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Abstract

:

Intercity railway is an important part of public transportation, and the priority development of public transportation cannot be achieved without the support of government policies. This paper aims to find a more reasonable subsidy model for the governments and intercity railway companies. The paper analyzes the mechanism of intercity railway subsidy and uses the evolutionary game method to balance interests among governments, railway companies and social capitals. The main conclusions are as follows: (1) The introduction of performance subsidy into the traditional loss subsidy strategy can alleviate the conflict of interests between government and companies, and achieve a win-win conclusion: an annual revenue of 50 million RMB for the railway and 4 million RMB for the social capitals could be generated by the new subsidy model. (2) According to different intercity railways, reference performance standards are different, and operating mileage, pairs of trains and passenger flow are some of the factors that can be considered. The innovation of this paper is the introduction of a new dynamic subsidy model that combines performance and loss subsidies to intercity railways. For sustainable transportation development, it is significant for the government to develop a new reasonable intercity railway subsidy strategy.
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1. Introduction


For a long time, railway has undertaken the important task of personnel and materials transportation. Intercity railways are dedicated passenger railways connecting adjacent cities or urban agglomerations. In some countries, intercity railways have certain public interest in that they provide a transport service at a relatively low price for social benefit objectives [1,2]. However, this leads to a situation where many intercity railway companies have been in a long-term deficit [3]. Some researchers have focused on this problem and have suggested some solutions to help ease the deficit of railway companies. Loss subsidy was a widely used method by some governments to partly cover the financial losses of railway companies [4]. Some research has been conducted to identify the key factors affecting government subsidies and efficient assess to them, but it can be seen that, based on the current loss subsidy mechanism, the continuous deficit situation cannot be eased [5,6,7]. At present, the interests of governments and intercity railway companies for railway subsidies are in conflict:




	(1)

	
For the government, intercity railway operation requires long-term investment, but the subsidy efficiency is not good, which is not conducive to the sustainable development of the railway industry;




	(2)

	
For railway companies, the passenger transport income is far lower than the railway cost. The ticket revenue can hardly make up for the deficit gap. The balance of payments can only be maintained by government subsidies. At the same time, railways may have problems such as a lack of enthusiasm and the reporting of false information to obtain more subsidies under the loss subsidy strategy.









Research has also found that the railway companies’ performance cannot be substantially improved, thus there is a strong need for new subsidy ideas of government policy support to help improve the subsidy efficiency and reduce railway operation financial loss [6]. Taking the examples of state-owned intercity railway companies in China, for instance, provincial governments usually provide loss subsidies to them. However, after years of practice, this form of subsidy cannot mobilize railway companies as they know that no matter how good or bad the performance is, the government will help them fill the deficit gap. But little research has been focused on the subsidy innovation model or the new model efficiency assessment in the railway sector. Targeting this problem and research gap, this paper aims to (1) propose a new government subsidy mechanism that relies on intercity railway operators’ efforts to stimulate, instead of relying on the traditional loss subsidy mechanism, and (2) quantify the potential effects of the newly proposed performance-based subsidy mechanism while considering the dynamic interactions and games between the government and railway companies. The new performance-based subsidy mechanism, or the performance subsidy model proposed in this paper, is a subsidy model according to which the subsidy amount paid from the government to the railway company is determined by the railway’s performance, usually by operating mileage, pairs of trains and passenger-traffic flow. Only if the railway operator meets the set performance target can they get the full or part of the subsidy from the government. The performance evaluation model is a proposed quantified model to assess the outcome and efficiency of the performance subsidy model designed in this paper.



The paper contributes to the literature from the following two key aspects:




	(1)

	
We propose a performance subsidy model and compare the feasibility to the traditional loss subsidy. In addition, we formulate a performance evaluation method related to passenger flow and pairs of trains which are related to the characteristics of intercity railways, which could arouse the enthusiasm of railway companies.




	(2)

	
We also consider the game relationship between the government and the companies. Different from the traditional government’s unilateral subsidies, a dynamic subsidy strategy is proposed, and the influence of social capitals is considered.









This structure of the paper is as follows: the second part is a literature review. Section 3 illustrates the game model between the government and the intercity railway companies. The game model results and discussions are analyzed in Section 4. Conclusion and policy suggestions are given in Section 5.




