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Abstract

Ports compete through providing high quality services at the right praces require
reliable performance measurement systesosthattheir daily operationscan be
effectively managed their port assetsefficiently utilised and cargo dwelland
standing timesminimised Port performance studies have been approached from
strategic, operational, functional, finaamicand managerigberspective. Findings in
the literaturehave corcluded that the measurement systen@urrently usedare
limited because the focus is on measuring efficienegpecially forcontainerised
cargo and terminalften, keyvariableshave been ignoredndthere isfocus on
improving productivity rather than performandéis researcladdressetheissue of
how current perdfrmance measuremenystemscan bedeveloped to measuithe
performance of ports more effectively

The research hdseendesigned to contribute to knowledge through conceptualising
the needs of developing effective measurement systems in ports byreisvant
measures and quantifying those key predictors that influence § gertormance.
Quantitative methods are traditionally used for assessing port penfcema
This research commences with d@discusgon of supply chain performance
measurement systems in lagion to ports. It investigatedifferent supply chain
measurement designs, categories ammhracteristics whin each category and
examinesthe effectiveness ahe current measurement system appliedDiamietta

port, Egypt Findings show that Damietta pocurrently has ndormal measurement
system and wouldhenefit fom theimplementation of a performance measurement
system.Data have been collected according to the four types of handled cargoes in
Damietta port, namely general gar dry bulk, liquid bulk and containef3atahave

been collectedn a monthly basis. For each typlecargo, data have been edited and
keyed and a categorisation scheme has been set up to cover those operations at
terminak. The Damietta Port Performandegleasurement Systef(DAPEMS) has

been developed usinthree measures, including: time, revenue and flexibility
measures.nitially the system was developed using time measures, where key
determinants were discussed and multiplgression analyseapplied. Relevant
predictor variables were selected and incorporated into the regression models with
varying degrees of significance. Following this, DAPEMS has been extended using
revenue measures, where revenues resulted from operations time, clearance time and
the timea shipstays in a port. The final measure considered was flexibility. This
helps to cope with the complexity of operations and uncertainty at ports. DAPEMS
KDV EHHQ WHVWHG IRU WZR PRQWKY LQ 'DPLHWWD 3RUW
including: reliability, applicability and flexibility have been analyséthe system

was tested for two months at Damietta pdie port managers reported the benefits

of using DAPEMS as there is no system currently applied in the poding
additional variakes, understanding the relationship between variables, providing
information about port revenue and providing managers with estimated future
performance were appreciated by the port directoraat@p manager as this helps
them and the port planners in adecisioamaking processlt is concluded that
applying DAPEMS was highly appreciated for providing usefulbiigy about the

ports performance However, some limitations are addressed and suggesrens
proposed to be carried out for future research.
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Chapter One

Introduction

1.1 Introduction to the Research Topic

Technological development and scientific research has led to a rapid growth in
international trade and the exchange of products between countries (Siebert, 1999).
Between 2009 and 2010, the developed economies witnessed an expansion in
imports and eports by 11.5% in volume terms, while the rest of the world increased
by 16.5% (WTO, 2010)As indicated in the World Trade Organisation (WTQO) report
in 2010, he foreign trade of commodities and services at the global level also
increased by 13.5%ver he same periadrhe demand for seaborne trade is derived
from the demand for international tradéeénstra, 1998Stopford, 2004; Lun et al.,
2010).In fact, about 90% of world trade is transported by sea in volume terms and
almost 80 % in value terms (Breh, 1997; IMO, 2009Zouari and Khayech, 20},1
and ports are considered as a necessary element for facilitating seaborne trade
(Tongzon et al., 20Q0Bimoes and Marques, 2010Veak port performanaesultsin
reduced trade volumes (Blonigen and Wils@®08). Hence, it is important to
continually improve the performance of the primary elements of the maritime

industry, namely ports, cargoes and ships (Abdella and Abdelhafez, 2000).

The first element, ports, respond to this increased demand for seatdéhrough
increased port capacity and improved port performance (R&walsand Tovar,
2010). Ports' managers face challenges to enhance port competitiveness through
providing quality services to port clients, reducing total operating costs, improving
port performance, and satisfying all port clients including stevedoring companies,
ships, shipping lines, exporters, imposieforwarders, ship ownersarriers and
shippers (Sharma and Yu, 2010).
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Cargoes are the second element where world trade g®apgrundreds of different
types of commodities shipped by sea. These include raw materials such as oil,
industrial materials such as cement, and manufactured products such as machinery.
Accordingly, ship types and designs have been developed to meettradddheeds

and the types of cargoes being transported.

For the &ip element, many sizes of shie required to deal with different parcel
sizes, water depths, lofaul routes, and to keep the sea transport costHewce,

many shipyards have adoptedwn ship designs through increasitige size and
number ofholds, for example, to benefit fromconomiesof scale General cargo
ships are still considered the largest single category among other types of ships
carrying different types of cargo. Tankers tre second largest category where high
load-carrying capacity ships have been built to carry various types of liquefied
products, such asatural gas. Other types of shjpay anindispensablerole in
seaborne trade, such as bulk carriers that carry heabyigh density products, and

container ships that oy standard units which suppenultimodal transport.

In Egypt, SRUWYVY DUH FRQVLGHUHG WR EH WKH EDFNERQH RI
supportfor economic developmenin 201Q seaborne tradeepresentg 90% of the

total volume ofEgyptian foreign trade, where the ports received 19,680 ships and

handled approximately 132.7 million tonnes, up 9% compared to 2009 (EMDB,

2011). In 2009, Egypt haal0.64% share of world total exports0.41% sharef the

world's total imports and 0.2% share othe world maritime merchant fleet (WTO,

2011). New Egyptian ports have been built to ntieethigh volume of trade such as,

EastPort Said port. Old ports are bhgi modernised and expanded such as,

Alexandra port and Damietta port. Specialisports have been upgraded such as,

Sokhna port. Finally, the Suez Canal has been dretigéf feet,n 201Q to allow

larger vessels to pass and the Suez Canal terminal haplaeead

18



Managers and authorities pirts have increasingly been under pressure to improve
port performance by ensuring that the port provides services on an internationally
competitive basigSimoes and Marques, 2010)hey are responsible for selecting
warehousing locations and capacitidetermining the number of cranes, derricks,
winches, forklifts and any other cargo handling equipment required for loading and
discharging cargoes and controlling daily port operations. Also, managers are
responsible for using information systems for daeohforecasting, strategic planning,
port control, and customer satisfaction (Panayides and Song, 2008). Determining
how many shifts per day and reducing waiting times in port or at berths are also part

of port managers' responsibilities.

The diversityd SRUW PDQDJHUVY UHVSRQVLELOLWth&lY WKH FRI
port industry, andthe challenge ofmanaging port facilities requiréhe use of

a reliable management and measurement tool (Simoes and Marques, 2010).
Measurement systems are required to assess the current cost, productivity and service

levels at ports and to identify deficiencies within these ports. Hence, many studies

have been undtken in relation tgort economics, port policy, port management,

port terminals and port planning order toevaluae port performance (Pallis et al.,

2011).

1.2 The Importance of Performance Measurement

Performance measurement is important to thieiefft and effective managemteof
organisations. Iteflecs anorganisatiots objectives, customer requiremsmaind the
external competitive environment (Kennerley and Neely, 2002). It can be used to
assess the success ofanisations. Understandimgeiformance can also affect the
behaviour of managers and employees (Kaplan and Norton,.188#)n (2002)
discused howperformancemeasurement can fih number of functions, including
trangarency, learning, sanctioning, appraising and benchmarking bebtme

organisations and competitors.
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Performance measurement helps decision makers through capturing performance
data. Managers rely on measures as an integral element of planning and controlling
processes (Neely et al., 1997).asupply chain context, measuripgrformancas a
managerial tool thatassists inplanning and organising activities, motivating

workpeople, and controlling events within acceptable parameters (Morgan, 2004).

In any business enterprise, performance measuntebeomes an important factor

for effective planning and decision making (Chan, 2003; Chan et al., 2003). It can
provide necessary feedback information to reveal progress, enhance communication
and diagnose problems (Waggoner et al., 1#90ks et al.2010. Furthermore,

it can helpto understand the integration among the supply chain components.

In port studies, the performance of each element of the maritime industry influences
seaborne trade, and consequently international tidasurementystems help in
evaluating how existing capacity and port performance meet the requirements of the
shippers and ship owners in terms of the waiting time of the ship, and how it can
meet the consignees' expectations in terms of the dwelling time of édargdficient
performance measurement system helps to monitor the performance of operations
and terminals in a port through providing a port with indicators that will aissist

assessing port productivigndthe management of complicated operations.

Ports'managers, planners and authorities need a reliable performance measurement
system to assess the efficiency and effectiveness of their actions. For this reason,
optimisation of facilities and operations is the common goal in most current
measurement system#nalytical methods such as queuing models, stochastic
frontier, dataenvelopment analysiand simulation models have been the most
common measurement approaches used in measuring port performance. A range of

measurement systems are currently used irs o terminals.
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1.3 Towardsa New System of Performance Measurement

The literature indicates that there is a gap inWkedge as traditional and recently
developedmeasurement systems tend to be inconsistent, and lack the focus of
measuring overall port performance. Most systems measure containerised cargoes,
container ports and container terminals. A port has many terminals and normally

handes more than one typd oargo:dry bulk, liquid bulk, containers and general

cargo A focus on measuring one type of cargo does not reflect overall port
SHUIRUPDQFH +HQFH UHFHQW PHDVXUHPHQW V\VWHPV

strategic focus.

Tongzon (1995, p. 245) claimatdat ¥ew studies identified those measures and
factors that influence port performance dhdt these havéiled to quantify those
factors for overall performance Kennerley and Neely (2002) argued that the
evolution of measurement systems over timena®s a considerable gap in

performance measurement research.
Bichou and Gray (2004tated that:

"It appears that there may be a methodologic#cdity in linking supply
chain performance measurements to ports. A systemic approach to port
performancedrequired (Bichou and Gray, 2004, p. 53)

There is a need to develop a more effective performance measurement system. This
system needs to be clearly linked to that operational strategy and related to a

number of key performance variables.
1.4Research Outline

Figure 1.1 shows the&onceptual framework of the researdbort performance
measuremenhas arole in planning and controlling pdstoperations. A literature
review wasconducted to conceptualise the design of performance measurement
systems in ports. Findings concluded that current ureagent systems are limited

and there is aneed to develop a reliable measurement system to fill this gap.
Therefore, the research question has been set to contribute to the development of
knowledge andthe approach has been set as a deductive approach where

a quantitative study has been applied.
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Quantitative methods are traditionally used for assessing port performance (Marlow
and Casaca, 2003). Various techniques have been usedlimgcl econometric
techniques, engineering techniques, operation research techniques, statistical
techniques, simulation models, queuing models, mathematical models and regression
analysis (Tongzon, 1995; Tongzon and Heng, 2006¢ research is designed t
discuss the current measurement systems applied in portstoaadsess the

effectiveness of Damietta pdftv F Xpetforh@Mieneasures

e e e e e e e e e e === = =

/// Background Literature Gap in Research p
! 9 knowledge approch \
| :
! |
! 1
! 1
| I
I Research Research '
! DAPEMS design Methodology question !
| |
! 1
! 1
! 1
1

1

1

1

! . Time Revenue Flexibility 1
1
! Damietta Por measures measures measures '
| :
! 1
! 1
1
| :
1

1

\ Further Conclusions DAPEMS Trigl DA.PE.MS !
\ research Reliability )

\ ’

N ’

__________________________________________________

Figure 1.1 Conceptual Framework of the Research

The cevelopnent ofthe Damietta Port Performance Measuremenst&y, named
DAPEMS, will form the focus for this investigationThe systemwas developed
using time measures, and then, other measaresapplied using revenue and
flexibility measuresTesting the systeimapplicability, relability and flexibility were
discussed and the conclusions and recommendaionmarisedin Chapter Three,
the researclphilosophy strategy, process and methodologyl we explained in

detail.
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1.5 Research Problem and Hypothesis

Thisresearch addresses tieedfor port managerand planners to develop a reliable

and effective performance measurement system. These systems can help port
managers to predict, control and plan their port and, consequently, improve their
competitiveness. The research problem has directly addressgdptlie knowledge

and it has set the following problem to be investigated:

How can current performance measurement systems be developed to measure

the performance of seaports more effectively?

To answer the research problem, the researchsied out to test the following

hypothesis:

Developing a moreffective performance measurement system will lead to
improved performance in Damietta port

The null and alternative hypotheses are hereby put forwarg aadHHh:

f Hy: developing a moreffective performance measurement system will not

lead to improvd performance in Damietta port.

f Ha. developing a more effective performance measunersgstem will lead

to improvedperformance in Damietta port.
1.6 Research Aims and Objectives

The scope fothis research is to develop a more effective measurement system for the
purpose of assessing a port's performance. In order to test the hypothesis, the

research has the following aims:

1. To discuss the current supply chgiarformance measuremesystemsand
models applied to ports.

2. To investigate the effectiveness of the current performance measurement
systemin a port and to understand tise variables that influence a prt
performance

3. To develop a measurement system to be used in Damietta port, nhamed

Damietta Port Performance Measurement System (DAPEMS).
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4. To evaluate the extent to which DAPEMS can be applied to other Egyptian

ports or elsewhere.

The aboveaims show that the research is intended, in large part, to develop a more
effective measurement ggs. In order to address the key aims, the research has set

the following objectives:

1. To discuss the characteristics, designs and categories of current supply chain
performance measures and the classification of performance measurement
systems.

2. To study he supply chain models currently applied in ports.

w

To examine the current measurement system applied in Damietta port as
a case study artd evaluage its effectiveness.

To analyse limitations that are associated with the current Damietta model.

To develop DAPEMS using time measures.

To develop DAPEMS using revenaad flexibility measures.

To test the reliability, applicability and flexibility of DAPEMS.

© N o o &

To define the limitations of DAPEMS and provide insights for future

research.
1.7 Research Methdology

The research methodology is a deductimeethodology for two reassn
philosophical and practical implications. A deductive methodology helped to study

a sample of population at Damietta port to test the hypothesis.

The philosophicajustification exists in the review of literature that has produced
reoccurring themes emphasising the importance of quantifying predictor variables in
ports. There are extensive overviews of conceptually oriented papers on the
optimisation of operations in psr(Bichou, 2007; Pallis et al., 2010). These studies
focused on using operational research techniques for optimising port operations.
However, the literature survey verified that no single performance measurement

system is recommended as a standard towldasure a port's performance.
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For practical implications, a deductive methodology is more appropriate to fit the
nature of operations in ports (Pallis et al., 2009). There are predictor variables that
influence a port's performance. These predictonsprse complicated operations for

different types of cargoes at different terminals.

A quantitative methodology is relevant to investigate the efficiency and productivity

iIssues where operations can be quantified to evaluate port performance.

Various mé¢hods have been used in this research for the purpose of collecting
reliable data to measure current Damietta port performance and for those variables
used in developing DAPEMS. Different methods of data collection, using both
primary and secondary sourcelsave been applied. The research methods are

discussed in detail in Chapter Three.

Damietta port is the case study used in this research. The reasons for selecting
Damietta port as a case study are discussed in Chapter Three. Data have been
analysed as series of steps for developing DAPEMS. They are:

1. Developing DAPEMS required a reliable problswiving technique. In
support of this, a case study has been used as it provided contextual analyses
of similar operations in other Egyptian ports. The main benefit of the case
study was that it improved the fgthesis investigation and it was useful for
understanding certain phenomena of common problems in ports.

2. A full set of data has been collected by the researcher directly fropothe
recordssystem.

3. Data have been collected in a variety of ways anth foifferent sources
including primary and secondary soursesh as interviewsThis is to verify
the accuracy and reliability of data.

4. Time series data have been gathered for Damietta port operations on
a monthly basis.

5. Data covered key prmance variables in Damietta port including; storage
areas, transportation, cargo himgl rates and berth occupancy

6. Data have been organised per type of cargoes into four groups; general cargo,

dry bulk, liquid bulk, and containers.
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7. Data have beewrollectedon a monthly basidor five years starting from
January 2004 to December 2008, 60 sampléstal

1.8 Structure of the Research

The research structure shows the plan that has been undertakiest tthe
hypothess, answetheresearch questioand achieveéhe aims and objectives. It has
been structured to develop a measurement system named DAPEMS. A brief

overview of the key chapters in this research is presented in Table 1.1 below.

Table 1.1 Overview of Chapters in the Research

Content Overview

Chapter One
Startswith an introductory chapter to set out the research problem, hypothesis,

and objectives.

Chapter Two

Reviewscurrent supply chain performance measurement systatheodels applie
in ports This then led t@ comprehensivdiscussion of those measurement syst
and approacleapplied in ports. It concludes witile weaknesses and limitations
current measurement systems and the need to develop a reliable appiogmiove

port performance

Chapter Three
Discussesrelevant aspects of the research methodology and methods u

developing the measurement system.

Chapter Four

Examinesthe effectiveness dhe current measurement system appliedamietta

port, and presentie limitations ofthe current measurement approach.
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Chapter Five
Applies multiple regression analysis as a method to determine the significar
relationships between predictor variables and port performance. It helps in des

DAPEMS using time measures.

Chapter Six
Develops DAPEMS using both: revenuand flexibility measures. It helps to coj

with the complexity of the port operating environment.

Chapter Seve
Explainsthe reliability,applicability and flexibility as featureef DAPEMS. Also, it
providesfeedbackon the DAPEMStrial at Damietta port

Chapter Eight
Summarisesthe research and gives policy imglions of these findings befo
concluding the research by acknowledging its limitations and highligpobential

areas for future work

1.9 The Relationship between the Research Aims, Methods and Structure

This deductive researctieveloped DAPEMS to increase the understanding of port
performance and certain problems that commonly occur in Damietta port. Table 1.2
points out how the aimsf the research have been met by using these multiple data

sources and different methods.
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Table 1.2 The relationship betweeV KH UHVHDUFK{V DLPV DQG WKH VWUXFWXUH

RESEARCH AIMS APPLIED METHODS CHAPTER

. . f Literature search
To discuss the current supply chaiperformance _
. f Library records ChapterTwo
measuremergystems and models applied to ports.

f Original investigation

, . . Case stud
To investigate theeffectiveness of the current performar f y

f Governmental publications

measurement systerm a port andto understand thos ChapterFour
. , , f Port visits
variables that influence a port's performance
f Interviews
f Observation
To develop ameasurement system to be used in Dam f Regression analysis ChapterFive
port, named Damietta Port Performance Measurement Sy ..
f Port visits :
(DAPEMS). ChapterSix
_ _ f Interviews
To evaluate the extent to which DAPEMS can be applig o
f Port visits ChapterSeven

other Egyptiarports or elsewhere.




1.10 Chapter Summary

Chapter onénaspresented the importance of performance measurement in ports for
monitoring daily operations and to cope with complexifhis research aims to
develop a performance measuent system named DAPEMSA deductive
approach is considered relevant for this purpose due to philosophical and practical
implications. Theconceptual framework of the researbhs been found in the
literature toward developing a quantitative approach for measu@ngort's
performance. In the next part, Chapter Two will discuss in detail different
performance measurement issuesem a theoretical perspectivbased on the

literature.
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Chapter Two

Supply Chain Performance Measurement and Port Studies

2.1 Introduction

Over the last twenty years, researchers have shown an increasing interest in
improving performance measurement systems (Eccles 1991; Kaplan and Norton,
1992; Beamon, 1999Neely et al., 1995; Neely, 2005; Elazomy al., 201)
Performance measurement studies come from a wide variety of different disciplines,
including accounting, engineering, economics, human resources, marketing,

sociology and management (Marr and Schiup@®3).

Performance . T
Measurement ?&l\gtggeg;?enss PMSPacl?rE{JSIIed [
Systems (PMS
23) (2.4/2.5) 2.7)

Effectivness o

current PMS i Port KPIs
ports 271
(2.7.2)

Figure 2.1 Literature Structure

Figure 2.1 shows the structure of the literatteeiew. This commences with an
analysis of performance measurement systems (PMS). It analyses the current
performance measurement sysse applied in thecontext of supply chais. The
different concepts of performance, performance measure and performance
measurement systems are explained. The discussion focuses on explaining the
different designs of performance measurement systems and various categories of
performance measures. Following this, an evaluation of current performance
measurement systems used within ports is conducted. An evaluation of regression
models and other analytical tools used in quantifying the factors that can affect

performance withirports is also considered.
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2.2 Literature Review

In a supply chain context, suppliers, manufacturers, distributors and customers are
interlinked by a network that provides a reliable flow of information and materials.
Hence, supply chains can lbbaracterised by their complexity and uncertainty in
their operationgBeamon, 1999; Beamon and Chen, 200ddelling such supply
chains is challengindn order to quantify supply chain performance in any business
enterprise, it is necessary to identiighat is meant by, and distinguish between,
performance, performance measurement, performance measure and performance

measurement system.
2.3Performance Measurement

Performancdasmany definitionsMentzer and Konrad (1991) have defineds the

ratio of actual output to standard output, which requires establishing a goal and
a strategy to meet such standard output. This definition was based on differentiating
between productivity, utilisation and performance. They discussegrbaiictivity

refers to the ratio of output to input, while utilisation is the ratio of used facilities to
available facilities. In ordeto meeta standard outputa goal tends towards
minimising operating costs and improving the service levels requiribglance
between efficiency and effectiveness. For btthsedimensions, they measured
efficiency in terms of how well the resources are utilised, while the effectiveness has

been measurdfl a goal or a stratedyas beemccomplished.

Neely et al. (199) defined performance as the efficiency and effectiveness of actions
within a business context. Marlow and Casaca (2003) generally defined performance

as:

"An investigation of effectiveness and efficiency in the accomplishment of a given
activity and whee the assessment is carried out in relation to hovineeobjectives

have been mé{Marlow and Casaca 2003, p.192).
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Examining previous definitions of performance, it is obvious that performance has
two dimensions (Neely et al., 1995): effectivenegs @fficiency. Effectiveness aims
to meet customer requirements, while efficiency is a measure of how economically

a firm's resources are utilised.

For performance measurement, Mentzer and Konrad (1991) défiagén analysis

of efficiency and effecteness of a given task. Neely et al. (1995, p. 1B28irne et

al., 2003 defined performance measurement as "the process of quantifying the
efficiency and effectiveness of action”. They adjubat a performance can be

a process used to quantify efficiency and effectiveness (Tangen, 2004; Chan, 2003;

Valmohammadi and Servati, 2011).

Beamon (1998bg@mphasisedhat performance measurement is an examining tool of
efficiency and effectiveness of an existing or proposed system. Measurement can
take place by determining the value of the decision variables that yield the level of

performance.

Lohman et al. (2004)adfinedperformance measurement as an activity that managers

can use to perform their predefined goals. Hence, they claimed that a selection of
SHUIRUPDQFH PHDVXUHYVY VKRXOG EH GHULYHG. IURP D F
Morgan (2004, p.522) defingzbiformance as predetermined parameters and defined
performance measurement as an abilitynonitor activities in a meaningful way.

Braz et al. (2011) defined performance measurement as the process of quantifying

efficiency and effectiveness of actions oftpzf a system or a process.

For performance measumdeely et al. (1997) defineitl as an integral element of the
planning and control cycle in organisations and it can be used to quantify the
efficiency and effectiveness of action. Neely et al. (19BByrne et al. (2003) and
Tangen (2004) defined it as a metric used to quantify the efficiency and effectiveness

of action.
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For performance measement systemit can be defined as the set of metrics used to
quantify both the efficiency and effectivenest an action (Neely et al.,, 1995;
Tangen, 2004). Bititci et al. (1997, p.533) defined a performance measurement
system as@an information system which is of critical importance to the effective and
efficient functioning of he performance managemeniNedy et al. (2002) definea
performance measurement system as a balanced and dynamic system that enables
support of the decisiemaking process by gathering, elaborating and analysing
information. Bourne et al. (20D8laimed that a performance measurensgstem is

a multrdimensional set of performance measures for the planning and management
of a business. They defined a system as a set of metrics used to quantify the

efficiency and effectiveness ahaction.

Braz et al. (2011) defined a performameasurement system as a set of measures
used to measure the performance of asti@ken. Three stages are required to
develop a new performance measurement system, including design, implementation
and use. Also, they argued that adding new measures dtingxmeasures in any
system will increase complexity and consequently, it will lead to outdated systems.
However, increasing the number of measures helps to define the scale because
a measurement system depends on the extent of iteaimsdable (Brahma, 2000

Also, increasing the number of measures in a system helps to provide more
information about all aspects of utilities in the port (UNCTAD, 1976; Tongzon,
1995; Fourgeaud, 2000; Marlow and Casaca 2003; Bichou and Gray 2004; Cullinane
et al2004; Gray, 2005Taylor 2007%.

Different approache® measuring performance have been developed using different
technigues and metrics to produce systems and frameworks, such as balanced
scorecard (BSC) (Kaplan and Norton, 1992), performance pyramid (Lynch and
Cross, 1990), the macro process model (BrowAg6},3he performance prism (Neely

et al., 2002) and a macroicro framework of performance measurement (Ra@une
Putterill, 2003).
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FranceSantos et al. (2007) argued that none of the definitions of performance
measurement systems has a consistent s#tapfcteristics. Hence, it is necessary to
understand the characteristics of performance measurement. In the foldeetray

different measurement charactéds, categories and designs will é&eplained.
2.4 Categories of Performance Measures

A large number of different types of performanceasues have been used to
characteris systemssuch as consistencygost, customer responsiveness, activity
time andflexibility (Beamon, 1999).Previous research has focused on categorising
performancemeasuressuch as cost and qualitynderstanding the measurement
characteristics and categories of performance measures Hbelgsion makers
analyse, manage andordrol measurement systems, aoggrade performance

measurement systems to fit the dynanmeienment of businesses.

In other words, measurement characteristics can be used to ewajpati®rmance
measurement system (Braz et al., 20INgely et al. (1995) identified four key
qguestions in order to analyse the characteristics of a perforrmaaasurement

system:

What performance measures should be used?
What are they used for?

How much do they cost?

A WD PE

What benefit do they provide?

Beamon (1999) identifiedfour other important questions to examine the

characteristics of a performance measurdmagstem:

1. What to measure?

2. How are multiple individual measures integrated into a measurement system?
3. How often to measure?
4

How and when are measuresanaluated?
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Beamon (1996, cited by Beamoni999) identified inclusiveness, universality,
measurabily and consistency as the main characteristics of effective performance
measures. Beamon (1999) identified three types of measures as the main components
of a performance measurement system, namely resource measures, output measures

and flexibility measures

Azzone et al. (1991) identified simplicity and relevance as being two characteristics
of effective performance measurement. They focused on keeping the complexity of
the system lowFor performance measurement categofiegle 2.1 summariseseh

different performance measurategories that have been developed over the years.

Table 2.1+Categories of Performance Measures

Author Categories

Quality measures
Speed measures
Keegan et al(1989) Customer satisfaction measures

Cost measures

~ ~h ~h ~ —%

Cashflow measures

Shipments measures
Inventories measures

Labour performance measures
Kaplan(1990) Capital measures
Spending measures

Variances measures

~ ~h ~h ~h ~ ~

Headcount measures

Maskell(1991) f Cost measures

Quality measures
Time measures

Neely et al(1995) o
Flexibility measures

Cost measures

~ ~ ~n
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f Qualitative measures
Beamon(1998) o
f Quantitative measures
Cost measures
Cost anccustomer responsiveness measures
Beamon(1999) Customer responsivenasgasures

Cost andhctivity time measures

~ ~ ~h ~n s

Flexibility measures

Quantitative and qualitative measures

—~

Shepherd and Gunt€2006) | f Cost and noitost measures

Quality, time, flexibility and innovation measures

Different performance measures categories were developed according to a range of
characteristics. Fronan organisation's strategic perspective, Neely et al. (1995)
presented a few categories including: quality, time, flexibility and cost. Maskell
(1991) identified cost as the sole performance measurement category. On the other
hand, Keegan et al. (1989) arguthat the best approach was to start with five
generic mesurement categories as showTable 2.1.

Previous categories aimed at understanding the organisation's cost drivers. It is
observed that these categories include cost as a principal meas@@éanfttmance
measurement system. The aim is to make a business enterprise more efficient by
managing production casaind the cost of service provided and cash flow. However,
these measures are directed to manufacturing strategy, which are neitheblpplica

in other organisations, nor supporting other strategies within the same organisation.

Thus, Dixon et al. (1990) developed a performance measurement questionnaire
(PMQ).However, PMQ did not present a clear category of measures. It was based on
judgement and experience of respondents rather than what happens in reality.
Kennerley and Neely (2003) defined four categories of capabilities that organisations
must follow to maage their performance, namely processes, people, culture and

systems.
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The pocess category aims to review measures, whégeople category concerns
the required skills to use measures. Culture capability proposgspreciation of the
importance of masures, andhe systems category discusses the organisation's

capability to collect, analyse and interpret data.
2.5Performance Measurement Design

Neely et al. (1997) argued that the design of a performance measurement system is
a process where inpuéd outputs are produced. Inputs are captured in the form of
requirements and outputs are produced in the form of a performance measure. They
developed a performance measurement record sheet to help in structuring
a measurement frameworland in facilitating the design of performance

measurement systems.

Globerson (1985) stated that the design of a performance measurement system must
fit the company's objectivebaskell (1989) offers the following seven principles of
performanceneasuremet system design:

The measures should be directly related to the firm's strategy.
Non-financial measures should be adopted.

It should be recognised that measures vary between locations.
Measures change as circumstances do.

The measures should be simple aady to use.

The measures should provide fast feedback.

N o gk~ wDdE

The measures should stimulate continuous improvement rather than simply

monitor.

Neely et al. (2000) focused on the importance of selecting a relevant design for
performance measurement systems. Aasneement system should include financial
and nonfinancial measures. They identified the performance measurement systems
design principle®n the importance of deriving measures from a company's gyrate
(Tangen, 2004; Morgan, 2004)leasures must be expt and clear, and measures

must be easy tose.
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However, they argued that the literature is concerned with the rules and guidelines
for designing performance measurement systems, rather than the actual output of the
process. Hence, they identifi@@ principles fora performance measurement system

design process.

Bourne et al. (2000) proposed three phases for developing performance measurement
systems, including the design of the performance measures, the implementation of
measures and the use of penmfi@ance measures. The design phase aims to identify
the key objectives to be measured. The implementation phase determines which
systems and procedures are applied to collect and process the data, while the use
phase aims to use the information and feedlark the measures to test the validity

of the strategy. Bourne et al. (2002) identified the success and failure factors of
performance measurement system design, includmggextual factors such dack

of leadership; procesmctors such as identifyig the right measuresand content

factors such apoorly defined metrics.

Bourne et al. (2003) categorised performance measurement design processas into
broad categorieprocedure design and approach design. The procedure design can

take one of théollowing forms:

1. Needs led design, where the needs of customer, business and stakeholder are
the basis of the system, suchtlasbalanced scorecard.

2. Audit led design, where systems start with the audit of existing performance
measures, such as PMQ.

3. Model led design, where a theoretical model is applied for designing

performance measures.
Bourne et al. (2003) described approach design as follows:

1. Consultant led design, where the work of consultants are reviewed and
incorporatednto designing systems.
2. Faglitator led design, where the work of the management tearaed when

designing systems.
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The literature shows that the performance measurement systems can be examined
according to three different designs: individual design, multiple design and matrix

desgn.
2.51 Individual performance design

The first performance measurement system design has an individual form of
measurement where a single measure is used. Beamon (1999) claimed that a single
measure is attractive because of its simplicity. Neely e{1805) focused on the

most important measures used in individual design, including quality, time, cost and
flexibility measures as showin Figure 2.2 Each of these measures has different

dimensions.

Quality Time Cost Flexibility

N e e e = ———

Figure 2.2 tlmportant Measures of Individual Design

For qualitymeasures, some performance measurement systems are designed to find
the cost of quality which is a measure of the extra cost incurred by the organisation
because it is either under or oymrforming.Also, some measures of quality include
statistical process control for assessing the process rather than the output. Beamon
and Ware (1998) developed the Process Quality Model (PQM) for assessing,
improving and controlling the quality of the supply chamgess. PQM comprises

eight modules and it aims to evaluate the overall quality of the supply chain system.
Regarding measures relating to time, Drucker (1990) has developed-baten
costing system known as throughput accounting. The throughput aocpsystem

should be measured in terms of the rate at which money is received rather than as an
absolute. In manufacturing industries, time measures were an important source of
competitive advantage. Manufacturing lead time, delivery lead time and frgoofenc
delivery are examples dimensions ofime measures (Neely et al., 1995).
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Azzone et al. (1991) focused on using time measurement as a fourth dimension of
competition alongside quality, cost and innovation. They suggested a performance
measurement syem called the matrix, which is consistent with timEased

principles.

Regarding cost measures, accounting principles were widely applied in different
performance measurement designs (Kennerley and Neely, 2002). Feigenbaum (1961,
cited by Neely et al1995) defined the cost of quality as a function of the prevention,
appraisal and failure cost®revention costs refeto those efforts to prevent
discrepanciesuch as training programmeBhe gpraisal costsefer tothose costs
spentin the detection ofliscrepanciesuch as inspection costshile failure costs

refer to those costss a result of discrepancisisch as customer complaints.

Beamon (1998) identified different objectives for those measures that are based on
cost, including cost minimisatigsales maximisation, profit maximisation, inventory
investment minimisation and return on investment maximisation. Neely et al. (1995)
proposed service cost and manufacturing cost as examples of cost measures

dimensions.

Regarding measures relating texibility, Slack (1983) identified cost and time as
dimensions of flexibility. Neely et al. (1995) discussed various flexibility measures,
such as volume flexibility, material flexibility and modification flexibility.

Unfortunately, an individual perforance measure is not inclusive, as it does not
reflect the real performance of business enterprises (Beamon, 1999; Kaplan and
Cooper, 1998). Kennerley and Neely (2002) argued that using financial measures
the sole criterionfor example,is no longer relevant for organisations due tdrthe

increased complexity.
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2.5.2 Multiple performance design

Kaplan and Cooper (1998) discussed the use of multiple performance design, such as
activity-based costing (ABC) systems. They claimed thaltiple designs provide
visibility of the economics of their operations. The focus was on using multiple cost
systems to provide more responsive, more accurate and more relevant information
for serving companies. However, cost measures were the main nsegsaystems

with no regard paid to nefinancial measures.

