
Volume 9, Issue 7, July – 2024                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                  https://doi.org/10.38124/ijisrt/IJISRT24JUL1927 

 

 

IJISRT24JUL1927                                                               www.ijisrt.com                                                                                  3395  

The Constraints of Narrow  

Channels: Implications for Multimodal Logistics 
 

 

Ibrahim Meshari 

Higher Institute of Telecommunication and Navigation, PAAET, Kuwait 

 

 

Abstract:- Narrow passages, whether man made, place 

limitations, on the efficiency of multimodal logistics 

activities by affecting factors like ship size, cargo capacity, 

speed of transit and operational effectiveness. This paper 

delves into the impact of these constraints on logistics and 

supply chain management emphasizing the importance of 

developing approaches to overcome these obstacles. Key 

areas of study include how ships behave in waterways, 

scheduling and simulating traffic flow establishing 

passing protocols and reducing risks related to grounding 

incidents. The study also explores how technological 

advancements like ships and sophisticated navigation 

systems can improve safety and operational efficiency. 

Furthermore, it examines the benefits of integrating 

water routes into the broader supply chain network to 

enhance logistics performance and sustainability. 

Ultimately this research aims to offer insights for 

optimizing logistics operations in channels with a focus, 

on enhancing strategies and reducing transit times. 
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I. INTRODUCTION 

 

Narrow channels, whether natural waterways or 

artificial constructs, present unique challenges to logistics 

operations. These challenges influence vessel size, cargo 

capacity, transit speed, and operational efficiency. 

Understanding and addressing these challenges is crucial for 

various transportation modes, including maritime, inland 

waterways, and potentially air and land-based logistics that 

interact with water transport. The impact on global supply 

chains, economic efficiency, and environmental 
sustainability highlights the importance of this issue. 

 

Research on narrow channels and transportation 

systems covers a wide range of topics. For example, studies 

on vessel behavior in narrow waterways provide valuable 

insights into navigational dynamics and the risks of confined 

maritime paths (Yao et al.). The complexities of scheduling 

and simulating maritime traffic in congested waterways have 

also been explored, offering strategies to optimize traffic flow 

and minimize delays (Özlem et al. 267-281). 

 
Another critical area of research is ships overtaking 

boundaries in narrow waterways. Safe passing protocols are 

essential to prevent collisions and ensure smooth operations 

(Liu and Li). Additionally, the safe operation of ships in 

seaports has been extensively studied, emphasizing the need 
for precise navigation and operational guidelines to maintain 

safety and efficiency in these high-stakes environments 

(Gucma 22-29). 

 

The risk of grounding in narrow waterways requires 

detailed analysis and risk mitigation strategies to protect 

vessels and cargo (Özlem et al. 656-672). Research has also 

focused on determining the maximum safe parameters of 

ships in complex port waterways systems, providing valuable 

data for port authorities and shipping companies to enhance 

operational safety (Gucma et al. 22-29). Furthermore, 
developing a generalized method for determining safe 

maneuvering areas for vessels has been a significant 

advancement, offering a framework for safe navigation in 

various maritime contexts (Gucma et al. 22-29). 

 

The integration of inland waterway transport into the 

intermodal supply chain has been examined, highlighting the 

potential of inland waterways to streamline logistics 

operations and reduce environmental impact (Caris et al. 

126). The development of container barge transport on small 

waterways has also been explored, demonstrating the benefits 

of using smaller, more agile vessels to navigate narrow 
channels and enhance supply chain performance (Konings 

24-32). These studies collectively emphasize the importance 

of inland navigation and small waterways in improving 

supply chain service performance and expanding 

transportation systems. 

 

 Aim 

The core objective of this research is to study the critical 

elements affecting logistic transportation efficiency in narrow 

channels and suggest innovative solutions for improving the 

same. The knowledge that will be gained from this study is 
intended to be input toward better strategies regarding 

logistics operations and reduction of transit times through a 

complete understanding of the bottlenecks and constraints 

presented by narrow channels. 

