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Management summary

SABIC is a petrochemical company that ships by-products of oil-extraction all across the world. This shipping
is done using large vessels originating from the Kingdom of Saudi Arabia. SABIC has twelve ports in Europe
at which they provide their chemicals. This research project focuses on the arrival accuracy of these vessels
in European ports.

Currently, SABIC Europe estimates 67% of all vessel to arrive within the arranged time window set by SABIC
in Saudi Arabia, a 67% arrival accuracy. SABIC Europe has gathered data regarding the vessel journey from
Saudi Arabia to Europe over the past 8 years. This historical data is gathered, cleaned and transformed into
useful data. This data is used to determine factors in the vessel journey which relate to the arrival accuracy of
the vessels.

In order to investigate the arrival accuracy, the problem solving cycle is used as a basis of research approach.
Within this cycle, the CRISP-DM model is used to perform the data analysis.

A multiple regression analysis was used to examine possible factors which related to the arrival accuracy of
the vessels. Three variables were found to relate to the arrival accuracy. These are the day a vessel arrives in
Saudi Arabia in relation to the arranged time window, the amount of time a vessel spends in Saudi Arabia
and the hours delay a vessel contracts in ports it visited in Europe.

The actual arrival accuracy was found to be 56,3%, not 67%. With an average lateness of 4 days to the center
of the arranged window.

The initial research proposal consisted of three research questions. Due to time constraints the first research
question has been the focus of this study. The preparation of the last two research questions remains within
this thesis. This is used as a basis for future research.
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. PROBLEM DEFINITION

1. Introduction

Over the past decades supply chain management (SCM) has become an essential part of having a
good competitive advantage (Li, Ragu-Nathan, Ragu-Nathan & Rao, 2006). With the objective of
SCM to “lower the total amount of resources required to provide the necessary level of customer
service” (Jones & Riley, 1985, p.18). According to Davis (1993) to meet this objective of customer
service, companies keep safety stock. This stock protects against uncertainties in the supply chain.
Davis proposes three distinctive sources of uncertainty: Supply, process and demand uncertainty.
These uncertainties impact the stock. In order to optimize the performance of a supply chain, it is
essential that these sources are measured and controlled. This project will focus on supply
uncertainty or more specifically: on the arrival accuracy of vessels at SABIC Europe.

SABIC

SABIC, or Saudi Basic Industries Company, was founded in September 1976 by royal decree in the
Kingdom of Saudi Arabia (KSA). Now the world’s fourth largest diversified petrochemical company,
it was the first Saudi Arabian company to use the by-products of oil extraction to produce value
added commodities such as chemicals, polymers and fertilizers for export. Currently employing over
34,000 people distributed over more than 50 countries worldwide. SABIC is a continuously growing
company with a 2017 annual sales revenue of over $39.9 billion and a net income of over $4.9 billion
(SABIC, 2018). 70% of the shares are government owned with the remaining 30% being publicly
traded on the Saudi stock exchange, making SABIC a public company. With the headquarters in
Riyadh (KSA), the company’s facilities are managed by four regional offices: Middle East & Africa,
Asia, The Americas and Europe. SABIC is composed of four Strategic Business Units (SBU):
Petrochemicals, Specialties, Agri-Nutrients and Metals.

1.1.1.  Import Team

SABIC Europe employs over 6,000 people in 12 manufacturing facilities, 3 technology centers and
numerous commercial sales offices in almost every country in Europe. The headquarters are located
in Sittard, the Netherlands. The organization within SABIC is divided by the products they offer. All
SBU’s have their own subdivision distinguished by their own products or substances. Appendix 1A
shows the structure under which this research project will take place. This project will remain under
the supply chain side of SC Liquids. In regard of this project, it is unnecessary to look into the other
subdivisions any further. This project will take place in the Import Team under the first subdivision of
SC Liquids: I. Plan To Make or otherwise known as the Planning & Optimization (P&QO) department.
This team is solely dealing with the import of Liquids from KSA to European ports with the help of
large vessels.

Project Introduction

The import team focusses on the transportation of readily prepared chemicals from KSA to several
ports in Europe. These chemicals are in liquid form and are measured in Metric Tons (MT), a
thousand MT is also referred to as a KT (Kilo Ton). KSA has two loadports, Jubail and Yanbu, at which
the Liquids are loaded. A vessel can load at both, or one of the loadports for one trip. The vessel
moves through the Suez Canal to the Mediterranean Sea to reach Europe and the designated ports.

Three months prior to the arrival of the shipment (T-3) the Sales & Operations Planning (S&OP) is
done by P&O. In this process the forecasted demand is made and the Requested laycan window is

5 Arrival Accuracy of Vessels SABIC / Version 1
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disclosed to KSA. This requested laycan window is a window consisting of 10 days in which the
shipment is desired to arrive (e.g. 1-10 June 2018). These windows are made for each individual
chemical at a designated port. KSA consolidates these demands and allocates them to a vessel and
proposes a nominated laycan window one month later
(T-2) in which they state their proposed arrival time (e.g. 5-15 June 2018).

The next month (T-1) the vessel is loaded at Jubail and/or Yanbu and sets sail to Europe. After about
a month (T), the vessel reaches its final destination on a specific date (e.g. 17" of June). (A visual
representation can be found in section 2.2.2.)

In the example above the shipment arrived too late, June 17", while the requested laycan window
was between June 1%t and 10" and the nominated laycan window between June 5" and 15%. This is
the main problem for this research project: The Arrival Accuracy. These vessels can be too early as
well. The arrival accuracy in this report is measured as the arrival time in comparison with the
nominated window, unless indicated otherwise. The main definition for arrival accuracy is therefore:

Bl 1 "GucErdo | OdeE) Qi ©'Q & SO G 6 ("QO UMEME ¢ G D0 RO WE Q& 0

Along with this definition of arrival accuracy come several factors (e.g. average lateness, average
earliness, standard deviation of lateness). These factors will be explained thoroughly in this report
when needed.

SABIC currently estimates an average of 67% arrival accuracy of vessels in all ports in Europe
combined. This includes vessels which are too late as well as vessel which are too early in relation to
the nominated laycan window. Inaccurate arrival times of vessels and no arrival prediction lead to
complications in three areas:

1. Strategic terminal capacity. Factors of the arrival accuracy with regard to the requested
laycan window are used input values for calculating the required on-shore tank size.

2. Tactical end of the month stock target. A measure for determining the stock needed at the
end of a month uses factors of the arrival accuracy with regard to the requested laycan
window is used as input value

3. Operational stock management. This covers the monitoring and control of inventory. Within
this area two problems occur:
a. Asurplus. This happens when a vessel arrives with a chemical, and the onshore
tank of that particular chemical is full.
b. A stock-out. This occurs when demand cannot be met because there is no stock of
the demanded chemical.

All these complications lead to additional costs and are therefore undesirable.

This research project focusses on the use of historical data to analyse the possible causes of arrival
inaccuracy, along with providing possible solutions in the form of change implementation and
accuracy prediction.

The approved project description is as follows:

“An analysis of historical data gathered by SABIC over the past years regarding the
various aspects of the vessel journey from Saudi Arabia to Europe. The outcome
covers the possible causes of inaccuracy in arrival time as well as a
recommendation for prediction or adjustment.”

