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Abstract. The article examines container flow dynamics in the Baltic ports of Klaipeda, Riga, and Tallinn, emphasizing their impact on 

sustainable port development. Using statistical data from 2005–2024, the study applies the Compound Annual Growth Rate (CAGR) 

model and Pearson Correlation analysis to forecast container handling volumes up to 2030. The methodology incorporates three 

scenarios—baseline, optimistic, and pessimistic—to assess the potential effects of geopolitical, economic, and environmental factors on 

port performance. The findings reveal Klaipeda as the regional leader in growth rate, followed by Riga and Tallinn, with all ports 

demonstrating strong positive correlations in container throughput trends. These results indicate systemic interdependence among Baltic 

ports, suggesting that coordinated regional strategies could enhance resilience and sustainability. The study highlights that integrating 

traditional statistical tools with sustainability perspectives supports informed infrastructure planning, energy efficiency improvements, 

and the development of green logistics systems.  
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1. Introduction  

 

Containers are one of the most important elements of import and export in modern society, ensuring not only 

fast transportation but also protecting cargo from damage and facilitating its storage (Tang et al., 2019). 

However, global economic and geopolitical challenges have a significant impact on container flows. The 

pandemic had a negative impact on transshipment volumes due to reduced consumption and quarantines, but 

activity has recovered over time (Bartosiewicz & Jadczak, 2023). 

 

Since 2022, container volumes have risen rapidly, exceeding 1 million TEU. Global container transport capacity 

has grown significantly in recent decades, with growth driven by the end of the pandemic and changing 

consumer habits (Kerbiriou, 2024). European Union sanctions against Russia have led to a redistribution of 

flows and higher cargo volumes in Lithuania (Kerbiriou, 2024). 

 

The growth in cargo volumes is also linked to sustainability: the expansion of wind farms and solar batteries is 

increasing the need for efficient logistics solutions (Bartosiewicz & Jadczak, 2023). Optimizing maritime 

terminal operations reduces CO₂ emissions and is in line with sustainable development goals. Reducing ship 
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turnaround times using artificial intelligence improves terminal efficiency (Tran & Lam, 2024; Benghalia et al., 

2025). 

 

With container traffic on the rise, ports need to ensure growth and profitability while reducing their 

environmental impact. This is particularly relevant in limited space conditions, where it is necessary to optimise 

traffic flows and use available resources efficiently (Weerasinghe, Perera & Bai, 2024). If ports or terminals do 

not invest sufficiently in infrastructure—quay deepening, automation, digitization, renewable energy 

solutions—this limits their ability to accommodate larger ships and serve them efficiently and sustainably. In 

such cases, downtime, transshipment, or delays not only reduce operational efficiency but also increase the 

ecological footprint (Kamara et al. 2025; Mohite & Mathew, 2025). Therefore, container flow analysis and 

forecasting are becoming essential not only for effective logistics process management but also for sustainable 

development: they enable infrastructure capacity planning, reduce resource waste, ensure smooth intermodal 

transport, and contribute to green logistics goals (Zhuang, Li, & Xu, 2022). 

 

The study integrates container-flow forecasting with sustainability aspects and investment considerations. In 

conducting such research, forecasts are typically prepared for a single, specific port in isolation, but comparisons 

with competitors or neighboring ports are not performed. The novelty of this study lies not only in providing 

forecasts for three Baltic ports but also in conducting a correlation analysis that reveals the interdependence of 

Baltic ports; therefore, decisions on sustainability and resilience should be coordinated at the corridor level 

rather than only at individual ports. 

 

This study aims to assess the growth potential and interdependence trends of container flows in the Baltic ports, 

taking into account sustainable development pathways driven by investments in innovation, technology, and 

sustainable growth. 
  
2. Theoretical background 

    
Maritime transport is a crucial sector supporting the global economy, and ports are considered strategic elements 

of the logistics chain as they play a key role in integrating different goods handling systems (Cocuzza et al., 

2025). The interaction between the port and its surrounding environment is particularly significant, as port 

activities have a direct economic, social, and environmental impact on the city, creating opportunities for 

development but also challenges related to sustainability and land management. Maritime transport and port 

activities have both direct and indirect impacts on the environment and local communities (Cocuzza et al., 

2025). 