The second performance design has a multiple form of measures. Neely et al. (2002)
argued that the individual performance design is not applicable to view business
performance, because businessfgrmance is itself a mulfaceted concept. Thus,

they established a framework that is called the performance prism.

The performance prism has five facets. The top and bottom facets are stakeholder
satisfaction and stakeholder contribution. The thrdeerofacets are strategies,
processes and capabilities. The prism illustrates the complexity of performance
measurement and managemeieely et al. (2002pelieved that a single measure

offers a unique perspective on performance.

Their prism offers multife and interlinked perspectives on performance. However,

the prism did not show how these can be achieved in reality. Additionally, the prism
does not have consistency between its components, as the stakeholders' expectation
may exceed the set level of flmance.

2.5.3 Matrix performance design

The last form of performance design takes a matrix framework. Keegan et al. (1989)
proposed a performance measurement framework that is known as the performance
measurement matrix. As with the balanced scorecerdtrength lies in integrating
different dimensions of performance, and it employs internal, external, cost and non
cost terms in enhancing its flexibility. The performance measurement systems can be
established either in a simple matrix or more detajleality diagrams. However, the
matrix performance measures lack consistency between the different dimensions of

business performance, like multiple measures.
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2.6 Supply Chain Performance Measurement Systems

In a supply chain context, different performance measurement systems have been
recently developed using different techniques and for different purposes. The
Balanced Scorecard is the most widely applied system (Braz et al., 2011). Kaplan
and Norton (1992provided a measurement concept to integrate financial and non
financial indicators in a first generation balanced scorecard approach (BSC). Their
management concept is aimed at the internal evaluation of a business enterprise from
four different perspectes: the financial perspective, the customer perspective, the
internal business process perspective and the learning and growth perspective.
It gives top managers a fast and comprehensive view of their businesses, as it is

a balanced preagtion of both financial and operational measures.

However, Paranjape et al. (2006) claimed that the bathiscorecard is limited in

that it focuses only on managerial needs; is not semiented; it fails to indicate

the competitors' perspectivpeople, suppliers, environmental and social issues are
omitted Hence, the second generat@frBSC approachefocused on the causmd+

effect relationships between measures using a strategy map, while the third
generation BSC is about developing strategantrol systems instead of the

traditional four perspective¥&lmohammadi and Servati, 2011).

Neely et al. (2002) developed a performance prism framework that comprised five
integrated perspectives as discussed earlier. They argued that the prismohelps t
understand the complexity of performance measurement and management. However,
the prism is a thinking aid rather than a system that can practically be applied. It can
be used as a way of thinking to help managers to understand their business context.

Neely and Jarrar (2004) developed the Performance Planning Value chain framework
(PPVC). The focus is on what will add real value to the organisation by comparing
performance with competitors. Thus, benchmarking was one of the recent methods
that has been Bd in a performance measure evaluation system. PPVC aims to
transform data into va@added information that assistsrganisations in their

decisions.
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This can be achieved through six steps, including: develop hypotba#igr data,
data analysisand interpretation inform insights and make decisioriBhus, it is

considered as an important input to the organisation's strategy.

However, the focus was on reducing the costs that are required to deliver quick and
effective value from data to decisiomakes. Following previous traditional
measures, PPVC was based only on traditional cost prsciplable 2.2 showthe
common performance measurement systems and frameworks applied in the supply

chain context.

Table 2.2+Supply Chain Performance Measuremsmystems

Framework/System

Author

Performance Measurement Matrix

Keegan et al. (1989)

Time-based competition system

Azzone et al. (1991)

Determinants framework

Fitzgerald et al. (1991)

Balanced scorecard (BSC)

Kaplan and Norton (1992)

Performancéyramid

Cross and Lynch (1992)

Macro process model

Brown (1996)

Activity-based cost system (ABC)

Kaplan and Cooper (1997)

Performance Prism

Neely et al. (2002)

Performance Planning Value Chain

Neely and Jarrar (2004)

PMS Review

Najmi and Fan (2005)

CCP

Cuthbertson and Piotrowicz (2011)
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Huanget al. (2004) classifiedupply chainperformance measuremesystemsnto

three groups: operational, design and strategic systemsteFy3showsthat the

operational studies developed mathematical models for improving the performance
of the supply chain. The design studies aimed to optimise performance through
redesigning the supply chain. Different types of models have widely been used in
redesiging the supply chain, such as simulation models (Tahar and Hussain, 2000)
and stochastic analytical models (Cullinane and Song, 2003). Finally, strategic

studies evaluate how to align the supply chain with a firm's strategic objectives.

Operational] Design Strategic
Studies Studies Studies
Mathematical | Economic I_ fé;:::et?vig

models models models
Stochastic
=1 analytical
models
Simulation
models

Figure 2.3+Groups of Supply Gain Measuremergtudies

Source: Huang et al., 2004.

Kennerley and Neely (2002liscussed the forces that shape the evolution of the
measurement systems. They explained the chahdeversand barriers to change
measures within anperformance measurement systétso, a framework of factors
affecting the evolution of a measurement system has been developed, intheding

use, reflect, modify and deploy stages.

Neely et al. (2003) discussed three different generationspeformance
measurement systerihey identified the first generation of measurement systems
which are based on financial principles and -fioancial indicators, such as

Balanced Scorecard (Kaplan and Norton, 1992). They argued that the first generation
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was static as it did not provide a linkage between performance measures. The second
generation of measurement systems addressed the linkage between performance
measures. Different measurement frameworks focused on draragions and

mapping the flowsuchas strategy maps (Kaplan and Norton, 2000).

Neely et al. (2003) claimed that the third generation aimed to link thdimencial

and intangible dimensions of business performance to the cash flow in order to
subject to the dynamic environment. The mzhallenges for the third generation are

to realise the difference between data and information, to demonstrate the cash flow
implication of the noffinancial indicators, and to align the models with the

organisational processes.

Tangen (2004) claimed that performance measurement system should be derived
IURP WKH FRPSDQ\TV VW Ues\oH garforkh@nt¥eHméatudeaved VH W\
a limited number of measures to avoid the risk of infoilonabverload, be egso

use have a clear purpose and guagainst sulpptimisation.He (2004, p.729)

classifiedperformance measurement systems into five categories as follows:

1. Strictly vertical measurement systems where a balance of cost arabston
performance is considered.

2. Balanced Scorecard measurementesyist where several measures are used
to match to different perspectives.
Frustum measurement systems wherellewvel measures are used.

4. Measurement systems that are used to distinguish between internal and
external performances.

5. Measurement systems that astated to the value chain.

Morgan (2004) argued that a performance measurement system should have five
facets, including balance, structure, design, focus and targets. The balance facet
refers to useof a range of relevant and relative measures to thangsation. The
second faet is about structurewhich is derived from the available data and the

required activities to be measured.
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The design and focus facets are about the importanceéhefperformance
measurement systeralating WR WKH R UJD Q L WbrgahdRangdy thetwwhe) D W H J )\
focus should consider the strategic inputs as well as the operational inputs. The target
IDFHW LV FRQFHUQLQJ WKH V\VWHPYfV DFWXDO DELOLW\

Neely (2005) classified the perfoance measurement literature into five themes.

The first theme presents those studies carried out to identify the problems of the
performance measurement systems and to discuss the weaknesses of those systems.
The second thems concernedvith developingneasurement frameworks to address

the identified problems. The third theme aids the measurement framework through
providing the ways for populating those frameworks. The fourth theme aims to
provide the empirical and theoretical analysistioé performane measurement
framework. e fifth theme is concerning the theoretical validity of the empirical

investigation.

FranceSantos et al. (2007) proposed five groups of performance measurement
systems according to their roles, including systems used to meastwer@ance,
systems used for strategy planning and management, systems used for
communication and benchmarking, systems used to influence behaviour, and systems
used for providing feedback and improving performance. However, they did not
provide the comple list of features, roles and processes for current measurement

systems.

Cagnazzo et al. (2010) classified performance measurement systems into five groups,
including balanced systems such as Performance Measurement Matrix, Quality
systems such as BusiiseExcellence Model, Questionnairased systems such as
Performance Measurement Questionnaire, Hierarchical systems such as Performance
Pyramid, and Support systems and supply chain oriented systems such as Supply
Chain Operations Reference (SCOR) modekyTcategorised measurement systems
according to four characteristics that have an impact on the supply chain, including

implementation, completeness, objectivity and strategic impacts.
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Kurien and Qureshi (2011)abed on Cagnazzo et al's (2010) classifin, claimed

that performance measurement systems should consist of various types of
performance measures. They argued that any system should be focused-tamrahort
and longterm results, different types of performance such as cost and quality,
variousperspectives such as customand shareholders, and various organisational

levels such as local and global performance.

Cuthbertson and Piotrowicz (201d¢velopeda Content, Context and Process (CCP)
framework for analysing supply chain performance measurement systems. The
content element includes the categories and dimensions of metrics used in the
assessment process. The context element aims to iddmifiactorsthat influence
supply chain performance; tipgocess element covers the methods and frameworks
used to assess the performance of the supply chain. They claimed that the
performance measurementeliature moved from focusing aingle performance
measurs in the supply chain, to focus on the performance measuremeninsyste
They recommended viewingerformance measurement as a contgendent
process.

Most studies have stressed the need for new measurement systems and metrics
(Neely et al., 1995; Beamon 99 Beamon and Chen, 2001). New measurement
systems need to investigate a number of important issues such as, the factors
influencing the successful implementation of a performance measurement system
(Bourne et al.,, 2002), how performance measurement isipan business
performance (Bourne et al., 2005), the factors which shape the performance
measurement systems design (Kennerley and Neely, 2002; 20@8hining the
relationship between port performance and commodity variety (Ducruet et al., 2010),
and ugng multi-criteria decision making techniques such as fuzzy to design an
effective performance measurement system (Valmohammadi and Servati, 2011).
A difference betweena system, framework and an approach should also be
understood. A system hasstricture where it comprises elements. Any system has

four primary featuregLagoudis et al., 2004)
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It has a set of interacting elements and components that define a structure.
There are relationships between those elements and components.

It has a behaviauhat is influenced by inputs, processing and output.

A w0 Dd P

It has a purpose and a function to achieve.

In the preious part, the literature showdtat there are different categories of
performance measures, different designs of performance measurement ,systems
various categories of performance measurement systems and many characteristics of
performance measurement. Also, several performance measurement systems and
frameworks have been developed for assessing an organ$ateformance within

a supply bain context. The next section will look at which supply chain performance

measurement systerase currently applied in ports.
2.7 Port Performance Measurement

In ports, using a reliable and efficient performance measurement system provides
many benefitdor both the port itself and port clients. For a port itself, it helps to
understand the functional relationships between key performance variables leading to
higher integrated planning and improved port performance. For port clients, it helps
to assure th service levels provided, the availability of the required facilities and the
reliability of operations. The following sectioreviews those key performance

indicators and performance measurement systems applied in ports.
2.7.1 Key Performancdndicators

The measurement of a port's performance has been approached by reséarche
many different ways antly using a range of key performance indicators (KPIs).
Some approaches have focused on measuring & portS H U | Rrel&ieQd- iks
performance (Talley2007). This approach is called a singlart approachStudies
focusingon measuring port performance relative to the performance of pthes

are known as a multport approach. Also, some studies considered economic
performance as a primary measureméwool in ports. Accordingly, economic
performance approaches encouraged other researchers to measure performance in

terms of efficiency.
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Furthermore, port efficiency has been measured for different purposes. It has been
measured with regard to techniedficiency, cat efficiency and productivityFor
each measurement approach, different KPIs and measures have been used to meet the

measurement purpose.

There are many categories of KPIs that affect port performance, such as proficiency
of planning, termrmal labour, storage, equipment, type of ship, stowage planber

of moves per container and labour skillQut of these, financial metrics have served

as a tool for comparing ports and evaluating a pbefsaviour over time. Figure 2.4

lists commonly pplied categories of KPIs in ports.

UNCTAD U.N. Chung Bichou and Gray UNCTAD
(1976 (1982 (1993 (2009 (2004
Productivity :
Financial Vessel speei Physical Macro
Output
Cargo Factor
Service __volumes
Operational Economic & Micro
Utilisation Cargo stay Financial

Figure 2.4+Common KPIs Applied in Ports

UNCTAD (1976) classified performance indicators into two broad categories:
financial and operational indicators. It produced a list of factors that affect port
performance, witih are useful as they assess management efficiency and operational
costeffectiveness. Financial indicatoese determined from financial statements,
such asthe income statement, profit and loss account, and balance sheet. These
indicators aim to relategot income and expenditures to total tonnage of cargo
handled at the port.

Operational indicators focus on many aspects in ports, such as shgvdgund time,

the duration of a ship's stay in port, the volume of cargo, the amount of theday,
average amber of calls, average flewolume or weighif-goods over a standard
period of time, number of calls per berth and per year and volume of cargo handled

per call or per day.
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The U.N. (1982) categorised the KPIs into four common groups of indicatorse Thes
are: productivity, output, service and utilisation indicators. The productivity indicator
focuses on total logistics cash the port, including fixed and variables costs. These
costs include port infrastructure, operating cost, inventory cost, andemaitce and
repairs costs. Also, costs may include cargo handling equipment, warehouses and
labour expenditures. The output indicator measures the outputs of ships, gangs and

berths in terraof how many tonnes are handled per hour.

The service indicatolakes into consideration the waiting time for ships either in the
anchorage area or at berth. Finally, the utilisation indicator determines the utilisation
of berths in ports. It calculates the percentage of berth occupancy per month or per

year.

UNCTAD (1987) suggested port traffic, berth occupancy and berth throughput as the
primary indicators for measuring port performance. It was recommended that
measuremenshould occuron a monthly basis. However, the focus was given to

container terminals, with nogard to other types of terminals.

Chung (1993) considered that the speed with which a ship is despatched, the rate at
which cargo is handled and the duration that cargo stays in port prior to shipment or
post discharge are the main KPIs that should Ipdiexp However, these KPIs are
limited to provide how extensively and intensively the port assets are being utilised

and how well the operations perform financially.

Valentine and Gray (2002) suggested using other KiRlsevaluating port
performance suchas location, infrastructure, and connectivityother ports. They
focused on compang efficiency between ports INorth America andeurope. Total
throughput was the output, while the inputs were total length of bertrgcamainer
berth length. Howevetthey ignored other activities that influence pametformance,
such as equipment and storagéso, these KPIs did not examine the relationship

between those variables that influence a'ppérformance.
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Another study attempted to measure the perfoomari Indian ports by developing

a composite index by means of mincipal component analysis (De and Ghosh,
2003). This is called the Port Performance Index (PPI), which comprises indicators
of operational performance, pberthing waiting time, ratiofadle time at berth to

time at working berth, asset performance, berth thipugrate, berth occupancy rate

and financial performance. Theudly examined the performance i major ports

over a period of 15 years. However, the study considered onky thdisators which

are directly linked with port productivity. The study ignored other important
indicators such as gang output, storage areas, information and other factors outside
the port such as transport network and hinterlands.

UNCTAD (2004) categorisedport performance indicators into two groups: macro
performance indicators and micro performance indicators. The macro indicators
work to measure the pd&timpact on economic activity. They analydeport
efficiency as a determinant of trade costs. The micro indicators appraise the input to
output ratio measurements of port operations. Nonetheless, the macro indicators
seem to focus on the competitiveness of ports as regions rather than ports as firms
and micro indicators focus on measuring these operations related to sea access rather
than landside port operationsjch as warehousing and storag¢owever, both

groups of indicators aim to evaluate the past actions instead of indicating future

performance.

Bichou and Gray (2004) argued that it is very difficult to determine what to measure
and how to measure it in ports due to dissimilarity between ports or even terminals
within a single port. Their study grouped all performance measurement ardicat
into three broad categoriephysical indicators, factor productivity indicators, and
economic and financial indicators. The interim port performance muods
established, which consisted of four performance measures. The participants in the
model includd three panels; a poffpanel,aninternational institution panel arah
academic§ SDQHO
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A combination of questionnaire and interviews were prepared for each panel. It
concluded that financial measures were the most commonly used, closely followed
by throughput measures for internal performance, whereas productivity and
economic impact indicators became more prominent for external comparison with
other ports. However, most ports were not satisfied with the current indicators of port

performance.

OtherKPlIs categories have been developed for different purpBeasgeaud2000)
divided KPIs into reliability, quality and cost. Furthermore, port performance can be
measured using a KPI of linkage. It refers to a linkage between port hinterland and
the inlard transport network (EdSakty, 2003). Talley (2006b) claimed to use
operating indicators to assess a ffovperformance, including loading and
dischargingrates, channel and berthccessibility entrance and departure gate

reliability and damage to ship @dieargoes in port.

It can be concluded that current KPIs focus mainly on cargo handling performance as
it is the main activity in portdHence, these indicators show the performance level of
ports, buttheyhave not found the causes of failure or why pemformance is low,

nor have they investigated ways to improve the performance. Also, there are many
other indicators and functions affecting port performance such as transportation,
warehouses, network, and distribution and port clients' satisfactieseTdperations

have to be measured and considered in a system.
2.7.2 Port Performance Measurement Approaches

The research area in the field of port performance has witnessatgae of
theoretical, philosdpical and practicaframeworks that have beetevelopé for
evaluaing the performance of por(Brooks et al., 2010)

One of the main research studies undertaken in this field was by Tongzon (1995) in
which he established a model of port performance aiesf€y. The study aimeid
identify the fators that influence port performance. Then, it turned to quantify the

relative contribution of these factors to the overall port performance.
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The model seeks to specify and empirically test the underlying factors that influence
port performance and effency. These factors are cargo handling, data availability,
port size and geographical location, frequency of ships calls, port charges, container

mix and terminal efficiency.

The model examined only containerised cargoes across a selected sample of 30
container ports. Port performance was measured in terms of the number of containers
moved through a port (throughput). The established model looked at the terminal
operation aspect which was measured in terms of the number of containers loaded
and unloaded hile a ship was at b#r. The study concluded that thespect of
terminal operation constituted the largest component of the total shiarauwnd

time (Tongzon, 1995). To improve efficiency in this area was also consistent with
SRUW D X W K Rob o Widxkinis§ ber \uikis@tadhL

7TRQJ]IRQTV PRGdHG rAdltigle Hri2df Hegression analysidowever, he
concluded that some variables such as stevedorinthacdane utilisation rate were
incorporated in the model and the equation. He focusamotainer terminals, with

no regard to other terminals and types of cargoes. Also, average inputs have been
used instead of actual data, such as average delays, average crane productivity,

average government charges and average vessel size.

Notteboom etal. (2000) applied a Bayesian approach based on the estimation of
a Stochastic Frontier Analysis (SFA) model. The aim was to evaluate the productive
efficiency of 36 European container terminals. The robustness and validity of the
estimated model vgatested by comparinthe results oftheseto four benchmark
terminals in Asia. They concluded that north Europeantainer terminals were
more efficient. However, the measurement approach was not reliable because the
data analysed relatexshly to one yea, namely 1994Also, a Bayesian approach aims

to measures a personal degree of bétlafa curveyather than using metrics in the

process of performance measurement.
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Another study was prepared by Tongzon in 2001. The study applied Data
EnvelopmentAnalysis (DEA) to provide an efficiency measurement for four
Australian ports and twelve international ports. The DEA analysis was applied based
on actual performance data for selected ports. The technique used two output and six
input measures of port germance. The outputs were cargo throughput and ship
working rate. The inputs were number of berths, cranes and tugs, number of
stevedoring labour, the terminal area of the ports and delay times. However,
7TRQJIRQYV VWXG\ GLG QRW \atInputs an@ ufRuts B sffeG HUD W L F
port performance, such as terland, documentation, shifts and securifiso,
Tongzon was clearly plagued by poor data availability. His research identified more
efficient ports than inefficient portg\lso, statisticaltests are not applicable in this
technique DEA does not also measure absolute efficiency and it does not examine

the relationship between those variables that influence a port performance.

Estache et al. (2001) measured the efficiency gains of elevercdviegontainer
ports applying the stochastic production frontiepproach for the period of 1996
1999. The main conclusion was that the efficietln@s gradually increased and

ranking thke performance has encouragenpetitionbetween these ports.

However, they focused on port competition to stimulate efficiency rather than on

measuring port performance itself. The number of workers, the capital used by ports
and total volumes handled in ports were the main inputs, ignoring other key factors
that influerce port competition status, such as storage, equipment efficiency and ship

turn-around time.

Valentine and Gray2001) applied the DEA model t81 containerports. They
examined theelationship between certain types of port properties, such as
waiting time, ship turaround time, and organisational structures, with
efficiency. They concluded that sucklationships lead to higher efficiency and in
turn these relationships affect port performance. However, their measurement

approach faéd to show the effects of these relationships in practice.
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Itoh (2002) anaised the efficiency change®r eight international container
ports in Japan, during the period of 199®9. The primary purpossas to
determine which port had high efficiency score. He applied DEA to evaluate the
efficiency of a current evaluation system that is called Decision Making Unit
(DMU). Labour and infrastructure were the main inputs. However, he focused on
measuring the performance of such an evaloasystem rather than measuring ports'
performance. Also, he did not consider some key variables in ports, such as berth
occumncy and ship turaround time The focus also was on measuring DMU

efficiency in container ports with no regards to other tygfesargoes and terminals.

Cullinane and Song (2003) appli¢gde SFA model to assess the improvement in
productive efficiency for those Korean ports which had been privatised. The study
focused on containeterminals, using crossectional data and pandhta. They
provided a distinction between productivity aefficiency measurement. However,
they focused on measuring the impacts of privatisation, ownership asgutigion

on portefficiency, neglecting other key factors, such as the economic envirgnmen
political status and investment incentivédso, the SFA technique cannot estimate
technical inefficiency by observation and it is diffictdtascertain precisethe error
structure. Furthermore, SFA does not help to examine the relationship between
variables that influence a p@rperformancenor investigating the impact of these

variables on performance.

Wang et al. (2003) analysezbntainer terminal efficiency usintyvo techniques,

DEA and Free Disposal Hull (FDH) mddeThey applied these mddedo a sample

size of30 containemorts. They used throughput as output, and quay length, area,
quay crane and yard crane as inputs. However, data concerning labour inputs were
unavailable. They focused only on container terminals in ports. Also, tiggested

that port efficiency is not significantly influenced by its size, and they considered
terminal infrastructure and facilities as key measuddso, the FDH approah
focuses on measuring efficiency as a distance of a particular plan to the dagninati

production plan (DMU).
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Park and De (2004, cited by Choi, 2011) focused on the measurement of
productivity, profitability and marketability of eleven Korean ports. They used
the congestion and factor efficiency with CCR and B@tdels for 2001

data. Berth capacity and cargo handling capacity were the inputs, while cargo

throughput, number of ships, arelyenue and customer satisfaction were the outputs.

Park and De concluded that DEA ispeactical approach to evaluate theerall
efficiency of ports. However, they reliesh only one year of data. Also, they ignored

other key factors, such as equipment utilisation, handling rates, bagth land the
number of berthsAlso, the CCR and BCC models are only concerned witlsteoi

and variablereturns to scale (CRS and VRS) that measheeproduction function

when changes in outputs occur when there are changes in inputs. These models don't
consider increasing and decreasing refumscale (IRS and DRS). Additionally,
thesemodels are ratio models as they define efficiency as a ratio of weighted outputs

over weighted inputs. They compare a producer with only the best producer.

Turner et al. (2004) applied DEA to measure port infrastructure productivity, and
used Tobit regresson analysisfor examining the determinants of port infrastructure.
They considered a port infrastructure as a primary performance measure. They
included time effects into regressions to clarify that rail service is a critical
determinant between portsich the rail industry. However, they focused only on
containerports in North Americawith no regard to other terminals. Also, they relied

on annual TEUs with no distinction between loaded and empty contawmrers,
between 20 or 40 TEUs.h&y failed to showport managers when they needo

take an action to invest in port infrastructureaddition, Tobit regression examines

the relationship between a latent (unobservable) variable and the independent

variables.

Vanags (2004) developed a managerial sydtr measuring the effectiveness of the
port performance aiga port, Latvia. He useabrt cargo turnover as an indicator to
measurehe port performance in relatida five predictors, including territory of the
port, the number of berths, the length of berths, the maximum draft of several ships

and the total squareetresof the warehouses.
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The port cargo turnovewas used to calculate the performance of three terminals,
including container, bulk cargo and liquid terminals. However, he did not distinguish
betweena dry bulk terminal anc general cargo terminal. Also, he focused on these
guantitative indicators that g tothe seaside leg. The difference between empty

and loaded containers wast included

In 2005, Tongzon and Heng applied SFA to the port industry. Their study
investigated the determinants of port competitiveness. Principal Component Analysis
(PCA) and a linear regression modetreused to examine the effects of key factors

on port competitiveness.

Key determinants of port competitiveness include port operation efficiency level,
port cargo handling charges, reliability, port selection preferentearders and
shippers, the depth of the navigation channel, adaptability to the changing market
environment, landside accessibilitgnd product differentiation. Two different
methods were used to study the determinants of port competitiveness: firsiyd3CA
employed to construan index of port competitiveness, whietas used to justify

the total throughput as a proxy for port competitiveness. Then, a regression model of
the total throughput examined the determinants of port competitiveness and
examined the causal relationship between gbedeterminants and the total

throughput.

+RZHYHU WKH UHJUHVVLRQ PRGHO ZDV EDVHG RQ RQO\
The model concluded that the most important factor determining port
competitiveness was the addplidy to customer demand. It is argued that the model

was very simple as it did not take into consideration any possible correlation
structure among random variables. As in previous studies, the model examined only

total throughputs in container terminategardless of other terminals in pottsalso

relied on TEU as a measurement for the output of a container terminal.

Jaffar et al. (2005) investigated performance measures that ports use to enhance their
competitive position in the global market. Timwestigation was in container ports.

The performance measure that was used in their model for the container ports was
the Twenty Foot Equivalent Unit (TEU).

57



The port performance predictor variables were: leadership commitment to
excellence, modern tecblogy, the efficency of the terminal, port siznd the port
hinterland. The model investigated the change in TEU handled over five years
starting from 1999 to the end of 2003, using time series analysis. The sample that
was used in their study includedntainer ports in the Middle East, Far East and
Europe. They concluded and suggested that the most sensitive enablers in affecting

the performance of container ports were the port capacity and crane productivity.

Their studyhowever investigated containeport performance only, regardless of
other types of cargoes. In addition, using TEU reflects only volumes of containers
handled in ports, but it does not reflét performances of other terminals where

TEU is not relevant and not in use.

Ng (2005) deviwped two dynamic programmirgased heuristics to solve
scheduling problesin container ports. He considered a terminal-anound time as

a key performance measure in terms of how long a vessel stays in a terminal. The
focus was on yard crane scheshito minimise the sum of truckvaiting time
between berths and storage yards. However, he focused on container terminals with
no regard to other terminals. Also, he ignored other factors that can influence
a terminal turraround time such as latoskills, drivers skillsthe distance between

yard and berths, #port transportation gates and storage capacity and utilisation.
These factors can cause delay, bottlenecks and over booking which in turn can affect

a terminal's performance.

Barros (200p applied DEA models. The purpose was to evaluate the performance of
24 Italian seaports for the periofl 2002 to 2003. The outputs measured wWiepad

bulk, solid bulk, number of containers, number of ships, and total receipt,
while the nputswere thenumber of personnel, the capital invested, and the
value of operational cost3he conclusion showed thialian companieslisplayed

good management skills and most of them were Variable Return to Scale (VRS)
efficient. However, Bapos relied only on a small nhumber of observations. He
focused on technical efficiency measment rather than measuriogerall port

performance.
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Cullinane et al. (2002; 2004; 2006) concluded that the two more appropriate holistic
approaches concerningetmeasurement of port performance are DEA and SFA.
DEA has been applied to measure efficiency in 104 European container terminals
(Cullinane and Wang, 2006). For the SFA, it is based on using parametric methods of
analysis and applied in measuring 36 Eweap container terminals. These
approaches have their individual strengths and weaknesses.

Thefocushoweverwas on measuring container terminals. It ignored many important
factors that have effects on port performance, as it depended orsectispal ad
time series data instead of panel datae crosssectional data of one year is useful

for a particular year but not for mujtieriod optimisation.

Roh et al. (2007) defined the boundaries of a port cluster system using the
HEWUXFWXUHG $QQOAMEXQDLQPZHHVES'7 6$'7 LV XVHG \
a robust structured method to model hierarchical systems, and to define and analyse

the cluster in terms of the port logistics process. This helped to model the systems

that explain how port users apodrt cluster companies engage in the port logistics

process, which consequently affect port performance. Also, it defined those variables

that affect a pots performance through breaking down the clusters into seven

groups, and defining the components anldlevels under each group.

SADT did not incorporate a strategic level. Additionally, it is mentioned that SADT
includes a construction of multiple models to help in describing a complex system in
ports, but it did not explain those models, nor how thay be applied by port

managers.

Simulation has been used as a method in measuring port performance. Many
simulation models of port operations, especially container port operations, have been
developed Tahar and Hussain, 2000; Bielli et al., 2008)muation models have

been used for different purposes such as: the planning of future berth requirements of
a thirdworld port; proposing a method that uses buffer space to reduce container
loading times and optimise equipment utilisation; studying the itngfaeork crew
schedules on container port productivity; and as a supportive tool for evaluating and

improving port activities.
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However, these studies aimed only to simulate operational activities in a seaport in
order to support decisiemakers. From thetrategic perspective, these studies failed
to simulate other intangible variables such as customer interface, user interface and

intangible physical assets.

Tahar and Hussain (2000) used a simulation model, for example, to improve the
logistics processein a port. The importance of their research was that it simulated
all the processes required to operate the seaport efficiently and provided detailed
statistics on the seaport throughput and utilisation characteristics with a high level of
accuracy. Theguay cranes allocation, the resource allocations and the scheduling of
the different operations were modelled to maximise the performance of the Kelang
port in Malaysia. The simulation was carried out using ARENA software. However,
their study examined poperformance only in terms of crane productivity and berth
occupancy in a container terminal. They ignored key factors in ports, such as labour

skills, crane scheduling problems anepirt transportation.

Haung et al. (1997, cited by Dragovic et @&Q06) applied queuing models and
simulation as primary methods in measuring performance of container terminals.
Their study focused on measuring a termfhgerformance by classifying berths and
ships in terms of length and size using actual data. It helped to explore facilities
allocation planning from a systematic perspective. It also provided two scenarios of
performance measures through the comparisdheSimilarities and dissimilarities

of the analytical methods and the simulation.

However, the simulation focused only on incoming and outgoing container ships,
regardless of other types of ships. Additionally, their study took into consideration
three fctors; average ship waiting times, average service time and average utilisation
of berths. It ignored other essential factors such as gang productivity. Also, the
simulation was based mainly on the length of ships, which varies from one ship to

another. hus, it makes the simulation model inaccurate and the findings unreliable.
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Goodchild and Daganzo (2007) developed a formula to examine the impacts of crane
double cycling on turaround time. They argued that using double cycling will lead

to improvedport throughput, berth productivity and vessel productivity. The focus

ZDV WR GHWHUPLQH WKH QXPEHU RI F\FOHV UHTXLUHG
Also, they considered the elapsed time required to move a container from berth into
storage areas. {port transportation and the number of vehicles required were also

considered.

They considered double cycling as a main predictor of performance, with no regard
to other predictorsuch as handling rates, volumes and storage utilisalibay
ignored othe types of cargo as they focused only on containers. Moreover, they
failed to take into consideration that some containers are directly shipped to the
domestic markiewhilst others are transhippetihey assumed that all containers are
shipped for one purpe. Accordingly, they failed also to consider which containers
should be directed tavhich storage cell regardinigs destination. They relied on
operational simplicity in developing their formula for improving a shutput and
loading plan, while theignored key factors, such as berth occupancy.

Bichou (2007) argued that current measurement approaches are incompatible with
the port industry. Based on a benchmarking purpose, three broad categories of
performance measurement were established, includitigidual metrics, economic
impacts studies and frontier approaches. He claimed that few approaches have linked
and integrated operations, design and strategy with port functions. He developed an
integrated supply chain framework for port performance bmacking. Two
methodologies were applied, including selecting relevant performance metrics and

designing a system, and benchmarking against a group of ports.

Barros and Managi (2008) examined the technical efficiency of Jappadserom

2003 to 2005 tlough two stages. Ithe first stage, they applied DEA to rank ports
according to their efficiencyln the second stage, the Simar and Wilson (2007)
procedure is applied tanalyse dependency between #ficiency scores and
other variablesn ports. The number of personnel and number of cranes were the
main inputs, while the number of ships, tonnes of bulk and number of TEUs were the

main outputs.
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However, they assumed that all ports use the same technology for transforming
inputs and ignor many key variables in ports, such as handling rates and storage.
Also, the Simar and Wilson (2007) procedure appleeslata generating process

(DGP) which is used to convey a number of different ideas (latent variables) rather

than real variables thatflnence gport'sperformance.

Liang and Rong (2008) applied a probability distribution of cargo throughputs
determined by time spent by a ship in port. They applied the Wald equation, which is
based on the relationship between time required by a shiptimmpd the operational
capacity of handling equipment at the port. However, they failed to examine if their
model can mease a port's performance anbdet ignored othefactors such as
clearance time and storage availabiliplso, the Wald equation is ¢y used to
calculate the expected value of the sum of a random number of random qudintities.
does not examine the impact of variables such as asghipe in port on port

performance.

Gonzalez and Trujillo (2009) grouped measurement approaches foefficigncy

into three goups. The first group compriséde partial productivity indiators. The
second group includedngineering apaches such as queuing theorighjle the

third group involvedhe technical frontier techniques. They argued thaffarescy
concept is directly derived from productivity. However, they focused on efficiency,
with no regard to an effectiveness dimension in a port. Also, they focused on
measuring a port's performance in terms of port technology, with no clear

methodolog as they combined SFA and DEA techniques.

