). Hence, the competition in the market
becomes fiercer in period 2 under (S, S), which will reduce the carriers’ profits significantly.

In addition, Proposition 1(ii) further highlights the effect of the cost coefficient o, firstly,

in most situations, when T?:' () <1/ 2 (i.e., the delivery cost coefficient & is low), the

carrier with higher realized steaming speed will get higher utilities. That is because when o
is relatively low, the cost advantage of the slower carrier is not obvious. As a result, the positive
impact of higher delivery speed on customer attraction outweighs the negative effect of the cost
disadvantage incurred by higher speed. On the contrary, when o is sufficiently large, the

carrier with lower realized speed will obtain higher utility.

4.2 Effects of Potential Regulation

In this section, we further examine the effect of the potential regulation on pricing decisions

and utilities of two carriers. This can shed light on the combined impact of competition and

regulation, which will be used to explain the final equilibrium in Section 5. To simplify the

analysis, in the following, we assume two carriers have the same risk-averse indicators, i.e.,

ny =1, =71 . The parameter 7 can also be interpreted as the risk preference of the players in the

market.

Proposition 2. Comparing the situations with regulation and without regulation, we have the

following results in terms of the pricing decisions and the utilities of two carriers:

(i) In sub-game (S, S), the regulation will reduce the prices of two carriers to their marginal
costs and drive down the profits to be zero. In sub-game (£, E), the occurrence of the
regulation has no influence on the results.

(ii) In sub-game (E, S), the price of carrier H in the case with regulation is always higher than
that in the case without regulation; when v is relatively high, the price of carrier L in the
case without regulation is higher than that in the case with regulation, vice versa. As for
the utilities, when the regulation occurs, both carriers can always obtain higher utilities.

(iif) In sub-game (S, E), when v is relatively high, the prices and the utilities of two carriers in
the case with regulation are higher than that in the case without regulation, vice versa.

Proposition 2 reveals several joint effects of the regulation and the competition on the pricing
decisions and the carriers’ utilities. First, there is a negative impact on the carrier who does not
upgrade the equipment if the regulation happens. We call it the penalty effect. The penalty effect
of the regulation forces the carrier with strategy S to reduce the delivery speed to the threshold
level and become less attractive to customers. On the contrary, the penalty effect helps the
carrier with strategy E increase its competitive advantage. Second, the regulation will change
the competition intensity in the market. We call it the competition effect. The competition effect

can be further divided into three sub-categories. (i)when v > 0.5, one carrier adopts S strategy,
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and the other adopts £ strategy, then if the regulation occurs, the difference of delivery speeds
between two carriers in period 2 will be enlarged because of the speed limitation for the carrier
with strategy S. The service differentiation between two carriers will be larger, which means
the competition intensity in the market will decrease. We call it the competition-alleviation
effect. Similarly, in the situations when v < 0.5, carrier L adopts strategy S, and carrier H adopts
E strategy, the competition-alleviation effect of the regulation will also be generated because of
enlarged speeds of two carrierst. (ii) in the situations when v < 0.5, carrier H adopts strategy .S,
and carrier L adopts strategy E, the competition intensity of the market will increase when the
regulation happens because the service differentiation (i.e. speed difference) between two
carriers is reduced. We call this effect the competition-aggravation effect. (iii) if both carriers
adopt strategy S, and the regulation happens, the competition in the market is equivalent to the
traditional Bertrand competition without service differentiation.

More specifically, in sub-game (£, S), carrier H updates his equipment and his service will
not be affected by the regulation, but his competitor’s steaming speed will be restricted.
Therefore, when the regulation occurs, carrier H will provide relatively higher service quality
and set a higher price than that in the non-regulation case. Interestingly, when v is relatively
low, we find that carrier L will also set a higher price in the regulation case. This can be
explained as follows. The occurrence of the green regulation amplifies the service
differentiation, which reduces the competition intensity between two carriers, i.e., the
competition-alleviation effect, this effect is dominant and can offset the negative effect of the
speed restriction (i.e., the penalty effect). Besides, his delevery cost just decreases marginally
when v is relatively low. As a result, it’s better for carrier L to set a higher price to focus on the
loyal customers rather than to fight for a price war. It should be noticed that, though carrier L
will set a lower price in the case with regulation when v is higher, due to the competition-
alleviation effect, he will still earn higher utilities because he can attract more demands by the
low-price strategy since his marginal costs are reduced significantly.

In sub-game (S, E), the occurrence of the regulation will restrict carrier H’s speed. The
steaming speed of carrier H will significantly affect the competition effect of the regulation.

When v is extremely high (close to v, ), the regulation will reduce the competition intensity

dramatically. As v decreases, the effect will become weak gradually, then turn to increase the
competition intensity (when v is below 0.5). When v is extremely lowe, the competition-
aggravation effect will turn to the maximum. Thus, when v is extremely high and the regulation
occurs, the competition in the market is allieviated, the prices and the utilities of two carriers
are higher than the case without regulation. As the steaming speed of carrier L decreases, the
difference between the two cases is shrinking until the prices and the utilities of two carriers in

the case without regulation exceed that in the case with regulation. It should be noticed that the
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marginal delivery cost and the risk-averse attitude will affect the prices and utilities, too (but
the impacts on them are lower than the competition effect), so the turning point of v deviates
from 0.5.