6 Arrival Accuracy of Vessels SABIC / Version 1
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Structure of the Project

The methodology of this project is based on the problem solving cycle of Van Aken, Berends & Bij
(2012). This cycle is the basis for a regulated problem solving activity. The cycle (see Figure 1)
consists of five parts which, as a whole, make up the framework for creating a problem solution and
implementation. Due to the learning objectives and time constraint, this project will cover the first
three parts of the cycle, Problem definition, Analysis & diagnosis and the Solution design. Within the
Analysis & diagnosis part the CRISP-DM model from Chapman et al. (2000) will be used (see
section 4.3). The structure from the problem solving cycle can be found in the contents table. This
research proposal covers only the problem definition and the data description. Part Il and lll will be
available in the final report.

Problem

definition

/7

Evaluation

\

Implementation

Analysis &
diagnosis

Solution design

of solution

Figure 1 - The problem solving cycle (Van Aken et al., 2012)

Arrival Accuracy of Vessels SABIC / Version 1
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Data2Move

Data2Move is a big data initiative which tries to form a community of active partners sharing
knowledge and know-how regarding data analysis and its uses in supply chain management.
Students and academics from the Technical University Eindhoven and Tilburg University collaborate
with prominent industry partners to deliver results that are both practically and scientifically
relevant. Data2Move distinguishes four project charters:

Customer Sensing and Responding
Data-Driven Inventory Management
Data-Driven Last Mile

4. Supply Network Collaboration

wN e

This project is part of charter 2: Data-Driven inventory Management with its elaboration being:

Inventory control and optimization have been an essential part of every company's
supply chain. Having the right amount at the right place at the right moment is the
main objective of inventory control and optimization problems. Traditional
inventory practices do not make use of real-time data. This makes it difficult to cope
up with the time-varying processes. Many internal and external dynamic factors
might influence demand planning and inventory replenishment policies. The
challenge is to use the right data from all available sources at the right time. By
tackling this challenge, big data can be used to make smatrter inventory decisions.

Arrival Accuracy of Vessels SABIC / Version 1
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2. Supply Chain Description

In order to perform an accurate analysis in this project, domain knowledge is needed (Waller &
Fawcett, 2013). Therefore, relevant theory regarding the supply chain and its processes of SC liquids
is exposed. These processes are documented with the help of the Import team as well as Vrancken
(2012).

The product portfolio of the BU Liquids contains four groups:
1. Glycols
2. Oxygenates
3. Functional Chemicals
4. Aromatics

In total, these four groups contain 15 products (see Appendix 1B). SABIC supplies these products to
two types of customers:

1. Direct customers.
Direct customers have their depots at a port. This allows SABIC to deliver the requested
product directly from the vessel at a requested port.

2. Inland customers.
These types of customers have their depots on the mainland where a vessel cannot reach.
This causes the vessel to unload the products at a hub from SABIC. Inland transportation,
such as trucks, railroad tracks and barges, delivers the products either directly to inland
customers, or they first go through a manufacturing plant where they are further refined.

When the vessel arrives at a port, the contents of the vessel are unloaded into tanks. This happens at
both direct customers and hubs. The inland transportation and manufacturing of materials is not
handled by the import team and is therefore outside the scope of this project. The hubs of SABIC at
which the products are unloaded are considered the end of the supply chain. Figure 2 shows a
visual representation of all hubs and direct customers.

(Jreme - i -

@ Gucos : Glycols
@ Oxugenates Oxygenates
) Functional Chermicaks @ Aromaties

Figure 2 Visual representation of hubs (left) and direct customers (right)

Customers can be either contract based or spot based with sales to contract based customers being
significantly larger. Contract based customers have their demand orders fixed in a contract, while
spot sales customers buy their products with a monthly changing demand.

Arrival Accuracy of Vessels SABIC / Version 1
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Supply Chain Planning

The supply chain planning at SABIC is done on a three level basis, each with a different timespan:

1. Strategic level
Timespan of one to multiple years
2. Tactical level
Timespan of months to a maximum of two years
3. Operational level
Timespan of weeks to a maximum of three months

At all three levels of supply chain planning the arrival accuracy is used to make decisions regarding
inventory planning and control.

2.2.1. Strategic Level

On the strategic level supply chain budgets and investments are determined for the coming years.
On this level the yearly terminal capacity for each product is determined. The terminals are the
accumulation of on-shore tanks which hold the designated chemicals. These terminals are rented
from third-party owners. For each year, the required terminal capacity is calculated and
contractually secured with the tank owners. In depth elaboration on the terminal capacity is covered
in section 3.1.

2.2.2. Tactical Level

On the tactical level the demand for three months ahead is determined. The process of supply chain
planning on the tactical level is called the Sales & Operations Planning (S&OP). This system is used to
balance out the available supply from KSA and the requested demand over the four regions of
SABIC.

The oil pumped up in KSA gives of a certain amount of by-products. Because of this, KSA has a
predetermined amount of an arbitrary chemical (see Appendix 1B) at its disposal each month. All
four regional offices predict their demand for that particular chemical and month and disclose this
information with KSA, the so-called unconstrained demand. The KSA then constrains this demand by
balancing out the available supply with the unconstrained demand. This balancing is done in an
optimized way. A region with a higher profit margin might be supplied with more of the chemical
than stated in the unconstrained demand. Finally, the constrained demand is communicated back
and the requested laycan windows for each chemical can be made by that particular region. This
process takes place three months before the actual arrival of the vessel in the desired port (T-3). This
concludes the S&OP process, a detailed design of the process can be found in Appendix 2A.

One month later the KSA has evaluated the requested laycan windows and proposes a vessel plan
with the nominated laycan windows. Appendix 2B contains a nomination.

Within the S&OP planning phase the unconstrained demand is partially determined by using the
end of the month stock target. This target is used as a measure for a safe amount of inventory. The
arrival accuracy and the requested laycan window are used in calculating this target. In depth
elaboration on the end of the month stock target is covered in section 3.2.

Arrival Accuracy of Vessels SABIC / Version 1
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Figure 3 - Visual representation of the supply process
A visual representation of the supply process can be seen in Figure 3.

2.2.3. Operational Level

The operational level is controlled through the Weekly Operational Meetings (WOM). These
meetings keep track of the Estimated Arrival Times (ETAs), these estimates on the arrival date of the
vessel. This is used to control the stock levels. In depth elaboration on the stock management is
covered in section 3.3.

Arrival Accuracy of Vessels SABIC / Version 1
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3. Problem description

The main problem can shortly be described as: The Arrival Accuracy. This accuracy is based on the
arrival time of vessels in comparison with the nominated laycan window. A small study done at
SABIC currently suggests an arrival accuracy with regard to the requested laycan window of 50%
and to the nominated laycan window of 67%. The inaccuracy of arrival times leads to three sub
problems on respectively the strategic, tactical and the operational level of planning:

Terminal capacity

On the strategic level the requested laycan window is used to determine the required tank size for a
chemical. This tanks size is an accumulation of multiple on-shore tanks together forming a terminal.
The required size is calculated using the following formula:

[ OQRdG WD Qi QAT adbd® Qi dRQEVQG Wl VD W
®L QI RVRQY QWO VND ¢ WL d VSV

Safety stock = an arbitrary amount of safety stock SABIC wishes to have of a chemical in days.
Max vessel early / late = the maximum amount of days a vessel is expected to be early or late in
relation to the central day of the requested laycan window (outliers are left out).

