THROUGHPUT FORECASTING, BLOCKCHAIN AND
SOCIAL MEDIA AFFORDANCES IN CONTAINER SUPPLY
CHAIN INDUSTRY: A MIXED METHOD STUDY

By
SONALI SHANKAR

Bharti School of Telecommunication Technology & Management

Submitted

in fulfilment of the requirements of the degree of

Doctor of Philosophy

to the

Bharti School of Telecommunication Technology and
Management

INDIAN INSTITUTE OF TECHNOLOGY DELHI
July 2022



DEDICATED TO MY BELOVED MOTHER,

TARUNA SHANKAR

F77 91T §1 7T 8 37T G5%T Y AT &1/



CERTIFICATE

This is to certify that the thesis entitled “Throughput Forecasting, Blockchain and
Social Media Affordances in Container Supply Chain Industry: A Mixed Method
Study” being submitted by Sonali Shankar to the Indian Institute of Technology Delhi for
the award of the degree of Doctor of Philosophy is a bonafide record of original research
work carried out by her. She has worked under my supervision and has fulfilled the

requirements for the submission of the thesis, which has reached the requisite standard.

The results contained in this thesis have not been submitted, in part or full, to any

other University or Institute for the award of any degree or diploma.

(Prof. P.llavarasan Vigneswara)
Department of Management Studies
Indian Institute of Technology Delhi
New Delhi-110016, India.

Date:



ACKNOWLEDGEMENT

I would like to express my profound respect and great sense of gratitude to my Ph.D.
supervisor, Prof. P. Vigneswara lllavarasan, for his unrelenting support during my Ph.D.
journey. | have been privileged to be his student. His scholarly inputs and constructive advice
motivated me to never lose hope and complete my Ph.D. on time. It is always a delight to
watch him teach with enormous professionalism and expertise. I look forward to making him

proud one day.

I would also like to thank my Student Research Committee members, Chairperson -
Prof. Brijesh Lall (Dept. of Electrical Engineering), Internal Expert - Prof. Arpan Kar (Dept.
of Management Studies, IIT Delhi); External Expert - Prof. S. P. Singh (Dept. of
Management Studies, IIT Delhi) for their time, encouragement, and support during various

phases of the research work and presentations.

I am highly grateful for the timely support provided by Prof. T. C. Kandpal (CES),
Prof. Shantanu Roy (Dept. of Chemical Engineering), Prof. S. D. Joshi (Dept. of Electrical
Engineering), Prof. Bhim Singh (Dept. of Electrical Engineering) and Dr. Sanjay Pande (11T

Delhi) at various stages of my Ph.D. journey.

| take this opportunity to express my gratitude towards Prof. Devender Bahadur
Thapa, University of Agder, Norway, for the knowledge of Affordance theory that he
bestowed upon me. | am thankful for his patience and valuable suggestions for making me

understand the basics of theory development.

Discussions conducted during conferences and on other occasions with Prof. Jingxin
Dong, Newcastle University, UK, have benefitted this research immensely. I wouldn’t have



been awarded the prestigious Commonwealth Split-Site Ph.D. Scholarship, 2019, without his

humble support at all stages of the application.

I would like to recognize the invaluable assistance of Capt. Amit Wason, NYK Line,
India, and Mr. Srinivas Mahankali, Chief Business, for helping me in every possible way to
solve my queries and give direction to my research. | would also like to acknowledge the

time and support of all the anonymous subject area experts for their valuable inputs.

| am indebted to the fellowship provided by the Indian Institute of Technology Delhi
(II'TD) that provided the financial support to complete this thesis and to present the portions
of its findings at various conferences. My sincere thanks to the faculty of IIT Delhi for
enhancing my knowledge through various courses which they taught. Each and every
member of the Bharti School’s administration, Accounts Section, PG Section, Office of the
Dean (students), and the staff members of DMS are humbly acknowledged for their
continuous and timely support throughout the Ph.D. | thank all colleagues and friends at 1T

Delhi for making this journey memorable.

My companion during the initial years of my Ph.D. and life partner during a later
period, Sushil Punia, my friend and husband, has helped me emotionally and professionally
during this journey. He has always encouraged me to extend the boundaries of my research
work by employing inter-disciplinary techniques. He has always raised important critical
questions about my work and instigated me to accommodate several research perspectives
while developing a research statement. This thesis would not have come to the present shape

without his constant support and input.