Thus, we prove that, in sub-game (£, S) and some cases in sub-game (S, £), when the
regulation occurs, the carriers with S strategy can also have a chance to obtain more utilities.
This indicates that if one carrier takes the equipment upgrades strategy, the other carrier has an
incentive to take strategy S because he can still be better off. This behavior can be regarded as
a credible promise (McNamara et al, 2002), i.e., one carrier will reduce its steaming speed in
the second period with regulation, through which the two carriers can be out of a fiercely
competitive market and both obtain more profits than the case without regulation. The above
phenomena together with the three effects caused by the regulation complicate the final

equilibrium of the whole game. In the next section, we will analyze it thoroughly.

5. The Equilibrium Upgrade Strategies

In this section, we aim to find the final equilibrium of the whole game, i.e., the stable green
strategies of two carriers at the beginning of period 1. The stable equilibrium refers to the state
that no carrier has an incentive to change his green strategy unilaterally. In Section 5.1, we
compare the four sub-games to obtain the final stable equilibrium. In Section 5.2, we analyze
the characteristics of the equilibrium and examine the managerial insights behind the results

using numerical experiments.

5.1 The Final Equilibrium Outcomes

In this section, we first derive the final equilibrium outcomes, i.e., the stable green strategies in
the market. When the two carriers reach a stable sub-game perfect Nash equilibrium, no player
can increase his own expected payoff by changing his strategy while the other player remains
the same (Osborne et al. 2004). Then, we examine the effect of risk attitude on the outcomes.

Based on the utilities of the carriers in two periods, we construct the payoff matrix of the

game in Table 3.
Table 3. Payoff matrix of two carriers
Carrier L
Carrier H Slow steaming (a, =S ) Equipment upgrades (a, =E)
Slow steaming (a, =S ) (U :S,ULSS) (U :E,UEE)
Equipment upgrades (a, =E ) (U £ ,ULES) (U £ ,ULEE)

From Table 3, we can obtain Lemma 1 as follows.

Lemma 1. Compare the utilities in different sub-games, we have the following results:
() Suppose carrier L chooses strategy S. Then carrier H will choose strategy E if 2> Py ;
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otherwise, he will adopt strategy .S;
(if) Suppose carrier L adopts the green upgrade strategy. Then,

a) if ;" >, thenwhen P> Py, carrier H will choose strategy E; otherwise, he

will adopt strategy S;
b) if my," <7y, ,then when A <Py e, carrier H will choose strategy E, otherwise, he
will adopt strategy S.

(iii) Suppose carrier H chooses Strategy S. Then carrier L will choose to upgrade his equipment

if 2> P w); he will adopt strategy S, otherwise.

(iv) Suppose carrier H adopts strategy £. Then carrier L will choose strategy E if 2 < O on);

he will adopt strategy .S, otherwise.
—OF +466 - 50° + 0B’ +(9F —460)v+200°V* ~26B (2-2v +0v’)
§(~(-2+0) +(4-40+B°)v +20(c-B V') ’

where IBH(NL) =

_9F+5(c-4)g-9Fv+5(4(c-B )v-(B -4)B +2(B -0)BV’)

Fhie) = 5((0—2)2+v(4o——9+v(5+8 (2-20+v(B (2v—l)—2)))))

_ OF+V(-9F+5(0-B )v(v(2+(c+B v)-2(1+0)))

P ov(4+v(B? (1-2)v-2(2+ 0+ ) +2B (o +v-1)+ov(2+0v))|
9F +v(6(c—B )v(v(2+(0+B, )v)-2-2B )-9F)

Py =

5v(—1+ B?-20B v+v(1—2cr+av(2+o-v)))

The proof of Lemma 1 is shown in Appendix.

Lemma 1 shows when one carrier has adopted a specific green strategy and made it known
to the other carrier, the other carrier’s preference of the green strategy will depend on the
probability of the green regulation and the relationships between the carrier’s utilities at period
2. However, since the carriers’ green strategies and the utilities actually are the results of the
competition game, Lemma 1 is cannot be used directly to characterize the final equilibrium
outcomes. Interestingly, we find that by using the initial steaming speed v and the probability
of the regulation occurrence, we can identify the final equilibrium outcomes.

From Lemma 1, comparing the thresholds /_)H(NL), PreLys Punny and Py, We can

obtain the final equilibrium of the sub-game perfect Nash equilibrium. The results are

summarized in Table 4 (its proof is given in Appendix).