Sharma and Yu (2010) claimed thhe traditional DEA approach was not helpful in
ranking Decision Making Units (DMUs) based on their relative degrees of efficiency
and inefficiency, nordid it identify those vanables that have great impacts on
efficiency. Hence, they applied the decision tree approach {sAdon 70
container terminals. Six inputs were used, including quay length, terminal area, quay

cranes, transfer cranes, reach stackers and straddle carriers
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They concluded that terminals with high attractiveness scores haviareatsand
are therefore highly attractive, and vice verstowever, a decision tree approach
helps to identify a strategy to reach a goal rather than measuring a performaitce and

is limited to one output.

Ducruet et al. (2010applied a multiple regression analysis, Ordinary Least Square
(OLS), to examine the relationship between commodity variety and port
performance.A commodity diversity index was the response variable #rel
predictorswere divided into three groupacluding port performance predictqrs
such astotal traffic; geographical predictosuch as, latitudegnd regional economic
predictorssuch asthe labour market Significant variables were only consideried
their model and multicollinearity was testélthey concluded that there is a strong
impact ofdemographic size, traffic balance, accessibility to and distance from main

economic citiegand position in maritime networks on port performance.

Simoes andMarques (2010) divided port performance measurement techniques into
three goups. The first group compriseitiose techniques that use performance
indicators. In the second group, parametric efficiency techniques were applied, such
as SFA. Normparametric masures were used in the third group, such as DEA and
FDH. They measured the performance of 41 ports in 11 European countries using
a robustbootdrap approachThey concluded that ports can save 22 % of their costs

if they are operated in an optimahyw However,the data analysedasrelated to the
single yeaiof 2005 This makes the measurement approach unreliable.

Additionally, a bootstraping approachcan only be used when a sample size is not
sufficient through repeating a computation of a mean for each sample many times to
provide a histogram dhebootstrap sample. It does not consider those variables that

influence a pots performance and it hasnays a tendency tbe optimistic.
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Zouari and Khayech (2011) argued that port performance can be assessed using
athreeGLPHQVLRQDO PHDVXUH PHW-R&RBEY- WHKCCDN T LRHNKRZQ D
The method aims to reduce total costs of cargo stwpoto improve the service

levels and to lower delays of cargo and ships at ports. Also, they discussed six
dimensions of port performance, namely commercial, operational, financial,
organisational, social and citizen dimensions. However, they focuskd oon

commercial and operational performance of Sousse port, Tunisia, with no regards to

other dimensionsThey measured the commercial performance using the number of

calls and total tonnes handled, and they measured the operational performance using
theaverage time of stopovers that includes waiting time.

Taneja et al. (2012¥iscussed the incorporation of flexibility measuia port
infrastructure design. They argued that this measure provides a port with a plan to
cope with a changing environment andncertainty. They recommended using
financial techniques such asscbunted cash flow analysis (0F), return on assets
(ROA) and enterprise risk management (ERM). A tHeger infrastructure model
(inframodel) was developed to provide flexible options to port planners and decision
makers. However, they did not show how flexibility measures can balatdd in

a port, nor how it can be applied in reality. The inframodel was developed to help

planners rather than operators.

Dorsser et al. (2012) investigated port performance through forecasting the port
throughput. They developed a very long tefonecast of the Le Havrelamburg
regionthroughput up to 2100Chey argued that this forecast will help infrastructure
planners to consider suitable capacity in the future. The port throughput was the

response and the economic activity measured in GDRh&gwedictor.

Regression analysis was applied to examine the relationship between the port
throughput and GDP. Theesults showed thatsguaredwas 95% However,they

did not considemwther factors that influence a perperformance rather than port
throughput, such as a number of calls, equipment efficiency and availability, number
of working hours and the port infrastructufiable 2.3 summarises these common

approaches that have been developed for assessing ports' performances.
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Table 2.3+Performance Measurement Approaches Appligebirs

Year Author Applied Model Focus Limitations

1995 Tongzon Throughput model Containerised ports Average inputs
2000 Notteboom et al. SFA Port efficiency A single year of data
2000 Tahar and Hussain Simulation Crane productivity Missing key factors

Controllable inputgland + o
2001 Tongzon DEA . Poor data availability
labour tcapital)

2001 Estache et al. SFA Containerised ports Limited inputs
2001 | Valentine and Gray DEA Containerised ports Not clear in practice
2002 Itoh DEA Container ports DMU system focus
2003 Wang et al. DEA-CCR, DEABCC, FDH Throughputs Unavailable data
2003 | Cullinane and Song SFA Productive efficiency Privatised ownershifocus
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2004 Park and De BCC, CCR Throughputs One year of data
2005 | Tongzon and Heng SFA, Liner Regressions TEU's measurement Simple model
2005 Jaffar et al. TEU Containerised ports Irrelevant parameter
2006 Roh et al. SADT Efficiency Port users focus
2007 Bichou Panel Survey Benchmarking Container port focus
2008 Barros and Managi DEA Port efficiency Missing key variables
2009 | Gonzalez and Truijillg SFA and DEA Efficiency No clear methodology
2010 Sharma and Yu Decisiontree Approach Terminalattractiveness Container terminal
2011 | Zouari and Khayech M & RQuslty-' HOD\Y PH Logistical port performance Commer:(i)ectluznd operation
2012 Taneja et al. inframodel Port flexibility Theoretical model
2012 Dorsser et al. Regressiomnalysis Port throughput Ignoring other factors
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Appendix A displays these frameworks artle measures in the literatufer
HYDOXDWLQJ SRUWSDHWS that ISerbePdiu@iésHacusedon developing

frontier methodsusing non-parametric techniques such as DEAunderstand and

measureport efficiency while other studies used parametric techniques sutheas

Bayesian technigufheVH VW XGLHYVY FRQFOXGHG WKDW D SRUWTYV F
does not depend solelyn its size or its functionOther measures were applied

including financial, production, efficiency, time, cogiyofit, effectveness, technical

and economieneasures.

Developing a moreffective performance measurement system is required to assist in
improving port performanceThe main difference between a more effective
performance measurement system and current systems is that the effective system
should rely on KPIsthat are derived from a patobjectives. It should be

a management tool, an improvement tool, as well as a measurement tool.
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2.8 Limitations of Current Measurement Systems

As discussed earlier, it is obvious that mokthe previous research in this field of
study applied different performance measures and used various techniques. Hence, no
unigue measurement system has been recommended for ports. Each port applies
different KPIs and analyses various measures. Thewoly reasons explain why

current port measurement approaches are inconsistent and unsatisfactory:

1. Current measures and KPIs focus on measuring productivity issues traaher
measuring performance suchmeductivity of port facilities (Turner et al., 2004),
berth capacity and cargo handling capacity (Park and DE, 2004), TEU (Jaffar et al,
2005) and crane double cycling (Goodchild and Daganzo, 2007). Current systems
aim to maximise productivity through maximising outputs or throughimising
inputs for given outputs. For this reason, different measures have been developed
using different techniques, including berth allocatiorodels, landside gate

operationsand crane efficiency.

2. Current measurement systems focus on measuring productivity and performance
for a certain terminal or terminals rather than for the whole port (Valentine and
Gray, 2001; Ng, 2005; Cullinane et al., 2002; 2004; Pallis et al., 2011). These
systems focused oterminal operations rather than port operations, and most
focused on measuring swalotivity of the terminal process, such as yard
productivity. Hence, current measurement systems in ports are limited, as not all

terminals are included in these systems.

3. Current measurement systems lack a strategic focus (Neely et al., 1995; Bourne et
al., 2000). The focus is oftenoretowards improving terminal productivity rather
than improving port performance. Thus, most current systems partially fit a port's
stratey and objectives. The focus was on linking the capacity Whigterminal
RSHUDWLR Q straeByS Brepliex and Gunter (2006) argued that current

performance measurement systems lack the connection with strategy.
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Cost is the primary issue in mostsgyms. Most measurement systems rely heavily
on financial principles (Tangen, 2004) and most port studies developed frontier
cost approaches, and considered port efficiency as a determinant of maritime
transport cost(Sanchez et al., 2003). As discussadier, different measurement
categories should be considered such as quality, flexibility and time. These

categories need to be considered to progiddiable system.

Most measurement systems are not applicable in practice, or managers have not
indicaed how to apply these in reality. Bichou and Gray (200d3ed or45
respondent ports to their questionnaimmcludedthat most ports are not satisfied

with current measurement techniques aridce difficulty in applying and

understanding these techniques

Measuring the efficiency side is the main focus in the current systems (Brooks and
Cullinane, 2007Brooks et al., 201(Pallis et al., 201;1Brooks et al., 2011 There

was clearly no regard towards the effectiveness &ittke research hasmentioned

the importance of landide efficiency such as hinterlands, regardless of how it can

be measured.

Measuring containerised cargoes, container port and container terminals are the
objectives of most current systemmsthe last 10 years (Brooks &, 2011) This

makes curren systems inconsistenA port has many terminals and handles
normally more than one type of cargo; dry bulk, iggbulk, LNG, general cargo,

for example A focus on measuring one type of cargo does not reflect a port's

perfomance (Pallis et al., 2011).

Different techniques such as DEA and SFA have been used in terminal studies in
recent years. Challenges remain to use other quantitative approaches to develop
a more effective performance measurement sysiée purposef this research is

to build new equations and to construct new measur€sirrent techniques
discussed in the literatusaich as DEAcan be ged to analysexisting measures

and are useful for different purposes.

. The majority of studies discussed how to relate the performance measures to the

strategy of ports. However, these studies did not explain how to relate the
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performance measures with the ports' objectives and the qualities that are needed to
deliver their srategies.

10. Some key performance variables have been ignored that have great influence on
port performance. These variables should be considered when measuring port
performance, such as standing time, total time cargo renmaitise port and
clearance time

11 Most measurement systems focused on assessing historical performance rather
than futue performanceThese systems were designed for external reporting rather

than managing the business enterprises (Bourne et al., 2000).
2.9 Chapter Summary

For supply chain performance measurement, the literature showed that performance
measuremergystemis a set of metrics used to assess the efficiency and effectiveness
of actions. Cost is a traditional accounting approach to performance measurement
which is no longer appropriate as the sole criteria for assessment (Kennerley and
Neely, 2002). A range of characteristics have been fasethtegorising performance
measures.In port studies, current key performance indicators (KPIs) are incomplete
measures operformanceThere is a need to develop a more efficient analytical
framework that could be used for measuring port performanceMost port studies
disaggregate factors such as standing time and focus on single, or a small number of
port operations. Portnanagers claim that the current measurement systems are
unclear and inadequate and difficult to applypmctice Also, a focus on measuring
containerised cargo was the main purpose in current frameworks and apprdhehes.
literature showed that no modelhas been recommended as a valid tool for
performance measurement in all ports. Pallis et al. (2011) claimed th&gpcd in

port studies need more investigation aegelopment such as dwell times and related
charging policies using further methodolagal approachesThis research aimgo
develop a more effective measurement system as it helps ports to be more proactive in
valuedriven supply chain systenterough considering tlse variables that influence

a ports performance dr all types of handledargoes Examining the relationship
between these variables and atpgmerformance will be carried authe next part,
Chapter Threewill discuss the researcphilosophy, methodolog, strategyand

process toward designing a port performance measurensaisy
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Chapter Three

Research Methodology

3.1Introduction

Port managers need reliable aamturate informatiomo make informed decisions to
successfully deal with their complex daily operations. The information provaged

the port managers and authadifor the purpose of measuring their port performance
could be the result of a careful analysis of data gathered or of data that are already
available There are several types of data that should be collected and analysed. This
IS because there adbfferent terminals that handle different types of cargoes, and
different operations, activities and services that are provided in portsobustness

of the analysis depends very much on the quality of data used.

Data should be collected for thopeedictor variables and operations that influence

port performance. It helps to understand how performance can be improved through
identifying the weaknesses in aspects of the operations. There is a need to understand
the problem of optimisinghe time forloading and unloading cargoes to and from

a ship at a terminal, waiting time, total time a shgystin port and clearance time

This chapter aims to understand and present the key layers of the research, including

The research questign
The resarch philosophy;
The research strategy;
The research process;

The data collection methods; and

S T o

The sample size and type of data
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3.2 Research Question

The research examiséifferent measurement techniques applied in assessing supply
chain performare. Folowing this the research questions have been generated and
selected accordingly concerning measurement techniques applied in ports and their
effectiveness. fie answer to these investigatiared more specific questions helps to

satisfactorily arriveat a conclusion about the reseaagins

Findingsfrom the literature reviewconsidered that current measures are limited as
they only focus on measuring efficienoycontainerised cargo and lack the focus on
port strategy. Hence, the aimis to develop a more effective performance
measurement system of operationsagiort There is a variety of inputs, outputs,
internal factors and external factors that influence port performance. This multiplicity
requires selecting properly dee variables that affe@ port's performance. The
research has set the following hypothesis to provide a more effective system for those

decision makers in seaports

Developing a moreffective performance measurement system will lead to

improved performance in Damietta port

This hypothesistatementan be divided into severalvestigativeresearch questions:
1. What is the measurement system that is cuyeaplied in measuringort
performance?
2. Are measurement systems currently applied in ports efféctive
How canmeasurengt system be developed to measure port performance?
4. What are the relativand relevanvariables that influence a p@rperformance
thathave not been considered in current models?

5. What is the significance of the relationship between these variables?

The answer to these questions requiesase study as an-depth investigative
technique.Damietta port is selected as a case study aelps to understand those
inputs, outputs, internal factors and external factorat tinfluence a pod

performance
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In a deductive method, it is requiréar a hypothesis to be falsifiable (Sekaran and
Bougie,2010) This explains why a null hypothesis is accompanied and seemed to be
true until statistical evidengaroves otherwisdn this researcha nullhypothesis ()

states thatleveloping a more effective performance measurement system will not lead
to improveal performance in Damietta porHowever, a null hypothesis cannot be
tested definitively (Cooper and Schindler, 2003). Henossible rejection of a null
hypothesis using statistical evidence supports an alternative hypothesis (Sekaran and
Bougie, 2010).The alternative hypothesis is the logical opposite of the null
hypothesis (Cooper and Schindler, 2003). In this resgtrehlternative hypothesis

(Ha) states thatleveloping a more effective performance measuneragstem will

lead to improvegberformance in Damietta port.

3.3 Research Philosophy

The research is deductive and it works from the more general to the morecspecifi
which is known as a tegown approach. It startby investigatingmeasurement
systems ina supply chain contexibefore narrowing thesdown into these systems
applied in ports. A deductive approach aims to design a strategy ehgsothesis

and b positivist in nature Positivism reflects the research philosophy that implies
observable reality and where quantifiable observations lend themselves to statistical

analysis (Saunders et al., 2003).

A deductive methodology enabled an involvement in the port working environment,
with enhanced data collection processes, sampling size, data type, data preparation,
timing, data analysis and level of data security. Also, a quanétativdy helpgo
intempret collected data and to represent the conclusions. Thereafter, interviews with
the port managers and directdrave been considerdd verify the accuracy and
reliability of data and to identify their needs in termsagderformance measurement
system. A detailed description of port operations helped to devedopletailed

understanding ahepredictorvariables that influence a pditverformance.
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The deductivepositivism philosophyis linked with the development of knowledge
andhas several characistics. Firstly, it helps to explain causal relationships between
those variables that influence a phijerformance. Secondly, it allows the testing of
the hypothesis and the collection of quantitative data. Thirdly, concepts can be
operationalised in way that enables facts to be quantitatively meas(8adnders et

al., 2003)

Maylor and Blackmon (2005) discussed thaty research philosophy hastology
which is concerning the nature of reality, and it can be objectivist ontology or
subjectivist onttogy. In this research, the philosophy is going to be more objectivist
ontology, where an explanation thfe behaviour of predictors overort performance

will be conducted. Objectivist ontology deals with what is physically real, with no
regards to the smal objects and where the results are based on the facts of the
findings derived from actual data (Sekaran, 2003)

Another alternative approach is amductive approach for measuring port
performance.lt follows a bottoraup approach that helps to moverfr specific
observations ta broadergeneralisationHence, inductive, by its nature, is more
opentended and exploratory, while deductive is narrower in nature arohierned
with testing hypothese(Sachdeva, 2009%achdeva (2009) arguddiat afirst step in
the exploratory study is to start with reviewing literature studies as it isaregitfito

discover anewissuethrough a collection of primary data.

Using the inductive approacha port performance can be measured using customer
satisfaction and customer loyalty (Pallis and Vitsounes, 2@@8),strategy (Brooks
and Baltazar, 2001)port privatisation (Baird, 2000), port policy and regulation
(Notteboom, 2002) and port related employm@iusso et al, 2000} owever,the

inductive approach is not suitable in this research for the following reasons:

- It takes a limited amount of observations to provide a universal conclusion
which could be still false.

- It is difficult to get reliable and a&arate data about social objects and human
behaviours in the Egyptian ports.

- Confidentiality is a main problem obtaininginformation.

- Some qualitative measures are uncontrollable suclhoysdty (Pallis and
Vitsounes, 2008)
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3.4Research Strategy

The strategy for carrying out this research is a case study strategy as it considers the

use of data and involves empirical investigation at Damietta port. This strategy helps

WR JHQHUDWH DQVZHU)XWYCWH K\WRZAHWWKBWYY WKURXJK S
understanding of the real environment (Saunders et al., 286Baran and Bougie

(2010) argued that a case study that is qualitative in naturéhelp to understand

certain phenomena and can be used for eoapitesting.Hence,Damietta port is

used as a case study as data was readily available to comprehend how variables can

affect port performance.
3.4.1 A Case Study of Damietta Port

Damietta port has been selected as a case study as it is an inforonitded
sample.The theoretical concept of using a case study is to help define the unit of
analysis, to determine the feasibility of the research process, to identify the relevant
variables and cause and effect relationship, and consequently data to be collected as
part of the case studf¥in, 2003. The reasons ofthoosing Damietta port above

other Egyptian ports are:

1- Damietta poris a multipurpose port, where there are multiplartmals and
it handles various types of cargodsis helps to develop a measurement
system for various types of cargo rather than focusing on containerised cargo.

2- The port is connected by many modes of trangjpailtvay, roadand rivej.

The portis desgned to handle high capacities that are not available in other
ports in Egypt.Thus, the prt's productivity can be maximised to meet any
increase in demand in the future.

3- The port is close to the Suez Canal and consequently to the international
shipping routes. Thismeans thatlemand can be potentially generated if the
port performance is improving.

4- Damietta is one of the three hub ports in Egypt. The other Egyptian hub ports
are East Port Saido”t and West Port Said Port
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5- Damietta port is one of 15 commercial poawned and operated by the
Egyptian government. This helps to understand the similarity in operations,
management and current measures applied in other ports.

6- Ther are similar elements between Damietta port and other Egyptian ports
such as Alexandria port and East Port Said poamely physical
infrastructure, technological infrastructure, type of available data, corporate
strategy set by the Ministry of Transpopgrformance measures and KPIs
applied, managerial hierarchy and financial structure. This helps to apply the
developednodel (DAPEMS)in other ports in the future with modifying the
regression equations.

7- In 2010, Damietta port was ranked™ the worldin terms ofcontainer
traffic. By 2011, the port's ranking had moved up t& B&ce.There is a
need to understanthe factors which influenced the improvement in this

ranking
3.4.20bjectives olUsing aCaseStudy Method
The case study methaedll :
1. Provideanalysis of operations in Damietta port.
2. Helpto explain why port performance can be influenced.

3. Narrowdown very broad operations in ports into a more easily researchable
topic.
4. Testwhetherthe develope®APEMS modelactually works impractice.

Providemore realistic responses than a purely statistical survey.

The usefulness of using a case study method is to examine the effectivetiess of
current measurement approach applied in Damietta pod.will be furher detailed

in Chapter Four.
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3.4.3The Case Studyype

There are different types of case studies. For this research, it was essential to select
an explanatory and instrumental case study. The explanatory case study assisted the
causal investigsons between key variables in pong#ile, the case is instrumental

as it was used to understand more than what was obvious to the researcher through
investigating the influential behaviour of predictors on the performance (Stake,
1995). Yin (2003) clairad that this type of case study is based on factor theory
where the relationship between independent and dependent variables can be

explained and analysed using statistical techniques, such as regression analysis.

In addition, Yin (2009) argued that tltgpe of the case study should beesé&td
according to the type 0O HVHDUFK TXHVWLRQ +H DUasAitheé WKDW D
case of this research (see Section isSore explanatory and it requires the use of

acase study. The justification isthtt KH TXHVWLRQ pKRZY GHDOV ZLWK

and it requires wdepth investigatiofValmohammadi and Servati, 2011).

On the other hand, the case study caa sieglecase ol multiplecase applicatian

In this research, a singmse of Damietta pb was conducted. In Egypthe
operating environments at ports are similar as they are owned and operated by the
government. Hence, a singtase isa typicalsystem of action that represents similar
operations in other Egyptian ports. Similarity existsthhe managerial hierarchy,
operational strategy, technological and financial structuaed,type of available

data.

There isfrequent criticism of using singlease study researah that the results are
not widely applicable because it may be a smathge. However,a singlecase
study tend to be sufficient to presemt well constructed explanation of current
performance,to understand the effectiveness thie current performanceystem

being examined, and implement a proposed system.
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The reasonfor using a single case study are as follows:

A single case can be used as a template against which to compare the

empirical results of the case study.

Yin (2009) argued that a single case study can represent a significant
contribution to knowedge as it is assumed to be informativethe
situation where there isimilarity betweenorganisations. Consideration

must be given to test the reliability of using a case study.

The protocol for carrying out the data collection from a single case is
considered as a major way to test the case reliability (Yin, 2009).
explanatoryinstrumental single case stugyll indicae which port will

be analysed, the roles of people to be interviewed, where interviews will
be carried out, what data are requés@nd in which form, what

documents and records are needed and how data can be gathered.

Generalisation can be made as a shuglse can be formal case protocol

in terms of procedures and steps.

Gillham (2010) argued that a single case can provide a fudvaegument
as it does not set a limit on what people can achieve.

A singlecase study was easier to visit and collect datkins and
Sampson (2002) argued that a single case providespith investigation

and rich description rather than spending time in ecasgs comparison.

A singe case study can be relevainha caseseems to represeatcritical
test to existing thary (Yin, 2009)

3.4.4Designing the Case Study

The design of the explanatemystrumental case study has considered five elements
(Yin, 2009):

1

o ~ w DN

The research problem.

The choice of the case study.
Data collection methods.
Units of analysis.

The criteria forinterpreting the findings.
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(1)The research problem is to determine how current performance measurement
systems can be developed to meashesperformance of port§2) A single case
study can provide a detailed understanding of current problems andothangv
environment. (3) Different methods have been applied for collecting dhé&se
methods areinterviewing, port records, governmental recomsd observation
during port visits The purpose is to collect relevant information about key factors in
the port. (4) Damietta port has been used as the dirahalysis to investigate both
WKH NH\ YDULDEOHV L geHorx&helF ang thaskghific@nd it 1 V
relationships between these variables and hoey tban affect the overall
performance. (5Yhe criteria fo interpreting the findings watesting the reliability
and applicability of DAPEMS for measuring port performance using multiple

regression analysis.

o e e e e e e e e e e e e e e e e e e e e e e e e e

Phase 1Design > Objective > Type >> Design >
Data Observation -
Phase 2Conduct Collectlon 2 Visits >> InterV|eW|ng>

current -
Phase 3Analyse > performance) Efficiency >> KPIs > ,
4

Figure 31 +Phases of Applying the Case Study

-—————————————————’

Figure 31 shows the different phases of applying the case study in this research.
Phase one involved three components. Firstly, it deals with the purpose of using the
case study in this research. It also explains what type of case study has been used and
it finally explains the five components of the case study design. This has been
discussed earlier in this Chapter.Phase two is the conducting of the case study. There
are three interrelated tasks in this phase. In this phase, the main component is the
preparation ofthe data collection. The methods of data collection are considered

critical to enhancéhe reliability and applicability of DAPEMS.
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As discussed earlier, multiple sources of data have beesideredn the case of
Damietta port. The second phase is @ned with discussing the types of data
collection sources applied in Damietta port, which takes place in Chapter Four. Phase
threedeals withthe evaluation of data collected in Damietta poihgigegression
analysis Simple regression models have bestalglished to test the correlation and
relationship between key variables in the port. Theutiple regression models have
been established to find the best fit models that can estimate port performance. Data
analysis has been appli¢dl four types of cayoes:general cargos, containers, dry
bulk and liquid bulk. A series of statistical tests have been applied to help in
presenting, discussing and examining the effectiveness of the regression models,
such as testing multicollinearity, statplots and mbability plos. All analyses were
carried out using MINITAB statistical software version 15 and Excel 2007. This

phase takes place in Chapter Five.
3.4.5Regression Analysis

Different techniques were widely applied in the literatdor the purpose of
measuringport performance such as DEA, SFA, Bayesian approach and decision tree
approach.However, he Ordinary Least Square (OLS) regression is used for data

analysisin this researckor the followingreasons:

1- Examining the relationship betweethose pedictors that influenceport
performance, he strength of the relationshimnd the diection of the
relationship

2- As discussed in Chapter Two, traditional performance measurement systems
provide little indication of future performance (Kennerley and ie2003)
and new frameworks should focus on future performance measurement
(Bourne et al., 2000). Regression analgsis be used in prediction for future

performance.
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3- OLS minimises thesum of the squared errors (SSRpvides optimal linear
unbiasedestimation when errors are umcglatedand when predictorbave
no multicollinearity, providesthe maximum likelihood estimator whemrors
are normally distributedcan easily be used by port manageran be
expressed by a simple formula am@ndles the noise of statistics in the
dependent variable.

4- Techniques other than regression analysis do not fully examine the
relationship between a port's performance and the variables affecting that
performance.They can be used for different purposesher than the
purposes mentioned in this research

The purpose of this research is to develop a port performanasuneenent system
that predictduture performance rather than assessing historical performBiisdas
to meet the ponnanager'sieedsas discussed in the interviesee Appendix Hjor

the following reasons

- To predict future demandn port services. This, in turn, will hefport
managerso cope with changes in traffic and volume demand

- Predicting future demartelps to set a futur@vestment plan.

- Damietta port is owned and operated by the Egyptian governient
expansion in the port facilities requires enough time to receive a budget
from the Ministry of Transport.

- Predicting future performance and bottlereecknables proactive
management of the port infrastructure.

- Analysing historical data is used for external reporting rather than
assessing actual port performance.

- Predicting future performance enables management to change ogration
techniques at the right time in order&ap the greatest benefit.

- It helps management prevdasses by making the proper decisions based

on predicted information.

This also justifies why regression analysis was applied in this reseaheh.
following statements summarise the assumptions of f@g8ssions applied in this
research (Stephens, 2004):
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1. The starting point is the regression equations which describe the causal
effects.

2. It is assumed that the errors have an expected value of zero. This means that
the errors are balanced out.
It is assumad that the independent variables are-reovdom
It is assumed that the independent variables are linearly independent. That is,
no independent variable can be expressed as-aaroriinear combination of
the remaining independent variables. The failure of this assumption is known
asmulticollinearity.

5. It is assumed that the disturbances are homoscedastic. This means that the
variance of the disturbance is the same for each observation.

6. It is assumed that the disturbances are not-emnteelated. This means that
disturbances associated with differensetvations are uncorrelated.

7. The error terms are normally distributed

Given the above assumptions, OLS regression is the Best Linear Unbiased Estimator
(BLUE) principle (Wooldridge, 2005) This means that out of all possible linear

unbiased estimators, GLprovides the precise estimafehe response.

Regression analysis has been chosen in this research to develop a performance
measurement system. This helped to investigate the dependences between different
measuresThis can be achieved using regressamalysis rather than discussing the

correlation between variables.

Correlation and regressions are not the same as correlation quantifies the degree to
which two variables are related and it does fired a besffit line. A correlation
coefficient can oly indicatehow much one variable tends to change when the other
one doesRegressiordetermines how theesponsevariable changes aspedictor
variable changes and it can predict the value of the response variable for any
predictor variable.
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3.5 Reseech Process

The purpose of this research as stated in Chapter One is to develop a port
performance measurement system. Accordingly, the reseagioleiplanatory study
that explains the relationships between variables and establishes causal relationships

between these variables.

A performance measurement system is a managerial task where a required system
should support the port in its current functions in a consistent way (Morgan, 2004).
Neely (2004b) argued that the main challenges for performanceurasent
systems are the design, implementation, managing and refreshing of the
measurement systems. He focused on selecting the right measysespfr system
design. he implementation stage is influenced by both accessing accurate and

reliable data, asha consideration of political and cultural issues.

However, selecting the right measures for proper system design firstly requires
definingthe stategic objectivegkeegan et al., 1989). A measurement system should
be strategically oriented and use gteble parameters rather than focusing on the

actual output of the process (Maskell, 1989).

After considering the strategic objectives of the organisation, the next step is to
desiqn a system through selecting §gomeasures that shape a system. Measures
should include financial and ndmancial measures (Maskell, 1989). Neely et al.
(2000) recommended that measures should be simple, easy to use and provide fast
feedback. Performance measures are a part stensyhat can be used to quantify

actions or a process (Braz et al., 2011).
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Figure 32 The Research Processes

The literature review helped to conceptualise the research procdssnasn Figure
3.2. The research process begins with defining the current performance measurement
system applied in Damietta poithe first stage of theprocessis to analyse the
effectiveness of the current Dartiee measurement system and theeasures

currently in use witim the current system.

It helps to handle a more customised approach of measures and indicators used to
monitor port performance, forecad¢velopment and targets in the port sector. The
purpose is to venfthe reliability and adequa®f current measuse This helps also

to determine whether 1engineering for the current performance measures is needed

or not.

The secod process aims to identify theeasures that influence Damietta port
performanceThis is due to the inadequaagd inconsistency of crent measures, as
discussed in Chapter Four. Braz et al. (2011) argued that existing measures are rarely
deleted, and adding new measures to existing measures leads to an increase in the
VI\VWHPTV FRPSOH[LW\
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New measures should be selected in prioritatesl to the strategic objectives as
discussed earlier, and through involving the port managers to determine what their

needs are (Neely et al., 2000).

The third research process will examine the relationship between these variables and
port performance. Tdse variables and measures that have no relationships are not

considered as part of a measurement system. Examining the relationship between
performance measures helps to determine the measurement framework and the way

in which the system will measure pperformance.

In the fourth process, developing a more effective measurement system has taken

place usinghreemeasurement categes: time,revenueand flexibility. The research

will implement the proposed system as the fifth process. Implementation is

D QHFHVVDU\ SURFHVYV WR YHULI\ WKDW D V\VWHP PHHW
2011). It also helps to examine the reliability and applicability of DAPEMS. The last

element of the research process is to summarise the feedbacké&aart managers

at Damietta port (Chapter Seven).
3.6 Research Methods

The use of appropriate methods greatly enhanced the value of this research. Data
have been obtained from primary and secondary sources. Primary data focused on
obtaining information atut key variables that influence Damietta {sort

performance. Secondary sources helped to identify those supply chain performance

measurement approaches that are currently applied in ports.
3.6.1 Data Collection Methods

Various data collection methods haveeen applied for gathering data and
information about performance measurement systems in the supply chain context in
ports and in the operating environment of Damietta. pdsb, a mass of information

has been collected through multiple techniques foh day performance viable

used in the DAPEMSFigure 33 shows the overall data collection techniques

applied in this research and the multiple data sources used
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Selecting information and data sources Wwased on a source evaluation principle.
The principle was based on three factors that were applied by the researcher. These

are:

1. Purpose xthe purpose of the source is essential to determine whether and
how the source provides a bias to the presentedmiafioon. It shows what
the source is trying to present and discuss. Understanding the purpose of the
source made the search process easier as it helped the researcher to verify the
usefulness of the source.

2. Scope tthe scope of any source of data is codpisely to the purpose. It
was important to determine how much of the topic is covered and to what
depth? What time period do these sources cover? virat is the date of
publication

3. Format it was important to determine how the informatiopiesented and

how easy it was to find a specific piece of information.

3.6.2PrimaryDataCollection Methods
A. Observation

It is a technique that involves systematically selecting, watching and recording
behaviour and characteristics of Damietta port ggartnce during port visits

Observations provided additional and more accurate information on the behaviour of
Damietta port performance than interviews or questionnaires. It helped to check on

the information collected through interviews (Robson, 2011).
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Thirteenvisits were conducted between August 2007 and June 2011. Eadioaksit

up to two days for observing port operations such as cargo loading and discharging at
different terminals, berth occupancy, storage yards and warehdhsesaffic

control bridge, logistics centre, #port transportabn and waiting time at berthall

the observations have been recorded manually by the researcher. Conducting

observation was useful because:

1. Itis one of the most direct research techniques.

2. Itis used in combination with interviews. Hence, observation could therefore
provide useful insights into the extent to which there is a correlation or
discrepancy between what port managers say and what they actually do.
Observing Damietta port operat® provided better and direct information.

It helped to understand the port managers' characteristics.

It allowed the researcher to describe the full complexity of the situation.

o g M Ww

It helped to identify certain observed problems, such as cargo remaining for

a long time at a certain terminal.

B. Interviewing

Unstructured, structured and telephone interviews were conducted to obtain
information about the operating environment and to explain the eanskeffect
relationship between key variablesDamietta portAppendix H shows a sample of

the interviews conducted at Damietta pdrhis sample is incorporated into this
research to explore the beneficial information obtained from the port's managers and
to show how these interviews helped to underdttheir needAlso, they helped to

explore those external factors that cause poor performance

Unstructured interviews aimed to identify some preliminary issues to determine
which variables affect port performance and consequently which required fiarthe
depth investigationinterviewing the port director required unstructured interviews
where thereare no specific questionsior order of topic to be discussetifter
conducting unstructured interviews, there was a need to identify the variables that

need greater focus and call for morediepth information.
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This required structured interviewsith managers at several levelSonducting

unstructured interviews were beneficial because:

- It made intervieweemore relaxed to present ideas.
- It permits fullexploration of ideas and beliefs.
- It gives maximum flexibility to be to pursue questioning in whatever

direction appears to be appropriate.

