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Abstract: Vertical cooperation is a key decision for port and shipping supply chain 
members to achieve energy saving and emission reduction goals. In this study, a three-
stage Stackelberg model is constructed by considering a green emission reduction 
investment strategy in a two-level port and shipping supply chain consisting of a port and 
two shipping companies with financial asymmetry and asymmetric information under 
carbon tax regulation, and introducing factors such as carbon tax regulation and variable 
costs. Among them, the port maintains a long-term information-sharing partnership with 
the financially weak shipping company, which competes with the financially strong 
shipping company for Cournot, and the port provides loading and unloading services for 
both shipping companies. The study shows:(1) The port's abatement investment coefficient 
and information sharing discount simultaneously affect the level of abatement. (2) 
Emission reduction investment coefficient and information sharing cooperation discount 
are important influencing factors for the port to benefit from vertical cooperation (3) When 
port and shipping companies focus more on developing a certain cooperation strategy, or 
the cooperation intensity of both capital investment and information cooperation is more 
balanced, the port is more likely to benefit from investing in shipping companies with weak 
capital. 

Keywords: Port and shipping vertical cooperation, information sharing, green emission 
reduction investment, financial asymmetry, shipping carbon tax 

1 INTRODUCTION 

In the form of increasing global energy scarcity and gradually shrinking environmental capacity, 
governments have introduced a series of low-carbon policies to control excessive carbon 
emissions from port and shipping industry. The carbon tax policy was proposed by the European 
Union in 2012 and is planned to implement on shipping emissions. Against the background of 
increasingly stringent environmental policy constraints such as carbon tax [1], the government 
has put forward higher requirements for low-carbon behavior in port and shipping operations. 
For this reason ports and shipping companies have to take countermeasures. On the one hand, 
in order to realize the economic and environmental returns in carbon emission reduction, 
shipping companies have increased their efforts to actively invest in green energy saving and 
emission reduction technologies by purchasing LNG vessels, scrapping and renewing old 
vessels, converting oil to gas, and switching to light oil [4]. Lu Zhen et al. [11] introduced the 
problems restricting China's current shipping emission reduction from the perspective of 
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shipping green technology, and put forward management suggestions. Wang et al. [9] combined 
the decision-making of the government, ports and shipping companies to solve the optimization 
problem of government subsidy to LNG ships under the condition of maximizing social benefits. 
The above articles rarely consider the financial situation of port and shipping enterprises to 
reduce emissions. Especially when it comes to green investment of many large LNG ships, it is 
difficult for small and medium-sized enterprises to realize their business decision-making and 
emission reduction investment. 

On the other hand, in addition to the horizontal cooperation form of alliance, the uncertainty of 
the general policy environment and the competitive situation of the industry has prompted the 
shipping supply chain to extend upstream and downstream and seek the opportunity of vertical 
cooperation in shipping to improve the core competitiveness [10]. In recent years, as port and 
shipping cooperation methods have been pushed out, more port enterprises have taken the 
initiative to participate in the acquisition of shipping companies, such as Shanghai Port Group 
holding 9.9% of OOCL. There are fewer studies in this area, among which Song [8] found that 
the Pareto gain of the whole shipping supply chain can be improved by port investment at the 
cost of extracting more surplus from shippers. Metzger [7] applied financing methods such as 
fuzzy revenue to illustrate the choice of shared balances for green emission reduction 
technologies from the perspective of green technology financing, addressing the financing 
problem and shipping emission reduction measures between the research gap. Although 
sustainability investments have been widely considered in other related industries [2], less 
consideration has been given to corporate financial asymmetries in the case of financial flow 
cooperation between ports and shipping.  