Table 4. The Final Equilibrium Outcomes

(a) F<F

pel0.5]  [Puis] [ 7a: | [Pe1]
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ve(09,) (S.5) (E,S) (E,S) (E,9)

ve(0,,min(v,,.9,)) (S.9) (E,S) (E,;S) or (S,E) (ES)
[mm(vp2 9,) }
ve| o (s.9) (S.E) (E;S) or (S,E) (E.S)
min(V 5,V,)
ve(min(,,,9,).%, ) (S.9) (E,S) (E,S) or (S,E) (E.S)
ve(9,max(,, %)) .9) Null (E.S) (E;S) Or (S,E)
{max(vp2 v,) ]
ve| - (S,9) (S,E) Null (E,S) or (S,E)
min(Mmax(¥ 3,9, ), Vay)
min(max(? 5, % ), Vi )s
vel, , (S,9) Null (E,S) (E;S) or (S,E)
(b) F>F
p<l0,p,] [ﬁA'ﬁB} [ﬁsvﬁc} ['BC’]'J
ve(0,7,) (S.9) (E.S) (E.S) (E.S)
ve (V%) (S,9) (E,S) (E,S) or (S,E) (E,S)
Ve (4 Vi) 5.9) Null (E.S) (E.S) or (S.6)

where Pn= min(/BH(NL)’/BL(NH)) 5 Ps = min(max(ﬁH(NL)';)L(NH))’max(;)H(GL)‘pH(NL))) N Pe :maX(maX(ﬁL(NH)’ﬁH(GL))’/BH(NL)) F

b

is the solution of F to the equation \7%)2(F):\7max and V¥, , V,, V,, ¥, are defined in the

Appendix.

Then we can summarize the results in proposition 3.
Proposition 3. The final equilibrium outcomes can be characterized by a few threshold values
of pand v as shown in Table 4. Accodring to Table 4, some qualitative results are summarized
as follows:

(i) When the probability of the regulation occurrence is sufficiently low, i.e., p < p,, the two

carriers will both adopt strategy S;

(i) When the probability of the regulation occurrence is sufficiently high (p > p,) and the
difference of initial speeds between two carriers is high (e.g., v<V), carrier H will adopt

strategy E and carrier L will adopt strategy S;
(ili) When the probability of the regulation occurrence is sufficiently high ( p > p,) and the

difference of initial speeds between two carriers is low, i.e., v>max(V V) , the

equilibrium (S, £) may occur;
(iv) When the probability of the regulation occurrence exceeds a certain level ( p > p, ), there
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is always one carrier adopting strategy E and the other adopting strategy S. Which carrier
will adopt the strategy E depends on the difference of the initial speeds between two
carriers and the degree of the risk-averse behavior;
(v) The green strategy (E, E) will never be a final equilibrium.
All the proofs are shown in Appendix.

According to Proposition 3 and Table 4, we can illustrate the final equilibrium in Figure 2.
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Figure 2. The final equilibrium outcomes

It is fairly intuitive that if the probability of the green regulation occurrence is sufficiently
low, then the two carriers will both adopt strategy S to avoid the investment cost in equipment
upgrades. However, Proposition 3 states that if the probability of the regulation occurrence
exceeds a certain level, then there is always one carrier who will upgrade his equipment whereas
the other carrier will adopt strategy S. In addition, it is found that both carriers adopt the £
strategy will never be the final equilibrium.

Some interesting results in Figure 2 can be observed and explained as follows. The condition

P < PLwy » as shown in Figure 2, implies that either the probability of the regulation occurrence

is low, or carrier L’s initial delivery speed is low. It means that either the regulation is unlikely
to occur, or the regulation will happen but with a small penalty effect on carrier L. Thus, the

better choice for him is to take strategy S regardless of whether carrier H upgrades his
equipment. Given the strategy of carrier L, as long as the probability is not too low (2> Py )s

carrier H will upgrade his equipment because the impact of the regulation on him is too
significant to ignore (due to the penalty effect and the competition-aggravation effect of the
regulation). This interprets the final equilibrium outcome (£, S) in Region A in Figure 2.

In Region B in Figure 2a, the competition-aggravation/alleviation effect is relatively small
and the probability of the regulation occurrence is quite high. This implies that the penalty effect
on carrier H is serious and dominant; thus, he will always upgrade his equipment to comply
with the regulation. Given the strategy of carrier H, it’s better for carrier L to adopt strategy .S
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because the penalty effect on him is relatively small (his initial speed is not very high and he
can enjoy the cost advantage by the slow steaming strategy). Hence, the final equilibrium in
Region B is (£, S), too. In Region C, the probability of the regulation occurrence is pretty high
and the competition is drastic (carrier L.’s speed v is quite close to carrier H’s speed). Therefore,
the competition-alleviation effect of the regulation is dominant. The better outcome would be
one carrier upgrades the equipment and the other adopts strategy S. Thus, the final equilibrium
in Region C would be (£, S) or (S, E).