2. Literature Review


2.1. Research on the Optimization of the Railway Subsidy Mechanism


Currently, academic research on railway subsidies primarily focuses on the necessity and optimization of the subsidy mechanism. Thackway et al. mentioned that, due to the charging mechanism and rate of return, it is difficult to realize the market-oriented operation of public supply projects, and it requires co-ordinated participation of all parties and government subsidy support to achieve sustainable development [4]. Proost et al. showed that there are economies of scale in public rail transit. The optimal pricing in most transport markets is higher than the current fare price, which can only obtain limited benefits and is difficult to cover the optimal cost [5]. Ou Xinquan analyzed the problems of China’s municipal railways and put forward the need for new development ideas and the introduction of innovative policy support [6]. Hu et al. used a multi-objective programming method, genetic algorithm and Monte Carlo simulation to make decisions with the goal of maximizing social welfare, maximizing private sector profits and maximizing consumer surplus [7]. Harrod discussed the train route pricing problem in North American rail networks and constructed a schedule optimization model to study the effect of absolute revenue maximization on railroad company revenue [8]. Xu et al. studied the influence of different railway fares and subsidy policies on urban form, residents’ family behavior and developers’ behavior [9]. Tsamboulas put forward a comprehensive method of railway investment project evaluation based on railway infrastructure and railway operation, and showed that in the case of negative financial evaluation, how to improve the financial situation through government subsidies is very important [10]. Yang et al. established a double-layer programming model to study the subsidy strategy of co-ordinated government for railways, and took container trade in Northeast Asia and Europe as an example to solve the problem [11]. Yuan et al. developed a system dynamics model of price and subsidy adjustment to balance the satisfaction of all relevant stakeholders [12]. Jiang et al. used the binary Logit model to discuss the selection probability of the two modes of railway express in China, and the influence of government subsidies on event probability [13]. Teng Jing et al. studied and analyzed the methodology and experience of RER operating subsidies by taking the example of the Paris Municipal Express Line, and proposed to increase the incentive and penalty system linked to railway-related parties [14].



Currently, railway investment and financing are facing some difficulties. The large gap between railway construction and operation costs and income has increased the operational difficulties of railway companies, requiring government subsidies to maintain operations. The government mainly uses loss subsidies to subsidize railway companies. With the development of the railway industry, this type of subsidy method needs to be changed and optimized. Subsidy models that take into account loss, satisfaction, environment, etc. are the more studied ones. The different railway subsidy mechanisms are summarized in Table 1.




2.2. Research on Game and Subsidy Mechanism Optimization


As demonstrated above, there is also guidance concerning the game relationship between the government and companies. Ho analyzed the post-compensation mechanism of the government in relation to the private sector by using dynamic game analysis [15]. Kundu et al. proposed a competition model based on game theory techniques to analyze the effect of government subsidies on shippers’ mode-switching behavior [16]. Feng Fenling et al. used the non-co-operative game theory to analyze the influence of different subsidy amounts on the social benefits of local governments and the profits of railway express operators in China, considering the different goals of local governments and Chinese railway operators. The results showed that the optimal subsidy amount was between USD 2000 and USD 2500 per 40-foot equivalent unit (FEU) [17]. Liu et al. established a bargaining game model and discussed the influence of discount factors on the optimal subsidy [18]. Xie et al. analyzed the four-stage Stackelberg game among manufacturers, retailers and local governments under the same subsidy conditions of central government projects. In the case of consumer preference, township companies will choose online retail for product sales [19]. Zhang et al. established two Stackelberg game models of green tourism supply chain with and without government subsidy, and solved them by backward induction, finding that government subsidy can increase the demand for green tourism [20]. Ji et al. studied the interaction mechanism of complex behaviors between local governments and automobile manufacturers by using an evolutionary game model considering subsidy policy elimination and no subsidy policy elimination [21]. Zhang et al. analyzed the implementation mechanism of public transport subsidy policies from the perspective of carbon emissions, and explored the evolutionary stability strategy of the tripartite game model between the government, companies and residents under different circumstances [22]. Liu et al. set up an evolutionary game model between the government and the construction unit to solve the problem of poor subsidies from the government [23]. Zheng et al. constructed a tripartite evolutionary game model of fishermen, consumers and government, and analyzed the influence of the probability of each agent’s behavior on the strategy of other agents and the stability of the system [24]. Zhang et al. established an evolutionary game model between farmers and herbivorous species, and studied the effects of different factors on the game process through model simulation [25]. Koryagin constructed coalition-free game among districts, passengers and public transport to study the problem of land distribution [26]. Stoilova used game theory and examined the strategic decisions of railway and road operators with different interests. She took into account the influence of profit and passenger traffic to determine the better decisions of both participants [27]. Ahmad et al. explored the application of game theory to transport systems, being able to analyze the behavior of individual travelers and transport providers to develop strategies to manage congestion, improve efficiency and reduce emissions [28,29]. Kotsi et al. combined system optimum principles with game theory and studied how the behavior of central governing authorities affected different stakeholders by making policies [30]. Many types of game models have made some progress in terms of case applications, with evolutionary games being less used in railways and not taking advantage of the benefits of such game models. The summary of different railway subsidies are listed in Table 2.




