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Abstract: This study explores the issue of container imbalance at Chennai Port, a critical maritime hub in India, focusing
on the period from January 2023 to December 2024. Container imbalance—where the inflow and outflow of shipping
containers are misaligned—can severely disrupt port operations, increase costs, and affect trade efficiency. The research
utilizes the Container Availability Index (CAX), a weekly metric that reflects container surplus or shortage, to analyze
trends in container circulation at the port. Data collected over 24 months reveals that while 2023 exhibited relatively
stable container availability with limited shortages, 2024 experienced notable fluctuations, including multiple weeks of
critical shortages and even zero availability—particularly in the first and final quarters. These trends indicate rising
operational challenges for exporters, logistics providers, and port authorities, driven by uneven trade flows, delayed
repositioning, and infrastructure constraints. The study not only quantifies the extent of the imbalance but also assesses
its operational, financial, and environmental impacts. It concludes with strategic recommendations to improve container
management, reduce repositioning costs, and ensure smoother logistics flow at Chennai Port.

I.  INTRODUCTION

In today’s globalized economy, the seamless flow of goods through international shipping routes is crucial for sustaining
trade and supply chain efficiency. At the heart of this system lies the availability and proper circulation of shipping
containers. However, a persistent challenge confronting ports and shipping companies worldwide is container
imbalance—a situation where the number of containers arriving at and departing from a port is not in equilibrium. This
imbalance often leads to the accumulation of empty containers at import-dominant ports and a shortage at export-heavy
regions, disrupting global trade logistics.

Chennai Port, one of India’s major maritime gateways, plays a pivotal role in handling container traffic for both domestic
and international trade. Despite its strategic importance, the port has been experiencing the operational and economic
impacts of container imbalance. These include increased shipping costs due to repositioning of empty containers, port
congestion, and delays in cargo handling—affecting exporters, importers, and logistics providers alike. To analyze and
quantify this imbalance more effectively, researchers and industry stakeholders use the Container Availability Index
(CAXx)—a weekly metric that indicates whether a port has a surplus or shortage of containers. A CAXx value greater than
0.5 suggests a surplus (more containers entering than leaving), whereas a value below 0.5 indicates a deficit (fewer
containers available than needed). By studying the CAX trends at Chennai Port, this research aims to gain insights into
the scale and pattern of container imbalance, identify its root causes, and propose recommendations to enhance container
utilization and logistical efficiency.

Il. NEED FOR THE STUDY

The smooth movement of containers is crucial for global trade, but many ports, including Chennai Port, face challenges
like container imbalance — when there are too many import containers and not enough export containers. This imbalance
disrupts supply chains, increases shipping costs, and lowers port efficiency.The issue has become more prominent due to
global trade fluctuations, COVID-19 disruptions, and the growing use of containerized shipping. At Chennai Port, this
imbalance affects not only operations but also the region's competitiveness in trade.Although this problem is important,
there is limited research using real-time tools like the Container Availability Index (CAX) to study container movement
at Indian ports. This study will use CAx data to understand the scale of the imbalance at Chennai Port, identify the causes,
and suggest practical solutions for better container management.
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This study is especially useful for logistics companies, port authorities, shipping lines, and policymakers looking to
improve container repositioning, reduce inefficiencies, and boost India’s maritime trade.

I11. REVIEW OF LITERATURE

Rodrigue (2020) highlights that container imbalance is a direct result of trade asymmetry, where exporting nations like
China ship out significantly more goods than they import, causing empty containers to pile up in import-dominant
regions. This imbalance increases repositioning costs and contributes to delays in the supply chain. The imbalance is
further exacerbated by poor coordination between shipping lines, ports, and inland logistics providers.

UNCTAD (2023), in its Review of Maritime Transport, points out that developing nations often suffer from container
shortages during peak export seasons due to the inefficient return of empty containers. The report also stresses that port
infrastructure and digitalization significantly influence container turnaround times, further affecting container
availability.

Container xChange (2024) introduced the Container Availability Index (CAXx) to track global container movement
patterns and assess the availability of containers in real time. CAX scores above 0.50 typically indicate a surplus of
inbound containers, while scores below 0.50 reflect a scarcity. This index has been increasingly used by logistics
companies and researchers to measure port-level container dynamics and make strategic decisions.