In Figure 2b, there is a small region, termed Region E, which occurs when the fixed cost of
equipment upgrades F is relatively low (F < F ). The final stable equilibrium in Region E is
that carrier L upgrades the equipment but carrier H adopts the slow steaming strategy. Note that
in Region E, the competition is fierce, and the probability of the regulation occurrence is
moderate. Carrier H is the dominant player in period 1 and can bear the loss caused by either
the occurrence or non-occurrence of the regulation in period 2. However, for carrier L, he can’t
afford the case (S, S) to happen (he would get zero profit) because his profit in period 1 is not
high enough to offset the loss. Hence, his preferred choice is to upgrade the equipment
regardless of carrier H’s action. Given the action of carrier L, the better choice for carrier H is
to adopt strategy S to reduce the competition in the market, thus, the equilibrium (S, E) is
formulated.

It is worth noting that the equilibrium (£, E) will never be the final stable equilibrium even
if the probability of the regulation occurrence approaches to 1. The implication is that using the
flexible regulation (the regulation which allows the carrier to adopt both the equipment
upgrades strategy and the slow steaming strategy to comply with), carriers in the shipping
market will never upgrade their equipment unanimously. This outcome may deviate from the
regulation maker’s original intention, i.¢., to encourage all the carriers to replace/upgrade green
equipment across the board. The reason for this outcome can be explained as follows. Suppose
that the probability of the regulation occurrence is extremely high. Firstly, when the carrier L’s
initial speed is high, the competition in the original market is fierce; thus, the regulation can
reduce the competition intensity, which leads to (S, F) or (£, S). Secondly, when carrier L’s
initial speed is low, the regulation will have a weak impact on him; thus, he will not adopt the
equipment upgrades strategy. Thirdly, when carrier L’s initial speed v is moderate, the
explanation is similar to the results shown in Region B. The results explain the following
industrial phenomenon. In practice, different from other modes of transportation, carriers in the
maritime industry are able to cut the emission by slow steaming without lots of costs and time.
In addition, the customers choosing maritime transportation usually are not sensitive to the
timeliness so much. These are unique characteristics in the maritime industry (Cariou et al.
2011). Thus, it’s hard for the third-party institution (IMO, governments, etc) to induce all the

carriers to upgrade their equipment through a simple flexible emission regulation. For example,
25



IMO introduced the energy efficiency design index (EEDI) regulation in 2011, which formally
entered into force from 1 January 2013. The purpose is to promote the use of more energy-
efficient and less polluting equipment and engines in new ships (Song 2021). However, it has
been found that EEDI regulation couldn’t in the first place stimulate all the carriers to adopt
new ship engine technologies or clean fuels, but rather encouraged the carriers to provide
shipping service with a reduced speed (Steve et al. 2015). In fact, the majority of ocean carriers
have adopted the slow steaming strategy to reduce their emission to comply with the regulations
(Kontovas et al. 2011; Mander 2017). In June 2021, IMO announced the introduction of two
new regulations, Energy Efficiency Existing Ship Index (EEXI) and Carbon Intensity Indicator
(CI), which will come into force on 1 January 2023 to reduce GHG emissions from shipping
as short-term measures. According to the chief executive of Ocean Network Express (ONE, the
world’s sixth-largest container shipping line), they have chartered in six scrubber-fitted 24,000
TEU vessels and are expecting to adopt slow steaming for most existing vessels to comply with
the upcoming stricter emission rules (Shen 2021). The implication is that both equipment
upgrade and slow steaming strategies are likely to be used to comply with the EEXI and CII
regulations. Our study offers a new perspective to explain the above phenomenon. Thus,
besides the emission regulation, it’s better for the governments or IMO to make other assistant
efforts like providing upgrade subsidies to the carriers, cultivating customers’ green innovation
awareness. In addition, announcing a compulsive upgrading regulation, which excludes the
slow steaming strategy to comply with, is also a feasible measure.

In summary, Proposition 3 shows the joint effect of the service quality-based competition
and the potential flexible regulation on the green strategies of two carriers. Competition induces
the carriers to upgrade their equipment and provides a high-quality service to attract more
demands, but at the same time competition also prevents carriers from upgrading equipment
because it may decrease the service differentiation. Flexible regulation helps the carriers
alleviate the competition in the market. Next, we further examine the effect of the risk-averse
attitude on the final equilibrium outcomes which is illustrated in Proposition 4 and Figure 3.

Proposition 4. As the carriers care more about the equipment upgrade risk, the equilibrium
(S, S) is more likely to happen. In addition, the fixed cost ' will amplify the effect of carriers’
risk preference.

The proofs are shown in Appendix. We use figure 3 to explain Proposition 4, the solid lines
in Figure 3 represent the thresholds in Table 4 for the case with risk-averse carriers. The dashed

lines indicate the thresholds in Table 4 for the case with risk-neutral carriers.
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Figure 3. The effects of risk attitude on the equilibriums

When the carriers change their risk attitude from risk-neutral to risk-averse (i.e., the dashed
lines are transformed into the solid lines), Region D is expanding, which implies that the final
equilibrium (S, S) is more likely to happen. This is because when the carriers become more risk-
averse, they prefer strategy S to avoid the uncertainty of the operational cost caused by the
equipment upgrades. However, it can be seen that the effect of the risk attitude on the final
equilibrium becomes more obvious when the fixed cost F' increases. This phenomenon is
interesting because when F increases (which means that the fixed investment is dominant for
consideration by carriers), the degree of uncertainty caused by the upgrades (which is associate
with the marginal delivery cost) is relatively low. One would therefore think that the impact of
the risk attitude would decrease as F increases. This counter-intuitive phenomenon may be
explained as follows. When F increases, the carrier would still prefer to upgrade his equipment
if the obtained payoffs in period 2 could offset the investment cost. However, the profits in
period 2 may be affected by the decreased cost advantage. Thus, he will pay more attention to
the marginal cost in period 2, which is cosely associated with the uncertainty of the operational
cost. In this way, the effect of risk attitude will be amplified and this may lead to an increased

gap between the dashed line and the solid lines.