2.3. Summary


At present, some research has confirmed that subsidies benefit railway development. Also, the game model has been applied to the research of city-wide railway subsidies. Some studies have considered the loss subsidy and performance subsidy, but these may not be applicable for intercity railways. Therefore, intercity railway subsidies need to be studied further by combining loss subsidy and performance subsidy. It is necessary to consider the characteristics of high cost, high station density and bus-like operation of intercity railways in the model, and to develop a new subsidy strategy specifically for intercity railways. Unlike the previous literature, this paper uses an evolutionary game to study the preferred model in the intercity railway subsidy problem, which integrates the relationship between the governments, railway companies and social participants, which is innovative compared to other research. In addition, we consider a performance subsidy, choose two influencing factors and combine the performance subsidy with the traditional loss subsidy to consider a new dynamic subsidy model.





3. Materials and Methods


3.1. Problem Description


Under the government–company co-operation relationship, decision-making behavior is affected by the positive externality, subsidy amount, incentive situation, operation situation, social capitals’ investment and other factors. Their decision-making can be regarded as a process of continuous learning, and satisfies the key assumption of bounded rationality. Therefore, this problem can be studied by the evolutionary game model.



As mentioned above, this is a subsidy optimization issue related to the governments and railway companies. The governments seek the combination of social benefits and low costs, while the railway companies seek high revenue, so that the interests of the two will be contradictory to some extent. The governments’ demand for social benefits will increase the economic pressure of railway companies. The demand for cost reduction and expenditure reduction conflicts with the companies’ expectations of increased subsidies. The governments also hope to bring social capitals on board and improve the efficiency of the subsidies. Therefore, the new strategy needs to reach a balance between the two subjects’ decisions, comprehensively meet the interests of both subjects and achieve a win-win outcome. This paper uses the method of an evolutionary game to solve this question.



Intercity railways are different from other kinds of railway: (1) They have faster speed, reaching 200 km/h to meet the needs of intercity transportation. (2) The station layout is denser and usually built in the city or around the city, making it convenient and meeting the short-distance transportation needs. (3) The cost is higher. Due to high technical requirements and operating standards, intercity railways require more advanced equipment and technology to ensure safety and reliability, resulting in higher construction and operating costs. (4) They are operated like buses, with high operating frequencies, lower ticket prices, high service quality and long operating hours to meet the commuting and business travel needs between cities. Some important features of intercity rail need to be considered in the model.




3.2. Model Assumption


	(1)

	
The three participants—governments, railway companies and social capitals—all have bounded rationality and lack the ability to predict. When making decisions, they usually use their reasoning abilities to constantly learn through trial and error according to existing information to maximize the benefits.




	(2)

	
Participants in decision-making have two behavioral strategies. The governments have “positive subsidy” and “conventional subsidy”. The railway companies have “positive operation” and “negative operation”. The social capitals have “invest” and “do not invest”. The positive subsidy strategy of the government will have certain expectations of the behavior of railway companies, and is willing to pay a certain cost to supervise the operation of a railway company. The supervision cost is     C   0    . The conventional subsidy strategy will lead to the reduction of the basic subsidy to the railway company. Positive operation of a railway company can reduce operating loss on the condition that the number of running trains remains the same, and at the same time bring higher positive external railway benefits. Negative operation strategies lead to increased loss from improper operation, and this loss is likely to be included in the consideration of subsidies, and the increase in income is     R   0    . Social investment can bring a certain return     R   1    , assuming that the company and social capital are each allocated 50 per cent of the return, with the return being higher when the company is active, at     α   3    , and vice versa, at     α   4     (    α   4   <   α   3    ).




	(3)

	
The positive external benefit of railways depends on the behavior of railway companies, which affects the income of the government. The positive external benefit of railways under the positive operation of companies is R, and the positive external benefit of railways under the negative operation of companies is     α   1   R   (  0 <  α 1  < 1  ).




	(4)

	
The basic subsidy belongs to the category of loss subsidy, which is related to the loss of railway companies. It can be obtained from the difference between the income and cost of railway companies by a certain loss subsidy ratio, and is related to government behavior. The basic subsidy under positive subsidy behavior is S, and the basic subsidy under conventional subsidy behavior is     α   2   S   (  0 <   α   2   < 1  ).




	(5)

	
The investment interest of social capitals changes according to government policies. Social capitals will invest more when the government is actively funding the project, and may invest conservatively when it is not. The discount factor is     α   5     (  0 <   α   5   < 1  ).




	(6)

	
Performance subsidy has two influencing factors: passenger flow and pairs of trains.




	(7)

	
Loss of railway companies includes loss during construction and operation, which is affected by company behaviors. Operating loss of positive railway companies is C and operating loss of negative railway companies is     C   1    .