Demand per day = the average demand per month divided by 30.
Average delivery quantity = average quantity on board of the vessel to be delivered to the
designated port.

As can be seen in the formula, the arrival accuracy plays a large role in the determination of the
storage capacity of the on-shore tanks. Minimizing the max vessel early / late would decrease the
required tank size and subsequently decrease rental costs.

End of the month stock target

On the tactical level the end of the month stock target is calculated for each chemical. This target is
used as a measure for a safe amount of inventory along with spot sales demand prediction and
employee experience and intuition. The formula for calculating the end of the month stock target is:

YOQRDG OIRQQRENQN 6 QA O WMENRE QEWOD Qi B REVQE OF VRO
0t OME £ £ 0 XX "QQO

This formula is similar to the formula used to determine the terminal capacity in section 3.1 with one
different value:

Middle of requested laycan window = the centre day of the requested laycan window
With optimal values for the requested laycan window and the max vessel late this formula can be

optimized for use in the S&OP planning. The end of the month target is used to determine the
unconstrained demand.

Arrival Accuracy of Vessels SABIC / Version 1
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Stock management

Sl

On the operational level the inventory of chemicals is monitored and controlled. After the
nominated laycan window is received from KSA, stock management starts. Using the nominated
window, the inventory is evaluated and possible surpluses or stock-outs are mitigated through

several techniques.

In case of a surplus

In case of a stock-out

Worst case scenario:

Demurrage:

The vessel needs to wait in port before being able to
unload. SABIC needs to pay demurrage to the vessel
owner for every day the vessel needs to wait.

Customer claim:

The chemical delivery to the customer is outside of the
contractual scope. This leads to the customer claiming
a compensation due to a breach of contract.

Mitigation techniques:

1. Pre-contractual delivery

The customer is contacted to see if they are open to
delivery of the chemical prior to the date settled in
the contract.

1. Post-contractual delivery

The customer is contacted to see if they are open to
delivery of the chemical later than the date settled in
the contract.

2. Time-swap

In case of a time-swap a chemical is sold to a
competitor when a surplus is imminent. At a later
point in time the same chemical is bought back.

2. Time-swap

This time-swap is the same as for a surplus. However,
the chemical is bought from a competitor and after a
new delivery at later point in time, it is sold back.

3. Interport distribution

A chemical bound for port A is unloaded in port B
due to a surplus in port A. A subsequent vessel
corrects the inventory imbalance by delivering the
chemical to port A while it was destined for port B.

3. Interport distribution

A chemical bound for port B is unloaded at port A due
to a stock-out in port A. A subsequent vessel corrects
the inventory imbalance by delivering the chemical to
port B while it was destined for port A.

3. Spot sales

The business & sales department (See appendix 1A) is
contacted to look into the possibility of on the spot
sales to flexible clients.

4. Tank rental
Third party on-shore tank owners are contacted to
see if there is a spot tank available for rent.

Table 1 - Stock Management

Although the worst case scenarios for a possible surplus or a stock-out can be mitigated through
various techniques, all of these outcomes have additional costs. The amount, as well as the length,
of these complications can be reduced with a higher arrival accuracy and prediction.

See Appendix 3A for a visual representation of forecasted stock of the MEG terminal in Port 10.

Arrival Accuracy of Vessels SABIC / Version 1
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Problem definition

With the problem and its consequences explained, the following problem definition can be made:
The arrival accuracy and arrival prediction of vessels from KSA is low

14 Arrival Accuracy of Vessels SABIC / Version 1
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4. Research approach

Research objectives

The objectives for this research are threefold:

1. To identify the main correlated variables for low arrival accuracy.
2. Toinvestigate the optimization of the terminal capacity and end of the month stock target.
3. Toinvestigate the possibility of machine learning prediction in vessel arrival time.

Research questions

Based on the problem definition and research objectives the following research questions are
designed:

I.  What are significant relationships between possible variables and the low arrival accuracy?
IIl. Can the requested laycan window be optimized to increase arrival accuracy for each

chemical?
a) What is the current accuracy between the requested laycan window and the arrival
time?

b) Cana more accurate and optimized window be made?
¢)  What impact does this improved window have on terminal capacity and the end of the
month stock target?
lll.  Cana model be made to predict the arrival delay/earliness?

Research methodology

Data analytics is grounded mostly in data mining and statistical analysis (Chen, Chiang & Storey,
2012). This relates back to the research questions in that the first two (I and Il) will be done using a
statistical analysis. Research question Ill will be answered using data mining.

Part two of the problem solving cycle from van Aken (2012), the data analysis, will follow the CRISP-
DM (CRoss-Industry Standard Process for Data Mining) model shown below in Figure 4 (Chapman et
al., 2000). Due to the nature of this project, the CRISP-
DM model will be executed excluding the deployment
phase. This model is made for structuring a data
mining project. In this project the cycle will also be
used for the statistical analysis for the first two
research questions. Instead of the modelling phase,
statistical analysis will be used.

BUSINESS » DATA
UNDERSTANDING “%— UNDERSTANDING

N

DATA
PREPARATION

DEPLOYMENT DATA * ‘

\ MODELLING

EVALUATION

Figure 4 - CRISP-DM model

Arrival Accuracy of Vessels SABIC / Version 1
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Software

The software used for the data preparation and statistical analysis will be primarily Microsoft Excel
and R. These two software programs allow for tailored data preprocessing and statistical computing.
Weka is the software used for the data mining. This tool allows the user to test and evaluate
numerous different machine learning algorithms.

Delineation, assumptions and limitations

Research question Il.c relates to the terminal capacity described in section 3.1. This project assumes
that the formula for the terminal capacity is optimized. Therefore, the output gained from
calibration of the max vessel early and the max vessel late parameters is considered to be optimal.

In this report KSA is assumed to be a supplier. No data is retrieved from KSA.

Yu, Yan and Cheng (2001) illustrate the benefits of information sharing between supply chain
partners on supply chain management and inventory level and control. Li & Lin (2006) take this a
step further and showed that supplier uncertainty has a negative relationship with information
sharing between supply chain partners. This relation is seen in the supply chain at SABIC. There is
high supplier uncertainty with regard to arrival accuracy of vessel owners, and low information
sharing between SABIC and the vessel owners. The problem this causes is the lack of information
regarding the vessel route. A vessel does not only ship chemicals for SABIC, but often ships goods
for other parties as well. This information is not available for this project. An example:

A vessel ships two products for SABIC to Port 4 and Port 10. However, between these
two ports there is also a product delivered in Port 2 to an unknown party.

Information regarding these stops remain undocumented by SABIC and are not shared by the vessel
owners. An unusual amount of days between the nominated laycan windows of Port 4 and Port 10
can be noticed by SABIC and may indicate an unknown stop. This project will not engage in
investigation of the probability of these unknown stops.