Structured interviewsvith the port personnel followed. Questions focused on those
key variables that had surfaceturing the unstructured interviewsnterviews
involved oral questioning of respondents, and answers to the questions posed during
an interview were recordeWisual aids such as port maps and annual reportstased
explain the important factors influengimport performanceconducting structured

interviews were beneficial because:

- It allows for a wide topic area to be looked at.
- Quick and cost effective to get directly needed information.

- It allows for easy data analysis.

Managers at several levels wenterviewed including the port director, operagson
manager, logistics manager, technical office manager, public relatioresyeraand
operation supervisord.he port director was firstly contacted to explain the purpose

of this research and to get pernoss for conducting interviews with the port
managers and employees. Also, he helped to select the interviewees. This was useful
to avoid any unwillingness or inability of the interviewees to participate, to keep
interviewees motivated to respond and tovpte reliable information and to restrict

bias. Table 3.1 details the interviews that were held at the port managers' offices at
Damietta port:
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Table 3.1 Interviews Conducted at Damietta Port

Date Place Interviewee
Portdirector
21.082007 | Damietta port Operations manager
Traffic manager
Manager of public relations
12-02-2008 | Damietta port Operations manager
Traffic manager
26-06-2008 | Damietta port Workers and staff
Traffic manager
23.12-2008 | Damietta port Operations manager
Engineeringaffairs manage
Damiett . Port director
amietta por
02:02-2009 P Technical office manager
Damiett . Technical office manager
amietta por
05-02-2009 P Manager of public relations
Damiett . Logistics manager
amietta por
07-10-2009 g Operations manager
Dami Operations manager
amietta port
18032010 g Traffic manager
26:05-2010 | Damietta port Port director
Operations manager
29.11-2010 | Damietta port | Technical office manager
Manager of public relations
12-01-2011 | Damietta port | Technical office manager
20042011 | Damietta port Operations manager
18062011 | Damietta port Operations manager
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Conducting interviews was useful because:

=

It provided an opportunity for the interviewee to give more detailed

information.

2. Thestatisticaldata became richer and ®edlwith contextual information.

3. The data have been collected in a natural setting.

4. An interview was a particularly useful tool to understand the experiences and

actions of each individual respondent.

It provided an opportunity to explore respondents’ views

It provided the researcher with an opportunity to observe and record the non

verbal behaviour of the respondent.

3.6.3SecondarypataCollection Methods

The data gathereare statistically analysd to determine if the hypothesgenerated

aresupported. It help® analyse the relationship between the figtrformance and

the total time cargo remains in the port. Different types of data were available from
both Damietta port and the Maritime Transpat®r (MTS). These data inclutle

1

Generastatistics about Egyptian ports, such as total land area, total water
area, number of specialised ports, number of commercial ports, the main
river ports and total length of berths.

National fleet, such as classification according to type of ships, age
classification according to type of ships and classification according to
types of owner.

Ships registrations, such as registration in territorial water and registration
in international water.

The number of maritime passports issued for the holders ofigatibn
certificates.

Porttraffic, such as number of calls, berth occupancy, storage utilisation,
handling rates and total handled volumespant transportation and
equipment capacity.

Ports' capacities, such as maximum capacity, actual capacityeragtti

of berths and total areas of stores.
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7. Maritime Transport Sector achievements, such as development of cargo
throughputs, development of ships traffic and international and local

commercial development.

Data have been collected according to the fopesyof cargoebandledin Damietta

port, namely general cargo, dry bulk, liquid bulk and contairizata were available

and have been collecteth a monthly basi For each type of cargo, psttaffic data

have been edited, keyed and a categorisatibense has been set up to cover those
operations at a terminal. For this purpose, different categufrigsrt operations have
been placedy the author into five categories. Each group comprises operations that
have the same purpose. This helped to undetséamd analyse the data collected
relating to the key variables. Port visits and interviews helped to access the port
traffic and capacity archives that in turn helped to identify key operations that
influence Damietta poff performanceSelecteperatis have been verified by the
port managers and directors through interviews and observaiate.werekeyed

andchecked to see whether there were unusual observations in certain months.

Data analysis helped to test the hypotkedeveloped for the resea. Also, it

helped the variance between the actual and estimated port performance. It indicated
the reliability of the data collected. The lower the variance, the greater the reliability
of the dataDatacollectedfrom Damietta port have been verifiedtiwthose recorded

from MTS. This helped to verify the accuracy and reliability of data collected. Data

was collected using the following methods:
A. Government publications

Governmental publications and reports are important for this research. In Egypt, the
government is the largest publishing body tbe public sector such as the port
industry. It provides a wide variety of social, economic, demographic, financial, and
other types of data and statistics. Additionally, the government provides maps for

Damietta port and confidential information concerning operational information.
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However, acquiring government publications was difficult as it required some
knowledge of whergovernmental agencies locate in Egypt, which agency provides
what type of information and data, how much it costs to get the required data, what
type of data are available, and what type of data are allowed to be announced

publicly. Five of the most usdfvesources regarding government organisations were:

Maritime Transport Sector (MTS)

Egyptian Maritime Data Bank (EMDB)

Ministry of Transport (MOT)

Damietta Port Authority (DPA)

Central Agency for PubliMobilisation and Statistics

o &~ NP

Consulting government plications was useful because:

1. Documents enabled the investigation of the background and context of the
situation and the specific problems in Damietta port.

2. Documentary analysis was a useful means of analysing the 'official' view and
accessing the 'offial' record of events, decisions and plans.

3. Some documents provided a measure of the impact of changes introduced

during the action research process.

B. Internet

It is one of the main sources of collecting dat@wever, conducting searches of
certain websites was expensive in Egypt as payment was required to obtain
information, data and statistics. Also, some governmental web sites provided limited
information. Howeer, more than one search engim&s been used to get better
results and theequisitedata and information. The search engine SUMMON at the
University of Huddersfield was primarily used fdownloading articles, eBooks and
journals. Also, the official websites fothe following governmental organisations

havebeen accessed for this purpose:

92



1- The Egyptian Maritime Data Bank (EMDB)

It was established ta@onnect themain Egyptian ports (Alexandria, Pe8aid,
Damietta, Suez) and Lighthouses Administration (The Egyptian Authority for
Maritime Safety currently), with a view to provide planners, decisiakers and
researcherfom various maritime fields with accurate infaation on all activities of

the maritime Sector EMDB publishes a variety ain-line periodicals in both Arabic

and English languages, such as a statistiearbookthat covers vessels, cargoes,
containers and passengers traffic in all the Egyptian conmhgyorts, maritime

ports guide that includes information on Egyptian commercial and sgediglorts,

data on berths, docks, storehouses, equipment, services, tariffs, and the required
documents for entering and exiting the ports, as well as the Sueal Can

characteristics.

2- Maritime Transport Sector (MTS)

The sector was established to help port managers and authoritsesting the
objectives and the policies of the authorities, bodies and entities, following up their
application and coordinating between them, and in accessing the information
technology era in the Maritime Transport Sectbesigning, implementing and
maintaining the MTS welsite, covering the maritime transport activities, MTS
agenda, latest news, investment guide and the result of vessels destinations
committee. It also includes a database for the Egyptian and world companies

operating in the field of mdime transport, as well as statistics, studies and analysis.

3- Ministry of Transport (MOT)

TheMinistry of Transportatioof|[Egyptis part of thgabinet of Egyptthat is

responsible for meeting the needs of demand for transport by rail, roastaimd
line with Egyptian national development plaiibe website of the Ministry provides
the studies antesearch toelvelop facilities and the promotion of maritime transport,

including global developments in the shipping industry
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Table 3.2+Benefits and Problems of Applied Research Methods

Technique Advantage Faced difficulties Type
Observation | 1- Provided detailed and context related information | 1- Security issues in observing some operatior] Primary
2- Permitted to collect information on facts, not mentiol berthsand warehouses related to oil, gas and t
in the interviews armed forces
3- Tested the reliability of responses ) .
2- Longer time was needed to observe multiple
operations, which is not allowed in public ports
Interviewing 1- Permitted the clarification of questions 1- Availability of managers, workers and Primary
2. Provided higher response supervisors for interviews
3- Understading the way the port managers impleme 2 Operating environment
their policy, strategy and supervision 3- Credibility
Port visits 1- Allowed to meet the port managers amorkers 1- Time is needed to travel to Damietta city| Primary

2- Facilitated interviews and observations

and spending a few nights for observing

operations
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2- Cost and expenses wérgh

Literature 1- Developed general explanations for observed 1- Data was not easily accessible Secondary
variationsin a behaviour or phenomenon o
2- Information is incomplete for some key
2- Potential relationships between concepts and to | performance variables in Damietta port
identify researchable hypotheses.
3- How others have defined and measured key conc
4- ldentified data sources that other researchers hav
used
5- Discovered how a researploject is related to the
work of others
6- Permitted the examination of trends over the past
Governmental 1- Available and verified by the Egyptian governmen 1- Payment is always required to obtain Secondary
Publications records and publications

2- Provides indepth details of port operations

3- Clarify the general strategy of ports

2- Travelling is needed
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Internet

1- Updated information was available

2- Statistical studies could be downloaded

1- It was expensive to download statistics

2- Changes and updates were fast due to

financial crises, particularly in seaborne trade

Secondary
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3.6.4Data Analysis

Gathering, analysing, sorting and interpreting dat@aquired tesupport the use of
performance measurement systems (Kennerley and Neely, 2003). Data analysis aims

to explain the collected data in a meaningful way.

1. Data analytical softwargrogram

Minitab version 15.1.30 software has been used to analyse the raw data collected in
Damietta port. The software helped to analyse the relationship between those
performance variables and port performaritéelped to provide statistical guidance

for interpreting statistical tables and graphs in a practical and@asylerstand way.
2. Regression analysis

There arefew studies applying regressions to measpogt performance. In 1995,
Tongzon applied linear regression to maximise berth utilisatids. dtudy was
designed to measure efficiency rather than performance for definite operations at
certain terminals. This research applied ordinary least square (OLS) regressions in a
wide context. Firstly, regressionwere applied to examine the significaamcof
relationships between key performance variables that influence port performance.
Secondly, multiple regression models have been developed to estimate port
performance. Thirdly, the research followed Tongzon's model to apply linear
regressionThe bast idea of OLS estimation is to choose estimates that minimise the

sum of squared residuals (errors of prediction)

3.7 Research Aims, Methods and Strategy

Multiple research methods were applied to be both relevant to the aims that have been
set in thisresearch, and to enhance the contributions of this research (Robson, 2011).
The research defined the problem as the lack of an effective measurement system
applied in ports. This helped to focus on the research process and strategy; in turn, it
helped to dentify the research aims. A hypothesis has been set to explain the
importance of developing such a system for the port managers. Drawing from the
research perspectives in sections 3.4 and 3.5, Table 3.3 shows the research strategy
tailored towardsachievng the research aimbased on the methods that have been

selected.
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Table 3.3tResearch Aims, Methods and Strategy

Research Aims Applied Methods Strategy

fLiterature search

To discuss the current supply chair fLibrary records

systems and models applied to port

Considering both
performance dimension

_ ) ) fOriginal investigation
To investigate the effectiveness of t fCase study
current performance measuremen fGovernmental o
system in Damietta within a wider | pyplications Considering key
context. fPort visits performance variables

finterviews

fObservation

. . egression analysis
To develop DAPEMS in Damietta Reg y

t fPort visits Developing DAPEMS
Por Minitab 15.1.30
To evaluate the extent to which | Toerviews
i bservation ,
DAPEMS can be applied to other fﬂgort visits TeStrlgl?aEiﬁtl;EMs

Egyptian ports or elsewhere.

3.8 Sample Size and Types of Data

Answering the research question and meeting the research objectives requires
collecting and analysing a relevant sample size of data and using a proper sampling
technique.The sample size affects the generalisation in any research. The larger the
sample se, the lower the error in generalg to the population. Also, a largample

size influence the accuracy of findingss well asthe time and money invested in
collecting and analysing the data. Accordingly, the sample size in this research will be
60 data pointsstarting from January 2004 to December 2008, on monthly basis. This

sample size was governed as follows:

1. A large number of samples will represent the characteristics of population at
Damietta port.

2. The sample size starts from January 2004 ksxdhe port records are not
available, nor accessible for these operations at different terminals before the
year 2004.
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3. The port reports and the Maritime Transport Sector submit monthly reports to
the Ministry of Transport. Hence, the decision was madeotiect monthly

data.

Qualitative data has many fornfigr exploratory investigation. Different qualitative
techniques can be used for collecting qualitative datdh adfilms, action research
observation, case studies, street ethnografisous groupand individualor group
interviews. Sachdeva (2009claimed that qualitative research methodology is
designed to tell how (process) and why (meaning) things happen. Hence, it requires
nonprobability sampling techniqugesuch as experience survefSaundes et al.,

2003)

The main purpose of the qualitative data is to provide a detailed description of events
and situations between people and thirlgsawan (2010) claimed that qualitative
data is concerned with qualitative phenomena which is relating tmvoiving

a quality or kind, such as human behaviour. Thus, it is important to collect qualitative

data in behavioural sciences.

In this researchthe purpose is to investigate #® variables that influence port
performance and to examitiee relatonship between these predictors. This required
collecting quantitative data for these predictors in order to understand their influence
on performanceenhancing the generalisation of results ereéting statistical models

to explain eventsHowe\er, observation and interviewss qualitative datagre also
usedin this researclfior collecting data where they are appropriate to study things in
natural settings (Jha, 2008). They help to understand the phenomena of port
performance through explainirand studying those events and situations that affect
performanceThese qualitative techniques are used to deal with the quality of what is
beingcollected of quantitative datQualitative data will also be considered in further

research to construct duative measures such as port clients' satisfaction.

Quantitative data can be classified into categorical and quantifiable data. The
categorical data refers to those values that cannot be measured numerically and it can
be eitherdescriptive data or raeki data.This type of data does not fit the data
collectedin this research. On the other hand, quantifiable data are those values that

can be measured numerically and it can be either continuous data or discrete data.
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Continuous data are those valuest tte@n take any value within a restricted range,
while the discrete values are those values that take a finite number of values from the
scale. Saunders et al. (2003) argued that discrete data increases precision than the
continuous data. Table 3.4 shows ttata collected for seven predictor variables at
Damietta port. These predictors will be used to estimate operations time using
regression analysis in Chapter Fivde criteria for the selection ofi¢se predictors

are:

1- Thepredictors meet the port's nager's needsee Appendix H)

2- They represent the current measures applied in the port.

3- They influence how long cargo stays in the port as discussed in the
interviews with the port director and managers.

4- Predictors were applied previously in therature for the purpose of
measuring port performance.

5- These predictors represent the determinants required for developing
DAPEMS (Section 5.2).

All these variables are continuous data, except the number of calls which is discrete
data. The type of datollected tends tasea parametric regression as a quantitative
technique. Also, time series plots performed and linear relationships were found. This
justifies why linear regression analysis applied in this research.

Table 3.4+Type of DataCollectedat Damietta Port

Predictor Variable (s) Type of Data
Equipment Continuous
In-port Transportation Continuous
No of calls Discrete
Total tonnes handled Continuous
Berth occupancy Continuous
Loadingdischarging rates Continuous
Storage Continuous
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3.9Chapter Summary

A deductivepositivist approach was taken to develop DAPEMS. Different research
methods have been applied fotalagollection and data analyssach as obsertian,
interviews, port records and port visilehe research process and strategy is based on

a topdown approach following case study strategy¥he research ian explanatory

study as it aims to discuss the causal relationships between performance and predictor
variables. In the next part, ChapteruFavill examine the effectiveness thfe current

performance measurement system applied in Damietta port.
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Chapter Four
Current Performance Measurement of Operations

At Damietta Port, Egypt

4 .1.Introduction

Managers in public organisations are looking for performance measurement tools that
help them in planning, contiolg and improvingperformance (Bruijn, 2002). In ports,
maragers are concerned with whililey needto measure rather than whitey can
measure (Neely, 2004b). Bichou and Gray (2004) argued that a measurement approach
to port performance is required. They explained that any port needs a system for
identifying problems, defining obstacles and investigating the key performanableari

that influence a por{Brooks et al., 2010)The literaure showed thathere were no
recommendedools for performance measurement (Bichou, 2007). Failure in measuring
port performance may mislead managers to misuse port facilities and misunderstand
current problems. Selecting a proper measurement technique is based on its capability

assessingerformanceand how it might contribute to a port attaining its objectives.

Examining the effectiveness of current measurement syséssists in determingn
whetheror notthere is a need to develop a more effectivesuesament approaci hat
is why a case study has beewmnsideredor this purposeBy using he case of Damietta
port, the researchims toprovide anin-depth investigatiointo the developmerand use

of performance measures in a prﬁeagiﬂet al., 1991). Hence, a case stuslynportant

to bring out details by using multiple sources of data. It aimsngureaccurateand
alternative explanations, and to confirm the validity of the procestake (1995)
argues thathe objective of using a case studynire to establish meaningp the

researchrather than location (Stake, 1995).
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Also, the cae study is a muHperpectiveanalysis, as it provides not only a perspective

of port performance, bwlsoof the related predictor variables and the relations between
them. This Chapter aims to understanck thata collection process argddivided into

three sections. In thierst section, the research discusses the data collection process and
associated difficulties. The second section explains the Damietta port profile and the
importance of Damietta city. The third section investigates the current performance

measurement appach applid in Damietta port and examinis effectiveness.

4.2. Discussion of the Data Collection Process

The data collection process is an integral part of the research design and it aims to
collect accurate and reliable data using differeatirces, such as intervisvand

observatios. Thus, a selection of relevant data collection sources depends on the
terminals and facilities available in Damietta port, the time span of the study and the

costs associated with data gathering (Sekaran angi®&d010).

Yin|(2003) suggested six sources for data colleati®ing acase study strategyrhese

are documentation, archival records, interviews, direct observation, participant
observation, and physical artifacts. However, he argued that not all these sources should
be used in every case study. In this research, data collection sources involve

documentation, port records, interviews, observation and port visits.

1. Documentation + Reently, the Egyptian government appointed international
consultant agencies, such as Japan International Cooperation Agency (JICA), to
produce port performance reports. These studies were useful for providing
detailed information about key performance ualea in the pod port
hinterlands, pu facilities andport operations

2. Port recordstThese records are useful as they provide archival records. They
include maps, chartsport traffic, yard capacity and port capacity and
productivity. These records ke provided all the data required concerning
predictor variables thatere used to develop the DAPEMS system.
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3.

Interviews = Interviews were conducted with threert directos, sevenport
managers and0 workers to procure informedpinions on key variable§ hese

wereused taconfirm previously gathered data.

Observation and port visitghis involved 13 visits to Damietta port between
August 2007 and June 20Ilheyaimed toensurethe reliability of the gathered
data.

4 3 Difficulties in the Data Collecion Process

In Damietta port, there were difficulties in collecting data. The port is public and it is

operated by the government. The Ministry of Transport and the Ministry of the Interior

have set very strict rulefor obtairing data and detailed information. The researcher

faced the following difficulties in collecting data in Damietta port:

1

Observing the full port operating environment was limited to-igeetified
terminals, operations and cargoes.

Meetings and interviews witthe port managers and directors were undertaken
according to very strict rules and rousne

Damietta port is locateth Northern Egypt on the Mediterranean Sesbout 5
hours drivingtime from Cairowhere the researcher is baskdvas a costly use

of both ime and monetary resources to hold meetimggrviewsand undertake
observational researdh the port.

Each port visit required official permission The UHV H D UratioRdl 1V
identification card had to be submitted to the State Security Unéaat one
week prior to the visit to obtain permission to visit the port and delays were
common, resulting in missed interviews and meetings.

Most port records and documents received were hantten. It required time
and effort to transcribe data into atectronic format necessary for input into
Excel and Minitab software.

Fortunately, DPA provided athe necessarglata, information and access necessary for

completing this research (see Appen@jx
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4 4 The Importance of Damietta City

Historically, Damietta city was known as Tim Any or Tamit in ancient Egypt, Tamyatish
in the Roman period and Tamiati in the Coptic period. Currently, the city is known as
Damietta. It was considered an important port during the Mamluk period, as it was the
main exporteof rice to the Ottoman Empire.

Figure 4.1+Damietta Location
SourceWorld Atlas, 2010.

Figure 4.1 shows that the city lies between Lake Manzala andvireNile, on the
Mediterranean Sea, and it is around 210 km from Cairo Titg.Damietta governorate
covers an area of 910.3 km2, representing 0.1% of the Egypt Republic's area, and
encompasses 10 cities, 47 rural units and 85 villages ppulation is about 1.1 million
people, and about 39% of them have high skills, experienceam@ndell trained for

maritime and fishing activities (Ministry of Transport, 2009).
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Damietta city is famous for growing wheat, maize, cotton, rice, potatoes, lemons, grapes,
and tomatoes. The economic activities depend on skilled human resources arall on sm
production units run by the private sector. Damietta a&dsgh reputation for its
handicraft industries including furniture carpentry, dairy products, fish processing, oil
and soaps, pressed woods, rice mills and grain grinder. In addition, Danaigttheh
largest fishing fleet in Egypt, more than 60% of total fishing vessels. Damietthasizo

large shipyard for building ships.

4.5 Damietta Port Profile

Egypt has 15 major commercial ports under the control of the Maritime Transport Sector
and thar respective Port Authority, affiliated to MOT (Ministry of Transport, 2009).
Among them, there are three international hub ports, West Port Said, East Port Said and
Damietta Port. Damietta port has a strategic and economic role as it mainly handles
freight from Asia and the Middle East to Eastern Mediterranean Sea countries and

Europe.

The port was constructed in the early 1980s and it began its operation on July 1987
for the purpose of improving the flow of tradaffic across the Mediteanean

coast of Egypt (DPA, 2007). Damietta Port is located in Northern Egypt on the
Mediterranean Sea at Lat 31° 26°N, Long 031° 48°, and it is ab®WkN8 west of the
Damieta branch of River Nilelt has a strategic location near the Suez Canab#met
Mediterranean hub portparticularly East Port Said polt.is located 70 knto the west

of Port Said Port an@00 km east of Alexandria Porits unique location on the
Mediterranean Sea makes it an excellent crossroads between the Far Eastoped E

where major shipping lines are operating
It has five terminals and the port installations extantbssan area of 11.8 sdkm as

mentiored in AppendixB. It is considered as a mufturpose port and it is linked with

different modes of transpostich asoad, rail, air, pipeline and inland waterway.
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Figure 4.2 shows that the port occupies an area of abad. kB and it is subdivided

into two main parts; the shipping area and water area. The shipping area includes an
inland section that corsts of 18 berths and quays. The water area is composed of an
access channel connecting the shipping area with the Mediterranean Sea and the main
basin.

Figure 4.3 shows that the Port was established in a coastal embayment some
distance inland irorder to be protected from winter storfise port can be broadly
subdivided into five divisions as follows (Append):

1. The Petrochemicals and Liquefied Natural Gas (LNG) complexes to the west
(underconstruction).

2. Theindustrial free zone tthe east.

3. The water area (port basin) and the surrounding platforms and berths.

4. The southern parts contain most amesitand services of the port such as,
administration buildings, fire station, watgpumping station, agricultural
guarantine and accommodation houses for the workforces.

5. Berths and quays of the port occupy the central area and include the container
and general cargo berths to the west and the bunkering and grain berths to the
east.

It is important to state Damietta pdistrategy that has been provided in the port records

and documentation as follows:
‘Contribution in raising economic growth through achieving maximum productive

capacity of the port and improving the performancesadccording to effective quality

management system and port users satisfaction'.
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Figure 4.2 +Damietta Port Layout
Source: DPA, 2011
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Figure 4.3 Land Use oDamietta Port
Source: DPA, 2011
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4.6 Factors Affecting Damietta Port Performance

Performance of public ports is traditionally based on data recorded by the port
authorities, such as tradfrecordingsport tariffs and standing timgsourgeaud, 2000).

In Damietta port, managers and workers are working in a complicated and dynamic
operating environment for many reasons. Firstly, the port is located in Damietta city,
where60 % of gross production of foiture exitsin Egypt. This explains the increasing
demand for timber imports as raw materials through the port. Secondly, furniture exports
increased during the last five yeai&hirdly, importing grains, iron and agricultural
products haveecentlyincreased through Damietta port, due to the availability of storage

yards and warehousing areas in the (DRA, 2011)

Fourthly, exports of cement and clinker are increasing, as many leading cement
companies direct their shipments of exports througmiBtia port. Lastly, there are high

flows from and to the ports either for imports and exports purposes due to the available
transportation network that links the port with the rest of the country. Figure 4.4 shows

the main market areas for imports and@xpat Damietta port.
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Figure 4.4 +Flows from and to Damietta Port
Source: DPA, 2011

Damiettaport has many hinterlands that are located in Cairo city, Alexandria city, Port
Said city, Damietta city and Delta citie$hese consumption areas affect the port
economically because 75 % of their imports are transported through Damietta port.
Imports of grains, timbers and agricultural products are shippedha@opbrt and then
delivered to itshinterlands.Interviews showed that many vendors and factories located

in Upper Egypt prefer to export their products through Damietta port for many reasons:
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1. Theportis connected by many modes of transport which facilitate the movement
of cargoes from and to the port.

2. The port terminaldhave beerdesigned to handle high capacitidmt are not
available in other ports in Egypt, particularly for cement. These matmi
facilitate the movement of products in loading and discharging operations.

3. Many leading commercial companies in Egypt have l@mg contracts with
regular shipping lines calling at Damietta port.

4. The port is close to the Suez Carald the transhipnent trade has sharply
increased

5. Port productivity can be maximised to meet any increase in demand in the future
due to the availability of land. This gives the port the potential to increase the
number of storage areas in the future.

6. Many natural gas ahpetroleum companies such as SEGAS, UGDC thed
Egyptian Petrochemical Company are establishing refinery stations inside the
port for storing, transporting, exporting, marketing and shipping natural gas,
petrochemical products and petroleum extractsutjitoDamietta portThese
companies are establishing a special berth inside the port for exporting petroleum

extracts

It is obvious that port operations are very complicated and port performance is affected
by many internal, external, technical, econoraitd operational factors. In order to
develop a port performance measurement system, there is a need to understand how the
port managers currently measure their performance. Therefore, the folleaatign

will investigate the current performance measur@mapproach applied in Damietta port

and examine the effectiveness of this approach.
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4.7 Current Measurement Approach in Damietta Port

The aimof this sectionis to analyse the current performance measurement approach
applied in the port and to examiits effectiveness. Different research methods have
been applied for this purpose; including interviews, port records, governmental
publications, port visits, observatgnheinternet andheliterature review.

4.71 A Number ofCalling Ships

The Danietta Port Authority (DPA)Yakes into consideration that the number of ships
calling into the port is the key prerequisite to measure the port perform@heeport
authority believes that determining the number of ships calling at the port telps
undestand the streamline flow of all types of cargoksshows the inbound and
outbound volumes of cargoeslso, DPA believes that determining the number of
calling ships will contribute to forecasting future volumes. The number of calling ships
comprisestwo key performance indicatorstumber of calling ships and number of

shipping lines.

f Number of Calling Ships

DPA records the number of calling ships per month as a key performance indicator.
Then, it compares total number of ships and total volumeslédnn the port on
amonthly and yearly basis to show if there is an increase or decrease in total number of
shipscalling. An increase or a decreaisethe number of ship calis being used as an

important indicator to identify performance.
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Tongzon (2009) argued that the higher frequency of ship visits translate into more
choices for freight forwarding and shipping agencies in selecting a port. He emphasised
that increasing the number of calls gives more flexibility and lower transit tmde a
transport costs. However, ligd not evaluatehe congestion and overbooking that may
arise due to an increasethre number of callsas well as the extra cost generated by this
congestion.

The number ofships calling at Damietta port has increasedngdiicantly since its

opening in 1987. The port received 3259 ships in 2010 as shown in Figure 4.5.
Interviews and the port records indicate that DPA considers an increase or a decrease in

D QXPEHU RI VKLSV DV DQ LQGLFDWmRdnceRFtdOMDIeVHVVLQJ
LQWHUYLHZ ZLWK WKH SRUW{YV @PAbWHIEWhRIUICIslod oDV FRQF
this measure. For example, DPA decided to expand the port facilities in 2005 following

a 25 % increase between 2002 and 2004. It is important tddtigkiat the number of

callsincorporateghe total number of all types of ships calling at the different terminals.

Figure 4.5 Total Numbers ofShips Calling Damietta Portrom 1988to 2010
Source MTS, 2011
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DPA categorises the ships calling at the port into two categories: container ships and
general cargo ships. In this way, PRets a strategic plan fduture forecastingand
expansion at certain terminals. However, the 'poecords, governmental publications
andinterviews with terminamanagers revealed that the port records the number of ships
for other types of cargoes such awitybulk and dry bulk Little attention has been
given toward these types of cargo by the port managers in the process chtavgline
performance. Dry bulk ships constitdtabout 11 % and liquid bulk shipspresented
about 8 % of total ships called at Damietta port in 2010. From the port mahn§iger
perspective, interviews showed that improvement in port performance occurallgorm
whenthe number otontainer and general cargo ships increashey beli@e that any
increase ordecrease in the number of ships of both types will, in turn, affect total

volumes handled at the port.

As discussed in the literature, most currgmerformance measures focus on
containerisation rather than generalised cargoes. Interviews denoted that containerisation
measurement is easier, where containers can be easily classified into standard sizes or
dimensions. Standardisation facilitates quamg the number of handled containers,

and the number of stacks and trucks can determine how many containdys carried

(Talley, 2006).

However, MTS (2011) announced that general cargo ships adoourgtween 27.8%
and 37.3% of total ships calletl Bgyptian ports. Also, liquid bulk ships account about
6% and dry bulk ships account about 6.1% of total ships. Therefore, relyliely on

the number of container ships is @gpropriate fomeasuring the poff performance.
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The researcher argudsat measuring Damietta port performance in terms of the total
number of calling ships, either container or general cargo ships, is inadequate and it does
not reflect port performance. This is because many container $hipsxample may

call at the porcarrying only a small number of containers whilst some general cargo
ships may only carry light cargo. This means that there are other indispensable variables
that should be taken into consideration in measuring the port performance in addition to

the numier of ships.

f Shipping Lines

The liner trade plays a major role in providing efficient and effeictive movement of
cargoes in modern logistics systems, particularly in ports. Liner shipping is a major link
in global supply chainandin ports, as itnvolves the transportation of high value and
more time sensitive cargoes. Shipping lines are more important than the tramp industry
as the port will receive benefits from liner shaglls in terms of regular stevedoring

operations, larger quantities andiopum utilisation of the port facilities.

Shipping lines are used by DPA as a key indicator for measuring port performance. This
is because shipping lines are considered as one of the main port clients. Each shipping
line possesses a number of ships, Whiall regularly and frequently at the port on

a scheduled basis. Thus, when a shipping line moves its ships from one port to another,
this negatively affects port performance by m@dg the number of ship calldn
Damietta Port, the number obmtainer ships decreased between 2004 and 2005 by 20
ships, with a further decline of 195 ships in 2006. The port operations manager

explained that the reason behind this decrease was due to:
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1. The Maersk shipping line moved its ships to East Port Baiitl

2. The Maersk shipping line recently took over P&Dd NED Lloyd, and then
redirected all their ships from Damietta port into East Port Said Port

3. CM A shipping line has moved 30% of its container ships to Beirut Port,

Lebanon, due to inadequate deptiDamietta for its nevghips

However, the researcher argues that the movement of some shipping lines from
Damietta to other ports has not necessarlg b negative effect as other new shipping
lines have begun to call at the port. It is observed that some shipping lines moved from
Damietta port, while other new shipping lines called at the Between 2003 and

2006, the port records displayed that soshipping lines moved their ships to other
ports as discussed above, and four new Chinese shipping lines have started to call at the

port.

On the other hand, observation and port visits showed that Damietta port suffers from
a lack of feeder ship$hipping lines are competing in the Mediterranean basin through
sailing mother ships to serve Middle East markets. Mother ships are normally being
served by feeder shipA. small feedershipis a small container shipormally operatel

by independenbperabrs to serve betweeam hub port and other smaller ports nearby.

A lack of feeder ships causes some shipping lines to direct their mother ships to other
ports. This may explain why those shipping lines left Damietta port. Ghoneim and
Helmy (2008) arguedhat the number of shipping lines visiting Egyptian ports is
affected by infrastruare which is in poor conditiodue to lack of quays, equipment,

facilities and maintenance.
It is concluded that DPA measure their port performatmrding to hownanyships

call at the port and how many shipping lines currently call at the port. A more effective

measurement system is needed to asstbeimdentification of problems.
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4.7.2Time Measures

The value of time is very important in ports. Any delayloading and discharging
cargoes would lead ships to spend more time at berth, and other ships will have a longer
waiting time in anchorage areds addition, ship owners will be dissatisfied due to an
increase in the ship twaround time. In Damietta pirberth occupancy is used as

a performance measure. However, higher berth occupancy may result from operational
delays resulting in a ship spending longer at berth. Hence, high berth occupancy might
be due to longer occupancy by fewer shifisus, berth occupancy is not an appropriate

performance measure.

