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Abstract

:

Synchromodality is a freight transport process in which information is exchanged expeditiously in order to maximize the benefits of different modes of transport and transport nodes in terms of efficiency and environmental impact. The aim of the study is to analyze the problems of synchronized intermodal traffic management between the main port and inland transport nodes in European transport corridors and to find reliable solutions to these problems. Therefore, the main purpose of this article is to investigate the problem of the distribution of containers transported by rail between two transport terminals in a synchronous transport network. A specific optimization model is presented in this article. This optimization task is formulated as a stochastic integer programming model between the terminals located in Vilnius and Klaipeda Seaport, the essence of which is as follows: (a) to minimize the waiting time for container cargo at the location—terminal No. 1; (b) to minimize the total journey time of the train; (c) to minimize the waiting time for containerized cargo at the point of arrival—terminal No. 2.
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1. Introduction


Lithuania is one of the three Baltic States. It plays an important role in transporting goods from Asian markets to European countries. The technologically well-equipped and modern Klaipeda seaport is a deep-sea seaport, where it is possible to conveniently transport various cargoes from Eastern to Western Europe and other continents. Klaipeda Seaport is the northernmost ice-free port on the eastern shore of the Baltic Sea. With a capacity of 40–45 million tons per year, it has maintained its leadership among other Eastern Baltic ports for several years.



Lithuania also has a well-developed railway transport. Lithuanian railways transport more than 50 million tons of various cargoes per year. Railway routes connect the Republic of Lithuania with Latvia, Poland, Ukraine, Russia, Belarus, Germany and the rest of Europe.



Road transport is also well developed. Two routes of international trans-European transport corridors cross the territory of Lithuania: corridor I north–south (highway Via Baltica), which connects Tallinn, Riga, Panevėžys, Kaunas and Warsaw, and its branch IA (Tallinn–Riga–Šiauliai–Tauragė–Kaliningrad), IX east–west corridor—branch IX B (Kiev–Minsk–Vilnius–Kaunas–Klaipeda) and branch IX D (Kaunas–Kaliningrad).



The good development of various transport sectors and efficient logistics are a prerequisite for a competitive Baltic Sea region. Land and maritime terminals allow the transfer of goods from different modes of transport and play an important role in intermodal transport [1]. The interaction among maritime transport, the rail transport sector and other modes of transport is a key factor in the creation and development of transport corridors.



The object of this research is the interaction of sea and land port intermodal terminals in the TEN-T corridors and the EU Eastern Partnership countries.



The use of intermodal transport is a complex method for carrying cargo that should connect different modes of transport into a single logistics chain for freight transportation. Thus, there is a need to analyze and establish models of intermodal cargo synchronization among different modes of transport in international transport corridors.



Synchronization is the harmonization of several identical or corresponding processes so that they take place simultaneously or their periods of time differ at a certain time interval [2]. Synchromodality is a freight transport process in which information is exchanged expeditiously in order to maximize the benefits of different modes of transport and transport nodes in terms of efficiency and environmental impact [3].



The synchromodality of transport flows is a new paradigm in developing different modes of transport. The innovative character of this area enables the cooperation of all logistics service providers in a single freight transportation chain by employing different modes of transport in a particular transport corridor. The application possibilities of intermodal transport enable their major qualities to be exploited: innovative, mobile, sustainable and green transport.



Relevance of the research. The poorly developed network and the low level of interoperability between sea and land terminals along the north–south and east–west transport corridors have a negative impact and are a major obstacle to increasing the international competitiveness of these transport corridors. Therefore, the highest priority in the study is given to the synchronization of intermodal terminal operations.



In order to ensure an efficient intermodal transport process in the TEN-T corridors and their connections with third countries, there is a need for compatibility of the existing infrastructures, coordination between infrastructure managers and operators and the technological integration of maritime and land terminal information management systems.



The concept of the synchronization of intermodal transport activities can be defined by the following main characteristics:




	
Dynamic cargo transportation planning;



	
Decision making using transport networks;



	
Real-time modal shift;



	
Increasing the use of combined transport;



	
Adequacy and visibility of information for key freight actors;



	
Free access to transportation applications [4].