Sharma & Kumar (2022) conducted a study on container imbalance in Indian ports and identified that inefficiencies in
logistics planning, low container utilization rates, and lack of export incentives contribute significantly to the imbalance.
They emphasized the role of digital tracking tools like CAx in providing real-time insights and enabling proactive
repositioning strategies.

Chaturvedi (2021) analyzed South Asian trade routes and emphasized that ports such as Chennai face frequent outbound
container shortages due to higher import-to-export ratios and dependency on foreign shipping lines for equipment control.
He suggested that regional container pooling and public-private coordination could help mitigate such imbalances.

Shipping Corporation of India (2024) acknowledged in its annual report that container imbalance not only increases
operational costs but also affects customer satisfaction. SCI has initiated repositioning and collaborative agreements with
port authorities and private carriers to address the issue at critical ports like Chennai.

Drewry Maritime Research (2023) projects that long-term container equipment imbalance can influence freight rates,
increase demurrage and detention charges, and lower port efficiency. They recommend data-sharing across stakeholders
and strategic container leasing as sustainable solutions.

IV. OBJECTIVES OF THE STUDY

Primary Objective
e To evaluate the extent of container imbalance at Chennai Port and its impact on port operations and trade
logistics.
Secondary Objectives:
e To analyze the trends in the Container Availability Index (CAX) at Chennai Port over a defined period.
To identify key factors contributing to container surplus or shortage at the port.
To examine the operational, financial, and environmental impacts of container imbalance.
To evaluate existing container management strategies and their effectiveness.
To provide actionable recommendations to improve container circulation and reduce repositioning costs.

V. SCOPE OF THE STUDY

This study is focused on Chennai Port, a critical node in India’s maritime infrastructure, particularly in relation to
containerized trade. The scope includes:

e Analysis of import-export container movement patterns.

e  Study of container utilization efficiency and turnaround times.

o Use of CAXx data to interpret container availability trends.

e Evaluation of port-level and shipping line-level strategies to address imbalance.
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e Consideration of both global and local factors influencing container flow at Chennai Port.
VI. LIMITATIONS

The study is limited to secondary data sources such as CAXx reports, port authority statistics, shipping line information,
and available trade reports. Primary field data is not collected due to time/resource constraints.

VIl. RESEARCH METHODOLOGY

The research methodology outlines the systematic approach adopted to evaluate container imbalance at Chennai Port. It
includes the research design, data collection methods, sources of data, analytical tools, and the rationale behind selecting
the Container Availability Index (CAX) as the key metric.

Research Design

This study adopts a descriptive and analytical research design. The descriptive part focuses on identifying and presenting
container movement trends, while the analytical aspect involves evaluating container availability using the CAX,
interpreting the causes of imbalances, and assessing their impact on the operations

Data Collection Methods

a) Secondary Data Collection:

e Container xChange CAXx Index: Weekly CAx data was retrieved from https://container-xchange.com, which
publishes container availability data globally based on pick-up and drop-off statistics from leasing platforms
and carrier networks.

e Port Statistics: Monthly throughput reports, container movement records, and cargo volume data from Chennai
Port Trust and Indian Port Association.

e Industry Reports: Academic papers, logistics journals, and trade publications relating to container imbalance,
port operations, and global trade patterns.

CONCEPTUAL FRAMEWORK STRUCTURE

INDEPENDENT MEDIATING DEPENDENT
VARIABLES ‘ VARIABLES ‘ VARIABLE
e Global trade  Container e Operational
imbalance Availability Index performance of
e Empty container (CAX) Chennai Port
repositioning
practices
e Port handling MODERATING VARIABLES
capacity
e Shipping line e Government trade policies
policies o Infrastructure development (e.g., dedicated freight corridors)
e Equipment e Technological adoption (e.g., Al, blockchain for visibility)
availability o Digital container tracking systems
e Seasonality in trade e Carrier alliances and cooperation

e Regional demand-
supply mismatch

e Pandemic or crisis
impacts

Sampling Design

e Time Frame: CAXx data was collected over a continuous period of Two years ( JAN 2023 to DEC 2024).
Analytical Tools and Techniques (Elaborated)
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This study utilizes a range of analytical tools to assess container availability trends and evaluate the extent of imbalance
at Chennai Port using CAx (Container Availability Index) data. The analysis is data-driven and aimed at understanding
weekly container flow patterns and their implications.