Port records and interviews showed that DPA has records for standing timesgberthi
times, unberthing timesperth occupancyime and clearance time. But tirgerviews
showed that the portmanagers usenly berth occupancy in measuring performance,
with no regard to other measures Figure 4.6displays the ship turaround time
developed by this research. It helps to identify and understand the determinants required
for designingDAPEMS in Clapter Five. The line from point 1 to pointpresents ship
turn-around time ashe total time that a ship stays in port. An increase occurring at any

stage on the line betweeratd 7will raise the ship turaround time, and vice versa.
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- Turn round I: Arrival at port
1

————————————————————— \.J___________________

End of operations

- “.J_ _______________________
Departure from berth

Ship Turn round

Figure 4.6- Ship-Turn-around Time

Increasing a ship turaround time might be due to a delay in operations. Figure 4.6
divides the operations into seven parts. The delay could beoduaavailability of
berths, unavailability of required storage areas, inadequate of cargo handling equipment,
or limited port productivity to meet the increasing number of sfiijpe seven parts are

determinedn Table 4.1.
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Table 4.1+The ®ven Pats of Ship Turraround Time

Time Operation Time (dd-hh-mm) Description

Refers to the total elapsed tim

Ship turnaround time | Time between 7 and 1| that a ship stays in port from
arrival until departure

Refers to the total elapsed tim

Service time Time between 6 and 2| of provided pilotuntil departure
date

Refers to the total elapsed tim

Time at berth Time between 6 and 3| of a ship at berthntil leaving
berth

Refers to the total elapsedie

Operating time at berth  Time between 5 and 4| of starting the operationstil
terminate the operations

Refers to the total elapsed tim

Preparing for operationy Time between 4 and 3| of a ship at berthntil starting

operations

Refers to the total elapsed tim

Time elapsed to arrang from the terminatiorof the

Time between 6 and 5 _ . .
documents terminaloperationauntil

departure date

DPA collects timerelated data to inform stevedoring companies, particularly Damietta
container and cargo handling company (DCHC). This helps shipgegces and
middlemen to prepare adequate and proper handling equipment. These data are waiting

time in port and in anchorage areas, and are used to evaluate berth performance only.
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f Ships Waiting Time
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Figure 4.7 ContaineBerthOccupancyAnalysis
Source DPA, Annual Report, 2009

Figure 4.7 shows that the container berth occupancy (B.O.) declined from 84% in 2004
to 72% in 2006 before recovering to 81% in 2008. These variations may result from
changes in the number of calling ships, improvementsargo handling or because of
other factors. Té fluctuationsin berth occupancy shothat B.O. is an inappropriate

performance measure in ports.

It is observed during the port visits that worktla¢ container terminal proceeds very
slowly. DPA claims lhat this slownesss because the operat®managers apply two
different systems for loading and discharging containera single terminalRubber

Tire Gantry (RTG) system and reach stackers system. This results in handling containers
slowly. However, tle researchaargued thathe RTG system can be used in hidénsity
operations for handling full containers, while the reach stackers system can be used in
low-density operations for handling empty containers. Hence, using two handling

systems in a singlkerminal do not necessary lead to slow operations.
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Figure 4.8 General Cargo Berth Occupancy Analysis
Source DPA, Annual Report, 2011

Figure 4.8 showshat the general cargo berths occupancy increased between 2006 and
2008. The DPA believes that increasing the berth occupancy was due to increasing the
number of calling ships into 1638 ships in 2006; comparing this to 1148tkhigslled

at the port n 2008 The port records slwed also that waiting timdecreased in 2006

This explairs why the port managers used grains berths for loading and discharging
general cargoes to minimise waiting time. In the year 2006, there were 1488 ships

waiting in the anhorage area. The average waiting time was 24 hours per ship

Observations found out that increasing general cargo berth occupancy wsadehot
due to increasinghe number of calling ship$ut was due to misusing cargos handling
equipment on berthgnproper planing of thetransportation network inside and outside
the port and the improper plaing applied inthe storage areas to meet the increase in
demand.Fouad and Lawler (2008) argued thgtematorsat Damietta porare usually
bagging grains using bagging units at the general cargo banithsherthey load bags
into trucks.They claimed thathis handling method tripgethe time to discharge a ship
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f Total waiting time in port

Table 42- ShipsWaiting Times inAnchorageArea

No of ships | No of ships which Waiting Average number of

Year calling at hook to wait in ships hours for waiting time

the port anchorage area in anchorage areas
2004 2724 1475 54 26 hoursship
2005 2977 1586 53 28 hours ship
2006 3022 1488 49 34 hours ship
2007 3055 1475 48% 34 hours ship
2008 2950 1510 51% 29 hours ship
2009 3245 1570 48% 34 hours ship
2010 3259 1572 49% 36 hours ship

Source DPA, 2011

Table 42 shows that the waiting time ithe anchorage areas has increased from 26

hours per ship in 2004 to 34 hours per ship in 2006. An increase in waiting ttimee in

anchorage area resulted in an increag@erwaiting time in port. Table 2.shows that

fewershipswere forced tavait in theanchorage area in 2004 and 2007. This wastdue

increasechandling rates, availabijitof storage areas @nincreasechumber of berth

(or their lengths However, the average number of hours for waiting per ship increased

to 36 lours per ship in 2010, ogoaredio previous years.
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This means that there are other predictor variatgsh influence waiting times in port
and at berths. These factors shoailsbbe determined anthcorporated into the design
of ameasurement systerAlso, it has been obsed thatDPA ignores other important
factors such astanding timelt is not efficient to use waiting time in port or at berth in
correlation only berthwith occupancy. Other factors should be considesetth as
berthing time, urberthing time, standingme and clearance timélso, waiting time

and standing times should be considerealdifferent way to measure performance.

4.7.3Total TonnesHandled at théort

DPA focusestheir measurement on sea access. It applies the economic and financial
indicators which are usually related to the maritime side. The port director argues that
those indicators can help in determining the actual port performance. These indicators
are gros tonnage (GRT) and twenty foot equivalent unit (TEU) and forty foot

equivalent units (FEU).

However, the focus is on containers where calculations are easidotluher types of
cargoes. Thus, managers record total imports and exports to provité auttber of
TEUs handled at the port on raonthly basis TEUs have always been used as a

measurement of productivity for container terminal output.
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Figure4.9- Total ContainerdHandled in Damietta Port
Source DPA, 2011

Figure 4.9 showshat there was a decline in total container imports between 2006 and
2008, while there was a decline in container exports in the year 2005. Usually, MTS
applies this indicator (total tonnes handled) to measure the overall performance of all
Egyptian pors and the Egyptian maritime sector. Containers are usually handled in
special terminals in ports, which are known as container terminals. The container
terminal is the interface between sea and land and thus it is a critical link in the supply
chain by meas of which containers are delivered to final port cliedscontainer
terminal is a special facility that provides a package of services and activities to handle
and control the flows of containers from ships to the port and vice v&ssaresult of

its importance, the performance of container terminalsfisn used as proxy for

overallport performance.
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The efficiency of the container terminal system occurs in case of coordination,
cooperation and integration between all these @paints. In Damietta port, managers
claimed that the performance of the container terminal decreased betw@erarid
2006. It seems apparetitat the reasoffor this decreasevas caused by moving some

shipping lines to other ports such as East Port Said P

However observation and port visits revealed that the reémathis decrease was due to

non integration between all participants in the containerisation system in Damietta. But
the question iswvhy is there no integration between all participarsThe researcher
argued that every participant in Damietta container terminal has a different goal. From
the standpoint of terminal performance, the terminal operators have a goal to focus on
minimising handling cost per container and maximising profitttierport authority, the

main goal is to increase the annual throughputs amehgare thaall facilities are fully
utilised; for the stevedores, the main goal is to increase total containers handled; and for
shipping lines, the main goal is to minimise the waiting time fotainar ships in the

port. Theréore, they have different goalwhereeach party tries to accomplish his own
JRDOV UHJIJDUGOHVV RI RWKHU SDUWLFLSDQWVYT JRDOV

In order to measure the performance of the terminal, it is important to quantify all
activities that are provided within the terminal. Thestivities comprise storage area,
transportation infrastructure, handling equipment availability, layout, container freight
station, custom regulations, safety rules, environmental laws, and intermodal scheduling.
Actually, DPA does not consider all of 8e activities. It focuses only on how many
containersare handled at the terminal with no regard to other activities. This makes this
indicator inefficient in measuring the terminal and port performances. Hence, the current
performance measures that arengeapplied in Damietta port are not sufficient as they

do not consider relevant variables and focusing on containers.
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New container terminal

Figure 4.10 New Container Terminal in Damietta Port
Source: DPA, 2008

Figure 4.10 shows a typicabntainer terminal standard that DPA plans to establish in
future alongside the current container terminal. It consists of the wideerberth for
docking the ships, a large paved yard for storage of containers, specialised cranes,
tractors and other equmnent for handling the containers from the ship to the storage
yards, a computerised gatehouse to control entry and exit of containers from the yard on
trucks, and various maintenance and administration buildifilgs. port authorityis
proposingthat the new terminal will handle 4 million TEUs.

As mentioned earlier, the port managers take into consideration the total tonnes handled
of containers and general cargo in measuring the port performance, with no regards to
other types of cargo. Howevgrort records showhat a decrease or an increase in the
number of ships and volumes of other types of cargo can affect thegmssformance.

For example, grain ships decreased in the year 2006 by 26 ships and consequently the
quantity handled in the poreduced by 706,160 tonnes.
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Table 43 - Analysing theNumber ofGrain Ships Calling at DamiettdPort

Year 2004 2005 2006 2007 2008
Wheat 48 77 46 80 65
Maize 74 77 60 76 43
Other grains 37 21 43 49 28
Total 159 175 149 205 136

Source DPA, 2010Q

Table 43 shows that there was a decrease in the number of grain ships. The decrease in
total grains was due to a decrease in the number of Maize ships by 31 ships in 2008
comparing to 2004. Interviews displayed that there were two sectors owndthg a

distributing grains; public and private sectors. It was observed that these sectors were the

cause othedecreasing number of grain ships in Damietta.

The public sector owns higher quantity ofgrains than the private sectétence,when

the public sctor reduced the quantity that was planned to be distrilagtamtding to the

proper schedule that has been set by the purveyance association, this caused a delay in the
dischage rate, by 5970 tonnes per d&onsequentlyit caused a commutation at the

grain terminal inside the port. This commutation of wheat results in reducing the
efficiency of cargo handling equipment in the grain terminal, making congestion in
storage areas and yards in the port, and affecting the flow of grains from ships to the
starage areasTherefore, wo indicators can be concludéére The first indicator is the
distribution programmes of wheat from grain terminal in Damietta that do not fit the

capability of equipment in term of discharge rate as shown in the Tdble 4.

Table 44- Distribution Rate andDischargingRate forWheat in Damietta Port

General rate of discharge Distribution rate for Gap
_ ) Percentage
in the port wheat by public sector (tonnes)
10270 tonnesday 4300 tonnes day 5970 139

Source DPA, 2007
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Thesecond indicator is the transport network that links the grain terminal with the rest of
the country DPA records showed that the average number of trains that have been used
to carry wheat is two trains per day, while the average number of vehiclesdin roa

transport that have been used to carry wheat is 58 vehicles per day.

By examining the effects of the decrease in grain ships on th& performance, and
comparing these rates with the optimum capacity of the grain terminal in the pa@s it
found hat the terminal can handle 7000 tonnes per day which fit to load five trains per
day or 241 vehicles of road transport per day. On the other hands found that the

port managers rely on experimental and qualitative methods rather than quantitative
methods in measuring the performance of such cargoes and the optimum capacity that
can be carried by means of transport. In other words, there is an impropér place

for total cargoes at the terminal, handling rates of equipment and capacities bgrried

different modes of transport.

For timber ships, the port handled in exces81,842moretonnes in the year 2006 than
in 2005. Also, the discharging rate of timber has increased in 2006hbgedr 2005 It
has been observeldat the waiting timedr timber shipsvas2.5 days peship in the year
2006 comparetb 2.4 days per ship in 2005

In addition, there was a decrease in total quantities of agricultural productseteat
handled in the year 2006 by 53,050 tonnes than in the year 2005vd$due tothe
increae of timberimports that sem thefurniture industry in Damietta city. It illustrates
also that both the number of iron ships and total quantity of iron handled in Damietta
have been increased in 2006 by 342,195 tonaed, about 333  than 2005. This
increase was due to the availability of huge storage yards, particularly close to the
discharging berths for iron
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It can be concluded that DPA measures their performance in terimstofal number of

ship callsand total volume handled per month, regardtdssther factors and variables
which have great effects on port performaraeh as inefficient handling rates tleain

lead toan increase in berth occupancy rates and harbour congestion (Fouad and Lawler,
2008).

As a performance measuregrth occupancys being applied to avoid owdooking.

Zouari and Khayech (2011) claimed that calculating berth occupancy does not help to
identify weaknesseat berths It is obvious that the port has no formal perforoen
measurement system. Current performance meaanceéndicators arensufficient and
unreliable, and designed for containers and general cargo, nor for other types of cargoes.
Talley (2007) argued that a port should not only be concerned with the ghyasinaling

of cargo, but also whether it can compete for attracting more volumes and clients.

4.7.4Equipment andtorageMeasures

Loading and unloading ships can improve the efficiency of quay @me& improve

the performance ahe containerterminal and all other terminals, which in turn affects

the ports performance. The gross number of crane hours is the total time during which
the cranes have been used, irrespective of the delays, whether due to breakdowns,

operational delaysr externalfactors such as rain.

Quay cranes are the most expensive single unit of handling equipment in port container
terminals, and because of this, one of the key operational bottlenecks at ports is quay
crane availability. By improving quay crane utilisatioonyts can reduce ship tuaround

time, improve port productivity and improve throughpdtfreight transportation (Kim

and Kim, 1997;Goodchildand Daganzo2007. For improving crane efficiency, ports

have undertaken various projects such as renovatidgadding terminals, constructing

andexpanding intermodal facilitiemnd implementing new IT infrastructure.
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Because crane productivity is so important, ports have also invested in various crane
utilisation improvement strategies. There has been licdel@mic research that addressed

the problem of double cyclinggr measuring crane performance in ports. Port research
typically focused on strategic design planning issues, such as the number of berths, the

sizeof storage spacand the number of variougges of equipment to install.

Other operational planning and control problems have been addressed including berth
scheduling (Park and Kim, 2003), querane scheduling, stowage planning and
sequencing, storage space planning , and dispatching of yarelscand prime movers.

To date, most of this work utilises queuing theory and stochastic models, simulation, and
classical operations research techniques such as routing, network, and scheduling
problems (Kim and Kim, 2002).

The degree of efficiency afargo handling equipment can also affect cargo throughput at
a berth, cargo handling cost, and the distribution cost (Branch, 1997). Port managers and
authorities select the most suitable types of cargo handling equipment that can attract
tonnage. Branch1097) identified these factors that influence the determination of

suitable types of equipment as follow:

The nature of cargo

Weather and tidal conditions

Type of vessel

Handling cost and general safety
Competitive situation with other ports
Internationakrade

Resources available at ports

© N o g b~ w DN PP

Maintenance costs
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In Damietta Porta private companig responsibléo operate these cranes and equipment
that are currently used in handling, loading and discharging cargoes. DCHC started
operation in 1999.It deds with international shipping lines for loading and discharging
cargoes, such as CMA, CSCL, APL, NYK, MOL, PIL, YML, MISC, HMM, HSD and
Cosco. In 2008, it has started ongoing investment in facilities and equipment. Interviews
with the DCHC managers shodvéhat the company applies a state of the art management
system to ensure efficient vessel and gate movement, and wants to increase the water

depth alongside the container berths.

However, DCHC ignores other important factors such as storage aread. thhiistal

number of ships and total volumes have increased over the years, the port capacity is
fixed at 19 million tonnes a year. More storage areas, yards and warehouses are required.
Also, less attention has been given to the equipment capabilitiethert terminals.

DCHC focuses on investing on dredging more depth at certain terminal, regardless
replacing existing cranes and handling equipménts inefficient to ignore storage

capacities in any measurement approach.

4.8 The Effectivenessof Current Damietta Measurement Approach

Interviews with general managers proved that the port does not consider storagesneasure
in measuring the port performance. DPA argues that the port has huge storage areas and

warehouses, and any increase in demand in future will not cause a real problem.

It is obvious that Damietta port managers focus on productivity measures more than
pefformance measures in assessing their port performance. Other managers
misunderstand the difference between these two concepts. It is very important to
distinguish between port productivity and port performandé&oductivity is

a measwrment of the effective use of port resources. It refers to amount handled per
terminal while performance refer® how to improve the understanding of the factors of

productivity and how they are related to each other.
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Observationally, every manager armhrticipant in Damietta port has a primary
responsibilityin achievinga productive use of reso@x in different activities. Buho
integrated performance measurement system has been applied to measure the port
performancePartial measures are currentlged in Damietta port. As in other African
developing countries, managers usually apply partial measures and focus on productivity

rather than performance. Table54shows the current performance measurement

framework received by DPA in 2011.

Table 45 Current Performance Measurement Framework at Damietta Port

Volumes (000 tonnes)

2006 2007 2008 2009 2010

2 2 2 2 2
= @ = 3 = @ = 3 = @
cao | 2| E| 2| E|2|E|D|E|T|E
Cls |9 |s|° || |5]|° |35
o > o > o > o > I} >

Z Pz Z Pz Z
S IR IR |8 |8 |5 |8 |k | & |8
General o ™ < = \—| < < N N b~
— ™ - < — ™ - I\ — ™

cargo

o o o — o o) ™ N o o
. ~ IR |2 BN R |8 |R |8 | &
Containers © — o — — I\ - I3 — -

Source: DPA, 2011
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As discussed earlier, theg authority and managers taftecisions based on how many
ships call at the port and how many tonnes are handled in the port, as mentioned in Table
45. Following the traditional approach of measurement, Damietth gerformance is
evaluatedrelative to its performance by comparirtg actual throughputs over time in
terms of tonnage and number of container (Talley, 2007¢an be concluded that the

S R U Varfayer® apply a singfeort approachand interviews with the poftdperations

managers addressed the following problems atiB@arport:

High berths occupancy that leads to traffic congestion and lower berth productivity
Low handling rates at different terminals
Improper hadling methods, particularly in trgeneral cargo berths

Poor infrastructure of roadsd railsinsidethe port

o ~ w DN PP

Insufficient storage areas

4.9 Chapter Summary

Currently, DPA applies certain indicators and measures for evaluating port performance.
Current measures are useful in measuring containerisation and container terminal, but, it
does not reflect grformances of other terminals where T&drenot relevant. Also, the
performance measurement of other terminals and cargoes is monitored by the total
number of ships and the tonnage of cargo handled. Since the main assets of the port are
its berths, DPA measures the performance of the berths irs tefnthe throughput
handled per berth; berth occupancy. Many operations have been ignoredent cu

measurement approach, sudberthing time, urberthing time and standing time

Two key indicators have received greater attention by the port managé@rso regard

to the measures and predictor variables that influence the port. These two indicators are:
the number of ships and total tonnésindled Therefore, the wrent measurement
approach is inefficient as it does not provide feedback about wesshasthe port, nor

doesit determine port performance.
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Chapter Five

A Quantitative Approach towards Developing DAPEMS

5.1. Introduction

Ports have many clientgcluding importers, exporters, freight forwarders, stevedoring
companies, shipshipping lines and ship owners. Nowadays, international competition
EHWZHHQ VHDSRUWYV LV EDVHG RQ FOLHQWVY VDWLVIDFWLI

Port clients expect to receive high quality service standards in terms of reduced operating
expensesreduced ship turaround time in ports and at berths and the provision of
reliable and proper cargo handling equipment. They also prefer ports with available and
appropriately sized storage areappropriate facilitiesand reliable transportation
infrastructure. Ports and their clients aim to reduce the total time that cargo stays at the

port

In terms of the provision of tse requirements, port managers and authorities face a
FKDOOHQJLQJ WDVN WR IXOILO WKHLU ate® and gywavhit QHHGV
environment where every ship calling at the port requires different preparations and
where every operation requires the use of different facilities. Hgoceperformance is

determined by a variety of predictor variables.

Previously, tle literature review showed that current performance measurement systems
applied in ports only partially reflect port performance. Most systems are inconsistent,
inaccurate, and unreliable, and some are not easy to use. This is due to an emphasis on
contairerisation. Current systems focus on measuring container ports, container
terminals, or containerised cargoes, with no regard to other types of cargoes laandled
ports(Estacheet al., 2001; Itoh, 2002; Cullinane et al., 2002; 2004).
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Current systems repsent the performance of specific terminals rather than the
performance of ports. In addition, current measurement systems in ports consider cargo
handling as the main activity (Jabaz et al., 2008), with little regard to other activities
which play animportant role in the port operations, such as stortihg,waiting time

factor, and loading and discharging rates of cargo handling equip@amsidering the
external factors, there is a deficiency in current measurement systems towards the land
side oprations. For internal factors, ship traround time, berth occupancy and dwell
times have not been considered in most systems (Ng, 2005)

The growing complexity of operations in ports and the use of inadequate predictor
variables represent a strong argunhtowards developing a more effective performance
measurement systenthis systemaims to provide a high level of visibility of port
performances, and to predict future port performance.

This chapter is divided into three stages. Figure 5.1 showshihdit$t stage starts with
the determinants that should be taken into considerdttm second stage discusses how
DAPEMS is developed using multiple regression analylie third stage formulates

DAPEMS using time measures.

Regressions analysis

Independent Fime measure
Pependent Bimple regression
models
Multiple regression
model
Influential Variables DAPEMS

Figure 5.1 Stages of Devebing a More Effective Measurement System
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5.2.Determinants of DAPEMS

The capability of DAPEMS can be determined by which measures the system relates to.
A single performance measure category is unsatisfactory because it does not cover all
aspects of e port operationsNeely and Adams (2002) argued that no single
performance measure can truly reflect business performance, because business
performance isn itself a multifaceted concept. In the following part, DAPEMS will be
developed using time measures only. The system will be extended to use other measures
such as revenue measufeseChapter Six The followingtime basedleterminants are

considered relvant when building a more effective performance measurement system:

5.2.1 ShipTurn aroundTime

The total time a ship stays in port is a key performance indicator and clearly affects port
performanceand freight rateslt is essential to meet tlrequirements of ship owners
shipping lines and shippers in tesof reducing ship turaround time(Tongzon et al.,
2009) and those of port managers in terms of reduttiegotal time cargoes remain in
the port. Any port is not a holding point, and tillenge is to move cargo on board or
to deliver it to cargo owners in the shortest tidmefact, shippers pay indirect logistics
costs réated to excessive storage castd port clients are dissatisfied with longer
dwelling times.UNCTAD (1976) recommetted calculating a ship twaround time on

a monthly basis for each type of cargdis can be used for measuring the intensity of
working at different terminalsBranch (1997) argued that minimising the time a ship
spends in port leads to the best o§derths, equipment and maximising throughput at
the berths. He also argued that reducing a shipargund time helps the ship owners to

convey the same volume of cargo using fewer ships.
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| 1-Berth maiveuvering timegBT) |
| 2- Standing timgSD) '
13- Operation timgOT) !
| 4- Un-berth maneuvering timgUBT) |
| 5-Total timea ship stays in port (TS) '

_________________________

Figure 5.2 Ship Turnaround Time in Damietta Port

Figure 5.2 shows that the ship tuaround time is dividecdhto five stagess follows:

1. Refers to the elapsed time starting from when a ship enters a gbip (& in
port but not berthing yet)ll berthing (BT).
Refers to the elapsed time that a ship spends at berth without works (SD).
Refers to the elapsed time required in loading and discharging cargoes (OT)

4. Refers to the elapsed time between ships lgathie berth until being outside
port (UBT).

5. Refers to the total elapsed time that a ship stays in port from arrival till

departure. It is known as ship tuanound time (TS).
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Traditionally, ship turraround time was expressed in days, it is nogmmonly
expressed in hours. DPA normally compiles statistics that providing monthlgrtound

times. A shifs turn around time, from DPA's perspective, does not mean much, as the
length of stay of a ship is influenced by the volume of cargo, the fegiiitade available

and the composition of the cargo itself. Usually, it is used to calculate ship productivity
(UNCTAD, 1987). However, the researcher argues that the time a ship spends in port or
at berth is important to be considered as it carries cargod it cannot be discharged
until a ship is at berth and starting discharging operations. Also, it is necessary for any
port to break the basic ship tuanound time down for dry bulk ships, liquid bulk ships,
container ships and general cargo ships.l®hger a ship stays in the port, the greater the
cost for ship owners, shippers and port clients. The totalatound time can be used as
ameasured SRUWTV SHUIRUPDQFH 81&7%$'

5.2.2. Grouping Port Operations

Port operations have been gped by the researcher into five groups. Figure 5.3 shows

the main operations in ports. The groups of activities are as follows:

Ship-side

l Storage l l Equipmentl

Figure 5.3 Grouping Port Operations
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1. Shipside activities, which involve loading and discharging rates per day, berth
occupancy, waiting time at berth amaimber of calls.

2. Landside operations, which involve distance between berths and warehouses or
port gates and #port transportation.

3. Equipment operations, which involve the amount of available equipment, their
capacities iad efficiency.

4. Storage operations, which involve types and number of warehouses and their
storage capacities.

5. Clearance activities, which refer to the required time to accomplish the required

documentation and clearance.

5.2.3 Consideration ddtherTypes ofCargoes

There are different classifications of cargoes according to the handling method, principles
of stowage, principles of taint and ventilation and weight. Types of cargoes according to
hardling method will be considerdaecause handling activity is most important in ports.
JaraDiaz et al. (2006) claimed that the most widely accepted classification of cargo is
into liquid bulk, sdid bulk and general bulkncluding containerised general cargo and
non-containerised genal cargo. Damietta port handldour types of cargoes, namely:
general cargo, dry bulk, liquid bulk, and containers. The port dedicates terminals and

berths for each type of cargo.

5.2.4. DwellingTimes inPorts

Dwelling time refers to the time that gares remain in a terminal’'s fransit storage area
while awaiting shipment by clearance transportation. Figure 5.4 indicates some of the
dwelling times affectingthe totd time cargoes stay in the poiricluding transport,
equipment and storage dwellingnes. longer cargo dwelling times lead customer
dissatisfaction. This could be due to inadequate port capacity, limited cargo handling

facilities, shortage of storage areas and low labour productivity.
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More importantly, the port authorities are resgible for certain periods of dwelling time

until loading and offoading operations are completed, while the remainimg is due to

other stakeholdersuch as shipping agents, customs, clearing agents, transporters and
others responsible for prand posshipment activities. A highlgkilled labourforce, the
availability of sufficient space for storage and proper facilities for quick evacuation of
cargoes lead to shorter dwell times in ports. Tdrer the dwell time the lower the

efficiency.

Equipment
Dwelling Times

Transport Storage Dwelling
Dwelling Times Times

Cargo Stay

in port

Figure 5.4 Different Dwelling Times

Dwelling time is relatively excessive in Egyptian maritime ports and adds considerable
HISHQVH WR FDUJR RZQHUV 7KH DYHUDJH GZHOO WLPH
days in the three main commercial poAsexandria, EIDekheila and Damietta. On the

other hand, the Ministry of Transport (2005) reported that the average dwell time in
(J\SWYV PDLQ SR uWWeEktas kecent staddesvassert that the dwell time in El
Sokhna port is four to five days compdrto an average of 20 days in other Egyptian

ports (Mobarek, 2007). There are some discrepancies between dwelling times published
by shipping companies, port administration, Egyptian Ministry of Transport and private
port operators in Egypt, but, all paipants agree that clearance time is the main reason

for increasing dwelling times in ports.
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This discrepancy appears because dwelling time by shipping companies is calculated
taking into consideration how many shigi® operated by a company with no aeds to

other ships operated by other companies. For the port authorities, dwelling time is
calculated considering all ships calliaga port with no regards to how many shgpe
operated by shipping companiés.other words, dwell time is calculatedcacding tothe

total number of ships catig at a port. For the Ministry of Transport, dwelling time is

calculated according to how many ships call at all Egyptian ports.

The port managers claim that the length of dwell times is attributed to imponirs a
brokers failing to file declarations and clearance documents in a timely fashion. Other
managers refer to long customs processing or quality control inspections. Table 5.1
illustrates how the length of dwell time influences port performahiee best pactice in

Table 5.1 was set according to Sokhna Port.

Table 5.1 Dwelling Times at Egyptian Ports

Indicator Best Practice Egyptian Ports
Dwell time (general cargo) 7 12 days 5 20 days
Dwell time (containers) 47 days 5 20 days

Sources Al Tony, 2005

f Transport dwelling times

Yard apacity is the main bottleneck the terminal capacity in port3ransport dwell

time was found to be one of the main variables that influence yard capacity. Usually,
supply chain features influence transpdwiell time in terms of the poor planning of
inland transport, customs blockage and being rolled over due to abayerd ship. The
availability and provision of transport fleets by shippers and shipping agents also
influence transport dwell time in psrtThe time cargoes remain in a terminal'gramsit

storage area is correlated with clearance transportation.
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f Equipment Dwelling Times

Improving the efficiency of cargo handling equipment can reduce shi@taumd time.

Port managers need to know how extensively and intensively its assets are being utilised
as well as how well the operations perform financially. Key indicators are determined in
relation to the availability of equipment, their capacity andtiefficy. Factorsaffecting
theslow evacuation of cargoes from theagdeased and licensed to users includelay

in preparation of documents, mismatch at transfer points, procedural formalities of
regulatory authorities, plants and drugs at the fiorited working hours of Custosand

other government agenciesll could contribute to longer dwelling times.

f Storage Dwelling Times

Competition between ports and shipping lines takes many forms. Giving free time or
increasing storage density are thesmoommon forms. It is essential to evaluate the
effect of storage dwell time and storage policies on storage density. Also, shipping lines
prefer to reduce the duration of storage dwell time given to exporters and importers. As
a storage strategy, soroargo owners or receivers opt for cheap storage in port instead of
storage at their own warehouses. Thus, port managers should consider which storage
strategy is being applied by port clients (RodrigneNotteboom, 2009).

It can be concluded that thalowing determinants have been considered in DAPEMS:

1. A ship turnraround time that refers to how long a ship stays in port

2. Port operations such as nuenbof calls and handling rateBredictor variables
have been selected to represent all groups of operatsaetailed in Figure 3.
A satisfactory discussion with the port managers helped to identify those
predictors that influence Damietta port performance and et the port

strategy (se€hapter Fouyr
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3. Four types of cargoegieneral cargo, containers, dry bulk and liquid biudkve
been considered.
4. Dwelling times include:
¥ Equipment capacity that could lead to equipment dwelling time
T Storage capacity that could lefdstorage dwelling time

T Transport fleet availability that could refer to transport dwelling time

5.3 Formulation of DAPEMS: steps and structure

Performance measurement systems can be developed using many different techniques

such as econometric modelengineeing techniques and simulatiorDeveloping

DAPEMS requires defining, understanding and implementing steps toward structuring

the required system. Steps start with defining the structure through determining the
assumptions of the proposed system KNe \ 7KH VA\VWHP{V DVVXPSWLI
understanding what performance measures should be used, what they are used for, and

what benefit they provide. The next step is to identify those measures and predictors that

should be used within the systemdaon understand the correlation tbi relationshifs

between those predictors. The third step is to structure the system to be compatible with

the operating environment (Neely, 1995).

As discussed in Chapter Three, Section 3.5strmeeasurement frameworksart with

defining the strategy and success factors. In the next stage, a selection of the most
appropriate measures takes plawsith defined priorities. This facilitateguditing the

current performance measurement system at Damietta port to ideniifi @kisting
measures will be kept. Finally, each measure is described by predictor variables. Tangen
(2004) claimed that this process can be used to design a new performance measurement

system, or to enhance an existing measurement system.
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In this resarch,[regression analygibas been applied as a method for explanation of

phenomena and prediction of Damietta port performanmmeficient of correlatiop r-

between the dependent and prediptariablesis a quantitative index of association

between those variabl¢kléinbaumet al., 2008). In regressions,refers to the response

variable, while, the set of predictor variables are used to explain the variability of the
criterion variable. At the outset it is important to determine the response and the

predictor variables.

Response variables wererdved from the port strategyt is important to determine

D UHVSRQVH WKDW FRQQHFWYV stttedy (SHephevd] shdRGaihtdd DW LR QV
2006; Neely, 1995). In Chapter Four, Damietta ' pod WUDWHJ\ IRFXVHV RQ WK
capability to compete with other ports through improving performance. Interviews with

the port director and the port managers explainedttategy in terms of optimising the
UHTXLUHG RSHUDWLRQV WKDW LQIOXHQFH KRZ ORQJ FDUJI
WRZDUGY UHGXFLQJ WKH WRWDO WLPH FDUJR UHPDLQV LQ
and Casaca (2003) argued that a portsde be lean through moving cargo quickly and

smoothly in alignment with port demand. Ja&naz et al. (2006) claimed that any port

aims to increse its productivity and redudbe cost of its operations through the time of

the operation, the cost of tinamd the monetary tariffs.

Talley (2007) claimed that a port can reduce tnelated costs by reducing the time

cargo stays in port. He argued that when a port's actual throughput approaches its
optimum throughput, a port's performance has improved. Agineering optimum

throughput is used in an environment in which a port is not in competition with other

ports, while an economic optimum throughput is used in a competitive environment.
Engineering optimum throughput refers to the maximum throughput thedrtacan
SK\VLFDOO\ KDQGOH D SRUWYV FDSDFLW\ DQG WKH HFRQ

the port's ability to achieve its economicextijve or objectives
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In addition, Brooks and Cullinane (2007) recommended further research for developing
instruments to measure port performance, which should be derived from the port strategy

and objectives. As a public port, Damietta [g@trategy has been set by the goveent,

which is related to botWKH SRUWfV LQWHUQDO QHH @Y. Heqx§, WKH JRY
the response variable in DAPEMS is the total time cargo remains in port. Azzone et al.

(1991) discussed the impact of time, as a fourth dimension of competition alongside cost,

quality and innovabn, on values through two waydirectly throudn higher market share

and responsiveness, and indirectly throtighwidespread improvement of efficiency and

productivity. Thus, time affects the competitive position of a firm.

Talley (2006b) argued that ports provide different quality of servicebeio tlients in
terms of the speed of movement, which is affected by shipnigashd unloading service
rates and by the average ship arrival and departwaiting times. He developed
afunction to calculate the annual total timeaiport that is expressed by:
1. average ship loading rate
average ship unloading rate
average arrival waiting time
average departure waiting time
port channel accessibility
port berth accessibility
port channel reliability

port berth reliability

© © N o g b~ W DN

port channel variahtly
10. average arrival rate

11 average service rate
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Talley explained that the total time of cargoaiport is the sum of the time it is aboard

a ship in port, the time it is aboaads/ehicle in port, the time it is in storage in port, and
the transit timavhenit moves from and to storage aport. He focused on the port time

as one of the main components of the economic theory «f. porecommendation was
made to estimate and invigmte the effects of time on ships, cargo and vehiéliggire
5.5illustrates the assumptions of DAPEMSeducing the total time cargo remains in the
port will improve port performance and increase the port clients' satisfaction. Port clients
wish to receive their cargo in the shortest possible time. For port managers, the port is not
a holding point, and thehallenge is to move cargo on board or to deliver it to cargo
owners in the shortest tim&his helps the port to have a competitive advantage to
compete with other ports in the Mediterranean bas$amce, the total time cargo remains

in the port will beused as an indicator for determining whether port performance is

improving or deteriorating.