In addition, port and maritime cooperation has expanded from traditional port business to port 
information technology cooperation. Data prove that port supply chain information sharing 
mechanism can shorten delivery time by 10%-20% and bring 30% cost savings in case turning 
[5]. For this area, although it has been commonly practiced in the port and shipping industry, 
there is less related literature. Lai [3] considered risk behavior and information sharing on the 
basis of sustainable investment in maritime supply chains and found that port information 
sharing helps to improve the profitability and sustainability investment of both ports and 
shipping. Zheng [12] focused on the demand information sharing for welfare maximizing port 
authorities and profit maximizing ports. The study found that when the externality of 
information sharing on welfare exceeds a certain unit, both competing ports can benefit from 
cooperation in information sharing. However, ports' green investments in shipping companies 
need to take into account realistic factors. On the one hand, the target shipping companies often 
have financial asymmetry, and investors will measure the financial status and financial strength 
of the target companies. In addition to this, ports seeking vertical cooperation opportunities may 
have a span of time and cooperation methods, and studies have shown that corporate investments 
will prefer to consider companies that have experience or are in the process of cooperation, even 
if it is a basic information cooperation sharing (Wan 2020). In contrast, ports prefer to apply 
information sharing cooperation to port-owned shipping companies with the same information 
sharing system and related interests. These shipping companies are often backed by ports and 
have relatively small market size. In addition, ports cultivate their own shipping companies to 
compete with large companies, and in order to avoid the situation that other shipping companies 
are dominant, they often choose to favor their own shipping companies in terms of information 
and policies through information sharing cooperation, which makes it more practical to consider 



information cooperation sharing. 

Based on this, this paper needs to address and analyze the decision problem of the port's 
emission reduction level and investment strategy when the port makes green emission reduction 
investment for one shipping company with double asymmetry of financial information. For this 
purpose, under the carbon tax policy, this paper considers a secondary shipping supply chain 
consisting of one port and two shipping companies. The port provides port operation services to 
two financially asymmetric shipping companies, and the shipping companies participate in 
duopoly competition among themselves. The financially weak shipping company cooperates 
with the port in surviving information sharing. In addition, the port makes green energy saving 
and emission reduction investments for the shipping companies (e.g., purchase of LNG vessels, 
etc.), and the shipping companies cooperate in the form of returning part of the investment return 
after the investment is completed. The model framework can be seen as the port will provide 
loading and unloading operation services to two shipping companies with different financial 
status, and make green energy saving and emission reduction investment and information 
sharing for them to help shipping companies reduce carbon emissions. The contributions of this 
study are summarized as follows. When considering the shipping vertical cooperation strategy, 
the impact of two cooperation strategies, information sharing cooperation and green emission 
reduction investment, on the port's revenue and emission reduction level is considered; unlike 
previous literature on low carbon supply chain financing, the port provides green emission 
reduction investment decisions for shipping companies with both financial and information 
asymmetry, which is more innovative and realistic. 

2 MODEL CONSTRUCTION 

2.1 Model Description 

The reverse demand function of the two shipping companies is characterized as follows:

1 2p d q q   . Both shipping companies 𝑀ଵ，𝑀ଶare required to pay a carbon tax at the end 

of port service. However, there is a financial asymmetry between the two shipping companies. 
Shipping companies 𝑀ଵ are relatively well-funded and have enough working capital to carry 
out loading and unloading operations in ports for a long time, but they do not have the capital 
to invest in carbon emission reduction green technology (such as investing in multiple LNG 
ships). Shipping companies 𝑀ଶ are relatively undercapitalized, subject to more severe capital 
constraints, and do not have enough capital to invest in green technology projects other than 
traditional port operations services. Although the shipping company 𝑀ଶ is weak in capital, it is 
backed by the port and has a long-term information sharing cooperation relationship.  The 
shipping company only needs to pay the information sharing cost and management fee, and can 
obtain the port loading and unloading service at a partial discount when it attaches to the port. 
Port assistance for 𝑀ଵ   and 𝑀ଶ   to ease financial constraints is conducive to improving the 
overall efficiency of port and shipping supply chain, and to achieving ship tie-up business. 
Therefore, the port can provide green emission reduction investment service for 𝑀ଵ  or 𝑀ଶ  to 
reduce its initial emission level and return the investment profit to the port after the investment 
activities. Generally speaking, a port will choose an investment strategy for a shipping company 
due to its limited financial situation. Therefore, this paper considers two scenarios, discusses the 
green energy saving and emission reduction investment strategy provided by the port for 



shipping enterprises with different financial situations, and analyzes the value of the green 
energy saving and emission reduction investment strategy for the two shipping companies.  