	(8)

	
The subsidy methods considered by the model are loss subsidy and performance subsidy.







The parameters are listed in Table 3.




3.3. Performance Subsidy


Considering the characteristics of intercity railways, passenger flow and pairs of trains were selected as influencing factors for performance subsidies. We used the difference between the actual value and the government expectations as the indicator.


    S   0   =   β   1   ∗ N +   β   2   ∗ n  



(1)




where     β   1     and     β   2     represent the coefficient of influence degree.




3.4. Model Framework


In the evolutionary game model, the governments grant basic subsidies according to the losses of companies and performance subsidies according to the railway operation. Government payoff refers to railways’ positive external benefits net of subsidies. Supervision cost should be considered additionally if the governments choose positive subsidy strategy. Company payoff refers to basic subsidies, performance subsidies and social investment returns eliminating company loss. When companies operate negatively and the governments do not actively supervise, part of companies’ improper operation loss is included in loss subsidy, so     R   0     will increase. Accordingly, the government reduces the same amount of payoff. Social capital payoff refers to the investment returns.



Performance subsidy varies in parameters and variables according to government behavior and company behavior. The influence degree coefficient of the conventional government is reduced to     β   1  ′    and     β   2  ′   . The number of pairs of trains is reduced by the passive operation company, resulting in the change of the difference with the government’s expected value, which is reduced to    n ′   .



Suppose the proportion of governments with positive subsidy behavior is x (  0 ≤ x ≤ 1  ), and the proportion of governments with conventional subsidy behavior is   1 − x  . Suppose the proportion of railway companies with positive operation behavior is y (  0 ≤ y ≤ 1  ), and the proportion of railway companies with negative operation behavior is   1 − y  . Supposing the proportion of social capitals with investment behavior is z (  0 ≤ z ≤ 1  ), and the proportion of social capitals with no investment behavior is   1 − z  , these are the following decision relationships. The decision tree is shown in Figure 1.



Under the traditional loss subsidy policy, subsidy is only granted according to the loss amount of railway companies. When performance subsidy is considered, the behavior of railway companies is assessed, and the performance subsidy is calculated according to the operation status. The total subsidy is given is, therefore, more or less. The adjusted income matrix is shown as follows. The payoff matrices of investment and divestment are listed in Table 4 and Table 5.




3.5. Calculation of Expected Payoff


Under the performance subsidy model,     U   1   ,   U   2   ,   U   3     represent the expected payoff of governments, companies and social capitals.     U   1 a   ,   U   1 b   ,   U   2 a   ,   U   2 b   ,   U   3 a   ,   U   3 b     represent the payoff of different behavioral decisions of governments, companies and social capitals.




3.6. Expected Payoff of Governments




    U   1 a   = y z   R − S −   C   0   −   β   1   N −   β   2   n   +   1 − y   z     α   1   R − S −   C   0   −   β   1   N −   β   2     n   ′      + y   1 − z     R − S −   C   0   −   β   1   N −   β   2   n   +   1 − y     1 − z       α   1   R − S −   C   0   −   β   1   N −   β   2     n   ′      



(2)






    U   1 b   = y z   R −   α   2   S −   β   1   ′   N −   β   2   ′   n   +   1 − y   z     α   1   R −   α   2   S −   R   0   −   β   1   ′   N −   β   2   ′     n   ′      + y   1 − z     R −   α   2   S −   β   1   ′   N −   β   2   ′   n   +   1 − y     1 − z       α   1   R −   α   2   S −   R   0   −   β   1   ′   N −   β   2   ′     n   ′      



(3)






    U   1   = x   U   1 a   +   1 − x     U   1 b    



(4)






  F   1   =    d x   d t    = x   1 − x       U   1 a   −   U   1 b     = x   1 − x     −   Δ   β   2   Δ n +   R   0     y +   R   0   −   C   0   − Δ S −   Δ   β   1   N + Δ   β   2     n   ′        



(5)




where   Δ   β   1   =   β   1   −   β   1   ′  ,   Δ   β   2   =   β   2   −   β   2   ′  ,   Δ n = n − n ′  .