Cargo remains
in port Cargo remains
D
Performance ﬁ TS (%)CT @

—_————

TS // OT N\
3 / 4 \

OT, BT, UBT & \ Predictor /
SD N variables /
AN

~—_—— -

Figure 5.5 Assumptions of DAPEMS

For determining the predictor variablesotquestions need to be addressed, as they help
identify the rest of tb assumptions of DAPEMS:
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1. Question OnéWhat are the predictor variables that influence the total time cargo
remains in port?

2. Question TwoHow are those variables interrelated, and how can they be
calculated?

For the first question, the answer is that the total time cargo remains in port is influenced
by the total time a ship spends in the port (TS) and clearance timea@3Shpwnin

Figure 5.5 TS refers to the total time between a ship's arrival in a pad teparture. It
includes ship turmround time. CT refers to the procedures involved in getting cargo
released. It involves a series of procedures such as payment, submission of

documatations and bill of lading

For TS, Figure 5.5corroborated that dathing time (BT), urberthing time (UBT),

standing time (SD) and operation time (OT) influence TS in the port, as in the equation

(2):

TS = BT +UBT +2*SD+0OT (1)

DPA has provided data for BT, UBT, and SD variables. The problem existed in getting

data about OT. OT refers tilne total time required for loading and discharging cargo at

berth. Currently, there is no formal recording of operation time in Damietta port (See
&KDSWHU )RXU , QWHUYLHZV ZLWK WKH SRUWWeed WHFKQLF
that a private company (DCHC) is responsible for loading and discharging cargoes and it

keeps its own record®roviding data about operation tif@T) was not accessihl@or

allowed either for this research avas it providedor the port manager#n interview

was arranged with the@perations manager at DCHC btltis was not positive in

providing the required dat&lence, regression analysis was performed to calculate OT

(See 5.3.2).
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TS

Time cargo
stays

Figure 5.6 Interrelated Variables Influence the Time @aStays in Port

For the second question, the researessumedsshownin Figure 5.6hatOT is part of
TS, and that TS and CT influence, in turn, the total time cargo remains in ports. This
assumption explains how variables are interrelated. It halps to understand the
structure of DAPEMS. It can be concludiédtthe remaining assumptions incorporated
are as follows:
1. Reducing the total time cargo stays in the port will improve port performance.
2. Reducing TS and CT should minimise the total timeyo remains i port
3. OT, BT, UBT, and SD are parts of TS.
4. There are key predictors that influence OT.
5. Ordinary Least Square (OLS) regression analysis has been applied in
calculating OT.
6. Itis important to calculate separately the effects of operation time OT and the
total time a ship stays in port TS.
7. Two variables have constant values according to the available data in
Damietta port. Thesareequipment and kport transportation.
8. Itis assumed that the port does not operate itfitfasiat the 100% utilisation
rate
9. The EgyptianMinistry of Transport has set constant values for all fees, dues
and associated costs. These values are applied in all Egyptian ports.

10. Number of working hourper shift is constant.
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5.3.1 TS Calculation

Reducing the total time a ship stays in the port (TS) should reduce the total time cargo
remains in the port. When a ship stays in a waiting area or anchorage area and it is loaded
with cargo, it is importantat consider this time as cargo is being held on board and it
cannot be discharged until a ship is at berth. Hence, berthing adpertinmg times and
standing time should be considere®T, UBT and SD data have been gathered for four
types of cargoes, inatling general cargo, dry bulk, liquid bulk and containers. Data were
not available for OT in Damietta port, nor recorded by the port managers. Hence,
calculating OT is required for calculating TS. As mentioned above, improving (TS
through improving (OT)and reducing (CT)will lead to a reduction in the total time
cargo remains in the port. OT, CT and TS can be used by the port managers to indicate

whether the port performance is improving or weakening.

5.3.2 OT Calculation

Regression analysis has besplied to determine OT. It examines the relationship and
causes and effects between OT and key performance variabésde 5.2 shows that there

are seven important variables influencing:@fe number of calls, total tonnes handled
(total imports and eports), berth occupancy, loading and discharging rates per day,
storage yards, equipment efficiency, andport transportation. With regards to the
available data in Damietta port, two variables were excluded as they are constant values.
These are equipme and inport transportation variables. Data were collected for four
types of cargoesncluding general cargo, dry bulk, liquid bulk and containgrs;over

all these variablegSee Appendid). The question is whyalthese variables influence

OT, andin turn, why do these variables influence port performance?
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Firstly, these variables influence OT as they represent key operations required to
complete the required loading and discharging. Secondly, they have a direct impact on
the total time cargo syain port. Thirdly, these variables influence the setting of freight
rates and operation costsSourthly, these variables present the main problems facing

Damietta port astatedn Section 4.8.

For the number of calls variable, UNCTAD (1976) argued thist variable is a good
indicator to determine port efficiency as it affects the quantity of cargo carried by ships. It
recommended using this variable to determine the quality of services provided at ports.
Also, the number of calls can be used as araitdor selectinga port (Tongzon, 1995)

and it can be used for measuring port performance (Tongzon et al., Z00%e total
tonnes handled variable, Talley (2007) claimed that total volumes handled cartheffect

total time cargo remains mport and port performancélrongzon et al., 2009)

For the berth occupancy variable, De and Ghosh (2003) used berth occupancy as an
indicator to represent port efficiency (Yeo et al., 2011). For the handling rate variable,
Chung (1993) discussed that loadamy discharging rates influence a stiggirn-around

time. It is an important variable as it reflects the handling equipment available. For the
storage yard variable, UNCTAD (2004) focused on port landside in port performance
measurement, including storagred warehousing sites. It considered storage as one of the

main functions of a port to satisfy clients through keeping cargo for shorter periods.

For the equipment productivity variable, Wang et al. (2003) used the amount of
equipment as an input to éemine a porf] @roduction.They used only the number of
equipment availableand their capacitiegs an input to determine port productivity.
Equipment is considered dlosecargorelated facilities requiredo transfercargo in
ports. Tongzon (2001) argd that handling equipment is important to facilitate port
operations. Forthe in-port transportation variable, Vanags (2004) claimed that this
variable influences cargo turnover aport. Thus, it is an important indicator used by

importers and exportete select calling ports.
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The criteria used for variables selection were:
1. Data availability at Damietta port. As discussed in Chapter Thretm, dare
collected in interviewsindertaken with the port managers involved in the management
of the performance measurement. Also, interviews were undertaken with managers
from a variety of functions within Damietta port to obtain a broad view of performance
measurement systems.
2. Otherariables, which have not been used, measure the same things as the variables
used, such as frequency of calls, berth throughpusgVestay and volume of cargo
3. These variables have been selected to represent the five groups of port operations
that havebeen discussed earlier.
4, 9ODULDEOHY KDYH EHHQ VHOHFWHG @R Appehti HWKH SRUW
Interviews and discussion with the port operations manager and the technical office
manager have been organised asédfor this purpose.
5. Variables fave been selected to achieve the port strategy that aims to improve port
performance through minimisirtgetotal time cargo remains in the port. The interview
with the port director has been held to explain the strategic objectives of Damietta port.

Table5.2 +Predictor Variables Influencing OT

Symbol used Predictor Variable (s) Classification
oT Operations time Dependent
Constant value Equipment Independent
Constant value In-port Transportation Independent
NCS No of calls Independent
TTH Total tonnes handled Independent

BO Berth occupancy Independent

LDR Loadingdischarging rates Independent

ST Storage Independent
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5.3.3 CT Calculation

DPA has a record for CT for all types of cargo handled in the port. CT data have been
gathered, organised and entenetd MINITAB 15.1.13 software. No calculations will be
carried out to calculate CT. Available data have been approved and verifiedNMd@ihe

and custom association #nsuredata reliability. This is the only way to check the
reliability of available data as there are strict rules for thosestafhto be involved in
monitoring and collecting data about clearance. Ghoneim and Helmy (@@08gd that
clearance time has recently improved in Egyptian ports because of automation, reducing

the number of sigatures required and strict inspection processes

5.4. Simple and MultipleRegressions Analysis

Regression analysis is a statistical It@pplied to develop DAPEMSIt helps to
determine how OT changes as predictor variables change, and to predict the value of OT.
It is important to answer twougstions about the contributioh predictor variables to the

prediction of OT:

1. Does the entirset of predictor variables contribute significantly to the prediction
of OT? (An overall test)
2. Does the addition of one predictor variable add significantly to the prediction of

OT? (test for addition a single variable)

In order to answer these questipitsbecomes important to determine the b#shg
model for describing the relationship between @ other predictor variablesBest
model means a reliable model that gives the best prediction of OT. There are some steps
that have to be followed irekecting the best regression model (Kleinbaum et al., 2008)
1. Establishing separate simple regression models between OT and the predictor
variables.
Establishing multiple regression models.

3. Evaluating the reliability of the model chosen
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Many simple ananultiple regression models have been performed separately. The aim is
to find the best fitting models. The following procedures have been applied to get the best
fitting models:

1. To find the optimal values for the coefficients each regression functiomas
coefficients represent the estimated change in OT for each unit change in the
predictor value. It helps also to determine how well ésématedline fits the
data

2. To identify the coefficient ywalues.The coefficient value for p proves whether

the aseciation between the response and prediagssatistically significarjtor

not.

3. To compare the coefficient-palues to devel. If the pvalue is smaller than the

alevel, the association is statistically significant. A commounobkeda-level is

0.05. This value indicates that there is sufficient evidence that the coefficients are
not zero.

4. The square root dhe mean square error (S) and coefficient of determinatign (R
are measures of how well the model fits the data. These values can help to select
the model with the best fit. The S provides a measure ofdpoead out the data
are. The R value is the proprtion of variability in the Y variable (response)
accounted for by the predictors (Taylor, 2007).

5. Adjusted square root will be observed

6. Thescatter diagrams describe the strength of the relationship between two sets of
variables.

7. Pearson's can be anyalue from 100 to 100. The higher the absolute value,

the stronger the relationship, be it negative or positive (Taylor, 2007).

154



8. A multicollinearity test was carried out to ensure that there is no exact linear
relationship between the predictofsvariance Inflation Factor (VIF) test will be
performed as a measure lodw multicollinearity affects associated with each
predictor. It is used to detect whether one predictor has a strong linear association

with the remaining predictors.

It measures dw much the variance of an estimated regression coefficient increases if
predictors are correlated as follows (Montgomery and Peck, 1982):
VIF 5 = normal relation; VIF between 5 and 10 = milled relation; VIEO =

perfect relation

9. Stepwise regresans are applied to tefor errors in models thatill be selected
by OLS regressions. This takes place by using a sample of availabte taitd
a model and then usdise rest of the available data to test the accuracy of the
model.

10. Best subset regressis aim to test all possible sets of predictors and select the

best set that provides best fitting models.

In the following part, regression analysis has been applied to calculate OT egndiffe
terminals in Damietta potincluding general cargo terminal, dry bulk terminal, liquid

bulk terminal and container terminal.

5.4.1 General Cargo Regression Analysis

At any terminal, there are three elements normally considered for improving terminal
performance (UNCTAD, 1978). The firsteenent is theproductivity . It is normally

defined as the total tonnes of general cargo handled in the port. The second element is the
interruptions which tend to happert affects ship output, terminal productivity and the

port performanceThe third elenent is theequipmentused in handling.
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‘. GeneralCargoTerminal

5.7- General Cargo Terminal

Figure 5.7shows the location of the general cargo terminal at Damietta port that includes
four general cargo berths (berths no. 5, 6, 7, and 8) with 800 metres length and 12 metres
depth. Also, the terminal is provided with a general cargo yard of 500,800 mndles

exports of agricultural products, fertilisers and furniture and receipt of imported goods
such as petrochemicals, grains and flour. The terminal handles a total capacity of 2.1

million tonnes annually

Many simple and multiple regression modelséaeen performed using Ordinary Least
Square (OLS)regressions to examine the significance of relationship between OT as
a response variable and other predictor variables that are stated in Table 5.2. In all simple
models, the Pearson's R is ner@ This means that there is definitely a relationship

between OT and predictor variables.

1 OLS is beneficial as it minirés the sum of squared residuatshelps to provide wbiasedness and
consistency estimation because it estimates change in entirely expected ways when the units of
measurement of the response and predictors change (Wooldridge, 2005, p.30).
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However, any relationship between OT and predictors is not necessarily statistically
significant. In order to determine whether the observed relationship betwesFsponse

and predictors is significant, the significance level was tested through:

1. The coefficient of pvalues, as it explains whether or not the relationship between

the response and predictors is significant.

2. Comparing the coefficient-pY D O X H vélN Bs if the pY DOXH LV VPDOOHU Wk

OHYHO WKH UHODWLRQVKLS LV VWDWLVWILIEDOO\
0.05.
Firstly, many simple regression models have been performed whegggi©fhe response
variable (See Appendi®). There weraegression modelhat have been ignored from
the resultsasthe predictors have no influence on kT Equation (2) shows one of the

simple regression models that has not been selected, sucliaseddus BO.

OT=2962+13.3BO  (2)

Predictor Coef SECoef T P
Constant 2962 2842 1.04 0.302
BO 13.29 35.46 0.37 0.709

S=105401 R -Sq=02% R - Sq(adj) = 0.0%

This example shows a very weak relationship betweegp@iMd BO. Rsq is weak and
the pvalue indicates thathe relationship between @F and BO is not significant.
S=1054.01, whichis considered high as the estimated standard deviation about the

regression line.
Secondly, multiple regressions have been performed to identify the best fittindg. mode

The purpose is to examine whetherggtan be predicted by NCS, TTH, BO, LDR and

ST variables.
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The outputs found that the best thpedictor model estimates @} from NCS, ST and

BO. Equation (3) displays the best regression model for general cargo.

OTgen=-2054 + 47.8 NCS + 0.00468 ST + 28.5BO (3)

Predictor Coef SE Coef T P

Constant -2054.1 568.2 -3.62 0.001
NCS 47.789 2.320 20.59 0.000

ST 0.004676 0.002117 2.21 0.031

BO 28.475 7.333 3.88 0.000

S=325.9 R -Sg=90.8% R - Sg(adj) = 90.3%

The interpretation of the regression equatiorofed:

1. The slope (b1l = 47.8) is the change ingQTWhen NCS increases by 1. That is,
when the NCS increases by one unit, thgdificreases by 47.8 units.

2. The slope (b2 = 0.00468) is the change iny&@When ST increases by 1. That is,
when the ST increases by one unit, theQificreases by 0.00468 units.

3. The slope (b3 = 28.5) is the change ing@Tvhen BO increases by 1. That is,
when BO increases by one unit, thegThcreases by 28.5 units.

4. The onstant (intercept) value (bo-=22054) is the predicted value of @fwhen
each predictor (NCS, ST and BO) is zero. That is, when the predictors are zero the
OTgenis - 2054.

The goodnessf fit measure is not only to focus on the adjusted R squaredinganore
predictors may not enhance the prediction ofQDut it inflates the R squarédding

more variables to the model caused R squared to increase a little (Wooldridge, 2005
Hence, it was found out that TTH and LDR have no significant relatipmgth OTgen

When the LDR predictor was introduced to the model, it did not hel@ccount for

a significant portion of the remaining variation in £y In addition, no significant
improvement was observed when LDR was added to the model. The reason is the ST
predictor plays an important role in the general cargo at Damietta port. A sufficient
number of storage areas and the capability of the equipneewé $o0 increase the
handling rate (LDR predictor). Thus, LDR has no significant effect in the model as ST

predictor measures the same thing.
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Also, the rate of loading and discharging differs from one type of general cargo to
another, which cannot be cidered as a leading factor for @ In addition, LDR has

no significant effects becausaost general cargo discharged at Damietta port is

a measurement cargo (light cargo). Therefore, the handling rate appears to be very high

as the freigt tonnes are measured in cubic meters.

For the TTH predictor, thecorrelation matrixin Table 5.3indicates that there is a
significant relationship between @Fand TTH, as it accounted for 95%. However, the
best fitting model has excluded TTH becatlsere is a strong relationship between NCS

and TTH, as it accounted for 89%. This is called multicollinearity in the regressors,

which leads to unreliable estimates of the regression coefficigntslifcollinearity|is

present (Draper and Smith, 1998). Higher cotiahais called exact dependencyexact
multicollinearity. Hence, TTH predictor has been excluded to avoid multicollinearity.
Also, VIF test shows that TTH's VIF equals 5, whichdedo poor estimation. It is
important to highlight that the correlation matrix can be used to measure if the

multicollinearity exists (Belsley, 1991).

Table 5.3 Correlations: OTgen, NCS, BO, ST, LDR, TTH

o e e e e e e e e e e e e e e e e e e e e e -

NCS 0.935
0.000

BO 0.446 0.311
0.000 0.015

ST 0.140 0.044 0.068
0.288 0.739 0.608

- = = = e = e = =
N o -

LDR -0.118 -0.084 - 0.005 -0.100
0.371 0.521 0.971 0.446
TTH 0.953 0.891 0.300 0.064 -0.084
\ 0.000 0.000 0.020 0.629 0.524 ,
A} /

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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Thecorrelation coefficientalculateghe relationshigpetween each pair of predictors and
the response. Imeasures the degree ahdar relationship betweemariables. The
correlation coefficient assumes a value betwdeand +1. The usefulness of correlation

is to examine two things about the linear relationships bet@dgg, and the predictors:

it examineghe strength of the linear relationship between the variables, and it examines
the direction of the sign of the coefficient which indicates the direction of the
relationship, either positive or negative. Table 5.3 shows the correlation matrix for
generalcargo andtan beinterpreedas follows:

1. It shows that NCS, ST, BO and TTH have positive effect©dg,and on each
other, except LDR where the correlation coefficient is negative.

2. This means that when NCS, ST, BO and TTH increasgGilso tends to
increase.

3. The correlation between @ and TTH has the strongest relationship that
accounted for 95, followed by NCS that accounted for%3

4. The correlation between @& and BO has a moderate relationship that accounted
for 44%.

5. There is a strong relanship between NCS at Damietta port and TTH that
accounts for 89%, which is considered as multicollinearity (Draper and Smith,
1998).

The following figures display the residual plots that can be used to examine the goodness

of fit of the model
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Figure 5.8 Scatter Plot of Odenvs. NCS, ST, BO

Figure 5.8displays the scatter plot to show the relationship betweeg,@fid each
predictor. It is found that all the predictors positively affectQThe figureshows that:
1. As expected, there is a strong relationship betweeg,@Mfid NCS. An increase
in the number of ships calling at Damietta port will result in increased total
operation time.
2. Forthe ST pralictor, the scatter plot show®w ST meets O, The problems
that the port has expanded the storage areas for general cargo.
3. FortheBO predictor, there is obviously a lot of variability. This is because higher
berth occupancy does not necessarily mean higher operation time. The general
cargo berths may be oqued with ships whilst there are no loading and

discharging operations.
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Figure 5.9 Probability Plot of NCS, ST and BO

Figure 5.9shows that the points generally form a straight line in both NCS and BO
predictors. This mans that the normality assumption is valid in these predictors. Some
observations haveoderate departures from normality, but it does not seriously affect the

results.

For the ST probability plot, data deviate from a normal distribution, as the pdinteo
graph do not form a straight line. In reality, almost no data are truly normal. It indicates
that other variables may influence g7 or there are outliersThe reason is that the
increase in warehouse storage areas and yards cannot be redueetheyn@re

established, whil®©Tgenis variable.
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Figure 5.10 Residual plots for Ogn

Figure 5.16shows the residual plot f@Tgen It displays the following:

1. Normal probability plot - It shows thathe points generally form a straight line,
which means that the residuals are normally distributed.

2. Residuals versus fitslt shows a random pattern of residuals on both sides of 0. It
indicates that there is not a predominance of positive or negaswuals, as
residuals are randomly distributed about zero and less concentrated. It can be
accepted that the relationship is linear between variables, because the residuals do
not appear to form a curve

3. Histogram - It examines the variation and shapearmicteristics of the data using
a histogram of residual3.he histogram shows thdata arenormally distributed
relatively little skewness. It islightly positively skewed (right skewed) because
the "tail" of the distribution points to the righand because its skewness value

will be greater than 0.
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4. Residuals versus order It indicatesnonrandom errorA positive correlation is
indicated by a clustering of residuals with the same sign. A negative correlation is
indicated by rapid changes in thigns of consecutive residuals. The versus order
shows that there is no correlation between random errors, which meanshat th
are independent of each oth@ccording to regression theory, it means that the
regression follows the assumption of OLS eation

5. Stepwise regressions Stepwise regression has been performed to find out the
best explanation of all testable influences ongQTLinear regression models
represent the relationship betweeng@Bnd predictors and because interaction
increases eonentially with the number of predictor variables, stepwise
regressions have been performed to avoid any confusion concerning the
identification of significant effects. Alsstepwiseregressiorensures that adding
each prdictor contributes to the modahd end up with the smallest possible set

of predictors included in the best fitting model.

Table 5.4 displays the stepwise regressions. The results show that the best fitting model
to emerge from thetepwiseanalysis contains four predictors; NCS, T,TBD and ST,

where Rsq increasetb 97% and S decreased to 181. However, Tidbkl been excluded

to avoid the multicollinearity as the relationship between TTH and NCS accounted for

89%of the variation
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Table 5.4 Stepwise RegressionOT genversusNCS, TTH, BO, LDR, ST

B e e e e e e e e e e e i T R

7 N
//’ Response is OT g, on 5 predictors, with N = 60 \\
/ \
!
Step 1 2 3 4
Constant  859.7 455.7 -1495.2  -1737.2

TTH 0.00810 0.00497 0.00482 0.00475
T- Value 24,02 8.47 1048 11 .23
P- Value 0.000 0.000 0.000 0.000

NCS 225 20.7 21.0

T- Value 599 6.99 7.72

P- Value 0.000 0.000 0.000

BO 27.0 26.2

T- Value 6.07 6.42
P- Value 0.000 0.000

ST 0.0040

T- Value 3.39

P- Value 0.001

S 319 252 198 181

R-Sq 90.87 94.39 96.62 97.20
R-Sqg(adj) 90.71 94.20 96.44 97.00
\ Mallows Cp 1262 57.8 155 538
\ PRESS 6251499 4070246 2531266 2208191 /
. R Sq(pred) 90.32 93.70 96.08 96.58 /

e = = - - - - ————

N o e e e e e e e e e e e e e e e e e e ==

Comparison betweeneiresidual plots in Figure 5.1@here TTH has been excluded and
the residual plots in Figure 5.1ihere TTH has been addeshows thatt is obvious that

the TTH predictor has contributed in the prediction of OT. The decision was toade
removethe TTH predictor to avoid the multicollinearityMulticollinearity means that
there is astrongrelationship between the regression exploratory variables, while linear
regression analysis assumes that there isexact relationship among exploratory
YDULDEOHV %RZHUPDQ DAQ ther2 8RtQry H:@ationshipbetween
NCS and TTHthe TTH predictor has been excluded not to violate the I@

assumption.
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Figure 5.11 Residual plots for Ogn

6. Best Subsets RegressienThis is used as a method to help determine which
predictors should be included in a multiple regression model. This method
involves examining all of the models created from all possible combination of

predictor variables.

Table 5.5 displays the results of the best subsets regressions. It indicates that there are
two best multiple regression modelghere the TTH predictor isadded.However, if
multicollinearity exists, it will increase the-8juare as well, which will impacn the

goodness of fit of the model as in the best subsets regression outputs.
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Table 5.5 Best Subsets Regressio®Tgenversus NCS, TTH, BO, LDR, ST

——— e e e e e e e e e e e

+~ Response is OT N

NT L
Mallows CTBDS
Vars R -Sq R - Sq(adj) Cp S SHORT

! \
! 1
! 1
! 1
! 1
! 1
: 1 90.9 90.7 126.2 318.93 X 1
1 1 87.3 87.1 196.5 37547 X :
: 2 94.4 94,2 57.8 252.03 X X 1
1 2 93.7 93.4 723 267.81 XX :
: 3 96.6 96.4 155 19751 XXX 1
| 3 95.1 94.8 456 23756 XX X :
: 4 97.2 97.0 5.8 181.25 XXX X 1
\ 4 96.8 96.5 14.7 195.13 X X X X /’
\ 5 97.3 97.0 6.0 179.94 XXX X X ’

— e = e e e e e = e e e e e e e e e e e e e e e e e e e e = -

Equation (4) concludes that the best linear fitting regression model that includes three
predictors: NCS, ST and BO predictors. The model is as follows:

OTgen=-2054 + 47.8 NCS + 0.00468 ST + 28.5BO (4)
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5.4.2 Dry Bulk Regression Analysis

Figure 5.12shows that the dry bulk terminal hisur berths with 900netreslength and
12 metresdeep. The terminal handles dry bulk cargoes such akskndi cement, sand
and maize The terminal received 292 dry bulk ships in the year 2009 anchuniber
has sharply increased 356 ships in the year 2010 (MTS, 20IlHe maximum capacity
that the terminal can handle annually is 6.2 million tonnestlandtorage capacity is up

to 500,000 tonnes.

@ Dry Terminal

Figure 5.12 Dry Bulk Terminal

Firstly, many simple regression models have been performed whefes@ie response
variable. Bor fitting regression models have been ignored ftberesults where the
predictors have no influence on @TEquation (5) shows one of the simple regression

models that has not been selected, (See Appé&)dinch as Of; versus BO, ST, LDR.

OT =833 + 31.3 BO 0.0129 ST + 0.0064 LDR (5)
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Predictor Coef SECoef T P
Constant 833 1511 0.55 0.583

BO 31.29 17.05 1.83 0.072

ST -0.012886 0.006854 -1.88 0.065
LDR 0.00636 0.01152 0.55 0.583

S=499.369 R -Sq=106% R -Sqad)= 5.8%

This example shows a very weak relationship betweeg &1d BO, ST and LDR.
R-sg has accounted about 10%, while theajue indicateshatthe association between
the response and predictors is statistically not significant. S = 499.366h wh

considered high. The weaker the response variable prediction, the higher S is.

Secondly, numerous multiple regression models have been performed to find out the best
fitting model. The purpose is to examine whetheg@an be predicted by NCS, HT

BO, LDR and ST variables. The outputs found that the best-ghegkctor model
estimating OY; is NCS, TTH and ST. Equation (6) displays the best regression model for
dry bulk cargo.

OTg =- 1110 + 51.2 NCS + 0.00159 TTH + 0.00622 ST6)

Predicto r Coef SECoef T P

Constant -1110.3 348.6 - 3.18 0.002
NCS 51.170 3.418 14.97 0.000

TTH 0.0015946 0.0004287 3.72 0.000

ST 0.006219 0.002433 2.56 0.013

S=170471 R -Sq=89.6% R - Sq(adj) = 89.0%

The interpretation of the regression equation follows:
1. The slope (b1 = 51.2) is the change ingO¥hen NCS increases by 1. That is,
when the NCS increases by one unit, the@itreases by 51.2 units.
2. The slope (b2 = 0.00159) is tbkange in Of;, when TTH increases by 1. That is,
when the TTH increases by one unit, thegOricreases by 0.00159 units.
3. The slope (b3 = 0.00622) is the change inyOhen ST increases by 1. That is,
when ST increases by one unit, theqQficreases by.00622 units.

169



4. The constant (intercept) value (bo = 1110) is the predicted value fWDEn
each predictor (NCS, TTH and ST) is zero. That is, when the predictors are zero
the OTy is 1110.

It was found that BO and LDR have no significant relationshifh @Ty,. When these
two predictors were introduced to the model, it did nop hedcount fora significant

portion of the remaining variation in QT

The BO predictor is not significant because dry bulk cargo is subject to phytosanitary

inspections before loading and discharging. The inspections take place twice according to
Egyptian law. The first inspection is conducted after the ship's berthings ®ilipvait

about 24 hours for the result of the first inspection. The second inspection is carried out

two days later during discharging.

The LDR predictothas no significant influence on @because bulk ships are usually
discharging using portable @wators which have a very high productivity rate. Thus,
the handling rate is very high and dry bulk ships are required to discharge again directly

into trucks, as Damietta port does not have a grain silo to store the grain cargo.

It is important to sti@ that there are two regression modbeé&thave results similar to the
bestfitting model which has been selected. Equations (7) and (8) display these regression
models. In the first model, LDR has no truly significant influence op, @Iso, in the

seond model, the observed relationship is not statistically significant with BO.isThis
becausef the reasons that have been discussed earlier. Hence, excluding LDR and BO

predictors will not greatly affect the change in@@T

170



OTgq =-1157 + 51.6 NCS + 0.00151 TTH + 0.00202 LDR + 0.00635 ST (7)

Predictor Coef SECoef T P

Constant -1156.5 364.6 - 3.17 0.002
NCS 51.587 3.554 14.51 0.000

TTH 0.0015090 0.0004686 3.22 0.002

LDR 0.002020 0.004297 0.47 0.640

ST 0.006353 0.002466 2.58 0.013

S=171669 R -Sq=89.6% R - Sq(adj) = 88.9%

OTgy =-1218 + 51.1 NCS + 0.00157 TTH + 1.76 BO + 0.00602 ST (8)

Predictor Coef SECoef T P

Constant -1217.7  513.2 -2.37 0.021
NCS 51.123  3.450 14.82 0.000

TTH 0.0015675 0.0004425 3.54 0.001

BO 1.762 6.138 0.29 0.775

ST 0.006024 0.002545 2.37 0.021

S=171885 R -Sq= 89.6% R -Sq(adj) =88.8%

The following correlation matrix indicates that there is a significant relationship between
OTgyr and NCS92%, followed by TTH thatvas69%. It is observed that the relationship
between NCS and TTH is about 62%. As discussederadry bulk ships stay longer
awaiting the results of inspections with no operations being performed. Hence, it was
really important to takéhe TTH predictor to examine how it affects @TThe VIF test

shows that there is no perfect multicollieanabiggween predictors.

Table 5.6 Correlations: OTq4,, NCS, TTH, BO, LDR, ST

o -

4 OT NCS TTH BO LDR N
NCS 0.929 \
0.000

TTH 0.692 0.624
0.000 0.000

BO 0.190 0.137 0.211
0.145 0.298 0.105

-

LDR 0.107 0.045 0.347 -0.039
0.418 0.735 0.007 0.766
ST -0.218 -0.318 -0.333 0.172 -0.183
\ 0.095 0.013 0.009 0.190 0.162 K
AN
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The analysis of Table 5.6 is as follows:

1. It shows that NCS, TTH, BO and LDR have positive effect©dg and on each
other, except ST for which the correlation coefficient is negative.
2. This means that when NCS, TTH, BO and LDR increasey @%o tends to
increase.
3. The correlation between @Tand NCS has the strongest relationship that
accounted about 92
4. There is a moderate correlation between LDR and TTH that accoiantedout
34%.
5. There is a negative relation between ST at Damietta port and TTH that accounts
for about- 33%.
The following figures display the residual plots that can be used to examine the goodness
of the model fit:

Figure 5.13 Scatter Plot of Od;vs. NCS, TTH and ST
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Figure 5.13examines the relationship between4and each predictor. It was found that
NCS and TTH predictors positively affect @Twith the exception of ST which has
a negéve effect. The figure showbat:

1. As usual, there is a strong relationship betweeg &1d NCS. An increase the
number of ships calling at Damietta port will result in increased total operation
time.

2. Forthe ST predictor, the problem is that the port has expanded the storage areas
for general cargo. This expansion magreaseor lower the volumes handled at
the terminal. It does not fit a straight line.

3. FortheTTH predictor, handling dry bulk cargo depends on the handling rates per
hour set by the port authority (LDR predictor), which is considered high in
Damietta port.

Figure 5.14 Probability Plot of NCS, TTh and ST

Figure 5.14shows that the points for NCS and TTH form a nearly linear pattern, which
indicates that the normal distribution is a good model for this data set. In the prgbabilit
plot for ST, it is observed that there is a general linear trend with ST going up with OT

This could be the result of an unusual activity level.
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Figure 5.15 Residual Plots for Of

Figure 5.15displays the residuallgis for the model that includes only those predictors

that were found important.

1.

Normal probability plot - There does not seem to be any great deviation in the
normal probability plot of the residuals.

Residuals versus fits It indicates that there is na@ predominance of either
positive or negative residuals, as residuals are randomly distributed about zero
and less concentrated.

Histogram - The histogram shows the distribution of all residuals for all
observations. It shows that there is a small autlie

Residuals versus order The versus order shows that there is no correlation
between random errors, which means that they are indepeoideach otherit

means theegression follows that assumption of OLS estimation
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5. Stepwise regressionstthe advantage of th&tepwisemethod is that it results in
the best fitting model. Table 5shows that the best fitting model was selected in
the linear multiple regression model. The predictors NCS, TTH and ST
contributed significantly in the prediction &fT4 R-sq equals about 89% and S
equals 170.