A new opportunity to improve the performance of freight systems is the design of synchronous hinterland and maritime transport systems. Combining different modes of transport into one integrated system makes it possible to synchronize the use and management of modes of transport [5].



The aim of the study is to synchronize intermodal traffic flows between the seaport and land transport nodes in European transport corridors. The quality of transport services is among the most important factors influencing the development of synchromodality. Both forwarding companies and Klaipeda port terminals have an interest in increasing the traffic of shuttle trains by integrating small and medium cargo flows into the common transportation system.



The main findings of the study are defined as the need to develop intermodality and mode synchronization and to integrate them into a single long-distance container transport process and First-Last Mile transport.



The main contributions of the research are as follows: the model increases the interoperability of maritime and land terminals along the north–south and east–west transport corridors, while increasing the international competitiveness of these transport corridors.



The main goal of this article is to investigate the container allocation problem with cargo demands in the synchromodal transportation network. The problem is formulated as a stochastic integer programming model where the overall objective is to (a) minimize the waiting time of container consignment at the location place; (b) minimize the total transportation time by train; (c) minimize the waiting time of container consignment at the destination place.



Symmetry is the most important concept in various branches of science: fundamental, engineering, including transport and logistics. Symmetry is a basic concept in the modelling and analysis of dynamic and stochastic transport science systems. Therefore, it can be argued that fundamental research on intermodal transport interactions is related to symmetry and at the same time to the theme of the journal Symmetry.



The remainder of the paper is organized as follows. Section 2 provides an overview of the scientific literature that reviews the main issues of intermodal transport interoperability and terminals by applying the concept of synchromodality. In Section 3, we propose a carefully constructed mathematical model. Finally, we conclude the discussion in Section 4 with a few concluding remarks. We also provide limitations and our further research.




2. Literature Review


There are three major levels of sustainable development described in the literature—environmental, economic and social [6]. The importance of these three components in the context of sustainable development is addressed by most authors. The most encountered problem is the fact that it is complicated to synchronize the above-mentioned groups of sustainable development and apply them as a general prerequisite for seaport development.



The United Nations General Assembly has endorsed 17 Sustainable Development Goals (MDGs) [7] to promote the organizational performance and integration of sustainability while balancing economic, social and environmental development. It is, therefore, necessary to take into account all the needs of stakeholders and ensure a better and more sustainable future for all. It is important to describe the conditions and barriers to the implementation of MDGs in freight supply chains, which reflect supply chain practices for research and performance evaluation in line with sustainable development goals [8,9].



The most important goals of Lithuania and the Southern Baltic Sea region are to strengthen the cooperation of various transport nodes and to strive for the formation of a competitive international transport and logistics chain on the basis of this corridor. Figure 1 shows the possible links of the east–west transport corridor with partner countries in third countries.



Although the term “synchronization” has been used before in the literature concerning freight transport, for example, indicating a seamless supply chain [11] or an integrated information material flow [12], synchromodal services require an integrative network strategy for multimodal freight transport within Europe.



A new transport concept called “synchromodality” has been proposed for green freight transport, promoting the shift to green modes of transport [13,14], such as water (barge or short distance) container transport, rail, air and/or road [14,15,16]. Synchromodality can be called a new logistical concept aimed at increasing transport efficiency and reducing costs [17,18,19] while increasing customer service [20]. As a result of this decision making [21], the composition of the real-time chain can reduce physical infrastructure bottlenecks and optimize capacity utilization for existing infrastructure capacity in major transport corridor centers [22] through synchromodality [23,24,25,26].



Scientist Rodrigue, J.P. [11,25] identified the necessity to synchronize the activities among intermodal transport terminals (Figure 2) by linking transport activities with globalization challenges. Globalization underlines higher levels of integration between production and distribution systems [11].



The harmonious integration of different modes of transport into a single, complex system enables synchronizing applications of transport modes (Figure 2) and results in high control levels. This interaction takes place at intermodal transport terminals. Several authors [26] emphasize the importance of the interaction between land-based intermodal terminals and seaport terminals located in international transport corridors. The authors note that the most important integration is mainly related to land intermodal transport terminals and to seaports and their terminals located in the same corridor. Some authors [27] draw particular attention to the importance of container terminal locations in the European transport network. The authors investigated that in order for intermodal transport to be competitive, modern design principles and the latest mathematical modelling methods need to be applied.



