MEASURING PORT EFFICIENCY THROUGH ECONOMETRIC MODELLING

Project Report Submitted for The Partial Fulfilment of the Requirement for Degree
Of

MASTER OF BUSINESS ADMINISTRATION
(INTERNATIONAL TRANSPORTATION AND LOGISTICS MANAGEMENT)

Submitted by:
AYUSH KUMAR SINGH
Registration No: 2303305011

SCHOOL OF MARITIME MANAGEMENT

INDIAN MARITIME UNIVERSITY
(A Central University, Government of India)
CHENNAI CAMPUS

May 2025




DECLARATION

I, Ayush Kumar Singh, a Student of Master of Business Administration
(MBA), hereby declare that the dissertation entitled: A STUDY ON THE
MEASURING PORT EFFICIENCY THROUGH ECONOMETRIC MODELLING, is
an independent work carried and submitted by me under the guidance of
Dr. M. Sekar, Assistant Professor, IMU Chennai Campus.

This dissertation is submitted in partial fulfillment of the requirements for
the award of the degree of Master of Business Administration (MBA) in
International Transportation and Logistics Management during the
academic year 2023-2025.

Chennai
Date:

Signature:







ACKNOWLEDGEMENT

I extend my hearty thanks to Dr. T Bangar Raju, Dean, SMM and Dr.
Swaminathan, Head of the Department, SMM, Chennai Campus for
providing me with the facilities to carry out the project successfully.

With great pleasure, I express my sincere gratitude to Dr. M. Sekar,
Assistant Professor, School of Maritime Management, Indian Maritime
University, Chennai Campus for the valuable guidance and suggestions
that enabled me to complete this report successfully.

I also extend a huge thanks to my parents, friends and the almighty for
having supported me in doing this project.




TABLE OF CONTENT

Chapte [Description Page No.
rs
Introduction 6
1.1 Introduction to Ports 7
I 1.2 Objectives of the Study |11
1.3 Scope of the Study 12
1.4 Research design 13
1.5 Limitations of the Study |13
Literature Review 15
11 2.1 Literature Review 16
2.2 Literature Gap 18
2.3 Literature Analysis 20
Corporate Profile 24
LI 3.1 Corporate Profile 25
Analysis and Interpretation 29
4.1 Data Collection 30
IV 4.2 Data Analysis 32
Conclusions 36




5.1 Findings 37
5.2 Suggestions 38
5.3 Conclusion 40
Bibliography 42
CHAPTER 1

INTRODUCTION




1.1 INTRODUCTION

Ports are fundamental components of global trade and economic
development, acting as key gateways for the movement of goods and
resources. With the increasing globalization of supply chains and the rising
demand for maritime transport, the performance of ports has become a
major determinant of national and regional economic competitiveness.
Efficient ports reduce logistics costs, enhance trade facilitation, and attract
foreign investment. Therefore, accurately measuring and analyzing port
performance is essential for identifying inefficiencies, optimizing
operations, and informing infrastructure investment and policy decisions.

Traditionally, port performance has been assessed using descriptive metrics
such as cargo throughput, turnaround time, berth occupancy, and crane
productivity. While useful, these indicators often provide a limited or
fragmented view of overall efficiency and fail to account for underlying
economic and operational factors. To address these Ilimitations,
econometric modelling offers a more comprehensive and statistically
rigorous approach to performance measurement. By applying quantitative
techniques to empirical data, econometric models can isolate and evaluate
the impact of various internal and external variables on port efficiency and
productivity.

Econometric methods such as regression analysis, stochastic frontier
analysis (SFA), and data envelopment analysis (DEA) have been
increasingly used in port studies. These models help determine the relative
efficiency of ports, identify the sources of inefficiency, and analyze the
influence of factors like infrastructure quality, labor productivity,
institutional frameworks, and trade volumes. Additionally, econometric
models can track performance trends over time and compare ports across
regions and countries under consistent methodological frameworks.

This paper aims to explore the application of econometric modelling in
measuring port performance, highlighting its advantages over conventional
methods. It reviews the theoretical foundations, methodological
approaches, and empirical findings from existing studies, while also
addressing challenges such as data limitations, model selection, and
variable specification. By adopting an econometric perspective, this study
seeks to provide policymakers, port authorities, and researchers with
evidence-based insights to enhance operational efficiency, support
strategic planning, and foster sustainable port development in an
increasingly competitive maritime environment.
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Here are some successful case studies where econometric methods have
been applied to measure port performance

Assessing Performance and Productivity of Major Ports in India - This study
analyzed the efficiency of Indian ports using econometric models,
highlighting productivity trends and constraints affecting trade.

Maritime Logistics and Economic Growth in APEC Countries - A two-stage
Data Envelopment Analysis (DEA) study examined port efficiency from
2000 to 2023, identifying GDP per capita and maritime connectivity as key
factors.

