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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 
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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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सार 

एक सूचना प्रणाली (आईएस) विविन्न व्यािसाविक प्रवििाओ ंसे डेटा एकत्र करती है और रणनीवतक, 

सामररक और पररचालन वनणणि लेने के वलए उनका विशे्लषण करती है। बडे आँकड़ो की बढ़ती उपलब्धता और 

मशीन लवनिंग के के्षत्र में हाल ही का प्रगवत ने संचालन और आपूवतण श्रंखला प्रबंधन के्षत्र में समस्याओ ंके वलए सूचना 

प्रणाली-आधाररत समाधान विकवसत करने पर संगठऩो ंका ध्यान आकवषणत वकिा है। परंपरागत रूप से, आपूवतण 

श्रंखला प्रबंधन की समस्याओ ंक़ो बडे पैमाने पर गवणतीि मॉडवलंग और अनुकूलन के माध्यम से और कुछ 

मामल़ो ंमें अनुििजन्य अध्यिऩो ंके माध्यम से वनपटािा जाता था। हाल के िषों में, अनुसंधान का ध्यान मशीन 

लवनिंग (कर वत्रम बुद्धिमत्ता), ब्लॉकचैन प्रौद्य़ोवगकी, डेटा विशे्लषण जैसी अत्याधुवनक तकनीक़ो ंका उपि़ोग करके 

आपूवतण श्रंखला प्रबंधन की व्यािसाविक समस्याओं क़ो हल करने की ओर बढ़ रहा है। आपूवतण श्रंखला प्रबंधन 

के वलए सूचना प्रणावलि़ो ंके एकीकरण में संचालन और आपूवतण श्रंखला के प्रिािी अनुकूलन के वलए वनिम 

प्राप्त करने की क्षमता है। 

िह अध्यिन आईएस और कंटेनर आपूवतण श्रंखला के्षत्ऱो ंकी बातचीत से संबंवधत मुद़्ो ंकी जांच करती 

है। माल के अंतर-महाद्वीपीि पररिहन क़ो कंटेनर के रूप में ज्ञात स्थानांतरण की मानकीकर त इकाइि़ो ंमें वकिा 

जाता है। कंटेनर आपूवतण श्रंखला िैश्वीकरण के वलए सबसे महत्वपूणण आपूवतण श्रंखलाओ ंमें से एक है और इसमें 

बडी संख्या में वहतधारक शावमल हैं जैसे प़ोटण अथॉररटी, वशवपंग लाइनसण, फे्रट फारिडणर, 3PL (थडण पाटी 

लॉवजद्धिक्स), आवि। सूचना प्रणाली उपकरण़ो ंऔर तकनीक़ो ंका कुशल उपि़ोग संपूणण कंटेनर आपूवतण श्रंखला 

के वलए िारी लाि प्रिान कर सकता है। नतीजतन, िह वनबंध सूचना प्रणाली के तीन तत्व़ो,ं अथाणत् प्रवििा 

(मशीन लवनिंग-आधाररत पूिाणनुमान प्रवििा), प्रौद्य़ोवगकी (ब्लॉकचैन प्रौद्य़ोवगकी), और ल़ोग़ो ं(स़ोशल मीवडिा के 

माध्यम से कंटेनर आपूवतण श्रंखला के ल़ोग), क़ो कंटेनर आपूवतण श्रंखला संििण में अध्यिन करने के वलए एक 

वमवश्त-विवध दृविक़ोण का उपि़ोग करती है।  
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वनणणिकत्ताण िविष्य के बारे में अंतदृणवि प्राप्त करने के वलए डेटा-आधाररत मॉडल विकवसत करते हैं और 

वफर व्यािसाविक समस्याओ ंका प्रिािी समाधान प्राप्त करने के वलए अंतदृणवि का उपि़ोग अनुकूलन मॉडल में 

करते हैं। िविष्य के पररणाम़ो ंके बारे में अंतदृणवि प्राप्त करना िविष्य कहनेिाला विशे्लषण के रूप में जाना जाता 