a) CAXx Index Analysis
The Container Availability Index (CAXx), developed by Container xChange, is a key metric that reflects the weekly
balance of container inflows and outflows at a port. The CAx value ranges between 0 and 1 and is interpreted as follows:
e CAXx<0.5: Indicates a shortage of containers—more containers are being picked up than dropped off.
e CAXx>0.5: Indicates a surplus of containers—more containers are being dropped off than picked up.
e CAXx =0.5: Suggests a balanced container flow.

b) Trend Analysis (January 2023 — December 2024)
Trend analysis was conducted by collecting weekly CAx data for Chennai Port over a 24-month period, from January
2023 to December 2024. The following aspects were examined:
e Visualization of weekly fluctuations through line graphs to detect recurring patterns, spikes, or sharp declines
in availability.
o Identification of seasonal trends such as increased container shortages during peak export periods or surpluses
during off-peak months.
e Observation of long-term structural shifts in container availability due to macroeconomic factors, policy
changes, or global disruptions (e.g., supply chain disturbances, trade slowdowns).

¢) Qualitative Impact Assessment
Although the research does not target a specific shipping line, the qualitative impact of container imbalance on
stakeholders at Chennai Port was assessed, focusing on the following areas:
e For Exporters and Importers:
» Shortages lead to booking delays and increased repositioning charges.
» Surpluses contribute to congestion and higher demurrage costs.
e For Port Authorities:
» Persistent surpluses burden yard storage and equipment utilization.
»  Shortages strain scheduling and turnaround times for vessels.
e For Logistics Providers:
> lrregular CAX patterns cause unpredictability in container planning and fleet deployment.
>
TREND ANALYSIS: CAX DATA INTERPRETATION FOR CHENNAI PORT (JAN 2023 — DEC 2024)
Year-wise Performance Summary
A. Year 2023 Overview

Location:

Chennai

100

75

© JIARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 1692


https://iarjset.com/
https://iarjset.com/
https://iarjset.com/

3
)

IARJSET ISSN (O) 2393-8021, ISSN (P) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.066 :: Peer-reviewed & Refereed journal :: Vol. 12, Issue 5, May 2025
DOI: 10.17148/IARJSET.2025.125289

Total weeks recorded: 52 weeks with data (Week 53 has CAx = 0, likely missing or end-of-year reporting
issue).
Surplus Weeks (CAx > 50): 46 weeks — indicating ample availability.
Shortage Weeks (CAXx < 50): 6 weeks — including:
o Week 8:48
Week 12: 49
Week 30: 44
Week 46: 45
Week 51: 42
Week 52: 44
Zero availability: Week 53 (CAx =0)
Peak CAX: 82 in Week 19, indicating extreme surplus.
Lowest CAx (non-zero): 42 in Week 51, suggesting minor but notable shortage.

O O O O O

Interpretation:

The year 2023 witnessed strong container availability, supporting regular port operations and export flows.
Shortages were sporadic, not sustained, and likely tied to seasonal export surges or repositioning delays.
Week 19’s high surplus may point to inbound congestion or delayed exports.

[£] B. Year 2024 Overview

Location:

Chennai

Index

100

75

Week

Total weeks recorded: 53 weeks.
Surplus Weeks (CAx > 50): 35 weeks
Shortage Weeks (CAx < 50): 16 weeks
o Major shortages occurred in Weeks 1, 2, 5, 7, 8, 10, 11, 12, 14, 15, 18, 20, 23, 26, 28, and 51-53.
Zero availability: Weeks 51, 52, and 53 — red flag for operations.
Peak CAXx: 75 in Week 30 — rebound phase post-midyear.
Lowest CAx (non-zero): 23 in Week 14 — critical shortage.

Interpretation:

The first half of 2024 (especially Weeks 1-20) shows inconsistent and low CAX, suggesting high container
demand due to exports or logistical delays.

The final quarter (Weeks 51-53) with zero container availability is alarming and likely signals severe
disruption in container repositioning, terminal operations, or equipment scarcity.

Although some recovery is seen mid-year (Week 30 onwards), it lacks sustainability compared to 2023.
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3. Comparative Insights: 2023 vs 2024

Metric 2023 2024

Weeks with Surplus (CAx > 50) 46 35

Weeks with Shortage (CAX < 50) 6 16

Weeks with CAx =0 1 3

Average CAX (approximate estimate) ~57 ~51

Peak Value 82 (Week 19) 75 (Week 30)
Lowest Value (non-zero) 42 23

Trend Observation:
e 2023 was stable and favorable for exporters with steady supply of containers.
e 2024 showed operational stress, especially in the first and last quarters, leading to higher vulnerability for
exporters and shipping lines.