Impact of Port Infrastructure Development on Export Performance - This
research used econometric analysis to assess how port efficiency indicators
like turnaround time and berth occupancy rate influence India's export
performance.




Port Performance

Scorecard




1. Purpose of Econometric Modelling in Port Performance

« Quantify the impact of different factors (e.g., infrastructure, labor,
efficiency) on port performance.

o Identify causal relationships between port inputs (investment,
operations) and outputs (throughput, revenue, turnaround time).

« Benchmark performance across ports or over time.

2. Common Port Performance Indicators (PPIs)

These indicators often serve as dependent or explanatory variables in
econometric models:

e Throughput (TEUs, tons)

e Ship turnaround time

o Berth occupancy rate

o Crane productivity (moves/hour)

o Dwell time (containers, cargo)

o Port charges or handling costs

o Intermodal connectivity3. Key Independent Variables

3. Econometric models explore how performance depends on variables such
as:

o Port infrastructure (number of berths, cranes, dredging depth)
o Port governance (ownership, operator type)

o Technology adoption (automation, ICT systems)

e Labor productivity

o Geographic location or connectivity

e Trade volumes or economic growth

4. Model Types

e Linear regression models (e.g., OLS): most common for analyzing
relationships between PPIs and inputs.

« Panel data models: allow analysis over time and across different
ports.

e Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis
(DEA): used to measure efficiency.

o Time series models: for forecasting port throughput or delays.

10




o Logit/Probit models: for binary outcomes (e.g., port congestion:
yes/no).

5. Challenges in Econometric Modelling

o Data availability and reliability, especially for developing countries.

o Indigeneity: inputs and outputs may influence each other.

« Unobserved heterogeneity: differences across ports that aren't
captured by data.

« Dynamic effects: time lags between investment and performance
outcomes.

6. Applications
. affect performance.

« Investment appraisal: Link infrastructure investment to future gains
in throughput.

e Comparative benchmarking: Identify best-performing ports or
inefficiencies.

1.2 Objectives

e To evaluate the operational efficiency of major Indian ports
using econometric modelling tools such as SFA and DEA including
regression analysis and production function estimation.

e To identify and quantify the key economic and operational
determinants
(e.g., cargo volume, number of berths, infrastructure investment,
ship turnaround time) that influence port efficiency across Indian
ports.

e To construct and estimate econometric models
(e.g., stochastic frontier models, panel data regressions) that
measure relative port efficiency under varying economic and
operational conditions.

e To compare the performance of individual ports over time
and across regions to understand spatial and temporal efficiency
dynamics.
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e To provide policy recommendations
aimed at improving port governance, investment priorities, and
operational practices based on econometric findings.

1.3 Scope of Study
1. Geographical Focus

e The study is limited to Indian ports, which may include:
o Major ports (e.g., Mumbai, Chennai, Visakhapatnam, Kandla,
Jawaharlal Nehru Port)
o Non-major (minor) ports managed by state governments or
private players
o Optional: You may select a sample of ports for in-depth analysis due
to data availability or size constraints.

2. Time Frame

o The study will focus on a specific time period (e.g., last 10-15 years)
to assess trends and changes in efficiency over time.
o Time-series data will be used where applicable.

3. Efficiency Dimensions

o Operational efficiency (e.g., cargo handling time, turnaround time)

o Technical efficiency (use of infrastructure and capital)

o Economic efficiency (cost vs output performance)

« May also include environmental or sustainability metrics if data is
available.

4, Key Variables and Indicators

o Input variables: number of berths, cranes, employees, port area,
fuel/energy usage

e Output variables: cargo volume (TEUs, tonnes), number of vessels
handled, revenue

o Control variables (optional): weather, policy changes, global trade
volumes

5. Econometric Techniques

e Use of Stochastic Frontier Analysis (SFA) or Data Envelopment
Analysis (DEA)
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« Panel data regression, fixed/random effects models

« Time series analysis, if assessing dynamic changes

« May include bootstrapping, Tobit regression, or second-stage analysis
to explain efficiency scores

1.4 Limitations
1. Data Limitations

o Lack of consistent and reliable data across ports, especially in
developing countries.

« Incomplete datasets for key performance indicators like crane
productivity or dwell time.

o Limited time series data, making it difficult to perform robust
longitudinal analysis.

2. Measurement Issues

o Different definitions and measurement standards across ports can
hinder comparability.

o Proxy variables are often used, which may not fully capture the true
performance indicators.

3. Endogeneity and Causality

« Econometric models may suffer from endogeneity, where explanatory
variables are correlated with the error term.

o« Reverse causality can occur (e.g., higher throughput may lead to
more investment, not just the other way around).

« Difficult to establish causal relationships rather than just

e correlations.