है। पंूजी, संसाधऩो ंऔर जनशद्धि के बेहतर प्रबंधन के वलए सिी तीन वनणणि स्तऱो ं(रणनीवतक, सामररक और 

पररचालन) पर पूिाणनुमान की िह प्रवििा का उपि़ोग वकिा जाता है। इस अध्यिन में मशीन लवनिंग-आधाररत 

मॉडल का उपि़ोग करके पूिाणनुमान की नई प्रवििा का पता लगािा गिा है, और कंटेनर थू्रपुट पूिाणनुमान के 

वलए एक डीप लवनिंग -आधाररत (िीर्णकावलक अल्पकावलक स्मरवत संजाल) िविष्य कहनेिाला विशे्लषण मॉडल 

विकवसत वकिा गिा है। कंटेनर थू्रपुट पूिाणनुमान पर बाहरी पिाणिरण के प्रिाि क़ो समाि़ोवजत वकिा गिा है। 

ऐसा करने के वलए, एक डीप लवनिंग-आधाररत हाइविड पूिाणनुमान मॉडल प्रस्तावित वकिा है ज़ो वटि पल-बॉटम-

लाइन (पिाणिरण, आवथणक और सामावजक) द्वारा वचवत्रत 19 कारक़ो ंके प्रिाि क़ो ध्यान में रखता है। 

कंटेनर आपूवतण श्रंखला में नई प्रौद्य़ोवगकी (ब्लॉकचैन) का अध्यिन करने के वलए एक पिवतगत विकल्प 

के रूप में गुणात्मक श़ोध क़ो चुना है। गुणात्मक दृविक़ोण क़ो उपिुि माना जा सकता है क़्ोवंक कंटेनर आपूवतण 

श्रंखला में ल़ोग ब्लॉकचेन तकनीक से पररवचत नही ंहै, ज़ोवक कंटेनर आपूवतण श्रंखला में ब्लॉकचैन के उपि़ोग के 

बहुत सीवमत उिाहरण से स्पि है। इस अध्यिन में कंटेनर आपूवतण श्रंखला और ब्लॉकचेन उद्य़ोग़ो ंके अठारह 

विशेषज्ञ़ो ंके अधण-संरवचत साक्षात्कार क़ो सद्धिवलत वकिा है। विषिगत विशे्लषण के वलए चरण-िार पिवत का 

उपि़ोग वकिा गिा है। इससे डेटा प्रवतवििाओं से प्रमुख विषि़ो ंकी पहचान हुई। इस अध्यिन में विशेषज्ञ़ो ंद्वारा 

उपलब्ध कराए गए वद्वतीिक आंकडे िी शावमल हैं ज़ो अध्यिन के वलए प्रासंवगक हैं। डेटा का विशे्लषण करने 

और ब्लॉकचेन प्रौद्य़ोवगकी का उपि़ोग करके कंटेनर आपूवतण श्रंखला की समकालीन चुनौवति़ो ंके संिावित 

समाधान वनधाणररत करने के वलए अफ़ोडेंस के वसिांत क़ो वनि़ोवजत वकिा जाता है। िह अध्यिन एक संगठन 

में उपि़ोग की जाने िाली तकनीक की सफलता और विफलता का अध्यिन करने से लेकर संगठन में संबंवधत 

चुनौवति़ो ंके वलए अनुिांवशक विशे्लषण प्रिान करता है ि अफ़ोडेंस के वसिांत का विस्तार करता है। 
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इस अध्यिन में स़ोशल मीवडिा विशे्लषण का उपि़ोग करने िाले ल़ोग़ो ंके कंटेनर रसि फमों का 

अध्यिन िी शावमल है। इस अध्यिन की अिवध के िौरान क़ोविड-१९ महामारी की एक िुिाणग्यपूणण र्टना र्टी। 