Arrival Accuracy of Vessels SABIC / Version 1
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1. ANALYSIS & DIAGNOSIS

5. Data preparation

Data description

To answer the research questions from section 4.2 data is needed. The data available for this project
has been collected by SABIC over the past eight years, with the first entry being in November 2011.
It contains information about the vessel journey from loading in KSA to discharge at the last port in
Europe. Information about the chemicals on board has been documented along with its designated
port. The data has been stored in three separate excel files, each containing data from different
periods over the years with some overlap: 2011-2015, 2014-2016 and 2017-2018. Every row contains
a separate chemical, with several consecutive rows (containing chemicals) representing one vessel.
The columns contain the information points or variables. Preserved variables are shown in the table
below. A full list of all variables can be found in appendix 5A.

VARIABLES

Preserved variables
Hub/Direct Shipment
Port

Product

Vessel

Vessel Owner

Order Qty

Requested window (first)
Requested window (last)
Window Arrl

Window Arr2

NOR date disport

Loadport

Laycan Loadl

Laycan Load2

NOR Jubail

Departure date Jubail
NOR Yanbu

Departure date Yanbu
Delay: Bad.weather (hrs)
Delay: Port.related (hrs)

Delay:Terminal Customer related (hrs)

Delay: Quality (hrs)

Delay: Board to Board (hrs)
Delay: >1 Jetties in port (hrs)

Delay: Other (hrs)

Table 2 —List with the used preserved variables

CONTENT

Whether the customer is a Hub or a Diect customer (direct shipment)
States the name of the discharge port (e.g.Port 4)

States the name of the product for that observation (e.g. MEG)
States the name of the vessel

Name of the shipping company

Contains the number of ordered Metric Tons of the product

Start of the requested laycan window

End of the requested laycan window

Start of the nominated laycan window

End of the nominated laycan window

Notice of Readiness, or the day of arrival, at the disport (discharge
port)

States the name of the loadport (i.e. Jubail or Yanbu)

Start of the loading laycan window

End of the loading laycan window

Notice of Readiness, or the day of arrival, at Jubail

Date the vessel leaves Jubail

Notice of Readiness, or the day of arrival, at Yanbu

Date the vessel leaves Yanbu

Hours of vessel delay due to bad weather between ports.

Hours of vessel delay due to port related matters in the current port
Hours of vessel delay due to the on shore terminal in the current port
Hours of vessel delay due to quality of the product (e.g. quality ®iecks)
Hours of vessel delay due to storage constraints

Hours of vessel delay due to

Hours of vessel delay due to other matters
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Data cleaning

Before starting with the data analysis on the historical data, the dataset has to be cleaned. This
process “deals with detecting and removing errors and inconsistencies from data in order to
improve the quality of data” (Rahm & Do, 2000). The data cleaning is followed by a data
transformation, this process involves creating new variables using available variables in the original
dataset.

To create a dataset which is ready for data analysis, the data has been manipulated to comply with
“tidy data” as described by Wickham (2014). The most important rules being:

1. Each variable forms a column.
2. Each observation forms a row.
3. Each type of observational unit forms a table.

An important note needs to be made with regard to the third rule of tidy data. The dataset used for
this project contains three observational units: Vessel, disport and product. Wickham states:
“However, there are few data analysis tools that work directly with relational data, so analysis usually
also requires denormalization or merging the datasets back into one table” (p.13). With this
statement in mind, the datasets with relevant observational units for further research will be
exposed in section 5.4.

Due to the data being manually added into the excel files, data cleaning has been especially
important. In conjunction with the data cleaning, a data transformation has taken place. This
process involves creating new variables using available variables in the original dataset. These new
variables contain extracted information hidden in other variables. For the sake of clarity, the data
cleaning and the data transformation parts have been separately documented below. However, this
has been an iterative process.

All three separate files combined have 3937 rows (observations) and 96 columns (variables), this
report will use (3937\96) as a standardized way of writing the amount of observations and variables.
Often, this notation is place at the end of a paragraph to display the size of the dataset after an
operation.

The first step in the data cleaning process has been merging the three excel files into one single file.
Due to overlap in observations, 798 duplicate rows are removed. (3139\96).

5.2.1. Standardizing and rectifying data values

To ensure the quality of the data analysis, it is important to make sure all data entries are consistent.
During the data preparation a number of inconsistencies were discovered in the data. These were
adequately removed or corrected. Below a list of data which have been changed to ensure data
quality:

1. Rdistinguishes between capital and lowercase letters. Inconsistencies were notice in the
variables Hub/Direct Shipment and Product. For this reason, all capital letters were converted
to lowercase letters.

2. Inthe variable Loadport 14 observations contained the value “Jubail Commercial Port”.
These were sporadic deviations from the value “Jubail” and were therefore converted this
value.

3. Several dates from date type variables were erroneous. These came forward when
exploratory summary statistics and scatterplots were made. These mistakes were easily
identified as data entry errors because the year was highly improbable (e.g. 2106) or the year
or month did not correspond to the observations around that particular observation (e.g. on
avessel in 2016, 2017 was entered). These dates were corrected accordingly.
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4. Several missing values were entered not as an empty cell, but as “~". These were not
recognized as missing values by R and were subsequently converted to NA (the term for

missing values in R).

5.2.2.  Removing redundant and irrelevant observations and variables
The last 88 observations were entrances for vessels that did not arrive before extracting the data.
These have been removed. (3051\96).

Observations 585 through 1035 were vessels which did match the chronological order of the
database. After looking at the data, it was discovered that these 451 observations were from
October 2010 through October 2011. These observations contained no data in both the NOR Jubail
as well as in the delay related variables and was missing a significant portion of values regarding the
requested laycan window. Therefore, these observations were removed. (2600\96)

The following observations have been removed because they do not comply with the research
delineation:

- The hub/direct customer variable contained “stock transfer” values. These values
corresponded to manually added observations to the dataset which were made due to
interport distribution. These observations hold no additional value to the dataset as they
were a copy of the observation above.

- The products PEG 400, PEG 600, FA C8-C10, LAOS C14-C18 and C2 are all products which
are not relevant for this project (see appendix 1B). All these products were shipped on
separate vessels. Therefore, these vessels contain no information which contributes to the
arrival accuracy of the relevant products and vessels.

- Four observations contained a loadport of “Sikka”, “Skikda”, “Lavera” or “Port 7", all
observations were separate vessels. These vessels were outliers due to them being unique
one time shipments and these loadports do not fall within the project delineation.

The initial dataset contains 96 variables. 59 of these were immediately discarded due to them being
irrelevant or redundant. See appendix 5A for a list of removed variables. (2510\38)

Certain ports are no longer in use by SABIC and are therefore irrelevant. These ports must be
removed from the dataset as they contain information which no longer applies to the current vessel
journeys made by SABIC. However, relevant information regarding these ports must still be taken
into account, these include their inclusion in Port call nb and Delay: Previous discharge port (hrs) (see
section 5.3). These observations are therefore removed after the data transformation. A list of
relevant ports can be found in appendix 6D. (2231/66)
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Data transformation

5.3.1. Rewritten variables

After the disposal of 59 irrelevant variables, 12 of the 37 variables were of questionable integrity.
These were either manually entered or calculated using input values or parameters which did not
comply with this research. These variables are listed in the table on the next page with a reasoning
and explanation of modification:

5.3.2. Additional variables

In order for the data analysis to take into account all information available from the dataset, extra
variables had to be added. These new variables were created using other variables as input values. A
total of 29 variables have been added to the dataset to optimize the data analysis. These have been
listed in table 3.

