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Abstract  
 
The problem of determining the required ship investment for deployment is 

an ongoing problem faced by governments and ship operators. The nature of 
ship investment is capital-intensive and the return on investment is often take 
long time. This paper attempts to establish system dynamics modeling (SDM) 
to simulate and solve this problem in order to help ship operators make 
effective strategic decisions. A case study of coastal liner services between 
Incheon and Baengnyeong Island in South Korea was performed. Using 
scenario analysis, the possible ship sizes (small: 350 tons; large: 2,500 tons) 
and types (new or used) were considered by comparing potential revenue with 
costs. The results indicated that putting a used large-sized ship into operation 
would accommodate the increasing passenger and cargo volumes, and 
improve customer services. 
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I. Introduction 
 

A ship investment system is a comprehensive setup comprising many 
interacting stakeholders, including passengers, ship owners, carriers, 
shippers and local government, often with different and competing 
interests. However, the complex nature of ship investment systems has 
made it difficult to develop, evaluate, and make decisions within a 
comprehensive, generic ship investment system model. 
The combination of increased passenger volumes and limited ship capacity 
poses a significant challenge for ship company managers. Such challenges 
are confounded by significant demands for reduction in expenses, and the 
more effective and efficient utilization of existing resources, while at the 
same time providing high-quality services. In this paper, the objective is to 
explore the possibility of using system dynamics modeling (SDM) in 
decision-making processes related to ship investment: to determine the 
optimal size and type of ferry ships required to both satisfy increasing 
volumes and provide better customer service. To illustrate the usefulness 
of the proposed SDM, a system dynamics simulation approach was used to 
develop a mathematical model that analyzes typical decision-making 
scenarios1). 

The paper is organized as follows: In Section II, the study region, 
including the geography of Baengnyeong Island, the current ships in 
operation, and the passenger and cargo volumes, is reviewed. Section III 
presents the methodology of SDM and the proposed ship investment SDM. 
A detailed case study of the ship investment problem in Baengnyeong 
Island is also presented. Finally, the conclusion can be found in Section V. 

II. Study Region 

In this research, it is focus on a ship investment decision making 
problem in coastal liner services. Korea is a peninsula country, for 
residents in the island, the unique transportation mode to connect the 
island and mainland is coastal transport, therefore it’s important and 
necessary to improve the coastal liner services constantly. Recently, 

1) Rajasekaram et al.(2010) 
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benefit from the promotion project of tourism in Baengnyeong Island, the 
tourist passenger volume is increasing; almost half of the tourists are the 
Incheon passengers, due to geographicaladvantage and 50% ticket 
discount. The increasing volumes begin to affect the regular travel of 
residents in Baengnyeong Island little by little, especially in the peak 
tourist season. The limited capacity of ships leads to inconvenience to both 
Baengnyeong Island residents (have to ticket to go home or go to 
mainland) and tourists (overcrowding of the ship). Therefore, to solve this 
problem, the ship investment decision should be made in this coastal liner 
service. The ship capacity lack problem liking Baengnyeong Island is 
appearing more and more due to now the coastal liner service is not only 
to satisfy the island residents’ regular travel but for commercialpurpose. 
As a representative case, this research chooses the coastal liner service 
between Baengnyeong Island and Incheon as a target to find the solution. 

 
<Figure 1> Baengnyeong Island 

 
As the northernmost island in the West Sea, Baengnyeong Island, 

shown in Fig. 1, is the eighth largest island in South Korea with about 
10,000 inhabitants. A number of soldiers live on the island because its 
proximity to North Korea makes it an important military region. 
Baengnyeong Island is 280 kilometers away from the mainland city, 
Incheon, and a fast-sailing ship requires five hours to travel from Incheon 
toBaengnyeong Island. The existing coastal liner services are not only a 
means of transportation for the residents of the island, but also facility for 
the island residents’ daily cargo transfers. 
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Passengers who move between Incheon and Baengnyeong Island are 
classified as residents, tourists, and Incheon passengers with different fees 
for each category, i.e., tourists: 55,900won; Incheon passengers: 50% 
discount; and residents: 5,000won). The discounts for Incheon passengers 
and residents are subsidized by government as the coastal liner services 
are the only means of transportation for these residents. The passenger 
volumes for each fee category, shown in Table 12). The general trend of 
the total volumes is increasing, although the volume dropped in 2008 
causing by economic crisis and in 2010 by military conflict between 
North Korea and South Korea. In the table, we can know that the volume 
of residents is not affected by the outside world and keep increasing 
due to the coastal liner service is the unique transportation mode for 
residents to get out of the island, but the volumes of Incheon passengers 
and tourists get bigger affected by the outside world because most of 
them go to the island for a trip. About the average increase rate, 
Incheon passengers’ increase rate is thehighest, possible because 
Incheon passengers can get 50% discount from the ticket fee. The 
increase rate of tourists is also high, and the tourist attractions at 
Baengnyeong Island are drawing more and more people to visit this island, 
therefore the number of tourists is increasing. 
 