 

Figure1. the financial and information asymmetric emission reduction strategy model 

2.2 Basic Assumptions and Parameter Settings 

2.2.1 Basic Assumptions and Parameters setting 

In order to facilitate analysis without loss of generality, the following assumptions are made for 
the model. It is assumed that both ports and shipping companies are rational decision makers 
pursuing profit maximization. Since the situation when shipping companies call at ports is 
considered, it is assumed that the capacity of ports is large enough and the handling capacity of 
ports is not affected by congestion and other factors; It is assumed that only one shipping 
company can make emission reduction investment under realistic conditions such as port 
constraints and its own finance; It is assumed that the carbon tax policy is implemented and the 
policy mainly charges the carbon emission of shipping companies during their port affiliation, 
that is, shipping companies need to pay carbon emission tax on the emissions generated when 
ships enter the emission control area and during the affiliation period. To simplify the modeling, 
assume that the operating cost of the port is 0; It is assumed that shipping companies have a 
long-term information cooperation relationship with ports, and ports do not need to pay extra 
costs for information cooperation; Assume that the discount income of information sharing 
cooperation is greater than the value of information sharing cost and total management expense 
paid by shipping companies at the end of the information sharing cooperation period, i.e. 

2ec q m  ;Referring to the research method of Ma [6] it is assumed that there is a quadratic 

positive correlation between emission reduction investment funds and emission reduction level. 

 

 

 



Table1. Symbol description of this text. 

Parameter 
j
ip  𝐸௝ market price per TEU for handling at Port under Scenario (USD/unit) 

d  Potential market Demand for handling Services (Unit) 
  Initial carbon emissions per TEU of port handling (kg/unit) 

s  
Unit price of carbon tax imposed by the Government on carbon emissions per TEU of 
stevedoring operations (USD/unit) 

r  
Port handling service discount for information sharing cooperation of shipping 
enterprises [0,1]  

m  
Value of information sharing cost and total management fee paid by shipping company 
at the end of information sharing cooperation period (USD/unit) 

v  Cost coefficient of emission reduction investment [0,1] 

  Return of investment profit to port by shipping company after completion of investment 
(USD/unit) 

ec  Unit variable cost of implementing green emission reduction investment services [0,1] 

Decision variable 

it  Decision variable Shipping Enterprise 𝑖's target emissions (kg/unit) 

Ejw  Loading/unloading price per TEU under scenario 𝐸௝ (USD/unit) 
Ej
iq  Quantity handled by Shipping Company 𝑖 under Scenario 𝐸௝ (Unit) 

2.3 Model Scenario Analysis 

2.3.1 Scenario 𝐄𝟏of green energy saving and emission reduction investment strategy 

The port chooses to provide green energy saving and emission reduction investment for 𝑀ଵ 
with abundant funds, and maintain information sharing and cooperation with Mଶ. A three-stage 
Stackelberg game is played, and the decision order of the model is: in the first stage, the port 
bears the total investment cost of reducing the customer's 𝑀ଵ emission level. Therefore, the 
port first determines a new target emission level 1t   for customer 𝑀ଵ ,  1t    refers to the 

carbon emission reduction efforts taken by the port, and the total cost of emission reduction is 

 2

12

v
t  . In the second stage, after the investment service of green emission reduction, the 

port and two shipping companies will carry out routine operation services, and the port will 
determine the loading and unloading operation prices 1Ew  of 𝑀ଵ  and Mଶ . Because of Mଶ ' s 
information sharing cooperation, Mଶ will obtain port services at a discounted price and pay the 
information sharing cost and management fee. Next, the two shipping companies decide their 
respective order quantities and. According to the regulations of carbon tax, 𝑀ଵ and Mଶ should 
pay carbon tax 1

1 1
Est q  and 1

2
Es q  respectively. According to the investment service of green 

energy saving and emission reduction, shipping enterprise 𝑀ଵ will share the investment income 
value with the port. In addition, there may be variable costs borne by 𝑀ଵ. Variable cost refers 
to the cost of reducing the transportation efficiency of the shipping company. The newly 
invested green emission reduction service may lead to a running-in period between the shipping 
company and the previous transportation mode, thus reducing the loading and unloading 



efficiency of the shipping company. In this scenario, there are variable costs 1
1
E

ec q  borne by 

shipping company 𝑀ଵ. In this situation, the benefits of 𝑀ଵ and Mଶ are as follows: 