After adding these variables to the dataset the total size of the dataset is (2510/66). After removal of
the irrelevant ports, the dataset is of size (2231/66) (see section 5.2.2)
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Table 5 - List with the used additional variables
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Datasets

The cleaned dataset contains three observational units, vessel, disport and product. In order to do a
proper descriptive analysis and analyse the research questions using the right data, the dataset has
to be separated so it contains the adequate data without duplicates. Three separate datasets can be
made for different purposes of analysis. They contain the following observational units and their
main purpose:

1. Vessel, disport and product: Individual product analysis
2. Vessel and disport: Disport arrival analysis
3. Vessel: Loadport analysis

5.4.1. Dataset 1

The first dataset contains all three observational units and is the same as the dataset after cleaning.
This dataset is used for Research question 2 and the descriptive analysis regarding individual
products. (2510/66)

SABIC has some products which have been sold in the past but are not sold anymore. These
products are deemed irrelevant and do not need to be analysed. Therefore, they can be removed
from dataset 3. A full list of all relevant products can be found in appendix 1B. (2044/66)

5.4.2. Dataset 2

The second dataset contains vessel and disport as observational units. This dataset can be used to
study arrival in disport related topics such as arrival accuracy (Research question 1) and descriptive
analyses regarding the various ports. This implies taking out product as an observational unit. This
step involves taking out the redundant observations which contain the differences between the
multiple products which are delivered to one port on one vessel. After these redundant
observations are removed, the variables linked to a specific product are also removed. The removed
variables are stated below:

Hub/Direct Shipment

Product

Order Qty

B/L date

Requested window (first)

Requested window (last)

Middle req window

Requested window size

Delta requested window and nomination

= =4 =4 =8 -8 -8 -8 4 A

After removal of both the observations and the variables the dataset has size (912/57).

543. Dataset3
The third dataset contains only vessel as the observational unit. In this dataset every vessel has only
one observation. Dataset 3 is used for the descriptive analysis. The following variables are in this
dataset:
1 Portcallnb
Vessel
Vessel Owner
Arrival month
Amount products Jubail
Jubail and/or Yanbu
Laycan Load1

=A =4 -8 -8 -8
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Laycan Load2

Middle Load window
Loading window size
NOR Jubail

Departure date Jubail
Status vessel arrival Loadport Jubail
Days early/late loading
Loadportstay Jubail
NOR Yanbu

Departure date Yanbu
Loadportstay Yanbu
Total delay hrs

=4 =4 =4 -4 -8 -8 -8 -8 -4 -2 -9

=

As can be seen in the above list Port call nb is also within this dataset. In its original purpose, this is a
variable related to the observational unit disport. For dataset 3 the port call nb from the last disport
of the vessel is taken. The value of this variable in this dataset does now contain total the amount of
ports the vessel has visited. After the removal of all redundant observations and variables this
dataset now contains (320/19).
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6. Modeling

Descriptive analysis

Before starting on the inferential analysis of the data, a descriptive analysis is necessary to gain
insight in the data. Dataset 2 will be used for the descriptive analysis, unless stated otherwise.

6.1.1. Arrival accuracy

To check the arrival accuracy according to the definition given in section 1.2 the variable status
vessel arrival port can be plotted to see the amount of times a vessel arrived in a port early, on time
or late.

g - amount  percentage
In

0,
| early 76 8,4% tabl
on time 512 56,3% e 6
g late 321 353% the
NA’s 3 - arriv

200
1

Table 6 - Summary of distribution of status vessel

arrival port

|

early ontime late

Figure 5 - Distribution of days late/early
al accuracy is depicted as the percentage of vessel that arrived on time, the missing values (NA's)
have been excluded from the percentage. The overall arrival accuracy is 56,3%.
It is good to know the distribution of the variable indicating arrival accuracy: days late/early. To see
what kind of distribution this variable has a density plot is made.

min -14

=7 median 3 ) The

g | figure

: mean 3,821 shows
= S max 30 a
- NA's 3 slight

o skewn

i Table 7 - Summary days late/early

T T T T T T
-20 -10 0 10 20 30

N =909 Bandwidth = 1.376
Figure 6 - Density plot of days late/early
ess to the right but the overall picture shows a relatively good normal distribution. The bandwidth is
the grade of “smoothness” of the graph, the bandwidth of the above figure is determined by default
in R. Due to the central limit theorem (Kwak & Kim, 2017), the distribution can be assumed to be
normal because the sample size is bigger than 30. Table 7 shows that a vessel arrives on average 3.8
days after the middle of the nominated laycan window.
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6.1.2. Loadport

In order to gain insight in the relationship between the loadportstay in Jubail and Yanbu the
variables Loadportstay Jubail and Loadportstay Yanbu are plotted against days late/early. In the
graphs below, the linear regression model function of these two variables has been plotted to give
an indication of relationship. Jitter has been added to distinguish between overlapping data points
and see the density of these points more clearly. Jitter adds a random bit of noise to the data to do
so. Both summaries of the variables Loadportstay Jubail and Loadportstay Yanbu are given in the
tables below.

min 1

z median 8
E ° mean 8,225
s max 26
i NA’s 26

Table 8 - Summary Loadportstay Jubail

min 0
5 median 2
EE; mean 2,238
h ) max 7
NA's 399

Table 9 - Summary Loadportstay Yanbu

4
Loadportstay Yanbu

. . Figure 8 - Scatterplot Loadportstay Yanbu
When comparing both tables of the loadportstay it is clear

that the average loadportstay in Jubail is approximately 6 days longer. There appears to be a clear
positive relationship between Loadportstay Jubail and days late/early, a slightly less clear positive
relationship is seen at Loadportstay Yanbu.

The high amount of missing values present in Loadportstay Yanbu in table 9 can be explained by the
distribution of vessels which load at Jubail, Yanbu or both. Observations which do not load at Jubail
do not have a loadportstay for this port, this also goes for Yanbu. The distribution is represented in
the graph and table below. This distribution is determined by using dataset 3 because this variable
is linked to the observational unit Vessel and not to Disport or Product (see section 5.4.3).
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amount percentage

Both 156 49,4%

Jubail 132 41,8%

Yanbu 28 8,9%

2 4 NA's 4 -

Table 10 - Summary distribution Jubail and/or

Yanbu

Both Jubail Yanbu

Figure 9 - Distribution Jubail and/or Yanbu
Plotting days early/late loading against days late/early gives insight in the relationship between these
two variables. In the graph below, the linear regression model function and jitter have been added
to increase the insight gained from the graph. The table shows a summary of the variable days
early/late loading. An important note here is that the variable days early/late loading only contains
observations which loaded in Jubail.

min -18

5 median -1
& mean -0,228
g max 20
°1 NA’s 25

Table 11 - Summary days early/late
loading

-20 -10 0 10 20

Figure 10 - Scatterplot days early/late loading against days late/early

There appears to be a clear positive relations ship between days late/early and days early/late
loading. With a mean of -0.228 days, the arrival accuracy seems to be rather high. This can be seen in
the distribution graph and table below.