<Table 1> Passenger volume between Incheon and Baengnyeong(unit: person) 
Year Incheon passengers Tourists Residents Total volumes 

2005 77,292 55,685 89,960 222,937 
2006 87,712 47,425 105,625 240,762 
2007 101,118 56,757 104,170 262,045 
2008 117,818 69,102 98,257 285,177 
2009 92,605 76,012 104,280 272,897 
2010 75,707 48,404 107,151 231,262 
2011 95,948 61,344 127,449 284,741 
2012 123,927 79,233 137,623 340,783 

Average 
increase rate

8.79% 8.02% 6.60% 6.99% 

 
Note: Passenger volumes decreased sharply in 2010 due to the sinking of the Cheonan Navy 
ship following an attack by North Korea in March of that year. 

2) Korea Shipping Association Ongjin military government White Paper(2011)
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The majority of cargo volumes between Incheon and Baengnyeong 
Island are a daily necessity for the residents of Baengnyeong Island, and 
the number of cargo volumes has increased steadily with an annual 
average 3.89%rise per year.  

Currently, there are three small-sized ships sailing between Incheon and 
Baengnyeong Island, which are pictured in Fig. 2. These three ships are 
operated by three different shipping companies and the shipping schedule 
is shown in table 2 in detail. The total capacity of the three ships is 1,125 
people and 1,006 tons. There are only 260 ship-sailing days for these ships 
each year because small-sized ships cannot sail in adverse weather 
conditions. The limited sailing days may mean that the ships will not be 
able to fully accommodate future increases in passenger and cargo 
volumes. 

 
<Figure 2> Three ships sailing between Baengnyeong Island and Incheon 

 
<Table 2> Shipping schedule between Incheon and Baengnyeong 

Shipping 
Company 

Vessel Name Vessel Kind 
Departure from 
Incheon (time) 

Departure from 
Baengnyeong (time) 

Chonghaejin 
Marine Co., 

Ltd. 

Democracy 
No. 5 

Hi-speed 
(4 Hours) 

08:00 13:00 

JH Ferry 
Harmony 
Flower 

Car-ferry 
(4 Hours) 

08:50 14:00 

URI Express 
Ferry Co., Ltd

Sea Hope
Hi-speed 
(4 Hours) 

13:00 08:00 

 
Due to the cancellation days causing of small-sized ships, not only 

residents but also many passengers are denied transport. In addition, 
shipping companies are suffering from accommodating increasing 
passengers. As mentioned above, the tourists are increasing recent years. 
The limited capacity may lead to bad service quality, and then these 
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additional passengers run away, finally shipping companies may lose their 
business expansion opportunities. Yong-Gi Port was constructed in 2011 
to absorb additional demand and alleviate the existing port stress. This 
could allow large ships (up to 3,000 ton) to sail between Incheon and 
Baengnyeong Island through Yong-Gi Port, and the number of days of 
cancellation could be reduced by as much as 50%. In order to improve 
passenger services and accommodate the increasing passenger volumes, 
the coastal linter service should therefore consider investing in larger 
ships. 

To determine the appropriate ship investment for Yong-Gi Port, we 
developed a system dynamics model to forecast the passenger/cargo 
volumes. Using simulation to evaluate different ship sizes and types, an 
optimal ship investment solution was reached by comparing the profits 
obtained. The possible ship sizes included a large ship with a capacity of 
900 people and 2,500 tons, and a small ship for 375 people and 350 tons. 
In addition, the respective sailing days employed were 310 and 260 days 
per year. The possible types of ships included new and used models. 
 