3.7. Expected Payoff of Railway Companies



     U   2 a   = x z   S − C +   β   1   N +   β   2   n + 0.5   α   3     R   1     +   1 − x   z     α   2   S − C +   β   1   ′   N +   β   2   ′   n + 0.5   α   3     α   5     R   1      + x   1 − z     S − C +   β   1   N +   β   2   n   +   1 − x     1 − z       α   2   S − C +   β   1   ′   N +   β   2   ′   n     



(6)






     U   2 b   = x z   S −   C   1   +   β   1   N +   β   2     n   ′   + 0.5   α   4     R   1     +   1 − x   z     α   2   S −   C   1   +   β   1   ′   N +   β   2   ′     n   ′   +   R   0   + 0.5   α   4     α   5     R   1      + x   1 − z     S −   C   1   +   β   1   N +   β   2     n   ′     +   1 − x     1 − z       α   2   S −   C   1   +   β   1   ′   N +   β   2   ′     n   ′   +   R   0       



(7)






     U   2   = y   U   2 a   +   1 − y     U   2 b     



(8)






   F   2   =    d y   d t    = y   1 − y       U   2 a   −   U   2 b     = y   1 − y         Δ α   5     Δ R   1     x z +   Δ   β   2   Δ n +   R   0     x +     α   5   Δ   R   1     z −   R   0   − Δ C +   β   2   ′   Δ n     



(9)






3.8. Expected Payoff of Social Capitals



     U   3 a   = x y   0.5     α   3   R   1     +   1 − x   y   0.5   α   3     α   5     R   1     + x   1 − y     0.5   α   4     R   1     +   1 − x     1 − y     0.5   α   4     α   5     R   1       



(10)






     U   3 b   = x y   0   +   1 − x   y   0   + x   1 − y     0   +   1 − x     1 − y     0   = 0   



(11)






     U   3   = z   U   3 a   +   1 − z     U   3 b     



(12)






   F   3   =    d z   d t    = z   1 − z       U   3 a   −   U   3 b     = z   1 − z         Δ α   5     Δ R   1     x y +   0.5   α   4     R   1     Δ α   5     x +     α   5     Δ R   1     y + 0.5   α   4     α   5     R   1       



(13)






3.9. Conclusion and Simplification


Therefore, the replicated dynamic equations are as follows:


        F   1   = x   1 − x     −   Δ   β   2   Δ n +   R   0     y +   R   0   −   C   0   − Δ S −   Δ   β   1   N + Δ   β   2     n   ′             F   2   = y   1 − y         Δ α   5     Δ R   1     x z +   Δ   β   2   Δ n +   R   0     x +     α   5   Δ   R   1     z −   R   0   − Δ C +   β   2   ′   Δ n         F   3   = z   1 − z         Δ α   5     Δ R   1     x y +   0.5   α   4     R   1     Δ α   5     x +     α   5     Δ R   1     y + 0.5   α   4     α   5     R   1            



(14)




where   Δ S =   1 −   α   2     S  ,   Δ C = C −   C   1    ,   Δ   R   1   = 0.5 (   α   3   −   α   4   )   R   1    ,     Δ α   5   = 1 −   α   5    .





4. Results and Discussion


4.1. Background


Henan Province has a total area of 167,000 square kilometers. In 2022, the resident population was 98.72 million people, the gross regional product was RMB 6.13 trillion and the railroad industry had a loss of RMB 1027 million. Figure 2 shows that the intercity railways undertake a large number of personnel transportation tasks every year. Henan Province has a large population base and a large annual loss in the railway industry, so there is a desperate need for railway subsidy optimization. Therefore, Henan Province was chosen as the research case for this paper. The annual passenger flows are shown in Figure. The subsidy relationship among the various parties is shown in Figure 3.



Taking one of intercity railway of Henan Province as an example, the average annual passenger flow is 1.64 million, the average number of trains is 27.5 pairs and the annual loss is RMB 289 million.




4.2. Simulation Results without Performance Subsidy


Consider first the case where there is no performance subsidy and only loss subsidy. MATLAB R2022a was used to simulate the model. Some parameters are set as follows:


     R   1   = 1   ,     α   3   = 0.1   ,     α   4   = − 0.2   ,     α   5   = 0.8   ,     C   0   = 0.01   ,     R   0   = 1   ,     α   2   = 0.8   ,   S = 2   ,   C = 2.89   ,     C   1   = 3.5  .  











Three initial value co-ordinates     0.4,0.4,0 , 4    ,     0.5,0.5,0 , 5    ,     0.6,0.6,0 , 6     were selected for calculation, and the simulation results were obtained as shown in the figure below. The final results converged at   [   x   ∗   ,   y   ∗   ,   z   ∗   ]  .



According to Figure 4, with the progress of the simulation, the decisions of the two players finally converge to a point. This means that the stability point is not reached, and under the policy of loss subsidy, the railway project cannot benefit by itself and it cannot bring benefits to the social capital, so this type of loss subsidy is not suitable for investment from the practical point of view, and it cannot work as an incentive for the railway company.



Performance subsidy can link the revenue of companies to their own operation conditions. It is also related to the positive external benefits of railways that governments are most concerned about, thus affecting the social benefits of the government. This kind of subsidy can arouse the enthusiasm of companies and increase the benefits of the governments at the same time. Therefore, it is necessary to combine performance subsidy with traditional loss subsidy to form an innovative means of subsidy.