 

Digitalization is becoming a valuable tool for green port transformation, and new routes, such as the Arctic 

Northern Sea Route, offer strategic opportunities for global supply chains. In addition, new methods such as 

futures analysis, which helps to manage industry planning, are playing a significant role in container transport 

forecasting (Su et al., 2024). At the same time, increasing volumes pose challenges in terms of higher CO₂ 

emissions, but as Hasan, Zhang, and Shi (2023) point out, although total emissions are increasing, emissions 

per container or ton may be decreasing. 

 

Container terminals usually consist of two main parts – a quay and a storage yard, where loading, unloading, 

and container storage take place. Quay cranes (STS) start operating as soon as the ship docks, and internal 

terminal transport vehicles ensure the transfer of containers between the ship and the yard (Vis, de Koster & 

Savelsbergh, 2005). In order to optimize these processes, modeling and optimization methods are widely used 

at all decision-making levels (strategic, tactical, operational) (Kim, Lee & Hwang, 2003; Benghalia et al., 2025). 

 

Storage is an integral part of the container transshipment chain, ensuring smooth transport flow management. 

Upon arrival, containers are registered in the terminal operating system (TOS), where they are assigned an 

identification code. The TOS system integrates processes, allows monitoring of the location and status of 

containers, and ensures data transfer (Hervás-Peralta et al., 2019). The port area is usually divided into two 

zones: temporary storage, where containers are stored for a short period of time, and the main zone, intended 

for longer storage (Ilesaliev et al., 2019). Information technologies are widely used to increase efficiency: GPS 
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and RFID allow containers to be tracked in real time (Cimino et al., 2017), TOS optimizes the selection of 

storage locations (Hervás-Peralta et al., 2019), and automated control systems speed up processes and reduce 

manual labor (Custodio & Machado, 2020). 

 

Artificial intelligence solutions help to distribute equipment, reduce downtime, congestion, and the risk of 

accidents (Tsolakis et al., 2022). Scanners and planning programs are also being implemented to prevent errors 

and speed up processes (Heikkilä, Saarni & Saurama, 2022). Electronic data interchange (EDI) systems improve 

communication and coordination in the supply chain (Vrbová et al., 2018). 

 

Efficient warehousing is important for saving time and resources. In cases of limited space, stacking containers 

on top of each other increases the need for additional work and costs, so it is necessary to apply optimized layout 

methods (Galle, Barnhart & Jaillet, 2018). Automated transport equipment and forklifts are increasingly being 

used (Hu et al., 2019). With increasing flows, it is necessary to develop effective storage schemes (Abdul 

Rahman, Ismail & Lun, 2016). 

 

Loading efficiency also depends on the choice of equipment. Rail-mounted gantry cranes and container quay 

cranes are mainly used at quays (Stoilova & Martinov, 2019), which are widely used in rail and road transport 

due to their power and versatility (Zhang et al., 2020). Martinov, 2019), which are widely used in rail and road 

transport due to their power and versatility (Zhang et al., 2020). New hybrid control systems reduce the risk of 

errors and increase crane productivity (Yavuz & Beller, 2021), while automated cranes help achieve higher 

levels of efficiency (Jobran & Kara, 2022). Terminals also use a variety of equipment, such as reach stackers, 

straddle carriers, and automated vehicles (Stoilova & Martinov, 2019). Modern equipment, as noted by Gattuso 

and Pellicanò (2023), is safe, maneuverable, and reduces the need for workers in hazardous areas. Additional 

GPS and scanning technologies help to speed up processes (Lee et al., 2021). Automation, including remote 

control of gantry cranes, is becoming an integral part of modern logistics (Gattuso & Pellicanò, 2023). 

 

Sustainability principles are becoming increasingly important in container logistics operations. The 

electrification and automation of equipment (Hong et al., 2023) helps to reduce CO₂ emissions, air pollution, 

and noise levels in the working environment. At the same time, optimized container placement in the storage 

area reduces the operating time of handling equipment, search time, and energy consumption, thus contributing 

to the achievement of environmental goals (Kizilay & Eliiyi, 2021). 

 

The planning and development of container terminal operations is closely linked to flow monitoring and 

forecasting. According to Cocuzza et al. (2025), ports are integral elements of the global logistics chain, and 

their functioning has a direct impact on the stability of supply chains. Terminal capacities must be aligned with 

peak container flows, and their forecasts become a key tool in decision-making on infrastructure modernization 

and investment. Su et al. (2024) note that container transport dynamics are closely linked to changes in the 

global market, so appropriate forecasting tools allow ports to adapt to changing conditions in a timely manner. 