Authors Roso, V., Woxenius, J. and Lumsden, K. [28] researched the concept of dry port and seaport interactions. According to their views, the dry port concept is based on a seaport directly connected by rail with inland intermodal terminals.



This factor is also important for Lithuania, as activities of the east–west corridor are highly affected by the Klaipėda State Seaport whose competitive capabilities can be enhanced by good interactions with land ports.



Synchromodality is a flexible [29] and sustainable transport system service [30,31,32,33,34] with dynamic information exchange [30,31,32,33,34,35,36,37], which facilitates the synchronization of different modes of transport (parallel availability of at least two modalities; cooperation instead of competition between modalities) [15,28,36,38,39,40,41,42]. Several authors have characterized it as the ability to perform real-time switching between integrated [36,37,38] transport modes [35] at particular times [31,32,43].



Some authors [44] have investigated the use of the Hub-and-Spoke terminal network by integrating two modes of transport, road and rail, into one intermodal terminal system. According to the authors, in order to reduce the transportation costs of intermodal units, it is necessary to consolidate the most important hubs. The authors also note that the efficiency of this type of network depends on the location of the most important terminals in the international transport corridors. In particular, the potential of potential users (manufacturers, operators and smaller terminals) who would be interested in interacting with key terminals in the Hub-and-Spoke network should be assessed.



The First-Last-Mile (FLM), defined as “the first and the last leg of each transport movement, concerning both passengers and freight transport” [45], is required to be safe, cost-effective, time-sensitive and expedient. The “First-Last Mile” problem is a relevant transport issue [46]. According to the Green Paper, the combination of freight flows with several modes of transport can be an appropriate way to promote sustainable, efficient and socially desirable FLM transport. The literature examines Last Mile Logistics (LML) models [47,48], taking into account the various roots of LML urban logistics, home delivery and business-to-consumer distribution, as well as the e-commerce digital supply chain context. However, these articles present new urban logistics challenges emerging in the last mile of e-commerce.



Behdani and other authors [20] provided a multimodal schedule design for synchromodal freight transport systems and discussed a case in the hinterland network of the Port of Rotterdam. The scientist Vinke, P.J. [49] provided dynamic consolidation decisions in a synchromodal environment.



Several researchers [50] provide a genetic algorithm with a novel gene encoding method to solve the optimization model. They present a programming model for the container capacity allocation problem with random freight demands in a synchromodal transportation network from the container carrier’s perspective. The purpose of the proposed model is to maximize the total transportation profit with optimal decisions.



Authors Agbo, A.A. and Zhang, Y. [37] present sustainable freight transport optimization through synchromodal networks in Ghana. The results of this research show that the innovative concept has the potential to ensure sustainability, flexibility and cost reduction, among other things, in the freight transportation sector.



In transport management, there are mainly two types of optimization methods, mathematical programming and heuristic algorithms. Mathematical programming includes prioritization, integer programming, linear programming, goal programming and dynamic programming, and heuristic algorithms include genetic algorithms and artificial neural networks [51,52,53,54,55,56].



At present, the potential for intermodality in Europe is not well developed. The use of intermodal transport is a complex mode of freight transport that should combine different modes of transport into one freight transport logistics chain. In most cases, the processing of intermodal traffic flows in international transport corridors is dominated by road transport. In this way, the potential of intermodality is not fully exploited. At the same time, there is a need to develop models for the synchronization of intermodal freight between different modes of transport in international transport corridors.



In 2019, an average of 23% of EU goods vehicles were idling. Therefore, innovative models for the management of international transport corridors and logistics clusters need to be put in place to ensure a smooth transition from the current closed international supply chains to open, resource-efficient, shared and accessible resources, even for small businesses. This can be achieved in practice through innovative models of transport operations, in particular, through the synchronization of transport hubs and companies.