 

Research along these lines has focused on the effects of 

multiparticle occupancy, interparticle interactions, and non-

single-file transport in narrow channels. It has further 

considered the effect of channel width on sediment transport 

efficiency; in this regard, narrow channels are more efficient 

at low discharges, while wider channels are better at high 
discharges. This was reported by Cook et al. (3702-3713). 

Furthermore, it was hypothesized that the rapid transport of 
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water in the narrow channels was because of more restrictions 

of the hydrogen bond in the channel (Ohba et al.1077-1082). 

 

In the logistics innovation field, researchers have 

examined the generative mechanisms behind the adoption of 

logistics innovations with special emphasis on artifact and 

solution design to enable adoption. Tanskanen et al. bring out 

that research streams have identified the importance of 
boundary spanners and innovation for driving dyadic 

performance, knowledge sharing, and logistics innovation 

(92). 

 

II. CONTENT 

 

 Definition and Characteristics of Narrow Channels 

Narrow channels, in the context of logistics, refer to 

constrained pathways that limit logistical operations and 

affect distribution strategies. These constraints significantly 

shape the logistics environment by imposing limitations on 
distribution activities. Kramarz and Kmiecik highlight the 

role of logistics operators in managing omni-channel 

networks, where narrow channels often pose coordination 

challenges. Kozlenkova et al. discuss the integration of 

marketing and logistics, emphasizing the effects of narrow 

channels on supply chain management. These studies 

underscore the importance of understanding narrow channels' 

unique characteristics and the resultant logistical challenges, 

such as restricted vessel size, reduced cargo capacity, 

increased transit times, and higher operational costs, to 

improve logistics efficiency. 

 
 Impact of Narrow Channels on Logistics 

Narrow channels significantly impact logistics by 

imposing physical constraints that affect various aspects of 

transportation and supply chain management. Notteboom and 

Neyens discuss how these constraints, such as vessel size 

restrictions, necessitate integration in the supply chain to 

maintain efficiency. Similarly, Notteboom highlights the 

challenges of capacity constraints on seaport operations and 

the role of alliances and vessel adjustments in mitigating 

these issues. Song underscores the need for strategic planning 

in container shipping to address capacity constraints. Ghaderi 
examines the potential of autonomous vessels to overcome 

speed limitations and capacity challenges in narrow channels, 

offering a technological solution to improve logistics 

efficiency. Lee and Wong analyze the legal and logistical 

impacts of the Suez Canal blockage, illustrating the critical 

challenges posed by narrow channels on global supply chains. 

Liu et al. present models for optimizing berth planning and 

ship scheduling in ports with channel restrictions, and Hesse 

discusses how e-commerce and digital technologies can help 

mitigate the logistical challenges posed by narrow 

distribution channels. Collectively, these studies highlight the 

profound impact of narrow channels on logistics operations, 
affecting vessel size, cargo capacity, transit times, and 

operational costs, while offering various strategies and 

solutions to address these challenges. 

 

 

 

 Case Studies and Technological Advancements in 

Logistics 

The practical applications of emerging technologies in 

logistics, particularly for narrow channels, are explored in 

several key papers. Burmeister, Bruhn, and Rødseth discuss 

how unmanned ships can enhance navigational safety by 

leveraging autonomous technologies. Fiedler, Bosse, and 

Gehlken examine the impact of autonomous vehicles on port 
infrastructure, noting how these innovations can alleviate 

narrow channel constraints. Andrei, Scarlat, and Ioanid 

explore the role of autonomous maritime technologies in e-

commerce logistics, emphasizing sustainable practices and 

efficiency improvements. Peeters et al. present the design and 

experiments of an unmanned inland cargo vessel, showcasing 

advancements in addressing narrow channel challenges. 

Burmeister, Bruhn, and Rødseth also investigate autonomous 

unmanned merchant vessels and their role in e-navigation, 

highlighting their efficiency benefits. Zhang et al. provide a 

state-of-the-art survey of collision-avoidance systems for 
autonomous ships, addressing navigation challenges. Ghaderi 

discusses the broader implications of autonomous vessels for 

the maritime industry, while Aslam and Michaelides survey 

the Internet of Ships, focusing on its potential and challenges. 