 

III. Ship Investment System Dynamics Modeling 
 

1. Studies of Ship Investment 

Many researchers have carried out studies to determine optimal ship 
sizes and types in order to arrive at beneficial ship investment decisions 
and reduce shipping costs. Garrod and Miklius (1985) argued that the 
optimal size of a ship is determined by minimizing the costs per ton in the 
port while Hsu and Hsieh (2007) suggested that optimal decision-making 
with respect to ship size tends to transfer the burden of operation from 
carriers to shippers without allowing for inventory costs. Bendall and Stent 
(2005) valued the flexibility available to management decision making of 
ship investment in introducing an express liner service using a multinomial 
tree under uncertainty environment. Zhong (2000) applied AHP method on 
the weight of entropy to a ship investment decision making problem. 
Miyashita (1982) introduced a quarterly econometric method in bulk 
carrier industry to analysis the planning behavior in ship investment. Fan 
and Luo (2013) used binary choice and nested log it models to analyze 
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ship investment and ship choice behavior. Jin (2008) simulated the 
patterns of the investment in container ship using the system dynamics 
model for a long time. Ng and Kee (2008) indicated that shipping 
operators are often confronted with the challenge of deploying the 
right-sized ship when they attempt to replace their existing small-sized 
ships with new, bigger ones so as to accommodate their expansion plans. 
According to Diez and Peri (2010), the potential pay-offs and benefits of 
such optimization are crucial in the ship design process. 

Previous studies solved the ship investment problem by various 
methods and the target including bulk, container ships, ocean liner and 
tramp service. However, most of them are focus on cargo ships, and the 
cost of ship operations without considering increasing passenger and cargo 
volumes and the provision of better customer service. To fill this gap, this 
paper attempts to focus on passenger-oriented ships in coastal service, and 
determine the optimal size and type of ferry ships required to both satisfy 
increasing volumes of passengers and provide better customer service 
while simultaneously taking into account the potential costs and profits of 
the ship investments.  

2. System Dynamics Modeling 

SDM is a methodology used to develop models that are based on both 
historical data and dynamic relationships between important variables for 
the purpose of describing and modeling the behavior of complex systems 
over time. It is typically used when formal analytical models do not exist 
but simulations can be developed by linking a number of processes, i.e., 
developing a system structure.  

The application of system dynamics for water management systems3), 
manufacturing supply chain systems4), weather forecasting systems5), 
business modeling6), vehicle fuel modeling7), energy systems8), policy 
decision making9), and public service system10)has been documented by 

3) Chung et al.(2008); Sušnik et al.(2012);Zarghami and Akbariye (2012) 
4) Bala and Satter(1991); Baines and Harrison(1999); Ozbayraket al.(2007); Trappey et al.(2012); Poles(2013) 
5) Li and Simonovic(2002); Simonovic and Li(2003); Rajasekaram et al.(2010) 
6) MacDonald et al.(2003);Nielsen and Nielsen(2008); Flynn et al.(2010); Prasad and Mall(2012) 
7) Rodrigues et al.(2012); Shafiei et al.(2013) 
8) Miller et al.(2012); Reddi et al.(2013) 
9) Dangerfield(1992); Park et al.(2009); Inghels and Dullaert(2010); Ojoawo et al.(2012) 
10) Homer and Hirsch(2006); Wang(2011); Duryan et al.(2012)
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various researchers. These studies illustrate the diversity of problems to 
which SDM can be applied and further show that not only can it be used 
for natural and anthropogenic systems of various scales, but it can also be 
utilized effectively to further local stakeholder engagement and 
knowledge. 

Indeed, ship investment systems are complex and comprehensive and 
cannot be modeled easily. The reason the SDM is advocated in this paper 
is that modern system dynamics packages use a simple graphic interface, 
making the modeling of complex systems much easier than before, with 
delays and feedback effects. By using diagrammatical representation along 
with underlying equations, building a detailed model of a complex system 
with delays and balancing and reinforcing loops is relatively 
uncomplicated. SDM has the ability to simulate complex, non-linear 
feedback-driven systems, thus justifying its use. 
 