Table 5.7 Stepwise RegressionOT g versus NCS, TTH, BO, LDR, ST

- - o

7 Response is OT on 5 predictors, with N = 60 \\

’ \
l/ \
1 \

Step 1 2 3
Constant -34.38 -27444  -1110.30
NCS 56.8 49.9 51.2

T- Value 19.13 14.09 14.97
P- Value 0.000 0.000 0.000

TTH 0.00140 0.00159

T- Value 3.16 3.72

P- Value 0.003 0.000

ST 0. 0062
T- Value 2.56

P- Value 0.013

S 192 179 170

R- Sq 86.32 88.36 89.58

R-Sg(adj) 86.09 87.95 89.02

Mallows Cp 153 6.7 2.3

\ PRESS 2325929 2421242 2153370

\ R- Sg(pred) 85.11 84.50 86.21 )/

N e o e = = - - ——

e e e e = e e e e e e e e e e = e =

6. Best Subsets Regressiernt shows that the best model with larges®is picked
out as in Table 5.8. This model includes NCS, TTH and ST predictors. It proves
that the best model is:
OTgq =-1110 + 51.2 NCS + 0.00159 TTH + 0.00622 S[B)
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Table 5.8 Best Subsets Regression: Qfversus NCS, TTH, BO, LDR, ST

l/ Response is OT N

NT L
Mallows CTBDS
Vars R-Sqg R - Sq(adj) Cp S SHORT

-’ :
! 1
' I
: 1863 861 153 191.89 X |
I 1478 470 2159 37472 X '
| 2884 880 6.7 178.55 XX I
. 2870 865 137 18869 X X !
! 3896 890 23 17047 XX X I
| 3885 879 7.8 178.81 XXX !
! 4896 889 4.1 171.67 XX XX i
| 4896 888 4.2 171.88 XXX X !
\ 589.6 887 6.0 173.07 XX XXX /
S e

e e e e e e e e e e e e e e e
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5.4.3Liquid Bulk Regression Analysis

@ Liquid Terminal

Figure 5.16 Liquid Bulk Terminal

The liquid bulk terminal has one multipurpdserth (berth no. 12yith a total length of

225 meters long and depth of fri#eters Figure 5.16shows that the terimal is served

with 500,000m? storage areayhich has 63 tanks that can store up to 60,000 tonnes. The
annual handling rate at the terminal is 563,000 tonnes.

Following the same steps as discussed earlier, many simple and multiple regressions have
beenperformed to find out the best fitting model. @18 the response varialiteall the

models performed. Nesignificant predictors have been removed from the model
without significantly reducing the model's predictive capability. Equation (10) shows one

of the regression models that has not been selected, (See Appgnumely OTj

versus TTH, LDR.

177



OTiiq =-384 + 0.00426 TTH 0.00300 LDR (10)

Predictor Coef SECoef T P

Constant -384.1 503.9 -0.76 0.449
TTH 0.004259 0.001623 2.62 0.011
LDR - 0.003000 0.004555 -0.66 0.513

$=329.150 R -Sq=11.3% R - Sq(adj) = 8.2%

This example shows a very weak relationship betweeg &¥d TTH and LDR. Fsq is
weak and the alue indicates that the relaship between Qi and predictors is not
significant. The standard error of the estima®, equals 329.150, which is considered

high in terms of the estimated standard deviation about the regression line.

Many simple and multiple regression modelseénbeen performed to find the best fitting
model. In the case of liquid bulk, the regression models are different as there is more
than one besfitting model. In equation (11), all the predictors have a significant
relationship with Of. F values, inboth models, provéhat the models as a whole are
statistically significant. The F value is about 378 in the equation (11), and 414 in the
equation (12).

OTjq =-137 + 42.0 NCS + 2.01 BO + 0.00299 LDR (11)
Predictor Coef SECoef T P
Constant -136.86 51.75 -2.64 0.011
NCS 42.011 4.267 9.85 0.000
BO 2.0067 0.5807 3.46 0.001

LDR 0.0029852 0.0009947 3.00 0.004

S=76.4436 R -Sq=953% R - Sqadj) = 95.0%

OTiq =- 441 + 41.2 NCS + 0.00131 TTH + 1.90 BO (12)

Predictor Coef SECoef T P

Constant -440.8 115.1 -3.83 0.000
NCS 41.207 4.079 10.10 0.000

TTH 0.0013091 0.0003399 3.85 0.000

BO 1.9013 0.5394 3.53 0.001

S=732313 R -Sq=957% R - Sq(adj) = 95.5%
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The outputs found that the best thpredictor model for O is NCS, TTH and ST.

Equation (13pives the best regression model for liquid bulk cargo.

OTjiq =-6 + 43.8 NCS 40.00215 TTH- 0.0137 ST (13)
Predictor Coef SECoef T P
Constant -6.4 126.5 -0.05 0.960
NCS 43.837 2.775 15.80 0.000
TTH 0.0021531 0.0003957 5.44 0.000
ST -0.013722 0.002998 -4.58 0.000

S=69.0556 R -Sq=96.2% R - Sq(adj) = 96.0%

The interpretation of the regression equation is as follows:

1. The slope (b1 = 43.8) is the change ini@When NCS increases by 1. That is,
when the NCS increases by one unit, theJicreases by 43.8 units.

2. The slope (b2 = 0.00215) is the change in{hen TTH increases by 1. That is,
when the TTH increases by one unit, theiQficreases by 0.00215 units.

3. The slope (b3 = 0.0137) is the change ini@W¥hen ST increases by That is,
when ST increases by one unit, thejQiicreases by 0.0137 units.

4. The constant (intercept) value (bo 6) is the predicted value of @Twhen each
predictor (NCS, TTH and ST) is zero. That is, when the predictors are zero the
OTiiq is - 6.

It was difficult to select the best fitting model as there were many goedirissnodels.

The best model above has excludleelBO predictor, mainly, to avoid multicollinearity.
Introducing the BO predictor, with multicollinearity, leads to two problefrtse first
problemis that the individual P value becomes misleading as the P value is high, even
though the variable is important. The second problem is that the confidence intervals on

the regression coefficient become very wide.
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The BO predictor hea strong relationship with NCS and ST. Thus, removing it ffeam

model eliminated the impaadf multicollinearity. The following correlation matrix
indicates that there is a significant relationship betweef @1d other predictors. In the
correlation matrix, the BO predictor haa significant relationship with NCS as it
accounted for 91% and with SBy - 84%. Also,a VIF test shows that BO's VIF equals

11.7 indicating high multicollieanarity.

Table 5.9- Correlations: OTq, NCS, TTH, BO, LDR, ST

o e = = e e e e e

,/ OT NCS TTH BO LDR s
/" NCS 0.969 \
0.000 !

TTH 0.326 0.249
0.011 0.055

BO 0.915 0.912 0.139
0.000 0.000 0.290

LDR 0.077 0.020 0.459 -0.116
0.561 0.881 0.000 0.379

ST -0.731 -0.724 0.229 -0.840 0.229
0.000 0.000 0.078 0.000 0.079

Cell Contents: Pearson correlation

I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
P- Value 1

-

e - - - - - - - ———

The analysis of Table 5.9 is as follows:

1. It shows that NCS, TTH, BO and LDR have positive effect©dr,, except ST
for which the correlation coefficient is negative.

2. This means that when NCS, TTH, BO and LDR increasej; @Bo tends to
increase.

3. The correlation between @I and NCS has the strongest relationship that
accounted for about 96%, followed BY at 91%.

4. There is a moderate correlation between LDR and TTH that accounted for about
45%.
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5. There is a negative relation between ST at Damietta port and BO that adoounts
about- 84%.

6. The weakest relationship exists betwé#eaNCS and LDR predictsr

7. The main argument in the correlation matrix is that the relationship between NCS
and BO comes to 91%. The decision was made to exclude this predictor for two
reasons. First, exclusion aimed to reduce multicollinearity as there is a perfect
relationshipwith NCS. Secondly, this is because most liquid cargo necessitates
safety measurements prior to, during and after loading. Ships are subject to safety
inspection bythe loading station managemernd thistakes a long time. Also,
some measurements sholld performed before starting the loading operation;
such as checking the level of liquid in tanks, calculation eidigemperature and
density After completion of loading operations, ships are again subject to
measurement and cargo calculation befoey tire ready to sail. In addition, some
liquid bulk shipsrequire acooling operation to cool down the tanks, cargo pipes
and valves in order to receive cold cardtis is time consuming and in turn
affects OTgy. This means that ships occupy the only berth that the liquid bulk
terminal has, with no operations being actually performed. Hence, the BO
predictor will not contribute significantly to the model.

8. The LDR predictor is not statistically significant, asvalue = 0.102. Also, this
predictor has no real influence on QTThis is because loading starts at a slower
rate, which increases after ensuring that all pipes and valves are setup in the
correct manner. Also, before the end of the loading operatienstttion will
slow down the loading rate again to avoid spillage. This means that LDR takes
longer.The decision wathereforemade to exclude LDR.

9. The following figures display the residual plots that can be used to examine the

goodness dfit of the modkl:
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Figure 5.17 Scatter Plot of Oif; vs. NCS, TTH and ST

Figure 5.17examines the relationship between j©@&nd each predictor. The figure
shows that:

1. There is a strong positive relationship between,Cind NCS, Based on the
valuesof the correlation coefficientt is evident that this relationship is relatively
linear.

2. For the TTH predictor, the distance between each point and the line, in both
figures, is statistically a measure of error. That is,heat these distances
represents places where the line does not fit the data exactly. Butgreesthat
the amount of error around the line is small. Hence, variability can be accepted,
particularly, when the port managers recommend handling high wesluoh
liquids for economies of scale purposes, because ships stay a long time with
limited operations. For this reason, and because berth no 12 is the only berth that
is dedicated for liquid bulk, tanker ships are sometimes loaded and discharged
off-shore Hence, datdor theTTH predictor varies little with Ojf;.
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Figure 5.18 Probability Plot of NCS, TTH and ST

Figure 5.18hows that the points for NCS and TTH form a linear pattern, which indicates
that the normal distrilttion is a good model for this data set. For the probability plot for
ST, almost all of its points are not near the straight line. This is because the rate of

loading and discharging varies as discussed earlier.
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Figure 5.19 Residual Plots for Oif

Figure 5.19isplays the residual plots for the model that includes only those predictors

that were found important.

1.

Normal probability plot - There does not seem to be any great deviation in the
normal probability plot of theesiduals.

Residuals versus fitsIt indicates that there is no predominance of either positive
or negative residuals, as residuals are randomly distributed about zero and less
concentrated.

Histogram - The histogram shows the distribution of aésiduals for all
observations. It shows that there is a small outlier observation.

Residuals versus order The versus order shows that there is no correlation
between random errors, which means that they are independent of each other
Stepwise regressios - The following stepwise outcome in Table 5.10 verifies
that the best fitting model was selected in the linear multiple regression model.
The predictors NCS, TTH and ST contributed significantly in the prediction of
OTiig.
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Table 5.10 Stepwise Regressn: OTiq versus NCS, TTH, BO, LDR, ST

- e e e e e e e e e e e e e e

R- Sq 93.97 94.73 96.16
R-Sq(adj) 93.86 94.54 95.96
Mallows Cp 34.0 247 5.2

\ PRESS 444442 403198 305020 /

. R Sq(pred) 93.62 94.21 95.62 .

e e e e e e e e e e e e e e e e e e e e e e e e e e e

+°  Response is OT on 5 predictors, with N = 60 N
/ \
1
1 Step 1 2 3 \
: Constant  4.399 -332.167 -6.423 :
! 1
: NCS 55.7 544 43.8 1
1 T-Value 30.06 30.16 15.80 :
: P- Value 0.0 00 0.000 0.000 1
1
1
: TTH 0.00104 0.00215 :
. T- Value 2.87 5.44 !
: P- Value 0.006 0.000 |
1
1
| ST -0.0137 :
' T- Value -4.58 1
I P- Value 0.000 '
! 1
| s 851 802 69.1 !
! 1
l !
' !

6. Best Subsets RegressieMable 5.11 shows that the best models with largsgR
are selecte@s in the following output. This model includes NCS, TTH and ST

predictors. It proves that the best model is:

OTjiq =- 6 + 43.8 NCS + 0.00215 TTH0.0137 ST (14)

Table 5.1% Best Subsets Regressio®Tq versus NCS, TTH, BO, LDR, ST

,”” Response is OT AN
/ \
. NT L '
1 Mallows CTBDS 1
' Vars R -Sq R-Sqgad) Cp S SHORT !
I 1 94.0 93.9 34.0 85.094 X I
! 1838 835 1859 13950 X !
I 2 947 945 24.7 80.236 X X I
! 2 945 944 27.4 81636 X X !
I 3962 960 5.2 69.056 XX X |
! 3957 955 12.4 73.231 X X X !
I 4963 960 5.9 68.860 XX XX '
! 4962 96.0 6.2 69.030 XXX X I
\ 5964 960 6.0 68.301 XXXXX /)
N\ /7

e e e e e e e e e e e e e e e e e e e e =



5.4.4. Container Cargo Regression Analysis

Container ships are gemdly class#fied into generationgEach generation carries a certain
amount of containersThe terminal receives all container shipstapthird generation.
Figure 5.20shows the container terminal, which provides a specified level of services
such as proper cargo ridling equipment in shigide and langide and berth lengths.

The terminal has four berths (no. 1, 2, 3 and 4) with a total length of 1050 metres and
depth of 14.5 metres. The container yard is 1,000,008nch can store 1.2 million TEUs.

. ContainerTerminal

Figure 5.20 Container Terminal
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Following the same steps as in previous types of cargoes, many simple and multiple
regressions have been performed to find out the best fitting modg}, i©the response
variabledn all the models p#ormed. The best fitting model has been selected where

best proportion of the variance in the value©dtonis explained by all predictoraNon-

relevant models (See AppendB} have been excluded such as in the equation (15).

OTen= -1110 + 38.4 BO 0.00056 ST (15)
Predictor Coef SECoef T P
Constant -1109.7 697.5 -1.59 0.117
BO 38.355 8.805 4.36 0.000
ST - 0.000555 0.002040 -0.27 0.786

S=246.060 R -Sq=251% R -Sq(adj )=22.5%

This example shows a very weak relationship betweeg.@hd BO and ST. Rq is
weak and the palue indicates that the relationship betweensdnd the predictors is
not significant.The standard error of the estima®e equals 246.06@hich is considered

high in terms of the estimated standard deviation about the regression line.

Many simple and multiple regression models have been regressed to find out the best
fitting model. In case ofthe container cargo, the regression modelsdifferent. There

are many regressions where the predictors are significant but-slgeifRquite small.

Thus, those models have not been selected-s$ describes the amount of variation in

the observed response values. Equation (16) shows one of thdeksm

OT =-889 + 0.000599 TTH + 27.7 BO (16)

Predictor Coef SECoef T P

Constant - 889.3 644.2 -1.38 0.173
TTH 0.0005990 0.0001837 3.26 0.002
BO 27.747 8.583 3.23 0.002

S=226.041 R -Sq= 36.8% R -Sq(adj) = 34.6%
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The outputs found that the best f@aredictor model estimating Qdhis NCS, BO, LDR

and ST. Equation (17) displays the best regression model for container cargo.

OTeon=-815+14.9 NCS + 11.1 BO + 0.0540 LDF.00285 ST a7
Predictor Coef SECoef T P
Constant -814.8 373.7 -2.18 0.034
NCS 14.899 1.660 8.97 0.000
BO 11.102 5.267 2.11 0.040
LDR 0.05396 0.04946 1.09 0.280
ST -0.002849 0 .001109 -2.57 0.013

S=131554 R -Sq=794% R -Sqadj=77.9%

The interpretation of the regression equation follows:

1. The slope (b1l = 14.9) is the change inc@When NCS increases by 1. That is,
when the NCS increases by one unit, theJsificreases by 14.9 units.

2. The slope (b2 = 11.1) is the change incaTvhen BO increases by 1. That is,
when the BO increases by one unit, the.fificreases by 11.1 units.

3. The slope (b3 = 0.0540) is the change ingWhen LDR increases by 1. That is,
when LDR increases by one unit, the @ Tncreases by 0.0540 units.

4. The slope (b4 = 0.00285) is the change ingMhen ST increases by 1. That is,
when ST increases by one unit, the.Qncreases by 0.00285 units.

5. The constant (intercept) value (bo- 815) is the predicted value of @Fwhen
each predictor (NCS, BO, LDR and ST) is zero. That is, when the predictors are
zero the Oy is - 815.

Two best fitting models emerged as follows:
1. One model has included all predictors, except TTH whesg R B%.
2. The second model included all predictors except LDR whesg R77.9%.
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It is obvious that the selected model has excluded TTH (7&%3tly, there is
statistically no real difference between the tweVRT [V 6HFRQGO\ WKH UHOI
between OY,, and TTH is low. The reason is the transit shipment. A percentage of
containers are handled in order to beexported. These containers stay in the port in
contrast to those containers delivered into the country, which are known as domestic
containers Thus, not all containers require the same.TThis may explain why the
influence of TTH is low. Thirdly, handling containers depends on a range ofdaaich

as empty containers and fltladed containers whetliee number oémpty containers can

be moved and stacked fast. In Damietta port, empty containers constitute abowf 30

total containers handled at the container yard per Yeanthly, the VIF test shows that
including the TTH variable will lead to poor estimation (Montgomery and Pe&g2).

VIF equals 5 with millednulticollieanarityin the case of including TTH.

The data analysis shows that the number of container ships calling at Dagpoittta
increased in the year 2008220 container ships) compared with the year 2(@B8
contairer ships) and the year 2006875 container ships)lhis explains why such an

increase in NCS would increase Qi

The BO predictor is significant as there were some shipping lines such as P&O shipping
line and Maersk shipping linthat directed their sips to EastPort Said port. Alsothe

CMA shipping line moved somef dts ships to Beirut in Lebanomhis is because the
depth in container berths at Damietta port is ineidgfit for their container ships.
However, there are new Chinese shipping lindgngaregularly at the port. This explains
why BO influences O&over the time.
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For the ST predictor, the port has started to build a new container terminal with
international standard&uwait and Gulf Link Holding Company (KGL) invested USD
800 million in this project to handlé million TEUs in Damietta portThe project is

expected to be completed in 2012

Table 5.12 indicates that there is a significant relationship betweeg, &id other
predictors. In the correlation matrixhe NCS predictor has the most significant

relationship with O, as it accounted for 86%.

Table 5.12 Correlations: OT.on, NCS, TTH, BO, LDR, ST

P e e e

e OT NCS TTH BO LDR s
' NCS 0.86 4
0.000

TTH 0.502 0.615
0.000 0.000

BO 0.500 0.443 0.366
0.000 0.000 0.004

LDR 0.646 0.669 0.633 0.404
0.000 0.000 0.000 0.001

— o e -

ST 0.048 0.226 0.664 0.157 0.134
' 0.717 0.083 0.000 0.230 0.309 /

N e e e - ——

The analysi®f the above correlation:is

It shows that all predictors have positive effect€dRon.
This means that when predictors increase,calso tends to increase.
There is a moderate correlation between TTH and BO anghOT

There is no negative relation between any predictors and each other.

o ~ w DN PP

It is observed that there are relationships between predictors, but multicollinearity
is low; such as the correlation between NCS and BO is about 44%.
6. The following figures display theesidual plots that can be used to examine the

goodness of fit:
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Figure 5.21 Scatter Plot of O&nVvs. NCS, BO, LDR and ST

Figure 5.21examines the relationship between (QTand each predictor. The figure
shows that:

1. There is a strong positive relationship between ©@nd NCS.Based on the
valuesof the correlation coefficientt is evident that this relationship is relatively
linear.

2. FortheBO and LDR predictors, the distance between each point and the line, in
bath figures, is statistically a measure of error. That is, each of these distances
represents places where the line does not fit the data exactlyFiBute 5.22
showsthat the amount of error around the line is small. Hence, variability can be

accepted.
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Figure 5.22 Probability Plot of NCS, BO, LDR and ST

Figure 5.22shows that the points for NCS, BO and LDR form a linear pattern, which
indicates a normal distribution for this data set. For the probability plot for 8ibsahll

of its points are not near the straight line. This is because the rate of loading and
discharging varies as discussed earlier, and is not related to storage capacity. Also, DPA

has started to expand its current terminal through increasing thgetaeas.
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Figure 5.23 Residual Plots for QF,

Figure 5.23displays the residual plots for the model that includes only those predictors

that were found important.

1.

Normal probability plot - There does not seem to be argat deviation in the
normal probability plot of the residuals.

Residuals versus fits It indicates that there is no predominance of either positive

or negative residuals, as residuals are randomly distributed about zero and less
concentrated.

Histogram- The histogram shows the distribution of all residuals for all
observations. It shows that there is a small outlier of observation.

Residuals versus order The versus order shows that there is no correlation

between random errors, which means that theyratependent of each other
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5. Stepwise regressionstTable 5.13 shows that the highess®is in step 4, where
NCS, BO, LDR and ST prectiors contributed tthe prediction oD T ¢op, .

Table 5.13 Stepwise Regression: O&, versus NCS, TTH, BO, LDR, ST

e e e e e e e - —— -

R- Sq(adj) 40.79 74.61 76.49 77.85

MallowsCp 979 108 7.0 46

PRESS 2873890 1285530 1192631 1185890
v R-Sq(pred) 37.67 7212 74.13 74.28 /
\

// Response is OT on 5 predictors, with N = 60 AN

\
II “
| Step 1 2 3 4 |
| Constant 484.5 -1969  -1030  -814.8 '
1 1
1 LDR 0.383 0.074 0.071 0.054 '
| T-Value 645 141 1.41 1.09 I
1 P-Value  0.000 0.163 0.163 0.280 !
1

1
I NCS 150 157 14.9 !
' T-Value 8.85 9.47 8097 "
1 P-Value 0.000 0.000 0.000 !
1

1
. ST -0.0027  -0.0028 |
I T-Value -2.36 -257 '
. P-Value 0.022 0.013 !
1

1
I BO 11.1 I
1 T- Value 2.11 :
| P-Value 0.040 I
1 1
s 215 141 136 132 :
I R Sq 41.79 7547 77.69 79.35 !
' I
1 1
' '

-

_________________________________

6. Best Subsets RegressieTable 5.14 shows that the best models with largeqR
arepicked as in the following output. There are two best models. The following
best subsets regression outputs display the highegq Rnd lower S. It is
concluded that the best model includes NB®, LDR and ST predictors as

follows:

OTecon=-815+14.9 NCS + 11.1 BO + 0.0540 LDF0.00285 ST (18)
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Table 5.14 Best Subsets Regression: Qd,versus NCS, TTH, BO, LDR, ST

,”” Response is OT .
/ \
NT L
Mallows CTBDS

Vars R -Sq R-Sq(ad)) Cp S SHORT
1746 742 111 142.05 X
1418 40.8 97.9 215.10 X

— e e

2 76.9 76.1 7.1 136.72 X X

2 76.4 755 85 138.30 X X

3 78.9 77.8 3.8 131.78 X X X

3777 76.5 6.9 13541 XX X

4 79.5 78.0 43 13119 XXX X

4 794 77.9 4.6 13155 X XXX
\ 5 79.6 77.7 6.0 132.07 XX XXX /
\ ’

— e e e = e = e e e e e e e e e e e e e e e e e e e e = e =
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5.5 Interpretation of all Regression Analyses

Multiple regression analyses have been performed to explain the variabil{y. d-ive
predictors were usetCS, TTH, BO, LDR and ST, where OT was the response variable.
It is obvious that the relationship between the response¢hanpredictors is linear. The
residuals are distributed normally, where histograms for the residuals and normal
probability plots have been applied to inspect the distribution of the residual values.
Multicollinearity has been considered by removing sorh¢éhose predictors that have

a perfect relationship with the response.

Multiple regression analyses, stepwise regressions and best subsets regressions have been
performed to determine the significance of the key predictors in the prediction of OT.

Generakonclusiongan be observed after performing the regression analy$eitoas:

1. Not all predictors are significant in all types of cargo.

2. TheNCS predictor has a significant relationship with OT in the four-fitisiy
models. This is because the port is competing with other Egyptian ports and
Mediterranean ports whichteact more shipping lines, shippers and stevedoring
companies. The port competition takes place in terms of reducingushground
time, pricing customs and quality services

3. The ST predictor is significant in all types of cargo with OT. Storage péays
important role for all types of cargo. In liquid bulk, new generations of liquid bulk
ships have higher cargmrrying capability, which requires continuous
improvements in berth design and shore storage tank capacity. In dry bulk,
handling huge volunseof bulk cargo requires a sufficient number of storage areas
with proper capacity for allowing physical movement. A proper storage plan is
required to handle an increase in the number of containers handled at the port,
suchas determininghe number of sacks anchandling facilities for botlempty

and loaded container
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. Also, general cargo requires different storage areas as there are different types of
cargoes carried by general cargo ships.

. The same predictors have the same significance in dry bulkoand bulk. These
predictors are: NCS, TTH and ST. This is due to the high volumes that both
terminals handle at Damietta port.

. The LDR predictor only has a significant relationship with OT in container cargo.
This is because of reduced flow rates & lieginning and end of discharge for
liquid and dry bulk. There is no fixed rate of handling in both types of cargo. In
general cargo, the handling rate does not reflect the volumes of cargo handled at
the port, particularly if it is light cargo.

. The BO predictor is only significant in general cargo and container cargo. Dry
bulk ships and liquid bulk ships stay longer due to the required measurement and
inspections.

. TheTTH predictor is not significant with OT in container cargo. This is because
there isno need for intermediate handling at the container terminal, where
containers are being discharged directly frarship to trucks that are waiting
alongside the berth. Accordingly, CT is zero at the container terminal. Thus, the
maritime container shipmentare quicker and in turn, it increases the service
frequency. This has encouraged DPA to invest in expanding the terminal by

establishing a new container terminal.
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5.6 DAPEMS Structure

Egyptian ports are receiving an increasing numberatiing ships and they hdle huge

volumes of different types of cargo. The number of callingshgs increased by 3.4%

in the year 2008 in comparison with 2007. In 2009, there were 20,278 ships calling at
Egyptian ports, carrying 312.1 million tonnedowever, thisincrease in NCS has

affectedship turnraround time, and consequentlyh#saffected how long a ship stays at

SRUWYV 7KH OHQJWK RI D VKLSTV VWD\ KDV LQFUHDVHG W|
2.7 days in 2008 and 3.5 days in 2007 (MZ810).

In addition, the total tonnes handled at Egyptian ports have sharply increased by 6%
between 2008 and 2009, compared to a 3.5% increase between 2007 and 2008. In 2009,
the breakdown of products handled in Egyptian ports was 25.3% dry bulk, g§brEral

cargo, 10.5% liquid bulk and about 48.t#ntainer cargo (MTS, 2010).

In Damietta port, the maximum capacity of the @wtdesigneds to handle 19.7 million
tonnes. However, the Ministry of Transport reported that the actual capacity of the port
was 29.3 million tonnes in the year 2009 (MTS, 2010). It indicates that there is over
utilisation of the port facilities, wiiers and equipmentowever, there is only slight
increase irthe number of ships callirgt Damietta port. In 2006, 3002 shipalled at the

port, 3245 ships in 2009 and 3259 ships in 2010 (MTS, 2010). Therefore, the port needs
to have a reliable and an effectiperformance measurement system aswiilshelp the

port managers determiriee effectiveness and efficiency of therpsfacilities.

As discussed earlier in Chapter Four, there is no formal performance measurement
system currently applied in the port. Hen©APEMS has been developé&ased on time
measuregseeTable 515). The system measures the total time carggssin the port on

a monthly basis. It is the sum of a range of different types of time. OT increases if there is
more cargo to move, consequently, TS increases. OT, TS and CT can be used by the port

managers as indicators to show if the port perfomaas improving or weakening.
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Table 5.15 DAPEMS

Port

Damietta

Type of cargo

General Cargo

Dry Bulk

Liquid Bulk

Containers

OT (hr)/month

OTgen=-2054 + 47.8 NCS +

0.00468 ST + 28.5 BO

OT4 =-1110 + 51.2 NCS +
0.00159 TTH + 0.00622 ST

OTjg=-6+43.8 NCS +
0.00215 TTH- 0.0137 ST

OTeon=-815+14.9 NCS +
11.1 BO + 0.0540 LDR
0.00285 ST

ngen OTgen ZSDgen BTgen TSdr OTdr ZSDdr BTdr TSqu OTqu ZSIqiq BTliq Tscon OTcon 28D:on
TS (hr)/month UBtgen UBT, UBT)q BTeon UBTeon
CT CT CT CT

CT(hr)/month

dr

liq

con

Keys used in DAPEMS
1. TS

CT

NCS

BO

TTH

LDR

o g~ W N

= total timea ship stays in the port

= clearance time
= number of calling ship
= berth occupancy

= total tonne handled in a given period

= loading/discharging rate

7. OT
8. ST
9. BT
10.UBT
11.SD
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= operations time
= storage

= berthing time

= unberthing time

= standing time




Table 5.15 show the DAPEMS that has been developed using time measures.
DAPEMS is mainly divided into four parts according to the type of cargo, as each
type requires different performance calculations. Each type of cargo has specific
characteristicsn terms of the nature of the cargo handled, the available facilities at

the terminalthe number of berths dedicated amecialhandling equipment required

For eachfour types of cargo (general cargo, dry, liquid and containershe
performancesalculation follows three steps:

1. At the first step, the system calculates OT using multiple regression analysis.
Each type has a different regression model where most of the predictuts do
havethe same level of significance in all types of cargo.

2. In the second step, DAPEMS calculates TS. It cannot be calculated prior to
OT as OT is part of TS. Other variables have been included in the calculation,
including BT, UBT and SD.

3. The third step is the CT. This variable has not been calculated as the data is
available at the port.

4. OT, TS and CT refer to the total time cargo stays in the port. Exporters,
importers, shippers, carriers, port managers rechigsto remain in port for

the shortest possible time.

5.7 Chapter Summary

DPA has no formal measurentesystem as discussed in Chapter Four, as theyrely

only two KPIs for measurement. Different determinants of port performance have

been discussedhis helped determine those measures that should be considered in

the required system. Cargo remainingoort is the response variable that influences

WKH SRUW SHUIRUPDQFH ,W LV GHULYHG IURP WKH SRUW
expectations. Those measures and variables used in developing thelsstémen

grouped into five groups. It helped $elect the key predictor variables that influence

OT. TS has been calculated using different variables from those used in OT
calculations. No calculation was needed for ©V GDWD DUH DYDLODEOH L

records
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OT has been calculated as a firspstising regression analysis. Regression has been
used as an analytical technique to develop multiple regression equations between OT
andvariouspredictors. Many regressions have been performed to find the best fitting
model. Stepwise regression and bekisets regression have been applied to verify the

best fitting models.

Different tests have been appligdcluding scatter plots,correlation matrix,
probability plots,normality plots histograms, residual errors versus orders and fits,
stepwise regresons and best subset regressioitsese tests ensured the linearity of
the relationship, independence of the errors, and ndynwdlthe error distributionlt

was obvious that not all predictors were significémt all types of cargo. Any
increase or adecrease in OT, TS and CT will result in determining the port
performance in terms of how long cargo stays in the port. Table 5.15 displays
DAPEMS developed using time measures. In Chapter Six, DAPEMS will be
developed by integrating other measures, sighevenue. It aims to develapmore
effective and reliable measurement system to cope with the complexite pbrt

environment.
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Chapter Six
Revenue and Flexibility Measuredor DAPEMS System

6.1 Introduction

Maritime transport is the backbone of development for many countries
(Cullinane et al., 2002). In Egypt, maritime transport handled 86% of total Egyptian
freight in 2010 (JICA, 2011). This is because maritime transport is characterised by
comfat movemat i.e.the ability to handle heavy traffic of goods safely and at low
cost. These characteristics have increased the sector's competitiveness compared to
other modes of transport. Different mechanisms are used to measure the
competitiveness in ports. Mdoring mechanisms aim to analyse the efficiency of

port activities, and assist in the search for better tools to improve the service

provided atthese ports, as well as maximising revenues and minimising total costs.

Each port should implemerappropriate management and performance metrics to
meet its strategy. Most ports give more attention towards a strategy of revenue
maximisation. However, in some ports, the main aim is to improve the service levels

provided without being interested in gdibmaking (Talley, 2007).

Hence,a singleperformance measure cannot satisfactorily define port performance as

it does not cover all aspects of the port operatidlegly and Adams (2002) argued

that no individual performance measure can reflect business performance. Talley
FODLPHG WKDW SHUIRUPDQFH LQGLFDWRUV VKRXOG

objectives. Herecommended using time and caskeasures foassessin@g port's

performance.

Therearea large number of differd types of performance measurement approaches
that can be used toharacterisesystems (Beamon, 1999For examplecustomer
responsiveness is used to identify performance measurement (Lee and Billington,
1993), and information flow has been usedch@aracterisea measurement system
(Nicoll, 1994 cited by Hervani et al. 2005).
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Neely et al. (1995) presented a usefukgarisation for systems analysis: time, cost,
flexibility and quality. Neely'scategorisatiorhelpsto improvethe characteristis of

a system, for example, timé/ithin this researcltstudy, a single type of measure has
beenevaluated time, and within this category, many different specific measures of
time have been developed such as OT. In this way, time measures help to provide
criteria for the measurement system design. The same idea can be applied using

othermeasuremertategories such as revess.

In Chapter Five, time measures have been used to develop DAREN time
measuresthe port performance is determined by how much time cargoes remain at
ports. It helps Damietta port to control the port users' response tiaso Hims to
help e port managers by completing operations faster and to meet promised delivery

dates reliably.

Hence,there is a need to integrate more mgas in DAPEMS, namely revenue
measures and flexibility measures. Revenue measures need to be considered in

DAPEMSfor the following reasons:

1. Any operation at ports generates costs which need to be passed on to the
customers to create revendier the port. This information can help in
determining a port tariff system.

2. The performance measurement system should be imel{Beamon, 1999).

Time refers to how long it takes to move cargo, while cost and revenue
measures refer to how much it costs to use the required facilities to move
cargo andhe estimated totakvenues and income.

3. A system needs to use a set of balanced measures that present financial and
nonfinancial indicators. Bichou (2007) argued that quality and time measures
present notfinancial information for port managers. Hence, time measures
have been applied in Chaptéve in developing DAPEMS for this purpose.
Revenue measures will be integrated into the system for providing financial
information for the port managers.

4. Providing reliable quantitative information for productivity, tasd revenue
performance helpsmanagers to improve their port performance (UNCTAD,
1976).
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As discussed previously in the literature, current measurement systems rely on
financial principles which are considered as a sole measure in most systems
(Maskell, 1991; Lee and Billington, 1992; iar, 1996).

In Damietta port, financial gains can be achieved through reducing time. Cost
which can be saved due to reducing times can be used as a performance
indicator in determining the port performance. It is commonly known as
dispatch money.