The authors emphasize that advanced analytical methods, such as data analysis or artificial intelligence, can 

help not only to optimize operations but also to identify risks in advance. 

 

3. Research objective and methodology 

 

Primary research objective - to develop and apply a multi-scenario forecast of container handling volumes for 

Klaipėda, Riga, and Tallinn ports up to 2030, and to analyze the competitive interdependency of these ports to 

provide a foundational basis for regional strategic planning.  

 

This methodology was chosen to achieve this goal due to its simple, quantifiable and scenario-based forecasts 

combined with regional market interaction analysis. The CAGR model is a simple, easily transferable method 

for forecasting future volumes based on historical trends, making it ideal for managerial decision-making. By 

defining three different scenarios (baseline, optimistic, pessimistic), the study goes beyond a single-point 

estimate and offers a range of possible outcomes, taking into account market uncertainty and strategic 

interventions. The inclusion of the Pearson correlation coefficient is very important in multi-port studies, as it 

confirms or refutes the assumption of a single “Baltic ports” market, providing depth to the strategic analysis. 
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The object of the study is the container handling volumes of the Baltic ports (Klaipeda, Riga, and Tallinn), 

which directly reflect the scale of operations, competitiveness, and impact of these container terminals on the 

region's economy. Container flows are one of the most important indicators for assessing port infrastructure 

load, labor demand, the need for technology implementation, and environmental impact.  

 

However, factual analysis alone does not provide sufficient information for strategic decision-making. 

Therefore, particular importance is attached to container handling forecasts, which are essential for the 

sustainable operation of ports. Forecasts allow for the assessment of possible future scenarios – from optimistic 

ones, where growth is driven by the expansion of international trade, the introduction of green technologies, 

and investments in infrastructure, to pessimistic ones, where throughput is limited by geopolitical disruptions, 

global crises, or supply chain disruptions. 

 

Methodology for Container Throughput Forecasting. To estimate container throughput for Klaipeda, Riga, and 

Tallinn ports up to 2030, a compound annual growth rate (CAGR) model was applied. This approach allows for 

projecting future values under three scenarios: baseline, optimistic, and pessimistic. 

 

Calculation of CAGR. This rate expresses the average annual growth over the period. The Compound Annual 

Growth Rate (CAGR) was calculated using the following formula: 

𝐶𝐴𝐺𝑅 = (
𝑉𝑛

𝑉𝑜
)

1
𝑛−1

− 1 

Where: 

Vₙ - throughput in the final available year (2024). 

V₀ - throughput in the first year of observation (2005). 

n - number of years in the observed period. 

 

Baseline Forecast. For the baseline scenario, the CAGR is applied directly to project future values: 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡(𝑡) = 𝑉𝑙𝑎𝑠𝑡 × (1 + 𝐶𝐴𝑅𝐺)𝑡 
Where t represents the number of years after the last observed year. 

 

Optimistic Forecast. The optimistic forecast assumes faster growth by increasing the CAGR by 20%: 

𝑂𝑝𝑡𝑖𝑚𝑖𝑠𝑡𝑖𝑐 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡(𝑡) = 𝑉𝑙𝑎𝑠𝑡 × (1 + +1.2 × 𝐶𝐴𝑅𝐺)𝑡 
 

This reflects potential expansion due to infrastructure investments, improved logistics efficiency, and stronger 

trade flows. 

 

Pessimistic Forecast. The pessimistic forecast accounts for slower growth by using half of the historical CAGR: 

𝑃𝑒𝑠𝑠𝑖𝑚𝑖𝑠𝑡𝑖𝑐 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡(𝑡) = 𝑉𝑙𝑎𝑠𝑡 × (1 + 0.5 × 𝐶𝐴𝑅𝐺)𝑡 

 

This scenario represents slower growth due to economic downturns, trade restrictions, or supply chain 

disruptions. 

 

Pearson correlation analysis is used to quantitatively assess the strength and direction of linear relationships 

between cargo throughput and external variables, allowing for a more accurate selection of significant factors 

and the refinement of forecasting models (Wu & Gao, 2023; Zhang et al., 2023). 