The novelty of the model can be justified by the fact that it is a different model to the one developed to date, showing the integrated network plan. Similar patterns can be found in some of the cited literature [14,22,36,50,54,55,56]. However, in other models, customers lack the flexibility to switch between types and routes of transport due to the constraints imposed on outbound orders, and are, therefore, unable to achieve the benefits of synchronous planning [57]. In our model, the plan is adapted in real time to account for delays and other changes in a particular transport corridor.




3. Mathematical Formulation


In this section, we present a mathematical model to elaborate on the application of modelling in the design and operation of a synchromodal cargo transport system. This model reflects the different capabilities of the terminals and determines the optimal schedule and time for rail services.



The model is being developed to promote synergies in logistics supply chains by increasing container and vehicle load factors at intermodal terminals located near the north–south and east–west TEN-T corridors and neighboring countries. At the same time, the aim is to develop and present First-Last-Mile (FLM) integration models for long-distance transport and innovative concepts and technologies for transport terminals and platforms.



The dry port concept is based on the direct connection of the seaport with the railway connection to the land port intermodal terminal. In the case of Lithuania, this is important because the activities of the east–west corridor are significantly influenced by Klaipeda Seaport, whose competitive capacity can be increased by good interaction with land ports. A land port differs from a normal inland terminal in that it is high capacity and is directly connected by rail to a seaport terminal. It performs similar operations as in the sea lane container terminal: container consolidation, reloading, warehousing, minor repairs, maintenance and customs clearance. Users can leave/pick up their containers under the same conditions as at the seaport terminal.



Seaport terminals are the main elements of a port that generate the main flows of cargo from the sea side further to the mainland and vice versa. The main task of each port terminal is to shorten the time of loading and unloading of transport systems and storage of cargo at the terminal.



The objective function of the optimization model is to minimize the total transportation time of two terminals: No. 1—Vilnius and No. 2—Klaipeda Seaport. Container shipments are carried by train.



The aims of this mathematical method are as follows:




	
Minimize the waiting time of container consignment at the location place (terminal No. 1);



	
Minimize the total transportation time by train;



	
Minimize the waiting time of container consignment at the destination place (terminal No. 2).








The main variables in the model solutions are departure time variables, service operation variables and waiting time variables.



The detailed nomenclature be found in Table 1.



The mathematical formulation of the objective function is presented in Equation (1).


   M i n   Z =   ∑    (  c , i , j  )  ∈ A     ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N  w  l  c i j    ( m )    · (  t  c i j   − T  c  c i j   −  L  i j    ( m )    ) ·  x  c i j    (  m k n  )    +   ∑    (  c , i , j  )  ∈ A     ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N   T   ( m )    ·  x  c i j    (  m k n  )      +   ∑    (  c , i , j  )  ∈ A     ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N  w  d  i j    ( m )    · (  t  c i j   − T  c  c i j   −  L  i j    ( m )    ) ·   



(1)







Constraints of model:


   d  c i j   −   ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N   x  c i j    (  m k n  )    ≥ 0 ;   ∀    c  ∈  {  1 ,   … ,   C  }  ;    i  ,    j  ∈  { A }  ; k ∈  {  1 ,   … ,   K  }  ;    n  ∈ N ; m ∈  { A }  ;  



(2)






  T  c  c i j   +  L  i j    ( m )    − M  (  1 −  D  c i j    (  m k n  )     )  ≤  t  i j    (  m k n  )    ; ∀    c  ∈  {  1 ,   … ,   C  }  ,    i  ,    j  ∈  { A }  ;   k ∈  {  1 ,   … ,   K  }  ;    n  ∈ N ; m ∈  { A }  ;  



(3)






   x  c i j    (  m k n  )    ≤ M ·  D  c i j    (  m k n  )    ; ∀   k ∈  {  1 ,   … ,   K  }  ;    n  ∈ N ; m ∈  { A }  ;    c  ∈  {  1 ,   … ,   C  }  ;    i  ,    j  ∈  { A }  ;  



(4)






    ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N   x  c i j    (  m k n  )      ≤  U m  ·  y  i j    (  m k n  )    ; ∀    c  ∈  {  1 ,   … ,   C  }  ;    i  ,    j  ∈  { A }  ;  