क़ोविड-19 महामारी ने प्रत्यक्ष िा अप्रत्यक्ष रूप से िुवनिा िर के ल़ोग़ो ंके जीिन क़ो प्रिावित वकिा है और िह 

उनके जीिन का एक महत्वपूणण अध्याि बन गिा है। श़ोधकताणओं ने इस अध्यिन में िी महामारी के अध्याि 

क़ो समाि़ोवजत करने का प्रिास वकिा है। महामारी के िौरान स़ोशल मीवडिा के अफ़ोडेंस के उद्भि क़ो 

वनधाणररत करने के वलए मशीन लवनिंग तकनीक़ो ंका उपि़ोग करके स़ोशल मीवडिा विशे्लषण वकिा है। अफ़ोडेंस 

के वसिांत क़ो अध्यिन करने के वलए फॉरू्च्णन-५०० और अल्फालाइनर-१०० सूवचि़ो ंमें सूचीबि कंटेनर रसि 

फमों के ट्वीट्स का उपि़ोग वकिा गिा है। विशे्लषण के वलए कुल 48 फमों पर विचार वकिा गिा। 3 महीने की 

अिवध में 14000 से अवधक ट्वीट एकत्र वकए गए। अध्यिन वनम्नवलद्धखत के संशे्लषण क़ो प्रसु्तत करता है: क) 

सूचना प्रसार, ख) कंटेनर रसि फमों की उिरती िूवमकाएं, और; ग) महामारी के िौरान स़ोशल मीवडिा के 

अफ़ोडेंस और फमों की सामूवहक िागीिारी। 

प्रस्तावित मॉडल और कािणप्रणाली के खाद्य, कर वष, ििा, और अन्य विविन्न उद्य़ोग़ो ंकी आपूवतण श्रंखलाओं 

में कई अनुप्रि़ोग हैं। 

  



 

xii 
 

TABLE OF CONTENTS 

CERTIFICATE........................................................................................ ii 

ACKNOWLEDGEMENT ...................................................................... iii 

ABSTRACT ............................................................................................ vi 

सार………………………………………………………………………...ix 

LIST OF ABBREVIATION ................................................................ xvii 

LIST OF FIGURES ............................................................................... xx 

LIST OF TABLES ............................................................................... xxii 

 

CHAPTER 1 – INTRODUCTION .......................................................... 1 

1.1 Introduction .................................................................................................... 1 

1.2 Motivation for the study ................................................................................ 3 

1.3 Background of Container Supply Chain ...................................................... 6 

1.3.1 Port Terminal ............................................................................................. 7 

1.3.2 Dry Port ..................................................................................................... 8 

1.3.3 Shipping Liner ........................................................................................... 8 

1.4 Container supply chain in an Indian Context ............................................. 9 

1.5 Container Throughput Forecasting ............................................................ 12 

1.5.1 Deep learning-based Long short Memory Network (LSTM) for demand 

forecasting .................................................................................................................... 13 

1.5.2 Performance matrix ................................................................................. 14 

1.6 Blockchain technology in container supply chain ..................................... 15 

1.7 Social media in Container supply chain ..................................................... 17 

1.8 Outline of the thesis ...................................................................................... 18 

1.9 Organization of the thesis ............................................................................ 19 

Concluding Remark ........................................................................................... 21 

 

 



 

xiii 
 

CHAPTER 2 – LITERATURE REVIEW ............................................23 

2.1 Introduction .................................................................................................. 23 

2.2.1 Thematic evolution of research in container supply chain ...................... 26 

2.2.2 Temporal evolution of research on container supply chain ..................... 31 

2.3 Literature Review on Forecasting in Container Supply Chain ............... 34 

2.3.1 Review on univariate container throughput forecasting .......................... 36 

2.3.2 Review on multivariate container throughput forecasting models .......... 38 

2.4 Literature review on the Blockchain Technology in Container Supply 

Chain ............................................................................................................................... 39 