 

The Pearson correlation coefficient (r) was used to create the correlation graph (heatmap). It allows us to 

determine how closely related the data sets are – in this case, the annual container throughput of the Baltic ports 

(Klaipeda, Riga, and Tallinn). This calculation is necessary for several reasons. Container flows in the Baltic 

region are heavily dependent on general macroeconomic, geopolitical, and trade trends. Correlation analysis 

allows us to determine whether changes in flows at one port are related to changes at other ports, i.e., whether 

there is a regional pattern. This is directly related to sustainability – if port flows move synchronously, 

investment planning, infrastructure modernization, and the implementation of environmental measures can be 

coordinated at the regional level. This ensures more efficient use of resources, lower emissions, and better 
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intermodal transport compatibility. When forecasting container flows, correlation analysis allows risks to be 

assessed: for example, if one port experiences a shock (economic or political), it is possible to predict the 

probability that other ports will experience the same impact. This makes it possible to develop resilience 

measures and strengthen sustainable business continuity across the region. 

 

Pearson Correlation Coefficient (r): 

𝑟𝑥𝑦 =
𝐶𝑜𝑣(𝑋, 𝑌)

𝜎𝑋 × 𝜎𝑌
 

Where: 

X,Y – annual container throughput data (TEU) for two ports (e.g., Klaipėda and Riga). 

Cov(X,Y) – covariance between the two datasets, showing how strongly they vary together. 

σX ,σY  – standard deviations of each dataset, showing the degree of variability. 

 

Covariance (Cov): 

𝐶𝑜𝑣(𝑋, 𝑌) =
1

𝑛 − 1
∑(𝑥𝑖 − 𝑥̅)(𝑦𝑖 − 𝑦̅)

𝑛

𝑖=1

 

Where: 

xi, yi – observed values for a given year (e.g., Klaipeda TEU and Riga TEU). 

xˉ,yˉ – the mean values of each dataset. 

n – number of observations (years). 

 

Standard Deviation (σ): 

𝜎𝑥 = √
1

𝑛 − 1
∑(𝑥𝑖 − 𝑥̅)2

𝑛

𝑖=1

 

The interaction between these two methods enables a comprehensive analysis of cargo flows by combining 

trend evaluation with interdependencies among variables, thereby increasing forecast accuracy and improving 

the interpretability of results (Eskafi et al., 2021).  

 

For the analysis, statistical data on container throughput from the ports of Klaipeda, Riga, and Tallinn were 

used. These data made it possible to assess the operational trends of regional ports and compare cargo handling 

volumes among the selected ports. 

 

4. Results and discussion 

 

Container flows in ports are unevenly distributed throughout the year – seasonality is determined by production, 

trade demand, or agricultural cycles, which cause cargo handling intensity to peak at certain times (Farhan & 

Ong, 2018; Ferrari, Christidis & Bolsi, 2023; Alessandria et al., 2023). Economic booms and busts have a direct 

impact on export and import volumes, and the unevenness of these fluctuations is reflected in container volumes. 

Flows are particularly sensitive to global supply chain disruptions: pandemics, shipping blockades, route 

changes, port closures, or crises such as the temporary suspension of traffic in the Suez Canal (Wan et al., 2023; 

Tran et al., 2025). All these factors destabilize the entire supply chain and reach the ports of the Baltic countries 

as volatile changes in container flows. The intensity of container flows in the ports of the Baltic region is closely 

related to transit cargo. Changes in tariffs, sanctions, or the emergence of alternative routes (via other ports or 

land transport corridors) directly determine changes in flows (Locaitienė, & Čižiūnienė, 2024; Serry, 2025). 

Regional competition between the ports of Klaipeda, Riga, and Tallinn encourages competition for the same 

cargo: when one port invests in dredging, modern loading equipment, or digital systems, container flows can be 

redirected away from competitors. 
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Based on the container handling results for 2005-2024 in the ports of Klaipeda, Riga, and Tallinn, optimistic 

and pessimistic calculations for container handling in ports were made, and the results are presented in the 

graphs (Figure 1, Figure 2, Figure 3). 

 
Figure 1. Container flow forecast for the Port of Klaipeda 

 

The Figure 1 shows the dynamics of container handling in the Port of Klaipeda from 2005 to 2023 and forecasts 

until 2030, distinguishing three possible scenarios: pessimistic, baseline, and optimistic. Analysis of statistical 

data shows that container handling volumes have grown gradually since 2005, but the growth has been uneven. 