200
]

B amount  percentage
early 52 17,6%
S 1 on time 204 68,9%
late 40 13,5%
2 | NA's 24 -

Table 12 - Summary status vessel arrival

27 loadport Jubail

early ontime late

Figure 11 - Distribution status vessel arrival loadport Jubail
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The arrival accuracy at loadport Jubail, depicted by the percentage “on time” in table 12, is 68,9%.
This is higher than the arrival accuracy in the disports (56,3%). Also, the percentage late is lower
(13,5% < 35,3%). This can indicate that the vessel journey is structurally thought to be shorter than it
actually is. This results in nominated windows which are scheduled too early.

6.1.3. Delay

Dataset 2 contains information related to the delay a vessel has obtained in each port. An
interesting relationship to look at is between the delay a vessel has contracted in previous ports and
the amount of days the arrival deviates from the nominated window. In other words, the variable
Delay: Previous discharge port is plotted against days late/early. The linear regression function is also
plotted in the graph to show the relationship between the variables.

days latefearly

UI 5b WUID 15‘0 260
Delay: Previous discharge port (hrs)

Figure 12 - Scatterplot Delay: Previous discharge port against days late/early
There appears to be a slight positive relationship between the hours of previous delay and the
arrival day.
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6.14. Vessel Owner

It is possible that every vessel owner operates differently with different vessels. This might lead to
different arrival accuracies between different vessel owners. Below a boxplot can be found in which
Vessel Owner is plotted against days late/early.

30-

amount of
vessels (dataset
al I median  mean 3)
Owner 1 3 3,1 7
5 Owner2 | 3 2,33 18
2 Jﬁ Owner3 | 2 2,44 45
K — Owner4 | 35 3,63 40
Y Owner 5 5 5,92 43
Owner 6 3 4,34 76
o Owner 7 2 3,21 26
Owner 8 3 3,38 65
Owner1  Owner?2 Owner3  Owner4 Owner5 Owner6 Owner7 Owner 8
Vessel Owner Table 13 - Summary Vessel Owner against days late/early

Figure 13 - Boxplots Vessel Owner against days late/early
There seems to be some difference in the median and mean of each vessel owner with Owner 5
having the highest mean (5,92) and Owner 2 having the lowest (2,33).

6.1.5. Seasonality

To see if there is a seasonal trend in the data the arrival month is incorporated as a variable. This
variable is plotted against the days late/early. The following boxplot shows the difference between
months in arrival.

0] median mean

January 3 3

| February 1 2,14

| [ March 3 3,36

| April 3 3,88

5 o May 4 4,15
ﬁi June 3 3,12
= H B July 2,5 3,88
" August 3,5 4,62

September 2 3,41

o October 6 6,5

November 3 3,47

fri fetat miat al me wn W awelsus sestmber okoeer novemser cecermoer DECEMMDEN 4 4,9

Arrival month
Table 14 - Summary Arrival month against days late/early

Figure 14 - Boxplot Arrival month against days late/early
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Judging from the boxplot and the means in the table above, no clear trend can be seen. October has
a remarkably high average of 6.5. This could be due to September (T-1) being the rainy season in
Jubail.

6.1.6. Port
Below is a boxplot and table containing all relevant ports and their relation with days late/early.
q median mean amount
. Port 1 4 442 73
Port 2 4 4.8 159
Port 3 65 653 40
R Port 4 3 3,17 84
Port5 5 5 2
= E Port 6 0 129 63
o Port 7 2 2,66 89
Port 8 2 2,47 64
P | Port9 3 2,96 77
- Port 10 5 5,37 148
Port 1 Port2 Port3 Port4 Port5 Port 6Pm Port7 Port8 Port9 Port10 Port11 Port12 Port 11 2 3’02 63
Figure 15 - Boxplots Port against days late/early Port 12 3 3.5 50

Table 15 - Summary Port against days late/early
Table 15 shows that Port 5 has only been visited twice. This makes the median and mean very
unreliable. The other port seem to be visited rather well distributed with Port 2 and Port 10 as two
heavily visited ports (159 and 148 respectively).

30 Arrival Accuracy of Vessels SABIC / Version 1



TU

31

Technische Universiteit
Eindhoven
University of Technology

Research Question |

Sl

I What are significant relationships between possible variables and the low
arrival accuracy?

The objective of this research question is to identify the main relationships between possible
variables and the arrival accuracy. The results give insight in possible places in the supply chain for

change implementation to increase the arrival accuracy.

To answer the research question, the amount of days the arrival of the ship deviates from the middle
of the nominated window is used as a measure for arrival accuracy. Within the dataset there is one
variable to which this definition corresponds: Days late/early. In order to find possible relationships
between variables in the data, a research method is needed. Because there is one response variable,
days late/early, and multiple possible explanatory variables, this research will implement a multiple

linear regression.

All missing values in the data are assumed to be missing completely at random. This allows for
removal of observations with missing data.

6.2.1. Relevant dataset
Because this model tries to find relationships between variables to explain the amount of days a
vessel deviates from the middle of the arrival window. The vessel and the disport are taken as the

observational units. Dataset 2 is used for this analysis (see section 5.4.2).
The size of the dataset used to do the multiple linear regression is (912/57).

The first step in creating a multiple linear model is identifying the response and the possible
explanatory variables. The response and the possible explanatory variables are listed below

(912/13):

1 Response variable:

(0]

Days late/early

9 Possible explanatory variables:

(0]

O OO O O0OO0OO0OOo0OOoOOoOOo

Port

Port call nb

Vessel Owner
Nominated window size
Arrival month

Amount product Jubail
Jubail and/or Yanbu
Loading window size
Days late/early loading
Loadportstay Jubail
Loadportstay Yanbu
Delay: Previous discharge port (hrs)

numeric

nominal
numeric
nominal
numeric
nominal
numeric
nominal
numeric
numeric
numeric
numeric
numeric

In order to evaluate the possible explanatory variables a correlation matrix is made. This matrix
provides an overview of correlations between all possible variables. Using these correlations and
their significance, a stepwise model can be build and evaluated.
Because there are two different data types within the possible explanatory variables, numeric and
nominal, not one correlation matrix can be made. Therefore, a correlation matrix is made for all
numeric variables and a separate analysis is done for the nominal attributes in relation with days

late/early.
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6.2.2. Numeric explanatory variables: correlation matrix

To evaluate every possible explanatory variable the correlation between the response variable is
measured. Also, the relationship between explanatory variables is measured. If such a relationship is
present, it might indicate multicollinearity in the final model.

The correlation matrix is built up using the Pearson r correlation, due to the perceived linear
relationships in the descriptive analysis in section 6.1. The entire matrix can be found in appendix
6A. Any variable with a correlation coefficient of less than (-)0.30 is left out of the multiple regression
model. A coefficient lower than 0.30 is considered a very weak linear relationship. These weak
relationships are not in line with the objectives of this research questions, even though some have a
significant p-value.

One remarkable correlation is the relationship between Delay: Previous discharge port (hrs) and the
days late/early. One would assume that the amount of hours a vessel is delayed would be reflected
in the amount of days a vessel ultimately arrives too late. However, not only does the relationship
seems to be insignificant (i.e. P-value = 0.1119), the correlation coefficient is small (i.e. 0.05). This
goes in direct contradiction with experience from the Import Team. They state that, in a
hypothetical situation, when a vessel is delayed for 24 hours in Port 2 the ship arrives one day later
in Port 10. Even though this is relative between two disports (not in relation to the nominated
window), a strong positive relationship between the total hours of delay and the amount of days
deviation from middle of the nominated window would be expected. The effect of the delay may
come forward after we adjust for other variables.
For these reason Delay: Previous discharge port (hrs) is included in the multiple regression analysis.