Wang et al. review technologies for unmanned merchant 

ships, and Thombre, Zhao, and Ramm-Schmidt assess the 

role of sensors and AI in improving situational awareness for 

autonomous navigation. Collectively, these studies highlight 

how technological advancements, including autonomous 

vessels, advanced navigation systems, and digitalization, are 

transforming logistics operations and addressing the specific 

challenges posed by narrow channels. 

 

III. CONCLUSION 

 

Multimodal logistics operations are significantly 

affected by a number of intricate problems that arise when 

navigating narrow channels both man-made and natural. 

Consequently, these constraints impact vessel size, cargo 

capacity, transit speed and overall operational efficiency 

necessitating an understanding and addressing of challenges 

in order to improve global supply chains, economic efficiency 

and environmental sustainability.Research has brought to 
light several vital considerations when operating in narrow 

channels. For instance, research on vessel behavior in the 

confined spaces gives insights into navigational dynamics as 

well as risks associated with restricted maritime paths. Also, 

the studies on how best to schedule and simulate maritime 

traffic in congested areas offer strategies to optimize traffic 

flow while minimizing delays. Similarly overtaking protocols 

for safer navigation and operational guidelines enhance 

collision prevention measures thereby maintaining efficacy. 

Lastly, understanding grounding risk and determining safe 

manoeuvring parameters is important for ensuring safe 

operational conditions within complex port waterways.The 
integration of inland waterways into the intermodal supply 

chain presents opportunities to streamline logistics operations 

and reduce environmental impacts. This explains why there 

exists container barge transport studies in smaller waterways 

which bring out advantages of using small fast moving 

vessels that can go through narrows. 
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RECOMMENDATIONS 

 

To address the challenges posed by narrow channels in 

logistics, a ingenous  approach is necessary. Strategic 

investments in port infrastructure are crucial for mitigating 

capacity constraints and enhancing efficiency. Notteboom 

and Neyens underscore the need for optimizing port logistics 

through infrastructure development, which involves 
expanding channel widths and improving port facilities. 

Similarly, India emphasizes the importance of 

comprehensive planning and investment to overcome vessel 

size restrictions and limited capacity. 

 

Implementing advanced optimization models is also 

vital for tackling logistical challenges in narrow channels. 

Archetti, Peirano, and Speranza review various optimization 

techniques that can enhance multimodal freight 

transportation, focusing on route optimization and 

infrastructure improvements. Additionally, Belov et al. and 
de Bittencourt et al. propose frameworks for optimizing cargo 

assignment, fleet sizing, and delivery planning, which are 

essential for effective navigation in constrained 

environments. 

 

Sustainable and efficient vessel design plays a 

significant role in improving logistics in narrow channels. 

Dong, Christiansen, and Fagerholt present a case study on 

designing a sustainable maritime multi-modal distribution 

network, emphasizing how vessel design can address 

logistical constraints. This perspective is supported by Song’s 

review, which calls for enhancements in vessel design and 
logistics infrastructure to tackle narrow channel challenges. 

 

Technological advancements, such as the Internet of 

Ships and autonomous vessels, offer promising solutions for 

improving logistics operations in narrow channels. Aslam 

and Michaelides explore how the Internet of Ships can 

optimize route planning and infrastructure, while Burmeister, 

Bruhn, and Rødseth highlight the potential of unmanned ships 

to enhance navigational safety and efficiency. 

 

Lastly, expanding city logistics by water provides a 
viable approach to managing narrow channel constraints. 

Maes, Sys, and Vanelslander discuss the benefits of 

incorporating water-based logistics into urban transport 

systems, which can alleviate some of the challenges 

associated with narrow channels. Collectively, these 

strategies and innovations aim to enhance logistics efficiency 

and overcome the limitations imposed by narrow channel 

environments. 
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