3. Ship Investment SDM 

In this paper, a system dynamic model was developed to simulate and 
facilitate ship investment decisions at Yong-Gi Port. The conceptual and 
causal diagram for the ship investment SDM is shown in Fig. 3. The 
model variables are passenger/cargo volumes, fees, average growth rates, 
ship capacity, sailing days, the number of ships in operation, revenues, and 
the costs and profits of the shipping company. It consists of three major 
subsystems: (1) the passenger/cargo volumes, (2) the capacity of the ships, 
and (3) a simulation process for determining the required ship investment 
of the shipping company. The model was designed based on the passenger 
and cargo volumes data from 2005 to 2012, and under the model establish 
process, the Delphi method has been fulfilled with shipping company that 
operating the coastal line service between Incheon and Baengnyeong 
Island. Especially when decide some value of variables (e.g. the value of 
passenger rates of three groups- Incheon passenger, tourists and residents, 
impact index from external factors that may dampen the growth of the 
volumes from Incheon passenger and tourists), the discussions and 
interviews have been done for gathering ideas and suggestions from these 
experts, therefore make the model more realistic. Passenger/cargo volumes 
supply (ship capacity) and demand (volume forecasting) management 
strategies were applied in the model in order to obtain the current 
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economic conditions of the shipping company and then make a decision 
about ship investment. To move from the causal diagram to the stock-flow 
model, the three subsystems were examined in detail. 

 
<Figure 3> Causal diagram for the ship investment SDM 

 
1) Dynamics of Passenger/Cargo Volumes 

The parameters that determine passenger/cargo volumes are 
passenger/cargo growth rate, initial passenger/cargo volume, fees, ship 
capacity, and sailing days, as shown in Eq.1: 

 
Vt+1= Vt+Vt*Pr* Pf *Ps*Pc                     (1) 
where Vt+1 is the forecasted passenger/cargo volume; Vt is the initial 

volume of the passenger/cargo at the starting year t; and Pr, Pf, Ps, and Pc 

are the parameters of the passenger/cargo growth rate, fees, ship capacity, 
and sailing days, respectively. All the parameters change over time and a 
trend of increasing volume can be observed. 

 
2) Dynamics of Ship Capacity 

The ship capacity level is affected by factors such as the number of 
ships in operation, passenger/cargo volumes, and sailing days, as shown in 
Eq. 2: 
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St+1 = St+St *Pn*Pv*Ps                                           (2) 
where St+1 is the forecasting ship capacity level; St is the initial ship 

capacity level at the starting year t; and Pn, Pv, and Ps are the parameters of 
the number of ships in operation, the passenger/cargo volume, and the 
sailing days, respectively. 

 
3) The Dynamics of Ship Investment Decision Making 

The ship investment decision can be made by simulation via the SDM. 
The economic analysis of the shipping company depends on the revenues, 
costs, and profits associated with the new ship capacity investment, and 
can be calculated as follows:

 
Rt= Ft- Ct      (3) 
Ct= Fo                                   (4) 
Pt= Rt- Ct=Ft- Ct-Fo                        (5) 
 
Where Rt is the total revenue of the shipping company calculated by 

subtracting the total costs from the fees obtained from the passengers and 
cargo; Ct is the total cost at the starting year t;Pt is the total profit 
calculated by subtracting the total costs from the total revenue. 

The result of the analysis can provide an overview of the shipping 
company with respect to the current ship investment situation, and it can 
reveal the changes in profit after the new ship capacity investment. This 
information can aid decision-makers in deciding what type and size of ship 
to invest in in order to maximize benefits as part of their future strategies.  

Based on these sub-models, the general stock-flow structure was 
developed and is shown in Fig 4. The stock and flow model was developed 
using VENSIM PLE® software. 
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<Figure 4> The stock-flow diagram of the proposed ship investment SDM 

(1) Passenger/cargo volume and ship capacity 
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A. Validation of the Model 

The ship investment SDM was validated and revised with structural 
tests, structure-oriented behavior tests, and behavior pattern tests11). 

 
B. Calibration of the Model 

The model was calibrated after validation using historical data from 
2005 to 2012. Some parameters, such as the Incheon passenger growth 
rate, tourist growth rate, resident growth rate, cargo growth rate, fee 
increase rate, and sailing control costs, were revised. The calibration 
process for the passenger/cargo volumes is shown in Fig 5. The estimated 
passenger and cargo volumes in recent years have correlation coefficients 
of 0.89 and 0.95, respectively, which is acceptable. 
 