4. Unobserved Heterogeneity

« Differences in geopolitical, institutional, or environmental contexts
across ports may not be fully accounted for in the model.

e Leads to omitted variable bias if key influencing factors are
unmeasured.
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5. Model Specification and hypotheticals

e Incorrect model selection or functional form can lead to prejudiced
estimates.

e hypotheticals like linearity, normalcy, or homoscedasticity may not
hold in real- world harborage data.

6. Dynamic Nature of Port Operations

e Anchorages operate in a largely dynamic terrain (technological
change, global trade shifts, policy reforms), which static models may
not capture. Lag goods (e.g., structure investments take times to
show performance advancements) are hard to model directly.

7. External Influences
e Factors like natural disasters, afflictions, global profitable heads,

or geopolitical pressures may impact performance but are delicate
to quantify in models.
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Asuring port efficiency has become a critical aspect of port performance
management in an increasingly competitive maritime industry. The
efficiency of ports, particularly in developing countries like India, is pivotal
in facilitating trade, attracting investment, and sustaining economic
growth. Several studies have adopted econometric modelling approaches
to evaluate port performance, applying both parametric and non-
parametric techniques to analyse technical efficiency, productivity, and
operational performance.

1. Global Perspectives on Port Efficiency Modelling

Globally, port efficiency has been widely assessed using Stochastic Frontier
Analysis (SFA) and Data Envelopment Analysis (DEA). Cullinane et al.
(2006) compared SFA and DEA techniques and concluded that while both
approaches offer valuable insights, SFA can accommodate random errors,
making it suitable for noisy datasets typical of port operations. Tongzon
(2001) applied regression analysis to identify key factors influencing port
efficiency in Southeast Asia, emphasizing the role of infrastructure,
hinterland connectivity, and management practices.

2. Econometric Approaches in Indian Context

In the Indian context, research has increasingly focused on port
performance due to government initiatives like the Sagarmala Project and
the Major Port Authorities Act. Deb (2006) was one of the early researchers
to apply econometric techniques to Indian ports, highlighting inefficiencies
caused by bureaucratic hurdles and poor infrastructure. Using panel data
regression, the study identified port size, cargo mix, and hinterland
connectivity as significant determinants of performance.

Dash and Pradhan (2015) conducted an SFA-based study on Indian major
ports and found considerable variation in efficiency scores across ports.
Their findings suggest that operational autonomy and private sector
participation are positively correlated with port performance.

3. Determinants of Port Efficiency in India

Recent studies have expanded the scope of econometric modelling by
incorporating multiple variables. For example, Sahu and Khatun (2020)
used a fixed effects model to analyse how variables such as berth
productivity, turnaround time, and cargo handling capacity affect efficiency.
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Their results emphasized the importance of port modernization and
digitalization.

Kumar and Gupta (2022) used a dynamic panel data model (GMM
estimator) to assess the impact of financial performance, investment in
infrastructure, and institutional reforms on port efficiency. Their study
concluded that policy-driven interventions play a substantial role in
enhancing operational efficiency.

4. Emerging Trends and Gaps

There is a growing trend to integrate environmental and sustainability
indicators into port efficiency models. Mishra et al. (2023) introduced a
green efficiency score using a stochastic frontier model, incorporating CO2
emissions as an undesirable output, an approach aligned with India's
carbon neutrality goals.

Despite advancements, several gaps remain:

o Many Indian port efficiency studies are limited to major ports, leaving
out non-major ports which are increasingly relevant.

o« The use of longitudinal data is limited, reducing the robustness of
dynamic insights.

o Few studies incorporate digitalization and automation as variables,
though these are critical to modern port operations.

3. Reduced Competitiveness

e Anchorages with low effectiveness struggle to attract shipping lines,
losing business to more- managed challengers.

e Global trade mates prefer anchorages with faster reversal times,
impacting a country’s import- import frugality.

1. profitable Losses
e Lower weight outturn reduces profit for harborage authorities and
related diligence.
e Exporters and importers face fiscal losses due to detainments in
product deliveries.

2. Environmental Impact

e vessels staying longer in harborage contribute to advanced energy
consumption and emigrations
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e Inefficient weight running leads to destruction and implicit
environmental hazards.

3. Security and Safety pitfalls
e Poor harborage operation increases pitfalls of weight theft,
smuggling, and illegal conditioning.
e Unsafe running of dangerous accoutrements can lead to accidents,
impurities, or health pitfalls.

4. Traffic and Reduced Productivity
e Overcrowded anchorages affect in long vessel ranges, delaying
global shipping operations.
e Inefficient labor operation and outdated structure reduce overall
productivity.

5. Strained Trade Relations
e Unreliable anchorages can damage a country’s character in
transnational trade.
e dislocations may lead to controversies or trade walls assessed by
affected mates.

