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Figure 1 The decision-making process for crossing the dam
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Table 1 Description of related parameters
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Research on Dam-crossing strategy considering shipowner’s psychological
expected cost under congestion charging

GAO Pan', LIU Shun', ZHAO Xu'", HU Bin®
(1. College of Economics and Management, China Three Gorges University, Yichang 443002, China; 2. School of Management,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract ; In recent years, due to the construction of large and medium-sized hydropower junctions, the navigation conditions of various
river basins have been greatly improved, and the gradual improvement conditions has increased the navigation demand. However, there
is a mismatch between ship’s dam crossing demand and ship lock’s dam crossing capacity, as well as an imbalance between dam
crossing system and ship lock’s freight sharing, which leads to navigation congestion of water control project becoming a normal
problem. Therefore, the key to solving the problem of navigation congestion in water control project is to explore the transfer path of the
dam-crossing mode and the freight sharing mechanism of the double dam-crossing mode.

This paper manages to introduce the psychological expected cost under the congestion charging, in order to describe the bottom
line of the ship owner’s acceptance of the cost of crossing the dam, and analyze the influence of the bottom line on the selection of the
dam crossing strategy. First, by applying the non-preemptive M/M/1 queueing system, a decision model based on the comprehensive
cost of dam crossing is constructed. Second, the optimal strategy of ship dam crossing is proposed under three conditions ( no
psychological expected cost, psychological expected cost of navigable building crossing the dam, psychological expected cost of double
dam crossing mode ) , and the ratio of navigable building crossing the dam, average waiting time of ship and comprehensive dam-
crossing cost are compared and analyzed. Furthermore, the subsidy strategy of ship crossing dam can influence the choice of ship
crossing dam strategy by adjusting the psychological expected cost level. Finally, the freight sharing mechanism of “ship lock passing
dam + transfer over dam” is formed, and the navigable congestion problem of large and medium-sized hydropower stations is alleviated.

The results of the case study show that, when the navigation congestion charging is not implemented, the ratio of navigable
building crossing the dam are respectively 90.9% and 90.2% for 3000-ton and 5000-ton ships, which lead to serious navigation
congestion and waste of capacity in the dam-overturning system. After the implementation of congestion charging, the ratio of navigable
building crossing the dam gradually decreases. When the dam-crossing cost is minimized, the passing proportions of navigable building
drop to 67.3% and 66. 2% respectively, which fully shows that the implementation of congestion charging can make some shipowners’
dam-crossing strategies shift to dam-overturning system. Meanwhile, 3000-ton ships are more sensitive to congestion charging.

When the shipowner’s psychological expected cost is considered in navigable building, the lower it is, the greater the moderating
effect is on the dam crossing strategy choice. And when it is introduced in double dam-crossing modes, the sensitivity of the shipowner
is higher and the moderating effect is more prominent. The results show that, it can effectively promote the transfer from navigable
building to dam-overturning system to consider the psychological expected cost. And the average waiting time has the same changing
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law. However, the comprehensive dam-crossing cost is opposite, which is the result of a combination of increased congestion charging
and shifting of the dam-crossing way. Finally, the subsidy strategy for dam-overturning system is introduced to adjust the psychological
expected cost level, which can effectively promote the transfer of dam-crossing strategy from the navigable building to dam-overturning
system, so as to ease navigable congestion and improve navigable efficiency. And, under the same amount of subsidy, 3000-ton ship
more sensitivity to the subsidies, it is easier to change its strategy of passing the dam.

The specific conclusions are summarized as follows: First, the introduction of psychological expected cost can effectively reduce
the proportion of navigable building crossing the dam, so as to realize the reasonable distribution of goods passing the dam, navigation
ease congestion. If consider two psychological expectation costs at the same time, the moderating effect increasingly obvious.
Therefore, on the basis of congestion charging, the general navigation department can design the adjustment mechanism of the
psychological expected cost to influence the dam-crossing decision. Second, increase in congestion costs and change in the dam-
crossing strategy lead to an increase in the comprehensive dam-crossing cost, but the total average waiting time has decreased
significantly. And the changes are more sensitive when considering the two psychological expected costs, which help to achieve the
purpose of exchanging cost for time and improve the navigation efficiency. It provides a feasible solution to reduce the average waiting
time of navigable ships. Finally, based on the shipowner’s sensitivity to cost, the water control project can provide certain subsidies for
dam-overturning system to adjust the psychological expected cost level and effectively guide the transfer of dam-crossing strategy, so as
to give full play to the positive effect of psychological expected cost in alleviating navigation congestion. It provides a theoretical
reference to formulate a reasonable subsidy strategy for dam-overturning system.

Key words: Waterway transportation; Psychological expected cost; Queuing theory; Dam-crossing strategy; Congestion charging
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