(5)






    ∑   m = 1  M    ∑   k = 1  K    ∑   n = 1  N   y  i j    (  m k n  )    ≤ D  M  i j    (  m k n  )    ; ∀    i  ,    j  ∈  { A }  ;  



(6)






  W  T  i j    (  m k n  )      ≥  T  1 j   −  t  i j    (  m k n  )    −  T  i j    ( m )    ; ∀    i  ,    j  ∈  { A }  ; k ∈  {  1 ,   … ,   K  }  ;    n  ∈ N ; m ∈  { A }    ;  



(7)






   T j  ·  D  i j    (  m k n  )    −  (   t  i j    (  m k n  )    +  T m   )  ≤ W  L  i j    (  m k n  )    ; ∀    i  ,    j  ∈  { A }  ; k ∈  {  1 ,   … ,   K  }  ;    n  ∈ N ; m ∈  { A }  .  



(8)







Constraint (2) shows the flow restriction. Since demand is transported, the flow is less than or equal to the total volume of the container consignment. The total volume must be sent to the destination terminal.



(3), (4) constraints represent that the waiting time of a consignment is non-negative.



In constraint (3),    D  c i j    (  m k n  )     shows whether the service number k of transport means m on day n is chosen to transport portion of consignment    d  c i j   .   If it = 1, the arrival time of container consignment plus the loading time   T  c  c i j   +  L  i j    ( m )      is earlier than the departure time of service    t  c i j   m k n   .   Because of the very big M, this constrain will always be true. In this case, constrain (6) limits the flow of a consignment with the service.



Constraint (5) limits the capacity per service. If service number k of means m on day n is operated (   y  i j    (  m k n  )    = 1 ) ,   the total flow of transported consignment cannot exceed the maximum capacity for that service    U m  .  



Constraint (7) describes the waiting time of early arrival. If there is an early arrival, the waiting time is equal to the opening time     T  1 j     minus arrival time (   t  i j    (  m k n  )    +  T  i j    ( m )    ) .    It should be   W  T  i j    (  m k n  )    ≥ 0 .  



Constraint (8) is for the late arrival of services at the destination terminals. If there is lateness,    D  i j    (  m k n  )      must be 1 and waiting time could calculated as    T j  ·  D  i j    (  m k n  )      minus    (   t  i j    (  m k n  )    +  T m   )   . If there is no lateness, which means the service arrives at the destination before the closing time,    D  i j    (  m k n  )     could be 0 or 1. In this case,   W  L  i j    (  m k n  )      should be   ≥ 0  .



Non-negativity constraints are as follows:


   x  c i j    (  m k n  )    ≥ 0 ;  










   t  c i j    (  m k n  )    ≥ 0 ;  










   t  c i j   ≥ 0 ;  










   y  i j    (  m k n  )    ,    D  i j    (  m k n  )    ∈  [  0 ,   1  ]  .  












4. Discussion


In order to create an intermodal network in the European Community, Europe needed to create its own network of corridors by integrating different modes of transport into one transport system. In this way, 10 main transport corridors were created. The corridors were approved at the European Transport Conference in Crete (1994) and Helsinki (1997). Lithuania crosses two of the ten pan-European corridors: IX east–west transport corridor, which connects eastern markets with Western Europe, and I north–south corridor, which connects Scandinavia and Central Europe.



Transport infrastructure projects only fulfil their function if they are in line with the concept of transport sustainability. The development of the pan-European transport corridor is defined by the following main priorities:




	
The need for transport connections between economic areas;



	
Integration of short and long transport links in transport corridors;



	
Development of corridor intermodality.








The study of transport corridors clarifies the possibilities to increase the efficiency of transport operations in the corridor and to exploit the advantages of the country’s transport potential. Which modes of transport are competing in the studied direction, and which ones play a direct role in the transport corridor and satisfy the part of transport demand that depends on their technical capabilities, were determined. The relationship between tariff and tax levels and trends that may change the mode of transport or the route of freight transport was also examined. These complex tasks involve the use of a full arsenal of research, including different types of mathematical models and their systems, human intuition and opinions of experienced experts.