5.2 Characteristics of the final equilibrium using numerical Experiments
To further explore the characteristics of the final equilibrium, we use numerical methods to

examine the utilities of two carriers. We suppose that = follows a uniform distribution over
[0—-¢, o+¢&]. The system parameters are set as follows: o=0.05, £=0.02, n=n=08,

6=1, F=0.1, v=0.7. Figure 4a shows the utilities of two carriers in different final

equilibriums. Figure 4b illustrates the difference between the equilibrium outcomes and the

optimal outcomes.
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Figure 4. Payoffs of carriers in final equilibriums

From Figure 4a, firstly, it can be observed that in most situations, the utilities of the carrier

with strategy S is decreasing as the probability of the regulation occurrence p increases (i.e.,

UiSS , UE,E in Figure 4a). However, when the probability is high, the utility of carrier L may

increase with the probability though he adopts the slow steaming strategy (ULES is increasing
in p). In that time the regulation may help the two carriers reduce the competition in the

market, i.e., the competition-alleviation effect is larger than the penalty effect; carrier L can
enjoy a free ride from the equipment upgrades of carrier H. Secondly, the occurrence of the

regulation may benefit both carriers. For example, under the strategy (£, S), the carriers’ utilities
when pe[p 1] are greater than those under the case in which the regulation does not occur

(i.e., p=0). We call the shaded area in Figure 4a as positive regulation zone, which is due to
the competition-alleviation effect of the regulation.

In Figure 4b, we compare the final equilibrium outcomes with the optimal outcomes of the
two carriers. Here the optimal outcomes are defined as the best payoffs among four sub-games

for each carrier separately. To distinguish the two results, we use the red lines to represent the
optimal outcomes. As shown in Figure 4b, when p€[0, [_)H(NL)) , the equilibrium is (S, S); when
P €lPupyr Powy) » the equilibrium is (E, S); and when o €[p yy,1) , the equilibrium is (E, S)
or (S, E). On the other hand, compare the payoffs among four sub-games, we can find that for
carrier H, when p €[0,p,) , the payoff in sub-game (S, E) is optimal and when P €[p,,1), the
payoff in sub-game (E, S) is optimal (the red solid lines in Figure 4b). For carrier L, the payoff
in sub-game (E, S) or sub-game (S, E) is optimal depending on the relationship of p with p;

(the red dashed lines in Figure 4b). That is, in most situations, the final equilibrium outcomes

are not optimal for individual carriers. The competition forces two carriers to compromise and

choose a suboptimal outcome as the final stable equilibrium. Nevertheless, when p € [P,.0,),
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we find that the final equilibrium outcomes are the same as the optimal outcomes. We call this
area the consistent zone. In the consistent zone, the regulation may be interpreted as a credible

signal and help carriers to increase the service differentiation.

6. Extensions
In this section, we extend our models and analysis in several aspects to examine some more
general cases. Specifically, we try to examine the following issues: (1) sequential decision-

making on the green strategy, (2) the effect of price sensitivity, (3) endogenous shipping speed.

6.1 Sequential green strategy making

We now consider the two carriers making their green strategy sequentially in period 1. In this
case, we assume that carrier H sets its green strategy firstly. Then, after receiving the
information regarding the action of carrier H, carrier L sets its green strategy accordingly. After
that, the two carriers make their pricing decisions in period 1. In period 2, the settings are similar
to our basic model. We can use the backward induction approach to solve this sequential
decision-making model as follows: we first consider the pricing decisions of two carriers; then
we concern carrier L’s reaction when it receives carrier H’s selection of the green strategy;
finally, we determine carrier H’s optimal green strategy. We can use a decision tree of the green
strategies to better explain the sequence of green strategy selections for two carriers in Figure

5.