2 2 2 2 2 2 2 2 2
1 1 1 2 1 1 1 1 1( ) ( )E E E E E E E E E

eq d q q q w q st q c q         （1） 

1 1 1 1 1 1 1 1
2 2 1 2 2 2 2( ) ( )E E E E E E E Eq d q q q w rq m s q        （2） 

The port's revenue is primarily made up of operational services provided to shipping companies 
and shared carbon tax savings from making green energy efficiency and emission reduction 
investments, with profits as shown below: 

1 1 1 1 1 1 2
1 1 2 1( , ) ( )

2
E E E E E E
s

v
t w w q m w rq t         (3) 

Derivation of (1)(2),the equilibrium decisions of the 3 supply chain members can be obtained 
by using backward induction, It is easy to test that  1 1

1 1
E Eq   and  1 1

2 2
E Eq   are concave 

functions with respect to 1
1
Eq  and 1

2
Eq , respectively. 

  1 2 1
2 2

1 1 2E
e

E d c q s tq q w       (4) 

 2 2 2 2 2
2 2 1 22E E E E Eq d q q rw s       (5) 

Solve both first-order conditions simultaneously and find the order quantity of the shipping 
company according to (4)(5), respectively.  

  1
2

1

1
2 2 2

3
E

eq c d s r w st        (6) 

 1
2

2

1
2 2

3
E

e sq c d s w rw t      (7) 

Substituting the two ordering quantities into equation (3) separately, we can check the second-
order condition 

 
 22 2

22

2 3 2

3

E
S

E

r r

w

  




  of a with respect to 2Ew  as  1 2
1

E E
S t w    concave 

function of off 2Ew  in. Solving for the first-order derivative of the two ordering quantities after 

substituting them into Eq. (3) with respect to
2Ew , we find： 



1 1
2

2 2 4 2 2 4

4 10 2
eE ec d s c r d r s

w
t r s r st

r r

       


  
 （8） 

Substituting the port handling price and two port operations into equation (3), we check the 
second-order condition  2 2

1
E E
S t w   of 𝑡ଵ  find that

   
22 2

2

1

2 2 2 2

2

16 24 8 60 12

12 2 5 1

E
S r s v r r s v r s v

r rt




  



 
  

 , 

therefore, when  22

2

4 1

2 4 6 0 1 2
v

s r

r r


 




, we get the first-order result of  2
1

E
S t about 1t , we 

get the optimal port handling price 1t


 , and substituting 1t


 into 2Ew 、 2
1
Eq  and 2

2
Eq , we get the 

optimal handling operations 2
1
Eq ， 2

2
Eq   decided by two ports 𝑀ଵ and 𝑀ଶ respectively. 

The target carbon emission level of 1t


, and the profits of ports are calculated as follows： 

2 2 2

2 2 2 2

21 2 2 2 2

2 12 2 16

8 24 8 8 10 60

16 24 8 60 12

e e

e

c s d s v s r s c r s

d r s r v r s c r s d r s r v

r s v r r s v r s v
t

  

  

     

    


  


 

 
(9) 

   
    

2

1*
2s

4 2 1

2 4 24 1 5 2

e eE
c c r r d s v

m
s rs r r v


 

   
 

    




 

(10) 

2.3.2 Scenarios 𝐄𝟐 of green energy saving and emission reduction investment strategy 

𝑀ଶ in addition to providing information sharing services, the port also chooses to provide a 
green energy efficiency and emission reduction investment strategy to reduce its emission level. 
In the first stage, the port first establishes a new target emission level for shipping company 𝑀ଶ 

at a total investment cost,  2

22

v
t   ,  2t   is the effort made by the port to reach the new 

emission level 2t . In the second stage, since 𝑀ଶcooperates on an information-sharing basis, 𝑀ଶ 

is required to pay the port a service fee with a discount 𝑤ாଶ𝑟𝑞ଶ
ாଶ ൅ 𝑚, as well as share the value 

of the investment return based on the green energy efficiency and emission reduction investment 

strategy. 𝑀ଵ and 𝑀ଶare required to pay a carbon tax 2
2
Es q and 2

2 2
Est q . In addition, 𝑀ଶwill bear 

variable costs 2
2
E

ec q . the profits of 𝑀ଵ, 𝑀ଶ and the port are expressed as: 