4. Operational Implications
For Exporters:

e In 2024, exporters may have faced delays in shipments and increased cost due to equipment shortages. The weeks
with extremely low or zero CAx values would have disrupted planning cycles, especially for time-sensitive or
reefer goods.

For Shipping Lines:

e The surge in container shortages suggests possible inefficiencies in repositioning containers, impacting schedule
reliability and increasing dead freight or blank sailings. Shipping lines operating at Chennai Port may need to
enhance their fleet management, equipment pooling, and port coordination strategies.

For Port Authorities:

e The port needs to collaborate with inland container depots (ICDs), CFSs, and carriers to improve container
turnaround time and build buffer inventories during lean periods. The zero CAx values toward year-end reflect
possible systemic issues needing urgent attention, such as container hoarding, mismanagement, or data-reporting
delays.

5. Seasonal Trends
e Q1 (Jan—Mar 2024): Notable shortages, likely tied to new-year demand cycles and delayed imports.
o Q2 (Apr—Jun 2024): Moderate recovery begins, but intermittent dips still present.
o Q3 (Jul-Sep 2024): Highest consistency with surplus, peak in Week 30 — perhaps reflecting monsoon impact
reducing movement temporarily.
o Q4 (Oct-Dec 2024): Alarming drop, especially in Weeks 51-53 — potential cause: year-end congestion, export
pressure, or poor coordination.

SUGGESTIONS

e Leverage historical CAx data to identify patterns of shortage and surplus (e.g., consistent drops in Q1 and Q4
of 2024).

o Use Al/ML-based forecasting tools to predict upcoming container demand and repositioning requirements.

e Share these insights with stakeholders such as shipping lines, freight forwarders, and exporters to align container
planning with trade flow expectations.

e Shipping lines operating at Chennai Port should form collaborative alliances or participate in container sharing
agreements.

e Through container pooling, multiple lines can collectively manage container resources and optimize
repositioning efforts.

e  Encourage regional partnerships (e.g., with Colombo, Mundra, and Singapore ports) to maintain a resilient and
agile container supply chain.

e Expanding yard space to accommodate surplus containers.

e Improving rail/road connectivity to facilitate faster evacuation or repositioning.
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e Synchronizing port terminal schedules with shipping line rotations to prevent delays and pile-ups.
e Enable real-time berth planning and yard optimization using port community systems (PCS).
e Invest in loT-enabled container tracking systems to gain real-time insights on container location, status, and
turnaround times.
o Deploy integrated digital dashboards for stakeholders to view container inventory across:
o Terminals
o Inland Container Depots (ICDs)
o Container Freight Stations (CFSs)
e Use blockchain or shared ledgers for secure and transparent container data exchange.
e Identify historical shortage periods (e.g., early and late months of 2024) and proactively accumulate buffer stock
of empty containers.
e  Store these containers in strategic satellite locations around the port and in ICDs to facilitate rapid deployment.
e Allocate buffer inventory based on commaodity-specific export cycles (e.g., agri exports peak during harvest).

VIIL. CONCLUSION

The comprehensive analysis of the Container Availability Index (CAX) for Chennai Port over the two-year period from
January 2023 to December 2024 has revealed significant fluctuations in container availability, with marked periods of
shortages—particularly in early and late 2024. These trends highlight persistent structural and operational inefficiencies
in container management, particularly during high-demand periods. The comparison of year-on-year CAx values suggests
that while Chennai Port maintained a relatively stable container flow in 2023, it experienced increasing strain in 2024,
culminating in a complete drop in availability during the final weeks of the year.This trend is indicative of broader
challenges faced by Indian ports in adapting to the dynamic demands of global trade. Proactive strategies such as
predictive forecasting, regional container pooling, digital visibility platforms, and enhanced port infrastructure are crucial
for mitigating shortages and optimizing container circulation. Strengthening collaboration among stakeholders—shipping
lines, terminal operators, and logistics providers—is also essential to address these imbalances effectively.Going forward,
the port must adopt a data-driven, technology-enabled approach to container management to support sustainable and
resilient logistics operations. These strategic interventions will not only improve operational efficiency at Chennai Port
but also enhance India’s competitiveness in international shipping and trade.
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