Incorporating the loadporstay Jubail will bias the dataset to vessels that have loaded in Jubail and
excludes vessels that only loaded in Yanbu. Examining the summary of the variable Jubail
and/Yanbu in R shows that 34 observations only loaded in Yanbu. This is only 3.7% of all
observations. These observations are therefore omitted from this research question. The correlation
matrix states that 883 observations are used to determine the correlation coefficient, this indicates
that only 29 observations are removed (including observations with NAs). This difference in
removed observations and observations which only load in Yanbu implies that incorrect data is
entered for vessels which only load at Yanbu. For this reason, all observations with value “Yanbu” in
variable Jubail and/or Yanbu will be removed from the dataset before further analysis. (878/8)

days late/early days early/late loading loadportstay Jubail

r N P-value r N P-value r N P-value

Delay: Previous discharge port (hrs) 0,05 808 | 0,1863 -0,09 | 809 0,0079 0,07 | 808 0,0342

loadportstay Jubail 0,43 869 | 0,0000 -0,17 | 872 0,0000

days early/late loading 0,52 | 870 | 0,0000
Table 16 - Correlation matrix with relevant variables
The table on the previous page shows the correlation matrix with the relevant variables, this table is
adjusted for the removed value of “Yanbu” in the variable Jubail and/or Yanbu. These are the
numeric variables which will be incorporated in the multiple regression model. Although all
interdependent correlations seem rather significant (P-value > 0.05) the correlation is smaller than (-
)0.30 and therefore no multicollinearity is assumed.

6.2.3. Nominal explanatory variables

There are four possible explanatory variables which are nominal. These four are evaluated using a
one- way ANOVA analysis. This analysis shows if there is a significant difference in the means of days
late/early in each of the nominal variables Port, Vessel Owner, Arrival month and Jubail and/or Yanbu.
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In order to see if the null hypothesis (Ho) can be rejected the F and P value are calculated for each
possible nominal explanatory variable. Because the objective of this research question is to identify
main correlations the alpha, q, is set to 0.01.

The outcomes of the ANOVA analysis for all four variables can be found below. Ho, H;, the F-values
and the P-values are shown below:

Ho H, F-value | P-value
Port There is no significant difference | There is a significant difference | 2,996 6,33e-4

in the days late/early between in the days late/early between

different arrival ports. different arrival ports.
Vessel There is no significant difference | There is a significant difference | 4,365 9,05e-5
Owner | in the days late/early between in the days late/early between

different Vessel Owners. different Vessel Owners.
Arrival | There is no significant difference | There is a significant difference | 2,103 0,018
month | in the days late/early between in the days late/early between

different arrival months. different arrival months.
Jubail There is no significant difference | There is a significant difference | 17,107 | 3,88e-5
and/or | in the days late/early between in the days late/early between
Yanbu | vessels which load at Jubail, vessels which load at Jubail,

Yanbu or both. Yanbu or both.

Table 17 - ANOVA analysis nominal variables

As we can see, the null hypothesis for Arrival month is not rejected due to a higher P value than the
alpha, which was set to a = 0.01. Port, Vessel Owner and Jubail and/or Yanbu all have lower P-values.
Therefore, their null hypotheses are rejected and H; is supported. These three variables will be taken
into account for the multiple regression model.

6.2.4. Multiple regression model

The model building is done in a step wise manner. The explanatory variables are added one by one
according to their correlation coefficient and F-value. From the analysis that was performed in
sections 6.2.2 and 6.2.3 the following explanatory variables are concluded. They will be added to the
multiple regression model in this order.

Model 1. Days early/late loading

Model 2. Loadportstay Jubail

Model 3. Delay: Previous discharge port (hrs)
Model 4. Jubail and/or Yanbu

Model 5. Port

Model 6. Vessel Owner

To illustrate what the models look like, the equation of model 6 is shown below. This is the largest
model as it contains all explanatory variables. The model is built from left to right.

o Ry Ry Ry B ol ’
w | T wyg oy T wp VU [ Op [y -

Y = observed value of days early/late
x = the value of the numeric variable
a = estimate (est.) of the intercept
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[ = estimate (est.) of the numeric variable
y = estimate (est.) of the nominal variable
J = dummy variable Jubail and/or Yanbu
P = dummy variable Port
V=dummy variable Vessel Owner

= error term
i = the observation
j = variable number

The values of g, B, y;can be found for each model in table 18.

The nominal variables are incorporated in the multiple regression model using dummy variables.
These are represented in the regression formula by J, P and V for respectively Jubail and/or Yanbu,
Port and Vessel Owner. These dummy variables contain either 1 or 0 corresponding to the value of
the nominal variable. For instance, if observation i=3 has Port=Port 3, then P,=1 and all other P
values contain 0. The first value of the nominal variables is taken as the constant. These are “"Both”,
“Port 1" and “Owner 1" for respectively Jubail and/or Yanbu, Port and Vessel Owner.
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n = 807 model 1 model 2 model 3 model 4 model 5 model 6
Est. Std. Er P-value |Est. Std. Er P-value |Est. Std. Er P-value |Est. Std. Er P-value |Est. Std. Er P-value |Est. Std. Er P-value

~Jintercept 3,936| 0,192| <2e-16]-2,051| 0,313[9,89e-11] -2,804| 0,330] <2e-16]-2,642| 0,342(3,24e-14]-2,631| 0,616[2,21e-05]-2,613] 1,131
days early/late loading 0,609] 0,039] <2e-16| 0,768] 0,032| <2e-16] 0,790| 0,031] <2e-16| 0,802 0,032] <2e-16| 0,798| 0,032| <2e-16| 0,784] 0,033] <2e-16
loadportstay Jubail 0,754| 0,034 <2e-16] 0,774| 0,034 <2e-16] 0,786| 0,034 <22e-16| 0,780| 0,035| <2e-16] 0,785| 0,035| <2e-16
Delay: Previous discharge port (hrs) 0,027| 0,004[1,71&-09] 0,026| 0,004 (3,58e-09]| 0,024 0,005(2,68e-07| 0,024| 0,005 (2,82&-07

Jubail and/or Yanbu: Jubail 20,553 0,310-—0,585 0,325-—0,583 0,333
Port: 0,254| 0,626] 0,685] 0,350| 0,626] 0576
Port: 0,588 0,938] 0531] 0,497| 0,936| 0,59
Port: -0,044] 0,707| 0,951]-0,070| 0,707| 0,921
Port: 1,774| 3,015 0,557 1,576| 3,027] 0,603
Port: -1,143] 0,877 0,193]-1,267| 0,880/ 0,150
Port: -0,006| 0,706| 0,994| 0,006 0,707| 0,993
Port: 0,152 0,764| 0,842] 0,121| 0,766] 0,875
Port: -0,117| 0,735| 0,873|-0,100| 0,734| 0,882