 

<Figure 5> Ship investment SDM estimation for the passenger/cargo. 
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C. Model Testing 

There are various types of model tests; the most common ones compare 
the forecasting error with other methods or use descriptive statistics to 
assess the point-by-point fit, then calculate the error between a data series 
and the model output. To test the model, forecasting error between the real 
data of passenger volumes and the forecasted data was calculated in Table 

11) Barlas(1996)
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3 shown below. The average forecasting error from 2005 to 2012 of 
passenger is 2.25%, it means using this SDM, the accuracy can reach to 
97.75% and also can prove that the proposed method is suitable for 
forecasting. 

 
<Table 3> Forecasting error of passenger volumes  

Passengers (people) 
Year Real volumes Forecasted volumes Error (%) Average error (%) 

2005 222,937 222,937 0.00% 

2.25% 

2006 240,762 240,783 0.01% 
2007 262,045 262,073 0.01% 
2008 285,177 285,207 0.01% 
2009 272,897 272,897 0.00% 
2010 231,262 244,818 5.86% 
2011 284,741 307,708 8.07% 
2012 340,783 326,928 4.07% 

 
IV. Model Simulations of Different Scenarios 

 
1. The Influence of Ship Size 

Due to the ever-increasing passenger and cargo volumes, new ship 
capacity is an inevitable requirement for the coastal liner services between 
Incheon and Baengnyeong Island. In this section, the passenger and cargo 
volumes will be forecasted for the period 2013–2025 based on the current 
increase rates, as well as scenarios that include a new ship capacity with 
better service and higher passenger satisfaction. The forecasted results are 
shown in Table 4. 
 

<Table 4> Forecasted passenger and cargo volumes  
Passengers (people) Cargo (tons) 

Year Current ships New ships Year Current ships New ships 
2013 347,467 347,467 2013 240,155 240,155 
2014 369,382 369,382 2014 249,497 249,497 
2015 392,770 392,770 2015 259,198 259,198 
2016 417,733 417,733 2016 269,224 269,224 
2017 444,379 444,379 2017 279,583 279,583 
2018 472,824 472,824 2018 290,283 290,283 
2019 503,195 503,195 2019 301,330 301,330 
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2020 535,622 535,622 2020 312,732 312,732 
2021 570,249 570,249 2021 324,494 324,494 
2022 585,000 607,228 2022 336,625 336,625 
2023 585,000 646,719 2023 349,129 349,129 
2024 585,000 688,895 2024 362,014 362,014 
2025 585,000 714,000 2025 375,283 375,283 

 
The aim of Table 3 is to show the forecast volume of the passenger 

and cargo volume when using the current ships and new ships, thus find 
whether the capacity of the current ships can accommodate the 
increasing passenger and cargo volumes. As illustrated by Table 3, the 
passenger volumes will increase steadily according to the average rate of 
increase. The passenger volumes of the current ships will increase until 
2022, but the capacity of the current ships will not be able to satisfy the 
increasing numbers of passengers (capacity of the current ships: 585,000 
people, forecasted increased number of passengers: 607,228 people). 
Therefore, given the capacity of the current ships the number of 
passengers will be constant from 2022 to 2025. However, the number of 
passengers accommodated by the new ships will increase steadily until 
2025 because the new capacity will provide ample space, which will 
satisfy the increasing number of passengers. 

The results show that the new ship capacity should be added before 
2021. However, the problem is what type of ship size should be invested to 
both accommodate the increasing passenger volumes and maximize the 
benefits for the shipping company. This decision can be made via SDM. 
When deploying a small-sized ship, the additional ship capacity can 
accommodate 156,000 people. With the addition of the current ships, the 
total ship capacity will be 741,000. In 2025, the passenger demand is 
expected to be 642,718, and this will increase steadily in the future. It is 
clear that a small-sized ship will not be able to meet the demands of the 
future passenger volumes. A large-sized ship has a ship capacity of 
558,000 people, bringing the total ship capacity to 1,143,000 people. A 
large-sized ship is a much more suitable investment than a small-sized ship 
from the viewpoint of passenger volumes. 

The cargo shipments between Incheon and Baengnyeong Island are a 
daily necessity for the residents of Baengnyeong Island. However, the 
cargo capacity for the current and new ship forecasts have the same result 
because the cargo needs are much lower than the ships’ capacity (2025 
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cargo: 375,283 tons, capacity of the current ships:523,120 tons). 
As a result, in order to meet the increasing passenger and cargo volumes, 

the coastal liner services between Incheon and Baengnyeong Island should 
invest in a large-sized ship. 