I am and will always remain grateful to my family for being there for me. My special
thanks to my younger sister, Ashvarya Shankar, who inspires me to better myself
professionally and personally every single day. The unconditional support of my father,
Gauri Shankar, who always got my back, gave me the strength to stand firm against wrong

and never give power to anyone to exploit mentally or academically.

| owe my eternal gratitude to my mother, Taruna Shankar, for everything | have
inspired for and achieved. Her abundant grace and unconditional love held me through. My
mother’s Ph.D. motivated me to take up this journey. I am fortunate to be your daughter.
This work and everything I have achieved and will continue to achieve in my life are always

dedicated to you, Maa.



ABSTRACT

An information system (IS) collects data from various business processes and
analyzes them for strategic, tactical, and operational decision-making. The growing
availability of large data and recent advances in machine learning have enabled IS driven
solutions in solving the problems in the operations and supply chain management field.
Traditionally, problems of supply chain management were largely tackled through
mathematical modeling and optimization and, in a few cases, through empirical studies. In
recent years, the focus of research is using cutting-edge technologies like artificial
intelligence, blockchain technology, and data analytics for solving the business problems.
The integration of IS has the potential to derive rules for effective directions and optimization

of the operations and supply chain management practices.

The present thesis examines issues touching upon the interaction of IS and container
supply chain areas. The inter-continental transportation of cargo is carried out in standardized
units of transfer known as containers. The container supply chain is one of the most crucial
supply chains for globalization and involves a large number of stakeholders like port
authority, shipping liners, freight forwarders, 3PL (third party logistics) and others. Efficient
use of IS tools and techniques can render huge cost benefits for the entire container supply
chain. The thesis uses a mixed-method approach to study three elements of information
systems, namely, process (machine learning-based forecasting process), technology
(blockchain technology), and people (container logistics industry responses or people via

social media) in the context of the container supply chain.
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Decision-makers use data-based models to extrapolate the patterns in historical data
to get insights about the future, incorporate into the optimization models to derive effective
solutions for the business problems. Deriving insights about future outcomes is known as
predictive analytics. The process of forecasting is used at all three decision levels (strategic,
tactical, and operational) for better management of capital, resources, and manpower. In this
study, a new process of forecasting using machine learning-based models is explored, and a
deep learning-based (long short-term memory network, LSTM) predictive analytics model

is developed for container throughput forecasting.

The research work is extended by accommodating the influence of external variables
on container throughput forecasting. In doing so, a novel deep learning-based hybrid
forecasting model (ARIMAX-LSTM) is proposed that takes into account the influence of 19

factors delineated by Triple-Bottom-Line (environment, economic, and social).

The thesis focuses on an emerging technology, blockchain and its potential adoption
or use in the container logistics industry. It uses qualitative research to collect and analyze
the data. Qualitative approach is considered suitable as the extant research is limited and
objective was exploratory in nature. The extant literature shares a very limited use cases of
blockchain in the container supply chain available on an open platform. Data were collected
using in-depth, semi-structured interviews with 18 experts from the container supply chain
and blockchain industries. Braun & Clarke’s (2006) step-wise method was utilized for
thematic analysis. This led to the identification of major themes from the data responses.
This study also uses secondary data provided by the experts that are relevant for the study.
Theory of affordances is employed to analyze the data and determine the potential solutions

to the contemporary challenges of container supply chain using blockchain technology. This

Vii



study extends the theory of affordances while studying the success and failure of the

technology used in an organization.

After studying the technology and process components, the thesis looks at the people
component by studying responses of the container logistics firms to COVID 19, using social
media analytics. The COVID19 pandemic has influenced the lives of people all around the
globe, directly or indirectly. The impact on the logistics industry was significant, and how
did these firms respond to the same with respect to the customers. Social media analytics is
carried out using machine learning techniques to determine the emergence of social media
affordances during the pandemic. The theory of affordances is employed to study the tweets
of container logistics firms listed in Fortune-500 and Alphaliner-100 lists. A total of 48 firms
were considered for the analysis. An initial set of data resulted in over 14000 tweets collected
over a period of 3 months when the first wave of Covid19 was at its peak. The study presents
the synthesis of the a) information dissemination, b) emerging roles of the container logistics
firms, and; c) social media affordances and collective engagement of the firms during the

pandemic.

The proposed models and methodologies have numerous applications across supply

chains of various industries, such as food, agriculture, pharmaceutical, and others.
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