Sub-game (£, E)

Carrier L
chooses strategy £

Carrier L
chooses strategy S

Carrier H

chooses strategy E Sub-game (£, S)

Carrier H Sub-game (S, E)

Carrier H’s decision chooses strategy S

Carrier L
chooses strategy E

Carrier L

chooses strategy S

Carrier L’s decision The following actions

Sub-game (S, S) are same as the basic
model.
Carrier H set its green Carrier L set its green Sub-games are  The two carTiers
strategies after receiving  strategies after receiving  achieved set their prices.
the probability of the the action of carrier H.
regulation. Period 2: After the

otential regulation
Period 1: Before the potential regulation P g

Figure 5. The decision tree of the two carriers’ sequential decisions on green strategy
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Since carrier L has to set its green strategy after receiving the action of carrier H, its reaction

is the same as those in Lemma 1 (iii) and (iv) according to the thresholds EL(NH) (comparing

carrier L’s profits in Sub-games (S, E) and (S, S)) and ﬁL(GH) (comparing carrier L’s profits in
Sub-games (£, E) and (E, S)). However, the decision of carrier H is quite different from the

basic model. Apart from the need to calculate the threshold values of ,EH(NL) (comparing

carrier H’s profits in Sub-games (E, S) and (S, S)) and Py, (comparing carrier H’s profits
in Sub-games (E, E) and (S, E)) given in Lemma 1, we should also compare its profits between

cases (S, S) and (E, E), which defines a new threshold /() ; in addition, we should compare

its profits between cases (E, S) and (S, E), which leads to another threshold Ay (wn) . However,

due to the complicated expressions of these threshold values, it is difficult to obtain analytical
results. Therefore, we use some numerical experiments to illustrate the final equilibrium as

shown in figure 6 (the values of the system parameters are the same as those in Section 5).
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Figure 6. The equilibrium when the two carriers decide green strategy sequentially

Similar to the results in the basic model, when the regulation probability is relatively low,
the two companies will not upgrade their equipment; when the regulation probability is high,
one of the two carriers will adopt the green upgrade strategy while the other will adopt the slow
steaming strategy. However, different from the results in our basic model, there is always only
one equilibrium in a given region in Figure 6, whereas in the basic model, the two equilibriums
(£, S) and (S, E) exist simultaneously in region C in Figure 2. This can be explained as follows.
For carrier L, it has more information (knowing the actions of carrier H), so it will choose a
unique profitable decision given carrier H’s choice. For carrier H, it also has a first-mover

advantage, that is, it can predict the reaction of carrier L, and then choose a suitable strategy to
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induce carrier L’s choice. Thus, the final equilibrium is unique. The explanations of the decision

and profits of the two carriers are similar to those in section 4.

6.2 The effect of price sensitivity
In our basic model, we assume that the shipper’s price sensitivity is fixed and normalized to 1,

i.e., the customer’s utility is V; =u+@v; —p; for carrier i in period . In this section, we extend

the model to investigate the effect of price sensitivity on the final equilibrium. Similar to Han

et al (2001), Casado et al. (2013), we set the customer’s utility as V; =u+6v; —yp,;. The

parameter y represents the price sensitivity of the customer. When y is large, the shipper is

more sensitive to the shipping prices. When y is low, the shipper is less concerned with the

prices. Thus, the demands of two carriers in period j are changed to Dy, = LM and
Vi =V
D, = M . In addition, the four thresholds to characterize the regulation probability are
Vi~V
changed to:
;/(—QF (-1+v)-5(B —0)(—4+ By +4v+ 7/0'—2]/V20))
p =
" 52 (B-0)o-v(4+ B ~4p0) +(-2+50) )
B 7(-9F (-1+v)+ 8(B-0)(4-4v+By(-1+2v*)-yo)
Y2 =
e 5(—By(2+ By )V: +2B%Av* +(-2+ o)’ +v(-9+4y0) +V? (5-2By(-1+ 7/0')))
B 7(9F (-1+v)+ V5 (B-o)(2v+ v (B +0)-2(1+ o))
p =
Hw) V5(~4-1v* (2B+ B2y +20)+ /v (287 -0 )+ 2v(2+ yo + 0 + By - 10 )
~ 7/(9F(—1+v)+V25(B—0)(—2+2V+ B}/(—2+V2)+]/VZU))
pL(GH) ==

V§(—1+ B?y? +V—2yvo —2By*vo + 2V 0 + )/2V30'2)

Due to the complicated expressions of these threshold values, it is difficult to obtain
analytical results. According to the numerical experiments (the values of the parameters are the
same as those in Section 5), we can illustrate the final equilibrium results of two carriers with

different price sensitivities in Figure 7.
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Figure 7. The final equilibrium with different price sensitivities

It can be observed that the main results are similar to our basic model in Figure 2. For
example, when the probability of the regulation occurrence is sufficiently low, the two carriers
will both adopt strategy S, when the probability of the regulation occurrence is sufficiently high,
there are always one carrier adopt strategy £. However, there are still some differences between

the two cases. When shippers care less about the freight rate (p is smaller), the attraction of

the slow steaming strategy is decreasing (region D is smaller). This can be explained by the fact
that when shippers become less concerned with prices, the price advantage generated by the
slow steaming (with lower operational costs) is decreasing. However, in a competitive market,
even though the price sensitivity is low, the two carriers still can’t set an unlimited high price,
especially for carrier L with a lower-quality service. Even carrier L has to set a lower price to

maintain its demands (it can be found directly through the demand function, D ). Together

with the concerns about the service differentiation, there is still at least one carrier adopt strategy

S.