 
2. The Influence of Ship Type 

The issue of determining what type of ship, i.e., new or used, to invest 
in is an ongoing problem faced by local government and the ship operators 
in this case study given that the nature of the investment is 
capital-intensive and there is often a slow return on investment . To this 
end, a financial analysis was conducted for the period 2013 to 2022 to 
enable a decision to be made about this problem. The forecasted profits are 
presented in Table 5. 

<Table 5> Forecasted profits
Year New ship Used ship 
2013 ( 4,291,720,192) ( 1,905,720,320) 
2014 ( 7,937,613,824) ( 3,220,656,128) 
2015 ( 10,390,298,624) ( 3,395,854,336) 
2016 ( 11,590,746,112) ( 2,370,764,800) 
2017 ( 11,479,916,544) ( 84,893,696) 
2018 ( 9,996,976,128) 3,524,018,176  
2019 ( 7,077,486,592) 8,521,777,152  
2020 ( 2,653,421,568) 14,977,744,896  
2021 3,346,874,368  22,964,854,784  
2022 10,998,628,352  32,559,579,136  

Notes: ( ) means deficit, means profit. 
 

According to our analysis, an investment in a new ship would result in 
the shipping company making a loss for eight years until 2020 because the 
sailing revenue would be smaller than the sailing costs. Similarly, the 
purchase of a used ship would make a loss until 2017 after which the 
company would see profits. Sailing between Incheon and Baengnyeong 
Island will not produce generous profits for the ship operators due to the 
passenger fee discounts for residents and Incheon citizens. In addition, 
Baengnyeong Island holds a military position between North Korea and 
South Korea, so the government pays more attention to the stability of this 

12) Ng and Kee(2008)
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island. Therefore, the local government should provide some financial 
assistance to the ship operators so that the coastal liner services can supply 
more convenient transport services to the island s residents and tourists. 
The huge capital investment required for a new ship cannot be absorbed by 
local government and the ship operators, particularly considering the time 
wasted between ordering a ship and the new ship becoming operational. A 
new ship investment is therefore not an optimal choice. Hence, our results 
suggest that the purchase of a used ship would be preferable so as to 
accommodate the increasing passenger and cargo volumes and provide 
better customer service while still generating profits, albeit over the long 
term. 

In this section, different scenarios were simulated in the proposed ship 
investment SDM. The results show that the addition of a used large-sized 
ship will accommodate the increasing passenger volumes and improve 
customer service due to the increased number of sailing days. 

V. Conclusion 

In order to implement investment plans with respect to ship and port 
construction, accurate forecasts are required because these investments are 
mostly taken over the long term. This study forecasted passenger and 
cargo volumes between Incheon and Baengnyeong Island from 2013 to 
2025 by using an SDM to solve the social problems emanating from causal 
relationships in order to accommodate the increasing passenger and cargo 
volumes and improve customer service. Using the SDM, we employed the 
existing passenger fee structure to divide the passengers into three groups, 
i.e., Incheon passengers, tourists, and residents, and proceeded to provide 
forecasts while taking into consideration the individual growth rates and 
variables associated with demand. We then investigated whether profits 
would emerge following investment in a new ship by comparing the 
revenue created through the forecasted volumes with the costs of the ship 
operations. It was concluded that deploying a used large-sized ship would 
accommodate the increasing passenger and cargo volumes, and improve 
customer service due to the increased number of sailing days. 

The results of this study can support decision-makers in both private 
shipping businesses and in public agencies overseeing the development of 
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the shipping industry. It can help shipping companies to determine the best 
ship investment strategies that will help them maintain their optimum 
performance, avoid overcapacity and be successful to service passengers. 
For the public agencies, they are responsible for development of the 
shipping industry, using the results they can stipulate economic and 
financial policies and to promote the development of a specific industry to 
meet the public needs. 

As this study only focused on the increasing volumes and the capacity 
of the ships, it did not address other factors such as financing factors, 
economic environment and so on. In order to perform more accurate 
forecasts, future research should consider supply and demand more closely 
from both practical and managerial perspectives. Also, to confirm the 
accuracy of the passenger and cargo forecasts, analyses performed by 
alternative methodologies, such as ARIMA, are encouraged. Finally, 
future studies would benefit from not only considering the ability to 
accommodate demand but also other causal relationships with respect to 
passengers and ships.  
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