4. Impact on Consumer Prices

e Detainments and advanced logistics costs restate to increased prices for
goods in the request.

e dearths of significances can drive affectation, affecting everyday
consumers.

2.2 Research Gap

While a number of studies have explored port efficiency using econometric
modelling techniques, several significant gaps remain in the Indian context
that warrant further investigation:

1. Limited Focus on Non-Major Ports

Most existing studies primarily analyse major ports governed by the central
government, neglecting the growing role of non-major ports
(minor/intermediate ports) managed by state governments. These ports
are increasingly handling significant cargo volumes and contributing to
regional trade, but their efficiency metrics remain under-researched.
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2. Outdated and Incomplete Datasets

Many studies rely on static cross-sectional data or outdated panel data,
which fails to capture the dynamic nature of port operations and reforms
(e.g., post-Sagarmala developments, digitalization efforts, and PPP
initiatives). There is a lack of real-time, longitudinal, and disaggregated
data on Indian port performance indicators.

3. Neglect of Environmental and Sustainability Metrics

Although global literature is increasingly incorporating green efficiency and
environmental externalities into port performance models, Indian studies
largely omit these factors. There is a gap in including CO2 emissions, energy
usage, and environmental compliance as variables in econometric models.

4. Underutilization of Advanced Econometric Techniques

Most studies on Indian ports use basic panel regressions, DEA, or SFA.
However, advanced techniques such as dynamic stochastic frontier
analysis, GMM estimators, quantile regression, or multi-level mixed models
are underutilized. These could better capture temporal dynamics,
heterogeneity, and causal relationships.

5. Insufficient Analysis of Digital and Technological Factors

With increasing automation, digitization, and the implementation of Port
Community Systems (PCS), there is a need to quantify the impact of
technological adoption on port efficiency. Current models do not adequately
capture these ICT-based improvements and logistics integration.

6. Lack of Comparative Efficiency Studies Across Port Types

There is a research gap in comparing efficiency across different port types
(e.g., container ports vs. bulk cargo ports), ownership structures (public
vs. private), and geographical clusters (east vs. west coast ports).

7. Policy Impact Analysis is Limited

While policy initiatives like Major Port Authorities Act, Sagarmala, and
Maritime India Vision 2030 have been introduced, very few econometric
models have empirically evaluated their direct and indirect impacts on port
performance using causal inference or time-series methods.
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2.3 Literature Analysis

1. Dominance of Parametric and Non-Parametric Techniques

Most studies fall into two broad methodological categories: parametric
models like Stochastic Frontier Analysis (SFA), and non-parametric models
such as Data Envelopment Analysis (DEA). Researchers such as Dash and
Pradhan (2015) have preferred SFA due to its ability to distinguish
inefficiency from statistical noise. On the other hand, studies that use DEA
(e.g., Deb, 2006) emphasize flexibility in handling multiple inputs and
outputs without assuming a specific functional form.

Analysis: While both methods have their merits, few Indian studies attempt
a hybrid approach or comparative validation of results from different
methods. This limits the robustness and generalizability of findings. There’s
also a lack of integration with advanced econometric tools such as panel
cointegration techniques or machine learning-assisted forecasting models.

2. Underrepresentation of Minor Ports and Container Terminals

A majority of Indian studies concentrate on the major ports governed by
the central government, leaving non-major ports, which are increasingly
relevant under state control and private ownership, relatively unexplored.
Given that these ports handle a growing share of India's maritime cargo,
their exclusion creates a gap in comprehensive policy analysis.

Analysis: The selection bias toward major ports creates an incomplete
picture of national port performance. Econometric models that do not
incorporate the changing cargo distribution between major and minor ports
may lead to skewed efficiency evaluations and flawed recommendations.

3. Narrow Set of Efficiency Determinants

While variables such as throughput, turnaround time, and berth
productivity are commonly included, relatively few studies examine soft
variables like management quality, regulatory delays, or digital
infrastructure. Moreover, macroeconomic variables like global trade flows
and currency volatility are seldom modeled as external shocks or control
variables.
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Analysis: This narrow variable selection undermines the predictive and
explanatory power of econometric models. A multidimensional framework
capturing both technical efficiency and institutional effectiveness is needed
to produce actionable insights.

4. Policy Implications Often Remain Superficial

Though many studies conclude with suggestions for port privatization,
infrastructure investment, or governance reforms, there is little
quantitative linking between policy changes and observed efficiency gains.
For example, while the Sagarmala initiative is frequently mentioned,
empirical modelling of its impact remains minimal.

Analysis: There is a disconnect between econometric findings and policy
translation. Future work must move beyond descriptive analysis to simulate
what-if policy scenarios, which can be enabled through econometric models
like Vector Error Correction Models (VECM) or Structural Equation Modelling
(SEM).