The aim of this study was implemented by creating an optimal model of synchronization of intermodal freight terminals in the selected transport corridor.



This synchronization model allows the achievement of the following:




	
Create intermodality and interoperability between modes of transport (by integrating basic transport and the “last mile” into one container transport process);



	
Develop and adapt common service quality standards in transport corridors developed by all stakeholders;



	
Carry out small and medium container flows to transport long distances;



	
Organize the movement of new container trains between intermodal terminals in the corridor (as a new service);



	
Use a common information system in intermodal transport corridors.








The input of the model is transport volumes from a specific origin to a specific destination with the earliest pick-up time and the due date. With the capacity constraint, flow restriction, delivery time constraints, service design and sequence constraints and non-negative constraints, the output of the optimization model is the departure time of each train service, the flow distribution of container batches to different services.



In this paper, an optimization model was developed to create a more efficient operation of synchronous transport services and to analyze its impact. The model is based on the following characteristics of synchromodal transport:




	
Stochastic transportation planning;



	
Combining transport flow;



	
Decision making based on the use of a specific network.








Combining different modes of transport into one integrated system makes it possible to synchronize the use and management of modes of transport.



This developed mathematical model can be considered as an example of an Integrated Synchromodal Service Design.



The concept of the scheme presented by the authors is the synchronization of all members/partners of the logistics chain in creating new services in the international transport corridor.



Figure 3 shows the main logistics chain diagram with the main indicators between seaport and hinterland intermodal terminals.



The presented model shows that medium and small intermodal transport flows can be combined into one intermodal transport system. This can be carried out if there is good access to the necessary information on the transport of intermodal transport units by rail to the seaport (and vice versa). The expansion of cargo transportation activities from the seaport terminal to the main terminal (hub) and further afield ensures better and more efficient use of infrastructure (seaports and land terminals).



Limitations and Further Research


This model aims to reduce overall service time, including transportation time and waiting time. The main variables in the optimization model are train departure time variables, freight flow and service variables and train arrival variables. However, this model can be treated differently—the reduction in time can be considered as a minimum cost, and the waiting time as a fine. In this case, the model aims to reduce all service costs, including transport costs and waiting penalties. Assumptions are made in the best possible way given the limited resources of this model. In addition, the method used is completely inappropriate when we have a transshipment point (intermediate terminal).



Using this method, it was observed that the assumptions regarding the cost of freight transportation and the waiting penalty are quite important, so it can be argued that this influences which mode of transport to choose.



Several assumptions were made in developing this model. Our further research aim is to add an intermediate container reloading to this model, to insert an intermediate terminal.



The Information Transport System (ITS) can help the efficiency of intermodal freight transport synchromodality. This ITS system can evaluate real-time container transport information about its operations, exchange freight-related information with other participating countries in a timely manner and further facilitate freight transport planning.



In order to apply the model in practice to container flows, it should be integrated into a common intermodal freight transport planning system. Thus, it must be used in conjunction with modeling and routing techniques at the level of the individual operational container, as well as with appropriate methods to combine or split planning information between the tactical planning and operational planning levels.



Further objectives are to develop optimal models for the synchronization of intermodal freight terminals and the integration of their information transport systems in order to harmonize intermodal freight flows and integrate operational management systems at sea and land terminals into a single integrated intermodal logistics chain.



The better deployment of innovative technological systems (ITS) and the use of communication in land ports can increase cargo security and control, and improve the capacity of maritime terminals. There is a need to integrate the railway “KROVINYS” (“CARGO”) information system with the “KIPIS” information system (Figure 4).



KIPIS is a Cargo and Goods Information System implemented in Klaipeda Seaport. It is intended for the transfer and processing of information on cargo transported through Klaipeda port. Currently, more than 500 companies and state institutions operating in the port are registered in the system.



An electronic data management system “Krovinys“ (“Cargo”) is an information system for the management and accounting control of documents accompanying the carriage of goods by rail in the Republic of Lithuania. The system covers the entire cargo transportation cycle from the conclusion of a contract with the customer for the transportation of cargo to the issuance of a VAT invoice for the provided services.