   2 2 2 2 2 2 2 2
1 1 1 2 1 1 1
E E E E E E E Eq d q q q w q s q       (11) 

     2 2 2 2 2 2 2 2 2
2 2 2 1 2 2 2 2 2
E E E E E E E E E

eq d q q q w rq m st q c q          (12) 



   22 2 2 2 2 2
2 1 2 22

E E E E E E
S

v
t w w q m w rq t          (13) 

Similar to the solution methods of 1t
 , 1*

s
E , we will not repeat them for the time being, The 

optimal target carbon emission level of 2t
 , and the profits of ports are calculated as follows 

    
  

    
*
2 2 2

1 2 2 2

12 1 1

1 2 12 1 1

e er s c d c r dr r s

r r v
t

r s r r v





       

   


    
 (14) 

       
       

          
     

32

2

2 3

22 2

2*

1 2 1 ( ( 1 2

1 3 4 3 1 2 1 )

12 1 2 1 1 1 6 1 )

2 1 2 12 1 1

E e

s

e ec r r d s v s c r

d r r r r r s

c r r r d r r r s v
m

r s r r v










       

        

          


  

   

 (15) 

3 RESULTS ANALYSIS  

3.1 Comparative analysis 

This section will discuss the influence of investment coefficient of port emission reduction and 
information cooperation discount on new target emissions under different strategies. 

Proposition 1. When 
  

  
21 1 4

0
12 1 2 2 2

r r s
v

r r r

 
 

     
  and 0.5 0r   are satisfied, * *

2 1t t ；When 

  
  

21 1 4
0

12 1 2 2 2

r r s
v

r r r

 
 

     
 and 1 0.5r   are satisfied， * *

2 1t t . When 
  

  
21 1 4

1
12 1 2 2 2

r r s
v

r r r

 
 

     
and

0.5 0r    are satisfied, * *
2 1t t  ；When 

  
  

21 1 4
1

12 1 2 2 2

r r s
v

r r r

 
 

     
 and 1 0.5r    are satisfied, 

* *
2 1t t . 

Proposition 1 suggests that the optimal new target emissions will be heavily influenced by the 
information sharing cooperation discount for the port's emission reduction investment factor 
and If with in the lower range, then ports set more forgiving new target emission levels for 
𝑀ଵthan for 𝑀ଶ. In other words, ports are more willing to set tougher carbon emission standards 
for the financially weaker 𝑀ଶwhen they invest in a lower factor. The reason is that less service 
discounts also signify a weaker basis for cooperation with𝑀ଶ. With lower emission reduction 
investment factors, the port is forced to focus on improving its low-carbon advantage in order 
to improve its competitiveness when its own financial position and information are not superior. 
Conversely, the same port emission reduction investment factor scenario, when the well-
financed 𝑀ଵ receives investment and adopts a more stringent carbon emission standard is an 
important decision to enhance its competitiveness in the industry. However, when in the higher 
range, shipping companies will make the opposite decision for the new target emission level. 
When the information cooperation discount is low, ports are more willing to choose the 
financially strong shipping company 𝑀ଵ  to set lower emissions. This is because the initial 



economic advantage of 𝑀ଵ  at this time can meet the daily operational needs, and the high 
investment capital is more likely to achieve a rapid increase in low carbon levels. In addition, 
when the information cooperation discount is higher, the port is more willing to set lower carbon 
emissions for the financially weak shipping company 𝑀ଶ. In this way, the port can not only get 
the information cooperation discount in shipping enterprise 𝑀ଶ and save carbon tax, but also 
the higher investment coefficient can improve the financial difficulty of shipping enterprise 𝑀ଶ 
and focus on the main strength to improve the green level. 