6.3 Endogenous shipping speed
In our basic model, we assume that the shipping speeds of the carriers are exogenous. In this
section, we relax this assumption to some extent by allowing carrier L to decide its initial

shipping speed from two options, a low speed, v, , or a high speed which is the same as carrier
H’s initial speed, v, , v, >v_. In the following, we simplify the notation by letting v, =v
and v, =1, which are consistent with the basic model. The sequence of the events can be

summarized as follows: In period 1, the two carriers both choose their green strategies, i.c.,

either equipment upgrade or slow steaming. Next, carrier L chooses its initial speed v, or v, .

Then the two carriers decide their freight rates and the demands in period 1 are realized. In

32



period 2, all the actions have the same sequence as that in the basic model. Through the

backward induction method, we can obtain the following results.

Lemma 2. (i) In sub-game (S, S), (£, E) and (E, S), carrier L will always choose the low initial
speed v, .
9A5+(1+o-)2 +vo? —v-Vio(2+0)-V’o?

, carrier L will
(A+4(1_V)_4B(1_V2)+Bz(l—v3))5 carrier L wi

(i1) In sub-game (S, £), when p>p, =

choose the high initial speed v,, ; otherwise, it will choose the low initial speed v, , where

(1—v— Bv? +o-)2 ‘
1-v

Lemma 2 can be interpreted as follows. If carrier L chooses the high initial speed, in period
1, its speed is the same as the carrier H’s. The two carriers provide the same shipping service
and will obtain zero profits because of the fierce competition. Similarly, in period 2 without
regulation, the two carriers both will obtain no profits, too. Thus, carrier L will choose the high

initial speed only if its profit with v, in period 2 under regulation is sufficiently higher than

that choosing the low initial speed. More specifically, in sub-game (S, S) and (£, S) in which
carrier L adopts the slow steaming strategy, carrier L’s speed will be restricted by the potential
regulation in period 2 no matter which initial shipping speed it selects. Thus, the strategy of

choosing the high speed v,, in these two sub-games is strictly dominated by the strategy of

choosing the low speed. Therefore, carrier L will never choose the high initial speed in sub-
game (S, S) and (£, S). In sub-game (E, F), both carriers adopt the equipment upgrade strategy;
if carrier L selects the high initial speed, then two carriers will provide the same service quality
in both periods. As a result, both carriers will obtain zero profit, which prevents carrier L
choosing the high initial speed. The above arguments explain Lemma 2(i). As for Lemma 2(ii)
in sub-game (S, E), choosing the high initial shipping speed could be a profitable choice for
carrier L. That is, in sub-game (S, E), if the regulation occurs, carrier H’s speed will be restricted,
carrier L could be benefited by the service competitive advantage. When the extra profits exceed

the loss in period 1 and period 2 without regulation ( p > p, ), Carrier L may choose the high

initial speed in sub-game (S, E).
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Figure 8. The equilibrium when carrier L could decide the initial speed

Based on Lemma 2, we can analyze the final equilibrium green strategies for two carrier.

When p < p,, carrier L will always choose the low initial speed in all sub-games; thus, the
results are the same as that in our basic model (Lemma 1). When p > p, , carrier L will choose

Vv, =1 and the profits of two carriers in sub-game (S, E) will be different from that in the basic

model; thus, the threshold values 5, and p,q, shouldbe changedto 5, and p, g,

given by:
S (1_v)(1+5)(1+o-+VJ)2 +9F
Plow 5(5-4B+B*+20+0" -v’o’ ~v’o(2+0)+v(-1+0?))
~ (l—V)((—2+B+BV)25+(—2+O'+VO')2)—9F
pl’-i(GL) =

(1+B)'s

The final equilibriums are numerically illustrated in Figure 8, which shows the equilibrium
results of two carriers for the cases when carrier L could decide its initial speed. We can find
that the main results are similar to that in our basic model. When the probability of the
regulation occurrence is low enough, both carriers will adopt the slow steaming strategy S (i.e.

Region D in Figure 8). When the probability of the regulation occurrence is sufficiently high

and the low initial speed of carrier L, i.e., Vi is large enough, the equilibrium would be (E, S)
or (S, E) (i.e. Regions B and C in Figure 8). In other situations, the equilibrium would be (£, S).
The explanations of the decisions and profits of the two carriers are similar to those in Section

4.

7. Conclusion
Given the fact that international shipping is a large and growing source of greenhouse gas

34



emissions. It is likely that IMO will enforce green regulations in near future to pursue the target
of halving the greenhouse gas emissions from shipping by 2050 compared to the level in 2008.
However, there is a high degree of uncertainty regarding when and what type of green
regulations will come into force. In a highly low service differentiation industry, ocean carriers
are facing the challenges of uncertain green regulation and market competition. To comply with
the potential regulations in short term, carriers may adopt two different green strategies, i.e.,
the equipment upgrades strategy or the slow steaming strategy. This paper seeks the final stable
green strategies for two risk-averse carriers in the competing shipping market and examines the
joint impacts of potential regulation and market competition on carriers’ pricing decisions and
utilities. A two-period game model is formulated to explore the sub-game perfect Nash
equilibrium.