4.3. Simulation Results with Performance Subsidy


Parameters are set as follows:


   N = 10   ,   n = 7.5   ,   n ′ = 0   ,     β   1   = 0.2   ,     β   2   = 0.2   ,     β   1   ′   = 0.1   ,     β   2   ′   = 0.1  .  











Three initial values co-ordinates     0.4,0.4,0 , 4    ,     0.5,0.5,0 , 5    ,     0.6,0.6,0 , 6     were selected for calculation, and the simulation results were obtained as shown in the figure below. The final results converged at   [ 0,1 , 1 ]  .



In Figure 5, all initial cases converge at   [ 0,1 , 1 ]  . The payoffs of companies and social capitals are 0.5 and 0.04, respectively. The payoff of governments is related to R. This indicates that the introduction of performance appraisal into the subsidy policy can arouse the enthusiasm of companies. Under the condition that the government expectation of passenger flow and pairs of trains remains unchanged, railway companies tend to choose positive operation strategies to obtain higher performance subsidies. The governments only need conventional subsidies, which can bring a win-win situation for both players. Railway companies gain higher subsidies and revenue from positive operation, and the governments do not need high performance subsidy parameters or supervision costs, thus saving fiscal expenditure. Social capitals are also willing to invest in railway projects, bringing more liquidity to railway projects.



Compared to the approach without performance subsidy, this new approach links the revenue of railway companies with their behaviors, and fully arouses their enthusiasm. The governments implement the conventional investment strategy, which can save unnecessary expense while obtaining the guarantee of social benefits.




4.4. Sensitivity Analysis and Discussion


A sensitivity analysis of variables and parameters in the model was carried out to determine the changes in decisions of three participants under different scenarios.



	(1)

	
The coefficient of influence degree     β   1   ,   β   2    







With other parameters unchanged, the value of performance subsidy coefficient is changed. The results are shown in Figure 6 and Figure 7.



The results are unchanged, converging to   [ 0,1 , 1 ]  . The payoffs of companies are 0.5 and 2.21, respectively. The payoffs of social capitals are 0.04 and 0.04, respectively. However, increasing the performance subsidy coefficient under the positive subsidy strategy exerts no great change on the convergence process, which has little impact on their behavior. At the same time, by increasing both performance subsidy coefficients under the positive subsidy strategy and negative subsidy strategy, the result converges to the equilibrium point faster. It can be seen that increasing the intensity of performance subsidy while maintaining the same performance difference between the two government subsidy strategies can increase the enthusiasm of railway companies and make them choose positive operation strategies faster. For social capital, the change in willingness to invest is not obvious.



	(2)

	
Difference of passage flow between actual value and government expectation     R   0    







With other parameters unchanged, under the negative operation strategy difference of passage flow between actual value and government expectation is changed. The results are shown in Figure 8 and Figure 9.



The results are unchanged. The payoffs of companies are 0 and 1.5, respectively. The payoffs of social capitals are 0.04 and 0.04, respectively. As N increases, the governments choose the conventional funding strategy more quickly, and the companies choose a positive operational strategy immediately afterwards. This reflects the fact that if the passenger flow of a particular railway is sufficiently high in itself, and its level of revenue and performance is sufficient, the government can save time and effort, and it is easier for governments and railway companies to achieve a win-win result.



	(3)

	
Difference of pairs of trains between actual value and government expectations   n , n ′  







Change the government expectation of pairs of trains, which changes the performance subsidy evaluation index. The results are shown in Figure 10 and Figure 11.



The payoffs of companies are 1.25 and 1.25, respectively. The payoffs of social capitals are 0.04 and 0.04, respectively. When the difference between the actual value and government expectations of pairs of trains under a positive subsidy strategy is changed, the convergence speed is accelerated, and the railway companies will choose the positive operation strategy more quickly. After the introduction of performance subsidy, railway companies are more willing to increase the number of train pairs to increase the revenue from performance subsidy, and an appropriate increase in the number of train pairs has a positive effect on all participants in the game. The larger the revenue gap brought by active operation, the more willing the railway companies are to operate actively, which can also improve the social benefits. If the governments’ expectation of the number of train pairs is reduced, it will not have a significant effect on the results.



	(4)

	
Returns on investment     α   3   ,   α   4    







With other parameters unchanged, change the returns on investment. The results are shown in Figure 12 and Figure 13.



The payoffs of companies are 0.5 and 0.5, respectively. The payoffs of social capitals are 0.04 and 0.04, respectively. No matter how the rate of return on social investment is changed, it will have little impact on the overall railway project, or on the choice of social capitals. After considering whether social capitals participate in railway projects, and after introducing performance subsidies, social capitals are willing to invest, even if the willingness to invest changes little at first. The rate of return on investment may have a certain impact on how much social capitals invest in other similar projects in the future. When social capitals have gained a good return on existing railway projects, they will have higher expectations for the construction of other public welfare projects in the future, which is conducive to the benign development of society.