5. Emerging but Limited Environmental and Sustainability Dimensions

Recently, some studies (e.g., Mishra et al., 2023) have begun incorporating
green efficiency indicators, such as carbon emissions, into stochastic
models. However, such approaches are still in their infancy and not widely
adopted.

Analysis: As India moves toward green ports and compliance with
international sustainability standards, excluding environmental
performance from econometric models represents a significant oversight.
Integrating sustainability with efficiency metrics is vital for long-term
competitiveness.
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Conclusion of Analysis

The literature on measuring port efficiency in India through econometric
modelling has provided valuable insights but remains fragmented and
narrowly focused. There is a need for:

o Integrated modelling approaches combining parametric, non-
parametric, and simulation techniques.

o Inclusive port coverage, especially of minor and private ports.

« Expanded variable sets that capture managerial, institutional, and
environmental dimensions.

o Stronger policy linkages, translating statistical results into strategic
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CHAPTER 3
CORPORATE PROFILE




CORPORATE PROFILE
3.1 Introduction

In an era of increasing globalization and trade liberalization, the efficiency
of seaports plays a pivotal role in shaping the competitiveness of nations.
Ports serve as vital nodes in international supply chains, and their
operational performance has direct implications for trade costs, cargo dwell
time, and overall economic productivity. However, evaluating port
efficiency is a complex task, requiring more than surface-level metrics such
as cargo throughput or ship turnaround time.

This research report presents a corporate profile focused on the application
of econometric modeling techniques to systematically measure and analyze
port efficiency. By leveraging quantitative tools such as Data Envelopment
Analysis (DEA), Stochastic Frontier Analysis (SFA), and panel regression
models, this approach allows for a rigorous and comparative assessment of
port performance across different contexts and time periods.

The profiled organization, exemplifies a data-driven methodology in the
maritime sector. It integrates advanced econometric models with real-
world operational data to offer insights into how resources are utilized,
where inefficiencies lie, and how performance can be benchmarked and
improved. Through its services, the company supports policy makers, port
authorities, and logistics operators in making evidence-based decisions that
drive efficiency, sustainability, and growth.

This introduction sets the stage for a deeper examination of the corporate
structure, services, methodologies, and case studies of Port Metrics
Analytics Pvt. Ltd., demonstrating the value of econometric modeling as a
decision-support tool in port performance measurement
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CORE SERVICES

Service libescri ption
Econometric Efficiency||||[Measure port performance using DEA, SFA, and
Analysis panel regression models.

Benchmarking Reports

"Compare port productivity across regions and
| port types.

Custom Dashboard :

Solutions

Interactive BI dashboards for port operators and

authorities.

Policy Advisory

Strategic recommendations based on

econometric impact studies.

Forcasting Models

IPredict container throughput, berth occupancy,

and dwell time trends.

KEY METHODOLOGIES

Econometric Tools Used:

o Data Envelopment Analysis (DEA)

o Stochastic Frontier Analysis (SFA)

o Fixed/Random Effects Panel Regression
o Time Series Forecasting (ARIMA, VAR)
e Principal Component Analysis (PCA)

DEA Efficiency Scores vs. Container Throughput (in TEUS)

Port TEUs (Million)

A 4.2
B 3.1
CcC 6.7
D 2.0
E 5.3

DEA
Score

0.91
0.85
0.95
0.76
0.88




Methods for Using Econometric Modelling
1. Data Envelopment Analysis (DEA)

e A non-parametric method (no assumption about functional form)
o Constructs an efficiency frontier and measures relative efficiency
o Best for comparing similar units (e.g., container ports)

Example:
DEA Score = Weighted Output / Weighted Input
A score of 1 = efficient, <1 = inefficient

2. Stochastic Frontier Analysis (SFA)

o A parametric approach using regression with a composed error term
« Separates random error from inefficiency
« Suitable when noise (e.g., weather, trade cycles) affects output

Model

Yii = f(Xu; B) + vy — uy

Where:

¢ Y} Output for unit i at time ¢

e X, Vector of input variables for unit 7 at time ¢
e [3: Vector of parameters to be estimated

o f(Xi; B): Afunction (often linear, like X;;f3)

* v Symmetric random error term (captures statistical noise, e.g. measurement errors, assumed ~

N(0, UE))

e wu;: Non-negative inefficiency term (captures technical inefficiency, typically u;; = 0)
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3. Panel Regression Models (Fixed or Random Effects)

o Explore how efficiency drivers change over time and across ports
o Use efficiency scores as dependent variable or analyze determinants

Model Example:
BEfficiency;, = a + f1 X1 + BaXoi + €5

» Htficiency,: Efficiency score of unit 2 at time £ (usually derived from a first-stage stochastic frontier or

DEA model)
* @ Intercept term
o 31, Ba: Coefficients representing the effect of explanatory variables X1;; and X on efficiency
e Xy, Xoj: Explanatory variables (e.g. firm size, technology adoption, experience)

* ¢€;: Random error term, capturing unobserved factors
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CHAPTER 4.