We find that the carrier with higher realized speed will set a higher price. However, if two
carriers both adopt the slow steaming strategies, and the green regulation occurs, the two
carriers will have to face a perfect competition market. As a result, both of them will obtain
zero profits. In addition, there exist three types of effects caused by the potential green
regulation under market competition, i.e., the penalty effect, the competition-alleviation effect,
and the competition-aggravation effect. In some situations the green regulation may benefit the
carriers by the combined impact of three effects; thus, the final equilibrium appears to be
complicated. When the probability of the regulation occurrence is sufficiently low, the two
carriers will both adopt the slow steaming strategy; when the probability of the regulation
occurrence is relatively high, there is always one carrier adopting the equipment upgrades
strategy. However, because of the competition and the potential regulation, the two carriers will
never adopt the equipment upgrades strategies simultaneously. Finally, we find that the final
equilibrium outcomes can be different from the optimal outcomes, which means, sometimes,
the carriers will fall into a “sub-optimal outcome”. Nevertheless, it is also possible that the
potential regulation can be seen as a signal to help the two carriers collude to achieve the
optimal outcome.

Based on the above results, we recommend the following measures for policy-makers to
make effective regulations so that the majority of ocean carriers would adopt the equipment
upgrading strategy.

(1) Less flexible regulations: By introducing less flexible regulations, the slow steaming
strategy alone may become insufficient or infeasible to meet the requirement. For example,
extremely stringent GHG emission regulations or even zero-carbon regulations will essentially
exclude the use of bunker fuels and therefore make the slow steaming strategy infeasible.

(2) Subsidies for new technologies: If governments or IMO can provide sufficient subsidies
for green technologies, this will help ocean carriers to reduce their investment costs and average

operational costs to achieve equilibrium (£, E), i.e., encourage all the carriers adopt equipment
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upgrade strategy.

(3) Encourage the development of infrastructure and logistics of new fuels: The availability
of the infrastructure and logistics to supply new fuels is one of the main factors to determine
the operational cost after equipment upgrade (suppose the equipment upgrade will use new
fuels). Similar to the argument in the previous measures, encouraging the infrastructure
development for new fuels by subsidies or other means can reduce the operational costs of
green upgrades, which may lead to the (£, E) result.

(4) Regulation based on the service differentiation: Since service differentiation is an
important factor to prevent the case (£, E) from being an equilibrium in our basic model, setting
a regulation associated with the service differentiation may be an effective measure to
encourage carriers to adopt equipment upgrade. For example, different types of ships or
different shipping services are given different emission requirements.

From another way of thinking, we can consider the result in a positive way. That is, our result
can also explain the phenomenon that although slow steaming strategy could satisfy the
regulation with lower costs, there are also some shipping companies carrying out technology
upgrade, especially the major firms in the market. Indeed, the phenomenon is not rare in reality,
for example, the large shipping companies like Maersk always make effort on the emission
reduction and publish their emission report on their website regularly.

To the best of our knowledge, our work is the first attempt to combine service differentiation
and potential regulation into the green strategy choice problem in the shipping industry. This
study enriches the literature on shipping companies’ pricing decisions in competing markets
and complements the literature on shipping decarbonization under green regulations. The model
and results can help shipping companies to make better business decisions, and help the
IMO/governments to set up effective green regulations. Nevertheless, there are some limitations
in this study. First, we only consider two carriers competing against each other. A complete
shipping market consists of multiple carriers. For example, in the container shipping sector,
there are hundreds of individual shipping lines. Nevertheless, most of them are very small. The
major shipping lines have formed three dominant alliances (i.e. 2M Alliance, THE Alliance,
and Ocean Alliance), which control 96% of all East-West trades’ container capacity. By treating
one alliance as a player, using two or three players to model the market competition is still
meaningful. Further research could relax the assumptions mentioned above. Second, in our
model, the focus is on the uncertainty of green tech, and the impact of competition and service
differentiation on the carriers’ choice of green strategies. We have set that the average
operational cost after the green upgrade is equal to the original operational cost to reduce the
complexity of the computations. Further research is required to fully characterize the final
equilibriums under various combinations of the system parameters. Third, our research focuses

on ocean carriers’ short-term responses to the potential regulations by using two periods of time
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(before and after the realization of the potential regulation). We did not consider the long-term
effect of the green policy. Because the slow steaming is a short-term strategy and the equipment
upgrade strategy might have long-term effects, our model may not sufficiently represent the
benefits of the equipment upgrade strategy. Nevertheless, we might factor the long-term
beneficial effects of the equipment upgrade strategy into our model by setting the operational
cost after green upgrades and the fixed cost of the green upgrade to be sufficiently low levels.
We have conducted extra numerical experiments, which shows that (E, E) can become a final
equilibrium in the situations where the average operational cost after the equipment upgrade is
significantly smaller than the initial operational costs and the fixed cost of the equipment
upgrade is extremely low. However, appropriately quantifying the long-term effects of the

equipment upgrade strategy is challenging. Further research is required in this direction.
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