In 2009, due to the global financial crisis, handling volumes declined, but in subsequent years, container 

handling at the port stabilized. The period from 2011 to 2017 was marked by stable growth, reaching almost 

472,000 TEU. In 2018–2020, there was a rapid jump, with cargo volumes reaching 750,000 TEU, but the impact 

of the pandemic led to a decline to 640,000 TEU. In recent years, especially in 2022–2023, container handling 

at the Port of Klaipeda has grown significantly, exceeding the 1 million TEU mark. In recent years, especially 

in 2022–2023, container handling at the Port of Klaipeda has grown significantly, exceeding the 1 million TEU 

mark and reaching approximately 1.07 million TEU in 2023. 

 

The forecast chart reveals three forecasts for container handling at the Port of Klaipeda until 2030, which can 

be assessed in the context of sustainable development. The pessimistic forecast (red line) shows slower growth 

to approximately 1.5 million TEU. This would mean limited investment in infrastructure, technology, or 

environmental solutions. In this case, there would be an increased risk that the port would not be able to ensure 

an efficient logistics process, which would have a negative impact on both economic growth and the 

environment, as inefficient cargo handling increases energy consumption and emissions. The baseline forecast 

(blue line), which predicts around 2.0 million TEU by 2030, reflects a balanced scenario. This would 

demonstrate that the Port of Klaipeda is capable of adapting to global changes, ensuring sustainable growth, and 

gradually implementing environmental measures such as digitization, automation of cargo handling processes, 

and the use of renewable energy. This would contribute to strengthening a sustainable transport system and 

maintaining regional competitiveness. The optimistic forecast (green line), which predicts reaching 

approximately 2.25 million TEU in 2030, is clearly linked to active investments in "green logistics." This would 

mean the widespread development of electrification, the strengthening of intermodality, the application of 

modern digital solutions xml-ph-0000@deepl.internal, and the more efficient use of renewable energy sources. 

This would mean extensive electrification, strengthening intermodality, applying modern digital solutions, and 

using resources more efficiently. In this case, growth would not only be rapid but also sustainable, as the port 

would reduce CO₂ emissions, improve energy efficiency, and ensure a competitive advantage in the international 

market. 
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Figure 2. Container traffic forecast for the Port of Riga 

 

The dynamics of container handling at the Port of Riga from 2005 to 2010 showed rather slow growth (Figure 

2), and in some years even a decline, which is associated with the impact of the global financial crisis on 

international trade. The period from 2010 to 2015 was marked by significant growth, with handling exceeding 

the 400,000 TEU mark. This reflects the recovery after the crisis and the strengthening of regional transit flows. 

Cargo handling then stabilized, fluctuating between 400,000 and 470,000 TEU, and reaching around 500,000 

TEU in recent years. This dynamic shows that the Port of Riga remains competitive, but its sustainability 

depends on investments in infrastructure, modern technologies, and the application of green logistics principles. 

A pessimistic baseline and optimistic flow forecast for container handling at the Port of Riga has been made. 

The pessimistic forecast (red line) shows that by 2030, container handling could reach only around 600,000 

TEU. This would be a scenario of limited growth, which could be caused by geopolitical tensions, the diversion 

of transit cargo to other ports, or insufficient investment in terminal modernization and environmentally friendly 

solutions. The baseline scenario (blue line) forecasts balanced growth to 700,000 TEU in 2030. This would be 

a stable development path, based on the assumption that the economic and political environment will remain 

sufficiently stable and that the port will gradually invest in digital technologies. This would be a stable 

development path, based on the assumption that the economic and political environment will remain sufficiently 

stable and that the port will gradually invest in digital technologies, energy efficiency, and environmentally 

friendly cargo handling systems. In this case, the port's activities would be more in line with the principles of 

sustainable development. The optimistic forecast (green line) predicts rapid growth – up to approximately 

750,000 TEU in 2030. This scenario could be achieved if the Port of Riga successfully implemented a green 

transformation, invested in electrified cargo handling equipment and smart logistics infrastructure, and 

developed intermodal transport solutions. In this case, the port would not only increase its competitiveness but 

also set an example of how sustainable solutions can promote economic growth, reduce CO₂ emissions, and 

contribute to the development of green logistics in the region. 
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Figure 3. Container flow forecast for the Port of Tallinn 

 

Container flows at the Port of Tallinn (Figure 3) over the past two decades have been characterized by volatility, 

reflecting the impact of both global and regional economic processes. Between 2005 and 2010, cargo volumes 

fluctuated significantly and even fell to 130,000 TEU, mainly due to the global financial crisis, which led to a 

slowdown in international trade. Since 2010, container flows have started to grow, exceeding 250,000 TEU in 

2014, However, this growth was not sustainable, and was followed by several downturns reflecting a decline in 

regional transit cargo, geopolitical disruptions, and competition with neighboring Baltic ports. In recent years, 

cargo handling has stabilized at around 260,000–270,000 TEU. 