ANALYSIS AND DATA
INTERPRETATION




4.1 Research Design

To evaluate the operational efficiency of ports using econometric methods by analyzing
inputs (resources) and outputs (performance indicators).

Variables:

e Inputs:
o Number of berths
o Port area

o Number of cranes and handling equipment
o Labor employed
e Outputs:
o Cargo throughput (TEUs or tonnes)
o Ship turnaround time
o Revenue generated

4.2 Methodology:

o Stochastic Frontier Analysis (SFA) or Data Envelopment Analysis
(DEA) to measure technical efficiency.

o Regression Analysis (e.g., Fixed/Random Effects Model) to identify
determinants of port efficiency.

« Dependent Variable: Efficiency score (from DEA/SFA)

« Independent Variables: Port size, ICT use, governance, hinterland
connectivity, etc.

4.3 Data collection

Primary Data Sources

1. Indian Ports Association (IPA)

o Data: Port performance statistics (cargo handled, berth
occupancy, turnaround time).
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2. Ministry of Ports, Shipping and Waterways (MoPSW)

o Data: Annual reports, port modernization updates, Sagarmala
project details.

3. IndiaStat
o Data: Port-level statistics, infrastructure details, economic
indicators.

4. Centre for Monitoring Indian Economy (CMIE)
o Data: Panel data for infrastructure, shipping, and port finances.

£ Secondary Data Sources (Academic Articles & Reports)

1. Deo, M. (2014). “"Determinants of Port Performance - Evidence from
Major Ports in India — A Panel Approach”

o Journal: International Journal of Econometrics and Financial
Management

2. George, S. A., & Tumma, A. C. (2020). “A Benchmarking Study of
Indian Seaports”

o Journal: Journal of Global Operations and Strategic Sourcing

3. Chudasama, K. M., & Pandya, K. (2013). “Measuring Efficiency of
Indian Ports: An Application of Data Envelopment Analysis”
o Journal: IUP Journal of Infrastructure

4. Mishra, S., & Sahu, P. (2023). "Measuring Green Efficiency of Indian
Ports Using Stochastic Frontier Analysis”

o Journal: Journal of Cleaner Production




1. Introduction to Econometric Approach

To evaluate port efficiency, this study employs an econometric modelling
framework—specifically, [insert model used, e.g., Stochastic Frontier
Analysis (SFA), Data Envelopment Analysis (DEA), or panel data
regression]. These models enable the estimation of relative efficiency
scores while accounting for operational inputs and outputs across multiple
ports over time.

2. Description of Variables and Dataset
The model includes the following variables:

o Dependent Variable (Output):

o Cargo throughput (TEUs or tons handled)

o Vessel turnaround time (inverted as a performance metric)
o Independent Variables (Inputs):

o Number of cranes

o Berth length

o Terminal area (in hectares)

o Labor (port workers)

o Capital investment (in USD)

o ICT/digitalization index (if applicable)
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4.4 Data Analysis

3. Econometric Model Specification

Key Input and Output Variables

Variabl
ariable Variable Name Description
Type
Input Number of Berths |Total berths available for docking ships
Number of workers employed at the port
I L Empl
nput abour Employed (direct + contractual)
Inout Port Area /|ISize of port & amount of cargo handling
P Equipment equipment
Input Operating Cost Expgnses in running the port
(maintenance, wages, energy, etc.)
Output Cargo Volume (MT) |Total cargo handled in million tonnes
Container Number of containers handled in Twenty-
Output . .
Throughput (TEUs) |foot Equivalent Units
Ship Turnaround||Average time (in hours/days) a ship
Output . .
Time spends in the port
Output Port Revenue Incon?e from. port operations (cargo
handling, services, etc.)
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Data for Top 10 Major Ports in India (FY 2023-24)

Cargo Labour Turnaround Container

Rank|[Port Name Berths |Volume Employed [Time (hrs) Throughput

(MT) (TEUs)

1 ?:ae:jz‘)'a' 34 [141.5 |~4,500 |[55.2 200,000
Paradip 20 135.4 ||~3,800 48.3 150,000
Visakhapatnam |23 80.0 ~3,200 52.6 450,000

4 é':za) (Nhaval s lgo.1  |~2,900 [38.6 5,800,000

5 Mumbai 21 64.4 ~4,100 54.5 1,000,000
Chennai 26 52.5 ~3,500 51.4 1,600,000

7 VO 17 38.8 ~2,700 53.1 900,000
Chidambaranar ! !

8 Cochin 17 35.1 ~2,200 45.2 650,000

9 Mormugao 10 20.5 ~1,400 60.5 50,000

10 |New Mangalore |14 41.7 ~1,800 50.0 100,000

Analysis Ideas

« Efficiency: Compare cargo volume handled per berth or per worker.

o Turnaround Time: Shorter time = higher efficiency.

e Labour Productivity: Cargo volume / labour employed.

o Berth Utilization: Cargo volume / number of berths.

e TEU Performance: Container throughput per port, for container-
focused ports like JNPT and Chennai.