2.5 Literature review on a Social Media in Container Supply Chain ........... 42 

2.6 Research gaps ............................................................................................... 43 

2.7 Research Questions ...................................................................................... 45 

2.8 Research Objectives ..................................................................................... 46 

2.9 Concluding Remark ..................................................................................... 46 

 

CHAPTER 3 – FORECASTING CONTAINER THROUGHPUT WITH 

LONG SHORT-TERM MEMORY NETWORKS ...............................47 

3.1 Introduction .............................................................................................. 47 

3.2 Background ................................................................................................... 48 

3.3 Methodology ................................................................................................. 50 

3.3.1 LSTM Network ....................................................................................... 50 

3.3.2 Hardware and software ............................................................................ 54 

3.3.3 Data collection ......................................................................................... 54 

3.3.4 Descriptive analytics ............................................................................... 55 

3.4 Result and analysis ....................................................................................... 57 

3.4.1 Performance analysis and results ............................................................. 57 

3.5 Discussion ...................................................................................................... 64 

3.6 Concluding Remark ..................................................................................... 67 

 



 

xiv 
 

CHAPTER 4 – MULTIVARIATE CONTAINER THROUGHPUT 

FORECASTING .................................................................................... 69 

4.1 Introduction .................................................................................................. 69 

4.2 Background ................................................................................................... 70 

4.3 Influencing factors of container throughput ............................................. 71 

4.4 Methodology ................................................................................................. 74 

4.4.1 Port selection for analysis ........................................................................ 74 

4.4.2 Data Preparation ...................................................................................... 76 

4.4.3 forecasting model .................................................................................... 77 

4.4.4 Principal component analysis (PCA) ....................................................... 79 

4.5 Container throughput forecasting .............................................................. 79 

4.5.1 Econometric model .................................................................................. 80 

4.5.2 Long-short term memory network ........................................................... 82 

4.5.3 Proposed ARIMAX-LSTM network ....................................................... 83 

4.6 Results and analysis ..................................................................................... 84 

4.6.1 Principal component analysis result ........................................................ 84 

4.6.1 Forecasting results ................................................................................... 87 

4.6.3 Statistical test results ............................................................................... 89 

4.7 Discussion ...................................................................................................... 90 

4.8 Concluding Remark ..................................................................................... 91 

 

CHAPTER 5 – BLOCKCHAIN IN CONTAINER SUPPLY CHAIN AND 

LOGISTICS ........................................................................................... 93 

5.1 Introduction .............................................................................................. 93 

5.2 Background ................................................................................................... 93 

5.3 Research design ............................................................................................ 95 

5.3.1 Theory of Affordances............................................................................. 96 

5.3.2 Data collection ......................................................................................... 97 

5.3.3 Preliminary data analysis ......................................................................... 98 

5.4 Emergence of affordances ......................................................................... 101 



 

xv 
 

5.4.1 Affordances of Visibility ....................................................................... 103 

5.4.2 Affordances of Controlled Asset Exchange .......................................... 104 

5.4.3 Affordances of Traceability ................................................................... 106 

5.5 Emergence of higher order affordances ................................................... 108 

5.5.1 Responsiveness ...................................................................................... 109 

5.5.2 Transparency ......................................................................................... 110 

5.5.3 Reliability and trust ............................................................................... 111 

5.5.4 Sustainability ......................................................................................... 112 

5.6 Discussions .................................................................................................. 113 

5.7 Concluding Remark ................................................................................... 115 

 