3.2 Numerical analysis 

As the model can not directly observe the impact of subsidies on the profits of regional ports 
and emission reduction, a numerical analysis is carried out here. Assuming 

2, 50, 1, 1, 0.3, 1.5ed c m b s       ,the investment coefficient of emission reduction and the 
cooperation discount of information sharing are 0-1 in turn, and the parameters are brought into 
the corresponding formula to analyze the port profits under the three modes of port emission 
reduction investment. Under each mode, the investment coefficient of emission reduction and 
the discount of information cooperation and sharing on the port income are shown in the 
following figure: 

 

Figure 2. Impact of investment coefficient and information cooperation sharing discount. 

Looking at figure 2, we can see that there are two situations in which ports make higher profits 
from 𝑀ଵ  with abundant investment funds. First, when the investment coefficient is lower 
（v<0.35） and the discount on information cooperation and sharing is lower （r<0.35）, and 
when the investment coefficient is higher （0.35<v<1） and the discount on information 
cooperation and sharing is lower （r>0.46）, the investment return is more robust in these two 
cases. This is because in the first case, the lower information sharing cooperation discount brings 
less improvement to the competitiveness of shipping companies 𝑀ଶ, while the well-funded 𝑀ଵ 
is more likely to benefit from the emission reduction investment without affecting the freight 
volume. On the one hand, the port benefits from the emission reduction investment in 𝑀ଵ. In 
the second case, when two different cooperation strategies are adopted separately for shipping 
companies with greater intensity, the shipping companies have their own advantages in terms 
of emission reduction level and handling demand respectively, thus promoting the port to benefit 
from the smooth development of the shipping market. The higher profit of the port from 𝑀ଶ 
mainly occurs when only one of the information cooperation and sharing discounts and 
investment emission reduction coefficients are at a low or high level, and when both are at the 



middle level. In other words, when the port pays more attention to enhance the strength of a 
certain cooperation strategy or the two cooperation strategies support cooperation is more 
balanced, it is easier to benefit from the investment 𝑀ଶ. Figure 2 also shows that 𝑀ଶ, which has 
a weak port investment capital, can obtain a higher return value when the reduction factor is low 
(v=0.15) and the information sharing cooperation discount is higher（r>0.9）. This is due to 
the fact that the port's own revenue is affected by the large investment in shipping companies, 
while the information sharing cooperation costs less for the port, and in the short term, it drives 
𝑀ଶ  to gain a higher competitive advantage to benefit from the port in freight orders. It is 
noteworthy that when the port invests in 𝑀ଶ  with a low emission reduction 
factor（v=0.15）and a low information sharing cooperation discount （r<0.2）, the port will 
experience a significant loss in revenue, while investing in 𝑀ଵ will provide a robust return for 
the port. This is due to the low degree of stimulation of 𝑀ଶ  emission reduction and 
enhancement of freight volume by the very low emission reduction factor and information 
sharing cooperation, which have limited effect on enhancing the overall competitiveness of 𝑀ଶ, 
far short of the portion of port concessions, thus causing a loss for the port. 

4 Conclusions 

Considering the double asymmetry of financial asymmetry and information cooperation and 
sharing, this paper constructs a three-stage Stackelberg model of vertical cooperation and 
emission reduction of shipping enterprises under carbon tax regulation, and finds that: 

(1) the investment coefficient of port emission reduction and the discount of port handling 
service for information sharing and cooperation have different effects on enhancing the level of 
emission reduction of the new target.  

(2) Ports need to choose different investment strategies based on their own emission reduction 
investment coefficients and discount rates for information sharing cooperation in order to 
benefit from vertical cooperation in port and shipping.  

(3) There are two scenarios in which ports can profit more from investing in well-funded m1, 
firstly, when the investment coefficient is low and the information sharing discount is low, and 
secondly, when the investment coefficient is high and the information sharing discount is high, 
and in these two scenarios the investment returns are more robust for well-funded ones. When 
port and shipping enterprises focus more on developing a certain cooperation strategy, or when 
the cooperation strength of both capital investment and information cooperation is more 
balanced, ports are more likely to benefit from the investment. 
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