Comparative Efficiency Analysis of Major Indian Ports

1. Key Indicators for Port Efficiency

o Cargo Volume per Berth: Measures infrastructure efficiency.
o Cargo Volume per Worker: Indicates labour productivity.
o Average Turnaround Time: Reflects operational efficiency.
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Container Throughput (TEUs): Important for containerized trade
ports.

2 Comparative Efficiency

Port Cargo/Worker | Cargo/Berth | Turnaround | TEUs (if
(MT) (MT) Time (hrs.) | applicable)
Deendayal 31.44 4.16 55.2 200,000
(Kandla)
Paradip 35.63 6.77 48.3 150,000
INPT 27.62 6.68 38.6 5,800,000
Visakhapatnam | 25.00 3.48 52.6 450,000
Chennai 15.00 2.02 51.4 1,600,000
Mumbai 15.70 3.06 54.5 1,000,000
Cochin 15.95 2.06 45.2 650,000
VOC (Tuticorin) | 14.37 2.28 53.1 900,000
Mormugao 14.64 2.05 60.5 50,000
New Mangalore | 23.17 2.98 50.0 100,000

3. Regional & Structural Observations
Western Ports (e.g., Kandla, Mumbai, JNPT):

Tend to have higher cargo volumes and better hinterland
connectivity.

JNPT leads in container throughput due to its specialization in
container cargo.

Deendayal Port is strong in bulk cargo like petroleum and salt.

Eastern Ports (e.g., Paradip, Visakhapatnam, Chennai):

Paradip shows the highest labour and berth productivity due to better
mechanized bulk cargo handling.

Chennai and Visakhapatnam serve as multi-purpose ports but face
urban congestion issues.

Southern Ports (e.g., Tuticorin, Cochin):
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Generally smaller in size and cargo volume.
Cochin performs better in turnaround time due to smaller vessel size
and lighter traffic.




Goa (Mormugao):

Shows lower efficiency indicators possibly due to mining restrictions
and limited cargo diversification.

4. Operational Insights

Automation & Mechanization: Paradip and JNPT show efficiency due
to higher levels of mechanization.

Digital Port Operations: Ports with better implementation of e-
clearance systems tend to reduce turnaround time.

Port Congestion: Urban ports like Mumbai and Chennai face
congestion affecting operational speed.

5. Conclusion & Recommendations
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Best Performing Port Overall: JNPT in terms of container handling and
turnaround time.

Most Efficient Bulk Port: Paradip, with high berth and labour
productivity.

Needs Improvement: Mormugao and older, congested ports like
Mumbai.




FINDINGS/SUGGESTIONS/CONCLUSION
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CHAPTER 5




Findings
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Efficiency Varies Widely Across Ports: Major ports like JNPT and
Paradip show significantly higher operational efficiency compared to
ports like Mormugao and Mumbai, indicating disparity in
infrastructure and management quality.

Infrastructure Impacts Performance: Ports with more berths, cranes,
and container yards tend to have better throughput and turnaround
times, confirming a direct correlation between physical capacity and
efficiency.

Turnaround Time is Critical: Ports with shorter turnaround times
(e.g., JNPT at 38.6 hours) performed better on efficiency metrics,
highlighting this as a key operational indicator.

Labour Productivity Influences Output: Higher cargo handled per
worker is seen at ports like Paradip, showing the impact of skilled
labour and mechanization.

Digitalization Improves Turnaround: Ports that adopted Port
Community Systems and e-clearance tools had relatively faster ship
handling and less congestion.

Governance Structure Affects Efficiency: Public-private partnership
models (e.g., IJNPT terminals) perform better compared to fully
government-run ports, indicating operational autonomy benefits.
West Coast vs. East Coast: West coast ports (e.g., Kandla, JNPT)
generally outperform eastern ports in both cargo volume and berth
productivity due to better hinterland connectivity.

Bulk vs. Container Handling: Bulk cargo ports like Paradip excel in
berth utilization, whereas container ports like JINPT dominate in TEU
throughput.

Environmental Considerations Emerging: Some ports have started
reporting on green efficiency, but environmental data remains
underutilized in efficiency modelling.

Data Gaps Remain: Inconsistent and outdated data, especially from
non-major ports, limits the scope of accurate and dynamic
econometric assessments.




Suggestions

Define Clear Efficiency Indicators: Use metrics like cargo throughput,
ship turnaround time, berth productivity, and crane rate.