According to the simulation results, adding performance subsidies to the existing subsidy policy can significantly increase the benefits of the governments and companies. Their behavioral decisions will also be changed accordingly. With a passenger flow of 1.64 million, a train pair count of 27.5 and an annual loss of RMB 289 million, a combination of performance subsidy and loss subsidy is used. Assuming a basic subsidy of RMB 2 million, a coefficient of influence degree of 0.2, a discounted coefficient of influence degree of 0.1 and a social return on investment of 0.1, the final results are obtained. The payoff of companies is RMB 50 million, which has some revenue and is sustainable. The payoff of social capitals is RMB 4 million, which can attract more social capitals to participate and reduce the pressure on government funding. The governments only need to choose conventional subsidy strategies and introduce a performance-based subsidy, which increases earnings for railway companies at a modest cost. Also, this kind of subsidy can improve and guarantee social benefits. Under the new subsidy approach of government, railway companies will choose positive operation strategies to improve the reward of performance subsidies through better operation decisions, and the positive operation strategies would also improve the earnings for companies, compared to blindly relying on the governments’ loss subsidies. Social capitals are willing to invest in projects as long as they are actively funded by the government and have substantial returns. Finally, it is helpful for social public welfare projects.





5. Conclusions and Policy Suggestion


5.1. Conclusions


There are two main conclusions:




	(1)

	
The performance and loss subsidy models can be combined to introduce a more dynamic subsidy model that maximizes the benefits to subsidy participants according to the actual situation. In the general case presented in the paper, when passenger traffic is at 1.64 million, the number of train pairs is at 27.5 and the annual loss of the company is at RMB 280 million, this new subsidy model still generates an annual revenue of RMB 50 million for the railway company and RMB 4 million for the social capitals. An increase in subsidy can even increase this value.




	(2)

	
Varying the size of the parameters of the performance allowance affects the final choice of participants, and choosing other parameters not mentioned may also have a role in assessing performance, depending on the different circumstances of different intercity railways. In the case in this paper, if the coefficients for the influence of passenger flow and the number of train pairs are all chosen to be 0.2, and after discounting they are all chosen to be 0.1, the payoff of companies will be RMB 50 million. If the coefficients are changed to 0.3 and 0.1, the payoff will be stable. If the coefficients are changed to 0.3 and 0.2, the payoff of companies will be 2.21.









The new approach brings positive effects. On the one hand, the enthusiasm of railway companies is improved. Reasonable subsidy policies can optimize the overall benefits of railway companies, which is conducive to the healthy development of the railway industry in the long run. On the other hand, through an innovative subsidy approach, the governments provide guaranteed benefits for railway companies and optimize the behavior of railway companies. Also, this drives the positive development of the railway industry and improves the convenience of intercity railway operation for residents. The governments do not need to bear too much financial pressure and regulatory pressure, and the subsidy efficiency has been greatly improved. Exactly how to set the indicators and intensity of performance subsidies needs to be determined according to different intercity railways, and the governments can also formulate policies according to different intercity railway operations to attract and guide the healthy participation of social capitals.



Railway subsidies play a very important role in the sustainable development of intercity railways, and provide an important source of funds for such public welfare projects. This paper considered a performance subsidy approach for intercity railways, in addition to the existing railway subsidy approach—loss subsidy. Considering the characteristics of high costs, high frequency and public transport of intercity railways, this paper chose passage flow and pairs of trains as the performance subsidy indicators and provided a more reasonable subsidy approach for intercity railway government subsidies. The research results show that after introducing performance evaluation, the interests of participants were improved, and their behaviors tend to develop in a healthy direction, which is beneficial for the long-term operation of the railway industry.



At the same time, this paper had some limitations. On the one hand, the selection of data may have been subjective, and subsequent validation and repeated experiments are needed. On the other hand, the model was a simplification of the real situation, ignoring many environmental factors, and so specific problems should be analyzed specifically.




5.2. Policy Suggestions


	(1)

	
Innovate subsidy approach







Under the subsidy approach, combining performance subsidy and loss subsidy, the government only needs conventional investment subsidies to bring a win-win situation for both sides. In the future, the new subsidy policy can consider introducing the subsidy approach of performance reward, stipulating operation boundary conditions, formulating assessment indicators, and providing additional rewards or penalties for the operation of railway companies, so as to stimulate the enthusiasm of the operators.



	(2)

	
Consider performance subsidy indicators from different aspects







Set performance subsidy standards that are consistent with the characteristics of the intercity railway itself. Selectable criteria include the passage flow, the number of train pairs and the number of kilometers traveled. At the same time, according to the actual situation of different intercity railways, the standards and assessment system can be changed appropriately.
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Figure 1. Decision tree. 