CHAPTER 6 – SOCIAL MEDIA AFFORDANCES OF CONTAINER 

LOGISTICS .......................................................................................... 117 

6.1 Introduction ............................................................................................ 117 

6.2 Social media affordances ........................................................................... 118 

6.3 Methodology ............................................................................................... 120 

6.3.1 Data collection ....................................................................................... 122 

6.3.2 Social media affordances ....................................................................... 124 

6.3.3 K-Means clustering ............................................................................... 126 

6.4 Connective Action Episode (CAE) ............................................................ 127 

6.4.1 Combat affordance underneath “Fight Corona” episode ....................... 128 

6.4.2 Resolute affordance underneath “Stay Safe” episode ........................... 129 

6.4.3 Acknowledgement affordance underneath “Thank You” episode ........ 130 

6.5 Cluster Analysis .......................................................................................... 131 

6.5.1 Roles of the actors ................................................................................. 133 

6.5.2 Role of actors in disseminating information in CAEs ........................... 133 

6.6 Emergence of affordances of Collective Engagement ............................. 136 

6.6.1 Hypothesis development ....................................................................... 138 

6.6.2 Hypotheses testing ................................................................................. 141 

6.7 Discussion .................................................................................................... 142 



 

xvi 
 

6.8 Concluding Remark ................................................................................... 143 

 

CHAPTER 7 – CONCLUSION, RECOMMENDATION AND FUTURE 

RESEARCH DIRECTIONS ............................................................... 145 

7.1 Introduction ............................................................................................ 145 

7.2 Contribution of the Study .......................................................................... 145 

7.3 Implications................................................................................................. 146 

7.3.1 Implications for the Researchers ........................................................... 147 

7.3.2 Implications for the Practitioners .......................................................... 150 

7.3.3 Implications for the Policymaker .......................................................... 152 

7.4 Revisiting the Research Questions ............................................................ 154 

7.5 Limitations and Future Research Directions........................................... 156 

7.6 Concluding Remarks.................................................................................. 157 

Appendix A........................................................................................... 159 

Appendix B………………………………………………………...……161 

Bibliography ......................................................................................... 169 

 



 

xvii 
 

LIST OF ABBREVIATION 

ANN: Artificial neural network 

AR: Autoregressive 

ARIMA: Autoregressive integrated moving average 

ARIMAX: Autoregressive integrated moving average with external regressors  

ARMAE: Average relative mean absolute error 

ARMAPE: Average relative mean absolute percentage error 

ARME: Average relative mean error 

ARMSE: Average relative mean squared error 

B2B: Business-to-business 

BC: Blockchain  

CAE: Connective action episode 

CE: Collective engagement 

CF: Conversion factor 

CFS: Container freight station 

CL: Container logistics 

CSC: Container supply chain 

CT: Container throughput 

DES: Double exponential smoothing 

DM: Diebold and Mariano Test  

DP: Dry port 

EDI: Electronic data interchange 



 

xviii 
 

ES: Exponential smoothing 

ETS: Error, trend and seasonality 

FC: Facilitating condition 

ICD: Inland container depot 

ICT: Information and communications technology 

IE: Information extraction 

IR: Information retrieval 

IS: Information systems 

LSTM: Long short memory network 

MA: Moving Average  

MAE: Mean absolute error  

MAPE: Mean absolute percentage error  

ME: Mean error  

PC1: Principal component one 

PC2: principal component two 

PCA: Principal components analysis  

PLA: Port of Los Angeles  

PSA: Port of Singapore authority 

ReLU: Rectified linear unit 

RMSE: Root mean squared error  

RNN: Recurrent neural network 

SARIMA: Seasonal autoregressive integrated moving average 

SCM: Supply chain management 



 

xix 
 

SES: Simple exponential smoothing 

SVR: Support vector machine 

TBATS: Trigonometric, box-cox transform, ARMA errors, trend and seasonal 

TEU: Twenty equivalent unit 

TPE: Tree-structured parzen estimator approach 

UNCTAD: United Nations conference on trade and development 

VAR: Vector autoregression 

WMW: Wilcoxon-Mann-Whitney 

  



 

xx 
 

LIST OF FIGURES  

Figure 1. 1: Framework of the thesis ......................................................................... 2 

Figure 1. 2: Different stakeholder in container supply chain ..................................... 7 

Figure 1. 3: Comparison of Logistics Cost (as percentage of GDP) ........................ 10 

Figure 2. 1: Word cloud of information systems applications ................................. 24 