 

The pessimistic forecast (red line) shows that container handling could reach just 280,000 TEU by 2030. This 

scenario would reflect the negative interaction of economic and geopolitical factors, such as the possible 

diversion of transit flows to other ports, limited investment in infrastructure, or failure to meet environmental 

requirements. This situation would have a negative impact on the port's sustainability, as operational efficiency 

would remain low and environmental modernization would slow down. The baseline scenario (blue line) 

forecasts moderate but stable growth to approximately 295,000 TEU in 2030. This would be a balanced path of 

development if the port were able to gradually invest in technological modernization, strengthen intermodality, 

and adapt to the needs of international trade. This scenario would be in line with sustainable development goals, 

as it would encompass both economic stability and compliance with environmental standards. The optimistic 

forecast (green line) shows the possibility of the Port of Tallinn reaching approximately 300,000 TEU by 2030. 

This scenario would only be feasible if the Port of Tallinn actively implemented green infrastructure, such as 

electrified handling equipment and expanded green areas. This scenario would only be feasible if the Port of 

Tallinn actively implemented green infrastructure – electrified cargo handling equipment, expanded intermodal 

connections, digitized logistics processes, and strengthened environmental monitoring. Such a development 

path would not only ensure faster cargo growth, but also contribute to long-term sustainability by reducing CO₂ 

emissions, improving the region's competitiveness, and strengthening Estonia's image as an innovative logistics 

country. 

 

A comparison of the dynamics and forecasts for container traffic at the ports of Klaipeda, Riga, and Tallinn 

until 2030 reveals different development trajectories that are closely linked to their sustainability prospects. The 

port of Klaipeda stands out as the regional leader in terms of container handling growth. Statistical data show a 

rapid increase, especially after 2018, and forecasts reveal that even in a pessimistic scenario, handling would 

remain at around 1.5 million TEU by 2030, while in an optimistic scenario it could reach 2.25 million TEU. 
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This trajectory shows great potential for attracting international flows, but from a sustainability perspective, it 

also means the need to rapidly implement green technologies. This trajectory shows great potential for attracting 

international traffic, but from a sustainability perspective, it also means the need to rapidly implement green 

technologies – electrify equipment, develop intermodality, and ensure that the growing volume of cargo does 

not increase carbon dioxide emissions. Klaipeda's success can serve as an example of how to combine growth 

with environmental commitments. 

 

The dynamics of the Port of Riga are more volatile – after rapid growth until 2015, container flows stabilized 

at around 400-500 thousand TEU. Forecasts show that by 2030, cargo handling could increase from 600,000 

TEU (pessimistic scenario) to 750,000 TEU (optimistic scenario). This reveals that Riga's future is highly 

dependent on transit cargo, regional geopolitical conditions, and investments in terminal modernization. In 

terms of sustainability, it is particularly important for this port to increase energy efficiency, promote the 

transition to renewable energy sources, and implement the sustainable electrification of cargo handling 

equipment so that growth is not achieved at the expense of environmental quality. 

 

The Port of Tallinn has the lowest cargo volume and the greatest fluctuations among the Baltic ports. Its cargo 

volume has mostly ranged between 200,000 and 270,000 TEU, and forecasts indicate relatively moderate 

growth: the pessimistic scenario is around 280,000 TEU, while the optimistic scenario is around 300,000 TEU. 

Although the growth potential here is limited, it provides an opportunity to focus not on quantitative but on 

qualitative sustainability breakthroughs. Although the growth potential here is limited, this creates opportunities 

to focus not on quantitative but on qualitative sustainability breakthroughs.  