Port: 1,055| 0,652| 0,106 1,178] 0,652
Port: -0,656| 0,758| 0,388|-0,470| 0,770| 0,542
Port: -0,404| 0,800 0,613]-0,314| 0,796 0,694
[Vessel Owner] -1,272| 1,143 0,266
Vessel Owner] -0,675| 0,998] 0,499
[Vessel Owner] 0,760 1,021 0,457
Vessel Owner] 0281| 1,014| 0782
Vessel Owner:| -0,549| 1,003 0,585
Vessel Owner] -0,452| 1,195 0,706
Vessel Owner| 0,359| 1,014 0,723
R2| 0,2338 0,5201 0,5413 0,5431 0,5506 0,5594
adjusted R? 0,2329 0,5189 0,5396 0,5408 0,5421 0,5470
Res std. Error, 5,430 4,300) 4,2060| 4,2010 4,1950) 4,1720
Degrees of freedom| 805 804 803 802 791 784

Signif. codes: [<0,001

Table 18 - Summary of multiple regression models

In order to compare all the models the model fit is examined. An in-sample comparison is done to
see how well all the models fit the data. The R? shows the percentage of the response variable
variation that is explained by the model. Because the R? always increases when an extra explanatory
variable is added to the model it is adjusted for these extra variables: the adjusted R% The R? is
determined by the division of the explained variance with the total variance. This term is adjusted
by adding another term composed of the degrees of freedom (n-1) and the amount of variables (p).

0w & OUIDIQQME GO 'Y
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Although R? is used to determine the model fit, adjusted R? is used as a comparative measure
between the different models. Below is a table of R? and adjusted R? of all models.

R Adj.R2  AAdj.R?
model 1 02338 02329 -
model 2 05201 05189  0.286
model 3 05413 05396  0.0207
model 4 05431 05408  0.0012
model 5 05506 05421  0.0013
model 6 05594  0.547 0.049

Table 19 - R?, adjusted R? and the increase in adjusted R? for each model

Table 19 shows that over all six models, the adjusted R? keeps increasing. This indicates that model 6
is the best model fit.

6.2.5. Model tests & validation

Testing model 6 requires a high degree of knowledge about statistical analysis due to the
polynomial variables incorporated in the model. Due to this constraint, model 3 will be tested and
validated. Because the extra variables in model 6, with regard to model 3, only have a slight
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improvement on the adjusted R? and the individual dummy variables have little to no significance,
the validation of model 3 is assumed to also cover model 6.

To test the validity of the model there are three assumptions are made and tested:

1. No multicollinearity
2. Normally distributed error terms
3. Constant variance of error terms (homoscedasticity)

6.2.5.1. No multicollinearity

As stated in section 6.2.2, no multicollinearity is assumed. This can be confirmed by calculating the
Variance Inflation Factor (VIF). The VIF is calculated by taking one explanatory variable as the
response variable and calculating the R* against the other explanatory variables. This is done for all
explanatory variables. The R* is then put in the equation:

. P
w0 Op 7
The VIFs are as follows:
Variable VIF
days early/late loading 1,070
Loadportstay Jubail 1,066

Delay: Previous discharge port (hrs) 1,019
Table 20 - VIF scores

The rule of thumb for this measure is VIF > 2 = reconsider variable and VIF > 10 = drop variable from
the model. All three VIFs are well below 2 so no multicollinearity can be assumed.

6.2.5.2. Normally distributed error term

A multiple regression analysis with a small amount of observations requires that the error terms are
normally distributed. However, for regressions with a large sample size (i.e. n > 30) this is not
necessary due to the Central Limit Theorem (Kwak & Kim, 2017). Since this dataset contains more
than 30 observations, non-normality of the error terms is not an issue.
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The second assumption a multiple regression analyses requires is constant variance of the error
terms, or homoscedasticity. A scatterplot can be made with the fitted values of days late/early on the
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Figure 16 - Scatterplot Fitted values against Residuals
Judging from the plot above, homoscedasticity can be assumed. This assumption can be supported
by doing the Breusch-Pagan test (Breusch & Pagan, 1979). The common threshold is used: a = 0.05.
The test has the following hypotheses:

- Ho =the variance of the residuals is constant: homoscedasticity.
- H; =the variance of the residuals is not constant: heteroscedasticity

The outcome of the Breusch-Pagan test has a P-value of 0.4517. This P-value is higher than q,
therefore the null hypothesis is supported and homoscedasticity is assumed.
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7. Evaluation

In section 6.2.5 the multiple regression model has been tested and validated. In line with the
objective of the research question the following variables are important to discuss.

estimate P-value

days earlylate loading 0,784 <2el6
loadportstay Jubalil 0,785 <2el6
Delay: Previous discharge port (hrs) 0,02424=0.576  2,82e7

The estimates of the variables correspond to the degree of change in the days late/early a variable
explains. For example, if a vessel stays one day longer in Jubail it is expected to arrive 0,785 days
later in the disport. The estimate of Delay: Previous discharge port (hrs) is in hours of delay, by
multiplying this estimate by 24, the days of delay is obtained (i.e. 0.576).

From the estimates can be concluded that both the days early/late loading and loadportstay Jubail
are the most important variables related to the arrival of vessels in a disport. Keep in mind that
correlation has been proved, but not causation.

Delay: Previous discharge port (hrs) has an estimate of 0,576, which is slightly less than the other two
variables. When this variable in the multiple regression model is compared to the simple linear
regression done in section 6.2.2 it is striking to see that after adjusting for the other explanatory
variables, the hours delay are significant and have a relatively high estimate.

The R?is roughly 0,55 which means that 55% of the variance in Days early/late can be explained by
the three significant variables.

Lastly, it is good to take a look at the correlation matrix in appendix 6A. The correlation coefficient
between amount products Jubail and loadportstay Jubail is 0.435 with a significant P-value (i.e. P-
value<0.01). This indicates a positive relationship between the amount of products which are
loaded in Jubail and the amount of days spend in Jubail.
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8. Conclusion

As described in the project introduction, SABIC estimated the arrival accuracy to be 67%. However,
the current arrival accuracy is found to be 56,3%. This means that the actual arrival accuracy of
vessels in disports in Europe is lower than expected.

The average of days late/early is 3.8 days as described in section 6.1.1. This indicates a structural
lateness of approximately 4 days.

From the multiple regression model three relevant variables related to arrival at disport are found.
Days early/late Jubail, Loadportstay Jubail and Delay: Previous discharge port together explain roughly
55% of the variance in days late/early. This means that 45% of the variance is explained by variables
outside the scope of this research. This is due to the vessel journey being a very complex process

with

a lot of factors which have influence on the arrival time.

The conclusions that can be made are stated below:

1.

Days early/late Jubail

With an estimate of 0,784 in model 6 of the multiple regression analysis the arrival accuracy
in Jubail is positively correlated to the arrival accuracy in a disport. However, in section 6.1.2
the mean of days early/late Jubail was determined to be -0,228. This indicates that the
loading laycan window is rather precise. Although a deviation in arrival at Jubail explains a
part of the deviation in arrival at the disport, the mean suggests that this is not in relation to
the structural lateness of arrival of vessels in the disport, which is determined to be 3,8 days
(mean of days late/early section 6.1.1).

Loadportstay Jubail

The estimate of the loadportstay Jubail in model 6 of the multiple regression is 0,785. The
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