The two information systems need to be coordinated. This is necessary to enable consumers to coordinate transport plans, order wagons and freight vessels, complete and submit waybills, draw up customs declarations, coordinate documents with the railway station and the seaport and keep track of relevant freight-related information.





5. Conclusions


The optimization model is given in the article. In the developed model, the main decision variables are departure time variables, traffic variables, decision variables for operating the service and selecting a specific service. The input of the model is the volume of transport from a specific origin to a specific destination with the earliest pick-up time and deadline.



The application of the model increases the interoperability of maritime and land terminals along the north–south and east–west transport corridors, while increasing the international competitiveness of these transport corridors. The research-based transport synchronization model is an important tool for decision making.



The synchronization of intermodal transport activities (keeping in mind the synchronization of transport operations themselves) is relevant not only for Lithuania but also internationally; therefore, the developed model can be widely applied both regionally and internationally. The synchronization of hubs in the TEN-T corridors largely determines their competitiveness in international (global) markets.



In interaction with seaports, land ports have high potential to be more efficient than conventional inland terminals. The better deployment of innovative technological systems (ITS) and the use of communication in land ports can increase cargo security and control, and improve the capacity of maritime terminals.
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Figure 1. Network of major transport nodes in the east–west transport corridor [10]. 
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Figure 2. Synchronization concept between major nodes in a transport corridor [11]. 
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Figure 3. The main logistics chain between seaport and hinterland intermodal terminals (compiled by the authors). 
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Figure 4. Information systems integration (compiled by the authors). 
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Table 1. Nomenclature.
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	Parameters
	Description





	   w  l  c i j    ( m )      
	Waiting time of per container consignment at location terminal i;

  c — number   of   container   consignment   c   ∈  {  1 ,   … ,   C  }   ; m—transport means



	    x  c i j    (  m k n  )      
	   The   part   in   the   demand    d  c i j          that   is   transported   by   transport   means   m   of   number   k   service   on   day   n ;   k — number   k   service   of   different   transport   means   within   a   day ;   c   ∈  {  1 ,   … ,   C  }  ,        k   ∈  {  1 , … ,   K  }    



	    t  c i j     
	The departure time of the last portion of container consignment c



	   T  c  c i j     
	The arrival time of the container consignment c



	    L  i j    ( m )      
	Loading time of transport means m from i to j



	    T   ( m )      
	Transportation time of transport means m from terminal No. 1 to terminal No. 2



	   w  d  i j    ( m )      
	Waiting time of service at destination terminal j for transport means m



	    t  c i j   m k n     
	  The   departure   time   of   the   part   in   the   demand    d  c i j     that is transported by service k of transport means m on day n from location of service i to destination of service j



	    d  c i j     
	Demand of service, (c—number of container consignment; i—location of service; j—destination of service)



	    x  c i j    (  m k n  )      
	   The   part   in   the   demand    d  c i j          that   is   transported   by   transport   means   m   of   number   k   service   on   day   n ;   k — number   k   service   of   different   transport   means   within   a   day ;   c   ∈  {  1 ,   … ,   C  }  ,        k   ∈  {  1 , … ,   K  }  ;   



	M
	Very big number



	    D  c i j    (  m k n  )      
	  Binary   variable   represents   whether   container   consignment    d  c i j     could be delivered by service k of means m on day n.

   D  c i j    (  m k n  )    = 1      means   that   a   part   of   consignment    d  c i j      is delivered by service k of means m on day n



	    U m    
	Service capacity of transport means m



	    y  i j    (  m k n  )      
	  Binary   variables   indicate   whether   the   service   k   of   means   m   on   day   from   i   to   j   is   operated .   If   it   =   1  , the service is operated, and if it = 0, the service is cancelled



	   D  M  i j    (  m k n  )      
	Maximum number of transports means m service



	   W  T  i j    (  m k n  )      
	The waiting time caused by the earliness of service number k of means m on day n from i to j that arrives at the destination terminal j



	   W  L  i j    (  m k n  )      
	The waiting time caused by the lateness of service number k of means m on day n from i to j that arrives at the destination terminal j.
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