Figure 2. 2: Thematic evolution of different areas in maritime transportation ........ 32 

Figure 3. 1: An unrolled recurrent neural network .................................................. 50 

Figure 3. 2: Architecture of LSTM memory cell ..................................................... 52 

Figure 3. 3: Monthly container throughput data at PSA .......................................... 55 

Figure 3. 4: Decomposition of time series data at PSA ........................................... 56 

Figure 3. 5: The actual and predicted volumes of the container at PSA .................. 64 

Figure 4. 1: Grouping of the influential factors w.r.t. the triple bottom line ........... 73 

Figure 4. 2: Container throughput at port of Log Angeles ...................................... 74 

Figure 4. 3: Decomposition of time series data of PLA .......................................... 75 

Figure 4. 4: Memory cell of the long-short term memory network ......................... 83 

Figure 4. 5: Flow diagram of the hybridization of ARIMAX and LSTM ............... 88 

Figure 5. 1: Research design .................................................................................... 95 

Figure 5. 2: Perceiving all the variables together .................................................... 96 

Figure 5. 3: Actualization of affordance of visibility ............................................ 104 

Figure 5. 4: Actualization of affordance of digital asset exchange ........................ 106 

Figure 5. 5: Actualization of affordance of traceability ......................................... 108 

Figure 5. 6: Clustering and cascading of affordances ............................................ 109 

Figure 6. 1: Proposed research design ................................................................... 122 



 

xxi 
 

Figure 6. 2: Social media affordances during Covid19 ......................................... 129 

Figure 6. 3: Emergence of affordance of collective engagement .......................... 138 

  



 

xxii 
 

LIST OF TABLES 

Table 1. 1: Shipping liner mergers ......................................................................................... 8 

Table 1. 2: List of Literature related to container supply chain employing blockchain…...15 

Table 2. 1: Contemporary topics of study in information systems for container supply chain

.............................................................................................................................................. 25 

Table 2. 2: List of sub-dimensions of the corpus of literature (from the year 2006 onwards)

.............................................................................................................................................. 27 

Table 2. 3: Number of papers published in each dimension ................................................ 30 

Table 2. 4: Models used for univariate container throughput forecasting ........................... 39 

Table 3. 1: Forecasting error matrix for monthly time series .............................................. 58 

Table 3. 2: Forecasting error matrix for the semi-annual time series .................................. 59 

Table 3. 3: Forecasting error matrix for the annual time series ........................................... 60 

Table 3. 4: MAPE results of different models for time series at PSA ................................. 60 

Table 3. 5: The p-value results from DM test………………………………………………62 

Table 4. 1: Correlation matrix of factors influencing container throughput forecasting ..... 80 

Table 4. 2: List of influencing factors in the first principal component .............................. 85 

Table 4. 3: List of influencing factors in the second principal component .......................... 85 

Table 4. 4: Relative error matrix for long-term forecasting................................................. 88 

Table 4. 5: Predictions of container throughput by ARIMAX-LSTM, ARIMAX, and     

LSTM ................................................................................................................................... 88 

Table 4. 6: The p-value result from Diebold-Mariano test .................................................. 89 

Table 5. 1: List of participants ............................................................................................. 96 

Table 5. 2: Identified challenges in container logistics........................................................ 98 



 

xxiii 
 

Table 5. 3: Summary of the findings ................................................................................. 100 

Table 6. 1: List of similar themes emerged as CAEs ......................................................... 122 

Table 6. 2: Key Twitter features used for clustering ......................................................... 124 

Table 6. 3: Summary of the three episodes ........................................................................ 127 

Table 6. 4: Comparing average feature use of Defender, Analyzer, and Prospector ......... 130 

Table 6. 5: Information dissemination of actors in three connective action episodes ....... 132 

Table 6. 6: Measurement of collective engagement .......................................................... 136 

Table 6. 7: Hypothesis testing results for defenders and prospectors ................................ 138 

 

 

 