Figure 1. Decision tree.
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Figure 2. Annual passenger flows of two intercity railways in Henan Province, China. 
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Figure 3. The subsidy relationship among participants. 
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Figure 4. Dynamic evolution process. (a) 3D view; (b) x–y view. 
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Figure 5. Dynamic evolution process (considering performance subsidy). (a) 3D view; (b) x–y view. 
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Figure 6.     β   1   =   β   2   = 0.3 ,   β   1   ′   =   β   2   ′   = 0.1  . (a) 3D view; (b) x–y view. 
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Figure 7.     β   1   =   β   2   = 0.3 ,   β   1   ′   =   β   2   ′   = 0.2  . (a) 3D view; (b) x–y view. 
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[image: Sustainability 16 07631 g007]







[image: Sustainability 16 07631 g008] 





Figure 8.   N = 5  . (a) 3D view; (b) x–y view. 
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Figure 9.   N = 20  . (a) 3D view; (b) x–y view. 
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Figure 10.   n = 15 ,  n ′  = 0  . (a) 3D view; (b) x–y view. 
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Figure 11.   n = 15 ,  n ′  = 7.5  . (a) 3D view; (b) x–y view. 
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Figure 12.     α   3   = 0.1 ,   α   4   = 0  . (a) 3D view; (b) x–z view. 
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Figure 13.     α   3   = 0.1 ,   α   4   = − 0.1  . (a) 3D view; (b) x–z view. 
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Table 1. Summary of railway subsidy mechanism.
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	Author
	Methods
	Using No-Subsidy for Comparison
	References of Subsidy





	Hu et al., 2018. [7]
	Multi-objective programming model
	No
	- 1



	Harrod S., 2013 [8]
	Schedule optimization model
	Yes
	Loss



	Xu et al., 2018 [9]
	Spatial equilibrium model
	Yes
	Ticket price



	Tsamboulas D., 2014 [10]
	Comprehensive evaluation method
	Yes
	-



	Yang et al., 2020 [11]
	Double-layer programming model
	Yes
	Loss, Environment



	Yuan et al., 2019 [12]
	System dynamics model
	No
	Loss, Satisfaction



	Jiang et al., 2018 [13]
	Binary Logit model
	Yes
	Loss







1—represents that the impact factor of subsidies is not taken into account.













 





Table 2. Summary of railway subsidies.
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	Author
	Methods
	Using No-Subsidy for Comparison
	References of Subsidy





	Kundu et al., 2019 [7]
	Non-cooperative game
	Yes
	Environment



	Feng et al., 2020 [17]
	Non-cooperative game
	No
	- 1



	Stoilova, 2020 [27]
	Non-cooperative game
	No
	Profit, Passenger traffic



	Xie et al., 2022 [19]
	Stackelberg game
	No
	-



	Zhang et al., 2023 [20]
	Stackelberg game
	Yes
	Environment



	Ji et al., 2019 [21]
	Evolutionary game
	Yes
	Loss



	Zhang et al., 2020 [22]
	Evolutionary game
	No
	Loss







1—represents that the impact factor of subsidies is not taken into account.













 





Table 3. Model parameters table.
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	Main Parameter
	Meaning





	     S   0     
	Performance subsidy



	   R   
	Positive external benefits of positive railway



	     α   1   R   
	Positive external benefits of negative railway



	   S   
	Basic subsidy under positive subsidy behavior



	     α   2   S   
	Basic subsidy under conventional subsidy behavior



	   C   
	Operating loss of positive railway companies



	     C   1     
	Operating loss of negative railway companies



	     R   1     
	Social capitals’ investment



	     α   3     
	Return on investment for positively operated projects



	     α   4     
	Return on investment for negatively operated projects



	     α   5     
	Investment income discount factor



	     C   0     
	Supervision cost



	     R   0     
	Income increase under negative operation of railway companies



	   N   
	Difference of passage flow between actual value and government expectation



	   n   
	Difference of pairs of trains between actual value and government expectation










 





Table 4. Payoff matrix under social capitals’ investment (z).
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Railway Companies




	
Positive Operation (y)

	
Negative Operation (1 − y)






	
Governments

	
   Positive   subsidy   ( x )   

	
   R − S −   C   0   −   β   1   N −   β   2   n   

   S − C +   β   1   N +   β   2   n + 0.5   α   3     R   1     

   0.5     α   3   R   1     

	
     α   1   R − S −   C   0   −   β   1   N −   β   2   n ′   

   S −   C   1   +   β   1   N +   β   2   n ′ + 0.5   α   4     R   1     

   0.5   α   4     R   1     




	
   Conventional   subsidy   