 

In order to assess how the ports of the Baltic countries operate within the overall logistics system, a correlation 

analysis was performed between the container flows of the ports of Klaipeda, Riga, and Tallinn, using annual 

cargo handling figures measured in TEU units for the period 2005–2024 as input data. Basic statistical 

characteristics were calculated – the mean values and standard deviations for each port, which made it possible 

to determine the typical volume of flows and how they changed during the period under review. The covariance 

was calculated for each pair of ports (Klaipeda–Riga, Klaipeda–Tallinn, Riga–Tallinn), showing how changes 

in the two variables are related to each other. This covariance was normalized by dividing it by the sum of 

standard deviations, thus obtaining Pearson correlation coefficients, which showed that port container flows are 

closely related to each other (Figure 4). 

 

 
 

Figure 4. Correlation of container flows 

 

The Figure 4 shows the pairwise Pearson correlation coefficients between container handling in Klaipeda, Riga, 

and Tallinn in 2005–2024. The value on the diagonal (each port with itself) is 1.00, while Klaipeda–Riga: 0.80, 

Riga–Tallinn: 0.79, Klaipeda–Tallinn: 0.63. All values obtained are positive, therefore container handling flows 

at the ports move in the same direction: when one port experiences growth, the other port also records growth 

in container flows. 0.80 and 0.79 – strong positive correlation (approximately 64% and 62% of the variation in 

one port is linearly explained by the variation in the other, because R(2)=ρ(2). 0.63 – moderate positive correlation 

(~40% of the variation is explained). The high indicators obtained show a common sensitivity to the same 
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external factors: global trade cycles (the 2008–2009 crisis, the 2020 pandemic), supply chain disruptions, and 

geopolitical changes in 2022. The Klaipeda–Tallinn correlation is lower, probably due to different transit 

dependencies. The surges in container handling at the Port of Klaipeda in 2018 and 2022–2024 were not as 

pronounced in Tallinn, while the Port of Riga is geographically and functionally located between Klaipeda and 

Tallinn, so its dynamics are very close to those of its two neighbors. High interdependence means systemic risk: 

route redistributions or economic downturns simultaneously affect the entire Baltic corridor. This is important 

from a sustainability perspective, as synchronous peaks increase the risk of congestion, downtime, and 

additional emissions across the region.  

 

Container handling trends in Baltic ports are directly linked to the principles of sustainable development. The 

increasing cargo volumes in Klaipeda and Riga show that these ports are using their infrastructure efficiently 

and investing in modernization, which allows them to optimize energy costs, reduce emissions, and ensure more 

efficient management of the logistics chain. The projected growth encourages the introduction of more green 

technologies, such as electrified cargo handling equipment, renewable energy-powered vehicles, and smart 

terminal management systems. Such solutions help reduce CO₂ emissions per container handled, contributing 

to the region's climate goals. Meanwhile, the slower growth rate and data volatility of the Port of Tallinn may 

indicate lower investment in long-term sustainability measures or a more fragmented market. However, it is 

precisely this result that may serve as an incentive to strengthen sustainability strategies, attract innovative 

logistics projects, and increase the region's competitiveness in the future. 

 

Conclusions 

 

CAGR analysis shows that between 2005 and 2024, the port of Klaipeda grew the fastest (9.35%), followed by 

Riga (5.90%) at an average rate, and Tallinn (1.94%) at the slowest rate, which leads to the conclusion that 

Klaipeda remains the regional leader in terms of growth rate. 

 

The future success of the Port of Klaipeda depends not only on geopolitical and economic factors, but also on 

strategic decisions to invest in sustainable technologies and logistics innovations that would ensure not only 

economic growth but also the achievement of environmental goals.  

 

Klaipeda stands out with the highest growth potential, Riga is characterized by moderate growth but is more 

dependent on transit, and Tallinn, although it has limited potential, is the most suitable for targeted sustainable 

innovations. 

 

 In terms of sustainability, the success of all three ports will depend on how effectively they can balance 

economic growth aspirations with environmental commitments and social responsibility. 

 

The results of the flow correlation show that there is a very strong positive correlation (close to +1) between 

the ports of Klaipeda and Riga, which means that changes in cargo handling at these ports usually follow the 

same direction. The correlation between the ports of Klaipeda and Tallinn is moderately positive – flows in 

Tallinn move in a similar direction, but less synchronously. The correlation between the ports of Riga and 

Tallinn is quite strong and positive, indicating that both ports tend to experience similar trends. 
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