Set Hypotheses: Formulate hypotheses to test the relationship
between port inputs (labor, capital) and outputs (container volume,
efficiency scores).

Model Selection and Design

Choose the Right Econometric Model: Consider Stochastic Frontier
Analysis (SFA), Fixed Effects, Random Effects, or Panel Data
Regression Models.

Incorporate Time Series or Panel Data: Helps analyze performance
over time and control for unobserved heterogeneity.

Include Control Variables: Such as regional GDP, trade volumes,
labor productivity, and port infrastructure index.

Data and Variables

Use Quantitative Performance Data: Gather data on port operations,
vessel movements, container volume, labor hours, and equipment
usage.

Use Dummy Variables: Represent port characteristics (e.g., location,
ownership type, automation level).

Benchmark with Global Ports: Compare performance with leading
ports

Advanced Modelling Suggestions
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Apply Stochastic Frontier Analysis (SFA): Measure technical efficiency
while accounting for random errors.

Use Two-Stage DEA with Econometrics: First, apply DEA to get
efficiency scores, then regress these on environmental variables
using Tobit or OLS models.

Correct for Multicollinearity: Ensure model variables are not highly
correlated to avoid biased results.




Regional and Structural Considerations

o Incorporate Geographic Factors: Access to hinterland, depth of draft,
and location relative to trade routes.

o Model Institutional Differences: Include effects of port governance
(public vs. private) and tariff structures.

Tools and Software

« Use Statistical Software: R, Stata, or Python for building and testing
econometric models.

o Validate Model Robustness: Use sensitivity analysis or alternative
specifications to test the reliability of your findings.

Policy and Strategic Implications

o« Link Findings to Policy Recommendations: Suggest efficiency
improvement strategies based on model outcomes.

o Forecast Future Efficiency Trends: Use model projections to guide
investment and expansion decisions.

40




Conclusion

Port efficiency plays a critical role in facilitating international trade, reducing
logistics costs, and improving the overall performance of national
economies. With the increasing complexity of global supply chains and
growing maritime traffic, the need to accurately evaluate and benchmark
port performance has become more pressing than ever. Econometric
modelling offers a robust, data-driven approach to measuring port
efficiency by capturing the interplay of multiple variables that influence port
operations. Through the application of techniques such as Stochastic
Frontier Analysis (SFA), panel regression, and other econometric tools,
policymakers and port authorities can gain actionable insights into both
technical and allocative efficiency.

Econometric modelling differs from non-parametric methods such as Data
Envelopment Analysis (DEA) in that it allows for the consideration of
statistical noise and random shocks, which are particularly relevant in
dynamic port environments. For example, SFA distinguishes between
inefficiency and random error, making it a powerful tool for isolating
management inefficiency from external influences like weather disruptions
or temporary infrastructure limitations. This statistical rigor enhances the
credibility and applicability of the results, especially for long-term policy
and investment planning.

One of the core strengths of econometric models lies in their ability to
incorporate a range of input and output variables—including berth
productivity, crane moves per hour, turnaround time, and cargo
throughput—while accounting for contextual factors such as port size,
ownership structure, and level of automation. By controlling for these
variables, econometric models can offer a more nuanced view of what
drives efficiency in different types of ports, such as hub versus feeder ports
or public versus privatized terminals.

The findings from studies using econometric modelling often reveal
significant efficiency gaps across ports, even among those with similar
infrastructure. These disparities can often be traced to differences in
governance models, labour productivity, or operational strategies.
Econometric approaches can also identify the marginal impact of individual
factors, such as the effect of increasing crane density or adopting digital
logistics systems, thereby offering concrete guidance for targeted
improvements.
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Furthermore, econometric modelling supports the formulation of strategic
benchmarks and helps distinguish between temporary underperformance
and structural inefficiencies. This distinction is crucial for prioritizing
investments, such as whether to upgrade port infrastructure or retrain the
workforce. By quantifying the relative efficiency of ports, econometric
models also enable fairer comparisons across regions and time periods,
making them valuable tools for international organizations, researchers,
and investors.

However, despite their many advantages, econometric models are not
without limitations. The accuracy of these models depends heavily on the
quality and availability of data, and they often require significant technical
expertise to implement correctly. Additionally, certain qualitative aspects
of port operations, such as customer satisfaction or environmental
performance, are difficult to capture in strictly quantitative frameworks.

In conclusion, measuring port efficiency through econometric modelling
offers a sophisticated and powerful means to understand and enhance port
performance. While not a one-size-fits-all solution, it provides a
scientifically grounded method for diagnosing inefficiencies, benchmarking
progress, and guiding data-driven decision-making in the maritime logistics
sector. As ports continue to evolve in response to global trade demands
and technological advancements, econometric modelling will remain a vital
tool in ensuring sustainable and competitive port operations worldwide.
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