Finangal principles help the port managers track port performance on the
chosen key performance variables.

In ports, demand is differentiated by time of day, day of week, type of cargo,
speed, and so on. It makes it more difficultatmaly® and forecastlemarm

using only time measures. There is a need to understand the way in which
facilities satisfy these needs in term of revenue.

Efficient and costHI ITHFWLYH LQIUDVWUXFWXUH LV D FULWLF
competitive advantage. There is a need to utaedsind analyse the sources

of portcosts and revenues.

10. DPA and all other Egyptian ports have no formal system to determine total

costs and revenues. Ports have to submit all revenues to the Financial Ministry
and receive all their expenditures from thenigtry of Transport.Hence,
DAPEMS aims to add visibility to revenues created by the port.

Flexibility measures need to be considered in DAPEMS for the following reasons:

1

, W KHOSV SRUWVY PDQDJHUV DQG GLUHFWRUV LQ F
(UNCTAD, 1985).

It helps to cope with any handling technique. The purpose is to handle

a fluctuating traffic demand.

Flexibility measures helps to provide a contingeplan in ports.

, W KHOSV WR LQWURGXFH QHZ SKLORVRSKLHV LQ PD
partnerships and strategic alliances (Marlow and Casaca, 2003).

Port infrastructure design and port planning requires to consider flexibility

measures (Tanegt al., 2010b). It aims to reflect the strategic objectivabef

port authority that should be considered in the master plan.
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In this Chapter, DAPEMS has been extended to integrate measures, including

port revenuemeasures and flexibility measurés,understand how port facilities and
resources are used. The port managers can then take corrective actions to prevent the
underutilisation of facilities. The system also helps to show how intensively facilities

are being utilised, so that the port masagcan decide when extra facilities are
needed, and when current facilities should be developed. In addition, it helps to

determine the quality of the services being provided to both the ship owners and the

shippers.
I Chapter Five I
Time measures
I Chapter Six
| Revenue measures and Flexibility measures |
I Chapter Seven I
| Applicability Reliability Flexibility |

Figure 6.1 he Extension of DAPEMS

Figure 6.1 shows the sequences of extending DAPEMS. The system has been
developed in Chapter Five using time measurement. In this Chapter, the measurement
systemis develogd and integrates revenogeasures and flexibility measures. The
three measures clarify how the improvement in the port performance may cause
financial gains or losses to all the port participamtsthis way the analysis of
DAPEMS has been conducted. The system applicabiétighility and flexibility, as

featured will be discussed in Chapter Seven.
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6.2 Cost/Revenue Measures

It is important to differentatEHWZHHQ FRVWYVY IURP WKH SRUWY{V SHU
IURP WKH SRUW FOLHQWY SHUVSHFWLYH 2QO\ WKH FR)\
discussed and considered in DAPEMS, because the measurement system is developed

to help port management to contq@ort operations and performance. Figure 6.2

shows that the cost from the port's perspective has two dimensions; port costs and the

port revenues. DAPEMS considers only port revenues with no regard to port costs.

This is because the port's expenditurespaid by the Egyptian government and there

is no data available for the port's costs. Also, developing the port infrastructure and
IDFLOLWLHY ZRUNHUV DQG PDQDJHUVY ZDJHV DQG RWK

because the port is considered as a gowemntal unit or agency.

Cost

structure
I

1 1
Port's Port users'
perspectivg |perspectiv

N

— Port II— Charges
revenue

A\

Port costs

Figure 6.2 tDifferent Costs Perspectives

6.2.1Cost Structure from Port's Perspective

As mentioned before, the cost structure frahe port's perspective has two
dimensions: port costs and port revenues. Many sthdiesdiscussed the need for a
profound knowledge of the cost structure of port activities, the behaviour of costs in

ports, the sources of revenues #mel costvhenthe ship stays in the port
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The literature review shows that most research has calculat&eyhest indicators
rather than port revenues (Tovar et al., 2002). Cargo handling has received most
attention as it represents more than 80% of the bill for a ship in port (Tovar et al.,
2002, RamosReal and Tovar, 2010). The following part reviews th&tselies carried

out to calculate botport costs and port revenues.

6.2.2PortRevenue

As discussed earlier, many studies have been carried out to calculate the cost function.

However, few studies calculatiee port demand and revenue function (Talley, 2007).

UNCTAD (1976) quantified the financial indicators to calculate port revenue
generated from the transfer of cargo from and to ships. The focus was on two sources
of revenues: ship revenue and cargo reveBidp revenue was determined by port
dues, while cargo revenue was determined by cargo handling operation time and
volumes. Few suggestions were made to increase port revenues, such as increasing
tariffs, attracting more users through pions, increasig productivity and
minimising variablecosts However, the focus was on the revenues generated while

a ship is only at berth. Also, the study did not consider those revenues generated from
warehouses and storage and clearance. UNCTAD (1979) explain@ottsagenerate
revenue from payments received from port clients who pay for the services provided.
The services provided require the use of assets and facilities, which in monetary terms

are known as port charges.

Kim and Sachish (198&pplied a reveue function suggested Braeutigam et al.
(1984) to calculate revenues received by containerised handling at Haifa port. They
assumedthat tariffs charged are regulated. However, they focusecdalculating
revenues received from containerised cargim@port with no regards to other types

of cargoes. Also, they calculated revenue received from handling opsration
neglecting other sources of revenue such as wasaigp and storage, and berthing

The following function has been applied by Kim and $&ctk1986):
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Marginal Revenue = [(OFOR™)-(OR/Y)(y-y"H)]/(CON- CON™?)

Where: ORis the operating revenue for year t
CON:t is the revenue with respect to containerised output handling

MartinezBudria et al (1999, cited by Wang et al., 208@plied DEA to examine the
efficiency of ports in terms of revenue obtained fritv@rent of port facilities. Labour
expenditures and depreciation charges were the main inputs in the model. However,
they did not take into consideration other sources\amee, such aserthing charges

and pilotage

The World Bank (2006) focused on the importance of calculating operating revenue
in a port to determine the level of revenue risk. It identified the revenue sources,
including port dues, equipment rental, seeg for ships such as bunkering, estate

revenue, cargo handling and packaging. However, it did not show how to calculate

port revenue in practice.

Le-Griffin and Murphy (2006) discussed the possibility for container terminal
operators to increase theavenue through increasing container handling productivity
or increasing working time at berths. These procedures will minimise the time
containes spend in port and in tumaill attract more ships to call. However, they did

not explain how revenues caa balculated in practice, nor the sources of revenue.

Talley (2007) related port profit with port throughput. He compared a port's actual
WKURXJKSXW WR LWV RSWLPXP WKURXJKSXW WR GHWHU
improving or not, and in turn, toetermine whether port revenue increaser

decreaseover time. He claimed to use the values of standard performance indicators

to maximise profits. Different functions have been developed, incluirggonomic

production function, economic cost functiasemand function, profit function and

resource function.
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Theys and Notteboom (2009) discussed that expected cost for future operations
depends on energy prices and labour costs. On the other hand, expected revenue
depends on future throughputs. Theguwed that future throughputs and energy prices

are determined byhe contract duration of concessions. However, they focused on
concessions ofhe container terminal with no regards to other terminals. Also, they

aimed to determine expected revenuthefuture rather than actual revenue.

Tongzon (2009) explained that port charges vary accordirg gorts nature and
functions, which in turn affects port revenue. He discussed two types of revenue
sources, including shipased types and carppased types. The focus was on port
charges as criteria for port choice. However, he did not show how port revenoe can
calculated.

Pallis and De Langen (2010) discussed the results of financial crises on port revenue
and profit. They claimed that a decrease in volume and traffic leads to a decrease in
revenue. Also, lower dues, discounts granted to ship operatwes, tariffs for larger

ships, lower handling fees for large quantities and discounts granted for new traffic in
some location, such as US West coast, affect port revenue. Hence, they suggested
encouraging investment in port ownership, leasing and construcEmerging
cooperation between ports was another suggested strategy. They argued that lower
throughput due to the financial crisis was beneficial as it reduced congestionsin port
However, lower throughput refers to lower productivity and inntulowes
performance. Table 6dummarises the main revenue functions developed for the port
sector. It shows that few revenue functions Hasen developed
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Table 6.1 Revenudrunctions for the Port Sector

Year Author Objective Function developed Inputs

1976 UNCTAD Increasing port revenu - Ship revenue/ Cargo revenu

1986 Kim and Sachish  Containerised handlin¢  parginal revenue Port tariffs

1999 | MartinezBudria et al Portefficiency DEA Rent of port facilities

2006 Le-Griffin and Container terminal Container handling
Murphy revenue - productivity

2010 Pallis and Langen Port throughput - Volume/Traffic

210



6.3 Port Revenue Consideration

Increasing the total time that cargo stays in 2@ port or in any other porheans

extra tariffs should be paid by the port clients. Tariffs may cover grounding rent,
storage costs and handling fed$hese tariffs are considered as charges for the port
clients, and at the same time, they are revenue for the port itself. This means that
increasing the time that cargo remains in the port will lead to increased rdeenue
the port. The port revenues can be maximised if the port clients pay more tadffs, a

this can take place in one of the following cases:

1. If cargo staydor longer time in the port, which requires grounding rent and
rent of port facilities;

2. If volumes of handled tonnes increase; or

3. If OT increases as facilities and rented equipmenusee for longer periods

of time.

These cases aboywovide more income to the port and more expense to the port

users. No doubt, the second case is more preferable. However, increasing volumes

may lead to port congestion and consequently for cargo toimelmager. It is

complicatedto make a balance between tieDVHVY DERYH )ROORZLQJ 81&
analysis of financial statements in ports (1979), equation (19) can be used to calculate

the port revenue from operation time OT and it can make a balance beteadote

cases:

S3RUW UHYHQXH . QR RI KDQGOHGIWRQQHY HODS"
KHUH . UHIHUV WR D FRQVWDQW WDULII

Talley (2006b) developed an equation to calculate the annual total revenue in ports as

follows:

Port revene = (port charge per unit * annual bulk throughput) + (port charge per

container * annual container throughput) (20)
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7DOOH\ GHYHORSHG DQRWKHU HTXDWLRQ WR FDOFX

Port profits = port charges * Port throughptrhinimum cost (21)

Equation (21) shows that increasing the volume handled in the port leads to an
increase in port revenues. In Egypt, handled volume depends on how long it stays in
the port according to the decrees set by the Egyptian Ministry of TranBaonietta

port charges a certain tariff per tonne per hour. UNCTAD's equation (1968 sh
both performance dimensioreffectiveness and efficiency. Figur&8hows that the
effectiveness is the ability for Damietta pastattain the objectiveo hardle as many
tonnes as possible. This will improve the competitive position for the port anldl it w
attract more users. hE efficiency refers to how long cargo remains in the port.
Hence, both dimesions of performance affetite port revenues and theitfs paid

by the port users. Keeping cargoes for shorter times and with reasonable costs will

encourage the port clients to keep their loyalty towards the port.

Performanc
l dimensionsEl IPort revenue]

handling
Effectivness - more
volumes

|| shorter time
cargo stays

Efficiency

Figure 63 +Port Revenue and Performance Dimensions

In Damietta port, operations are vetgmplicated and vary not only by number of
calls, but are driven also by other factors such as handling operations, storage
operations, total tonnes hdlad and handling rate per ddy DAPEMS, OT, TS and

CT are used to simulate these operations. Thextels identify the amount of time
needed to accomplish the required operations in the port. The time equations show

how time is spent on a given operation.
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For example, the OT equation shows how long it takes in loading and discharging.
TheOT equatiorcan be used to calculate the revenues as time is an important element
in the equation. The portalreadyhas dataabout total revenues received te time

a ship stays in port. The contribution is to figure out how much revenue can be

generated from O@&s the port itself has no clear figure, because a private company,

DCHC, is responsible for loading and discharging operations. The system aims to

provide the port managers with a more visible view concerning their revenues.

If port clients are satisfeewith the service level provided in terms of time, they will
call again at the port. Then, the port revenue will rise and the port planners can
develop their port to compete with other poAkso, the port revenue varies with time
spent in the port. Tdfs are costs for the port clients, but at the same time, they are

returns for the port as follows:

1. The costs of operations time at berth OT are income for the port in terms of
loading and discharging fees.

2. The costs of time spent by ships in the portaf&income for the port in terms
of berthing fees, port state control fesyage fees and pilotage fees

3. The costs of clearance time CT are income for the port in terms of agency
fees, brokerand intermediaries charges

It is important to know thagriffs paid by clients for the port itself are based on actual
capacity rather than normal capacifthe actual capacity is used for the following

reasons:

1. Actual capacity refers to highest activity level at which the port can operate
with an acceptableagjree of efficiency, taking into consideration unavoidable
losses of operating time (i.e., vacations, holidays).

2. Actual capacityuncovers the cost of unused resources. It differentiates
between the costs of resour@silable from the cost of resourcestaally
usedfor a particular purpose.

3. The use of actual capacity provides accurate fixed overhead rates for each

activity, because it excludes the cost of unused resources costs.
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1- Revenues generated from OT

In Egypt, the Ministry of Transport sets fixed tariffs for all operations in all Egyptian
ports that cover loading and discharging costs (OT), total cost paid by ships at berths
due to how long thehipsspend in the port (TS), clearance (CT), and stocagts.
Decrees number 393, 394, 395 and 520/2003 illustrate that tariffs are valid from 2003
until now and applied to all types of ships, Egyptian and foreign ships. These tariffs
are constant, but they vary with two parameters: how many tamedsandledin
Damietta port, and how long cargos spend in the port. Following UNCTAD's equation

(1979), equation (22) was developed to calculate the port revenue from OT:

SRUW UHYHQXHV IURP 27 . WRWDOZ2RDQGOHG WRQQ

Where:

. It is a constant value. ltefers to tariffs that port clients should pay. Tariffs
are VHW E\ WKH OLQLVWU\ RI 7UDQVSRUW LQ (J\SW 7KH Y
FDUJR WR DQRWKHU $OVR . YDOXH IRU 76 LV GLIIHUHC
simply, because each operatioashdifferent elements and each operation uses

different port facilities.

For the OT, the. value includes the following elements: loading and discharging fees

per tonne per hour

For TS, the. value comprises the following elements: port and ligletsf owage (in

and out) fees, ifptage (sea and port pilot) fees, moor amnoor fees and port state

fees

Total tonnes handled is an independent variable and #® number of tonnes

handled in the port increases, total revenue increases.

OT :is an indepadent variable and it refers to the operaticime required to

achieve loading and discharging operations.
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and discharging from ship to berth and vice versa. While for containers, there is more

than one element fahe handling tariff because an empty container has a different

tariff from a fully loaded container. Both enypand loaded container tariffs are

included in the system.

2- Portrevenue from TS

Tongzon (2009) discssed two types of port chargesip-based charges and cargo
based charges. Both charges are generally levied on the basis of the number of calls
and theamount of cargo handled in the port. A shigsed type includes port
navigation fees, berth hire, harbour dues and tonn@gegcbased types include
wharfage and demurrage. The first type of charge can be calculated against gross
registered tonnes (GRT), and the second type of charges can be determined by the

rates that have been set by the port.

Damietta port receive the renue fronthetotal time a ship stays in the port (TS) that
depends on both how long it stays and on the gross tonnage (GRT). Tariffs for TS are
based mainly on one elememmelyport and light dueshatinvolves tariffs for sub
elements such as port duéight dues wharfage dues, and cleaning dues. Interviews
with the port director and the port operations manager showed that the TS revenues
are currently calculated by multiplying tariffs with GRT, excepiarfage dues/hich

is calculated by multiplyingatriffs with GRT with OT.

Actually, revenues from TS include other elements such as towage fees, pilotage fees
and poristate fees. However, interviews with the port managers proved that these
elements have verywvalues and have little effeon revemes generated from TS.
Table 6.2shows how the port revenues can be generated from TS for all types of
ships. It is important to note that special cleaning fees are charged at Damietta port
because it is a green port. These fees can be excluded whentémeisyspplied in

other ports such as Alexandria port.
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Table 62- Revenues from TS ariffs

TS revenues Tariffs (tonnes) (time)
Port Dues 0.21$% GRT -
Light Dues 0.05% GRT -
Wharfage Dues 0.0125 $ GRT oT
Cleaning Fees 120 $ - —

3- Port revenue from CT :

Clearance charges vary according to tonnage and are not time dependent. They are
known as agency fees include the following elements:
1. Post office fees
Arabic translation fees
Fees for crew permission documents
Car rental
Telecommuitation costs
Photocopy fees
Motor boat rental

Customs, immigration office, medical insurance fees

© 0o N o ok~ W DN

3 USD commission for container service per container (for containers only)
The port revenues from CT can be calculated by multiplying the clearancewaitiffs

total cleared tonnes. This made by the help of calling a custom inspector during the

port visit.
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Table 6.3 DAPEMS

DAMIETTA
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Effectivenes

s Dimension

Total Tonnes Handled

Total Tonnes Handled Total Tonnes Handled

Total Tonnes Handled

Keys used in DAPEMS

© 0o N o g b~ w NP

TS
CT
oT
NCS
BO
TTH
LDR
ST
GRW

= total ime a ship stays in the port

= clearance me

= operations time

= number of calling ship

= berth occupancy

= total tonnes handled in avgn period
= loadng/discharging rate

= storage

= gross tonnage
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10. . = tariffs set for loading and discharging
11. = tariffs set for clearance cargo
12.REVOT =revenues generated from OT

13.BT = berthing time

14. UBT = un-berthing time

15. SD = standing time

16.REVTS =revenues generated from TS

17. REVCT =revenues generated from CT



6.4 Flexibility Measures

As performance measure¢eXibility is importantas it deals witrhow theport can
cope with rapid changes. In port studies, flexibility has many dimensions and different
flexibility measureshave beerapplied according to the purpose of measurement.

Table6.4 displayssomeflexibility measures that are commonly applied in ports.

Table 6.4 tFlexibility Measures in Port Studies

Focus (Flexibility o
Year Author _ _ Flexibility Measures
Dimension)

. . Scientific management
1999 | Chlomoudis and Palliy Port Management .
technologiesmarkets

_ Commercial capacity
2000 Fourgeaud Port Capacity
output

Notteboom and . .
2001 ) Port Capacity Economics of scope
Winkelmans

Port management
2005 Tongzon and Heng Port Throughput

performance

_ _ Labour, space, storags

2006 JaraDiaz et al. Port Capacity o

and facilities
_ Cargo Handling _

2008 | Diaz-Hernandez et al o Labour and equipment

Flexibility
Notteboom and ) ) )
2008 Terminal Capacity | Storage and Handling

Rodrigue
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UNCTAD (1985) recommendegroviding and applyingifferent plans in portso

allow aprompt response to changing demand, including a maritime traffic assignment
plan, a national port investment plan, an inland routing plan, a coastal shipping plan,
and port master plan. The recommendation was made to provide additropafadey
facilities to maintainport capacity in case of the growing traffic, and to pro\ade
operational plan and cargo handling methods to cope with growing volumes.
Hence, port flexibility is mainly concerned with the short and {targn investment
plans.It is argued thainvestment plasishouldproperly be developed iassociation

with contingency plans order to provide ifferent solutions, including for example:

1. Hiring mobile cranes from outside the port

2. Hiring additional contract labour to increabe average number of gangs per
ship

3. Opening up additional storage areas under customs bond either within or

outside the port

Hiring additional trucks and trailers for transport to storage areas

Speeding up the handling rates

Reducing ship turaround time

N o g &

Developing separate specialised facilities, or developing multipurpose
facilities.

Chlomoudis and Pallis (1998) claimed that ports need to rely on innovation,
knowledge, infomation and planning to meenpredictable changes. Hence, ports
need to chnge their organisation, infrastructure and daily functions. In other words,
ports need to be changed from a gate for loading and unloading cargoes, into
a logistics platform. They argued that the logistics fptat helps to provide
operation& flexibility. It aims to integrate ports into a productiansport
distribution chainThis helpsports to reduce the time ships spend in ports, to increase
ports' productivity, to supply added value services, and to apply advanced
technologiesThis reguires prts to changetheir operating methodsadministrative

procedures and the technological infrastructure.
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Chlomoudis and Pallis (1999) focused on the necessary changes in the port
management to achieve an effective operation and to increaseapadity. The port
management should be viewed as a system that combines markets, technologies and
scientific management. The market aspect is concerning those strategies that should
be applied to balance supply and demand in ports. Regarding the teassoibg

refers to investments in equipment and labour. The scientific management aims to
provide standardised port services in order to achieve economieslef Sbey
recommended any port shouhdve regular maintenance of the port infrastructure,
sufficient storage of large quantities, and reliable handling equipment to meet an

increasing demand.

JRXUJHDXG UHIHUV WR SRUW IOH[LELOLW\ DV DGDSW
WR LQFUHDVH LWV FDSDFLW\ WR I|ILWanEdhaddingVy QHHG
equipment, well trained workers and appropriate and well managed storage areas can,

IRU HI[DPSOH LQIOXHQFH WKH SRUWfV DGDSWDELOLW\ W
volumes. To determine a port flexibility measure, there is a ne€lltdV FXVV WKH SRUW

ability to deal with changes.

7KH SRUWfV DELOLW\ FDQ EH VHHQ LQ WHUPV RI SR
distinguished between nominal capacity output and commercial capacity output. The

nominal output is not suitable in the port ustty because it does not taketo

consideration these factors that affect the'ptiexibility, such as weather conditions,

time spent in stowage, handling time, berthing time, repairing time and bunkerage.

Hence, he argued that a commercial capacitpuius more relevant as it considers

previous factors. The argument is that flexible working time influenbe SRUWV
capacity and in turn affects its flexibility to cope with the dynamic environment. In
DGGLWLRQ WKH SRUWYV D nilahangeswdd e ReeiinZermslf HQ Y L U F
average cargo dwelling time. Dwell times can be a result of shortage in storage areas,
shortage in handling equipment, port congestion, clearance time delay, the level of
automation ofcranes, unproductive move8erth flexibility is also required to

efficiently accommodate the number of calling ships. It can be used as a parameter to
measure port performance. When the number of berths increases, waiting time
deceases and the port flexibility increases to accommodate@ase in traffic and

volumes.
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Other flexibility measures can be used in measuring port performance, including

product density, product charadstics, safety considerationsenvironmental
considerations, dusty products and hetoaandle productsand restricted working

WLPH VKLIWYV VFKHGXOHG DW IL[HG WLPH 7TKHVH PHDV:
terms of lower handling rateand consequently it affects its performance and ability

to compete with other ports.

Notteboom and Winkelmans (200t)aimed that port mnagers should focus on

economies of scope instead of econaéscale in order to cope with the changing

market environment. This explains why shipping lines expanded their scope to

include terminal operations and hinterland trantgtimm. They argued that a port is

being chosen if it helps to minimise the sum of the sea, port and inland costs. It
depends on a port's capacity to influence goods flow. The port's reputation,
commercial attitude and the culture can also be used to Vapr@W WKH SRUWY
adaptability through developing core competencies.

Marlow and Casaca (2003) proposed that ports should be agile which implies
flexibility that allows for quick response to changes in customer demand and to grow
in competitive marketslexibility is a subset of agility (Kumar et al., 200&)orts

can be agile if they are characterised as:

1. Infrastructure and layout that meet trade requirements
Information systems

New management philosophy

Human elements

Intelligent knowledge

Offering inno\ative services

N o gk~ WD

Partnerships and strategic alliances
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They argued that ports need to be lean in order to be Rgites can be lean through
making the best use of available resources, reducing all wastes in the information,
documentary anghhysical processes and providipgrfect customer services. They
suggestedthat some flexibility measures can be used in meag operational
performance in agile portsuch aslevel of damages in the shipment, lead time to
VHUYLFH GH O L YchHnplains XnhovihRtieiHddovfhcgndnotifications of any
changes inhe multimodal transpartModern ports must address high levels of
flexibility and adoptability, closer integration with other modes of transport, better
management strategies and mat#icient labour mobilisation and participation
(Chlomoudis et al., 2003).

Tongzon and Heng (2005) claimed that port adaptability can be considered as an
important determinant of port competitiveness that can be used in formulating
effective planning andstrategies. They applied principal components analysis to
establish a port competitiveness index, and then regression analysis was used to
examine the effects of the determirsawmit port competitiveness. Eight determinants of

port competitiveness were piaged, including:

1. Port adaptability to the changing market environment: changing customer
needs impose new roles for port authorities to adapt their service levels

provided in ports.

2. Port operation efficiency level: Tongzon and Heng argued that a 8hip'ss
an expensive commodity that requires speeding up the handling rates and
reducing a ship turaround time. This leads to an increase in productivity,

a measure of the efficiency of port, and to obtain competitive advantage.

3. Reliability: adherace to shipping lines' schedules, shorter operation times,
fewer equipment breakdowns, and less damage and losses help port operators
and port authorities to increase port reliability. It influences port performance

and consequently port competitiveness.
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4. Port selection preferences: ports may lose their important shippers and
carriers. This happens whehents have rearranged their service networks or

have engaged in new partnerships with other carriers.

5. Depth of the navigation channel: ports with suéfit water depths in the
access channel are able to accommodate larger ships. This helps a port to

survive in a highly competitive market.

6. Landside accessibility: ports which are linked with good landside connections
provide carriers and shippers with raopptions to move their cargoes.
Connections need to be safe, quick and efficient. Port accessibility is used in

port selection.

7. Product differentiation: ports compete to offer value to their users and quality

services. It is called econorsief scope.

8. Port cargo handling charges: port charges are considered a significant part in

the transportation cost§helower port charges, the high port competitiveness.

JaraDiaz et al. (2006) claimed that a port has many stakeholders and operations
which requirehigh flexibility in terms of ceordination between them. They focused

on cceordination between labour, space, facilities and equipment in port operations,
which is divided into three stages: slupented operations, cargwiented operations

and intermodaoperations. Shipbrokers are responsible teombnate most of the
services required by ships, stevedores companies take care of the cargo handling
operations, and the freight forwarders coordinate the intermodal operations.

They furtherargued that gort is a factory that provides services (inputs) to receive,
dispatch and deliver cargo (outputs). The inputs are labour, space, facilities and
equipment, and the outputs are the cargo movements. The optimal combinétion

the inputs to move different nwination of the outputs refers to the peftexibility.

The argument is that a port has to have these inputs regardless of the kind of goods

handled and the volume of traffic.

224



Diaz-Hernandez et al. (2008) focused on cargo handling flexibility bedausvolves

all activities related to the movemaaftgoods inside a port. Cargo handling flexibility
takes two forms, namely labour flexibility and equipment flexibility. Skilful workers

and highly technological equipment increase loading and unloapieed, reducing

the total time cargo remains in ports, increasing handling safety, andngawerage

costs due to econonsief scale. They argued also that improvements in information
systems help a port to prograraa large percentage of ship arrivadscombination

of labour, equipment, information systems and stevedoring companies can be used as
indicators for measuring cargo handling flexibility. They may increase the efficiency

of cargo handling in a port system.

Notteboom and Rodrigue (2008) aggl that increasing a terminal capacity can be
considered as a major concern to provide flexibility to global supply chains. Raising
traffic and volumes may result in major delays and it requires a port to have a high
level of flexibility to cope with chages. This can be achieved through proper port
planning, providing reliable handling equipment, sufficient storage areas and

developing multiport gateway regions.

Other flexibility measures were applied in ports such as slot sharing arrangement

where caLHUV SXUFKDVH VORWY LQ RWKHU FDUULHUVY Vk
(World Bank, 2007), improving the capability of port administration, pricing
IOH[LELOLW\ WKDW DIIHFWV WKH WHUPLQDOVY OHYHO RI
use, flibility of labour use by stevedoring companies #edibility in the regulation

system to copwith low demand situations

6.5 Flexibility Measures and Port Performance

,Q SRUWV WUDIILF JURZWK DQG LQFUHD VabityJtoY ROXPHV |
attract financial resources for investments in ports (Pallis and Langen, 2010). Many

ports promote their investments in infrastructure in order to improve the operational
processes, customer service, handling techniques, and intermodal corm@etitis

DQG 6\ULRSRXORYV ,W LV DUIJXHG WKDW LW LV D FLC
performance and port traffic. Tongzon and Sawant (2007) argued that ports with deep

water harbows and extensive arsaf land can attract a significant amauwfi traffic.
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Yeo et al. (2011) developed a framework for evaluating the structure of port
competition, including different determinarsisch as availability whichefers to berth

availability and service delivery time to meet heavy port traffic.

Hence,a SRUWTTV IOH[LELOLW\ ivVtKRinfrasBudiure #eRigh\ahdspdrt) H G
planning(Taneja et al.2010b). Planning refers to the master planning that reflects the
strategic objectives of a port authority and the requirements of port users and
operabrs. Taneja et al. (2010a) argued that a port master plan aims to meet the
objectives of the port as it includes an adaptable plaha contingency planto
change over time in response to changing environment. They argued that port
performance measureseagenerally time and cestlated and they suggested some
strategies to cope with uncertainties, such as improving flexibility for operatrans
vessel berthingnd developing a multipurpose port handling for all cargbksy also
claimed that flexibiliy can enhance a measurement system through providing flexible
alternatives to cope with prediction of the uncertain future. As a performance
measure, flexibility can be defined as optimising the movement of cargo and reducing

turn-around time of ships.

In Damietta port, traffic and volumes are also crucial elements that influence the port
performance because the port capacity and design is dictated by ship design and cargo
size and shape (Taneja et al., 2010b). Any changes in these elements reqare the
operators and the port authority to cope with chanfegliscussed earlier, Table 6.4
shows that studies of port flexibility focus mainly on port capacity in term of reducing
turn-around time and controlling and managing the operations time. OTT&nd

developed previously as time measures can be used to assist in measuring flexibility.

JRU WUDIILF 76 FDQ EH XVHG WR PHDVXUH WKH SRUWT
number of ships calling at the port, in relation to the number of calls. Controling T
LQ IOXFWXDWLQJ WUDIILF GHPDQG UHIHU#&shotRr WKH SRU

time.
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For volumes, it is related to how long it takes for loading and unloading cargo, where
OT can be used to measure the ‘pability to handle more volumes with no real
increase in the operation time. It depends on labour skills, equipment capacity and
availability, berth availability, and storage availability. Unavailable and improper
equipment, for example, can lead to moranding time without operations.
Integrating flexibility measures into DAPEMS helps to cope with the coritpléx

theport environment.

In DAPEMS, flexibility measures will badded taime and revenue measures and it
will be divided into three layersincluding physical infrastructure flexibility,
operations flexibility and service flexibility. The first layer is the most static and it is
related to the podconstruction (Taneja et al., 2010b). In the second layer, flexibility
is concered with the clearance time and operations time relative to the volumes
handled. The perception of flexibility for customers extends to the landside as well as
to the waterside. The tlirlayer state that service flexibility is concerned with the
ship turraround time These layers help to incorporate the flexibiligasures into
DAPEMS. Table 6.5shows how the flexibility measures take place to calculate the

port ability to respond to any changes.

Table 6.5 tEquationdncorporating Flexibility Measures

Flexibility Layer Measure

Physical infrastructure flexibility Static

Clearance time (CT) relative to TTH
Operations flexibility Operations time (OT) relative to TTH

Service flexibility A ship turraround time (TS) relative to NCS

From Table 6.5the port flexibility can be measured through operations flexibility and
service flexibility. The question is how to measure flexibility relative to OT and CT in

case of operations flexibility and relative to TS in case of service flexibility.

227



As shown in Table 6.5 TTH can be used in relative to OT and CT, while NCS can be
used in case of TS. Increasing volumes handled in the port leadntcrease the time
required for loadig and unloading shipmenénd toan increasein other forms of
time such a clearance time. Controlling thesienes to the minimum refers to
operatiorflexibility. There are many flexibility dimensiorteatcan be used to control

these times as follows:

handling rate (hr)
handling methods (hm)
equipment productivity (e)
storageavailability (sa)
labour productivity (Ip)

o gk~ w D

volumes handled (vh)

Increasing the number of shipping calls may increase waiting tirtteeianchorage
area and in ports. Controlling a ship t@rmound time to the minimum refers to service
flexibility. Also, there are many flexibility dimensioribat can be used in measuring

service flexibility:

berth length (bl)

berth throughput (bt)

handling rate (hr)

labour productivity (Ip)
administrative procedures (ap)

o gk~ w DN PF

shift workingtime (sw)

For a short time plangquation 23can be considered in the investment plan, mater
SODQ DQG FRQWLQJHQF\ SODQV LQ 'DPLHWWD SRUW
cope with changing demand. Planning and controlling these flexibility dimensions
lead to higher level of flekility utilisation. It requires the port authorities to adopt

their timebased strategies and procedures to cope with changeable demand.

| |
Port Flexibility PP = I (hr, hm, e, sa, Ip, vh) H (bl, bt, hr, Ip, ap, sw) (23)
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Foralong time plan,@p managers at ports need to be involved from the beginning of
the implementation of operations to provide agile port, that requires a new
approach to quickly adapt the services provided (Marlow and Casaca, 2003).
Controlling these dimensions requiras information distribution centre, landside
accessibility and network connections, heclogy, new working philosophyand

strategic alliances with other ports.

Marlow and Casaca (2003) claimed that agile ports can be flexible, responsive,
adaptable, and knowledge centreexibility can be viewed as a subset of agility

(Lummus et al., 2005Chlomoudis and Pallis (2004) claimed that a port which has

multiple independent service providers, can offer greater flexibility and adaptability to

its clients. They argued that port planning, management and operations should apply
adaptable strategies to provide integrated port services accordieg¥ HUVY FRQWH[W
and stuations.Das (2011) claimed that any organisation must strategically plan for

both volume/capacity flexibility and customer service level flexibility to respond

quickly to future growth.

6.6 DAPEMS Analysis

Table 6.3shows the extension of DAPEMS. Thgstem aims to help Damietta port
management t@redict, manage and contrpbrt performance using two measures:

time and revenue. It provides port management with feedback abepetiesmance
dimensions(Stainer and Stainer, 1997)) efficiency in terms of how long cargo
remains in the port, and the port revenues, where time and revenue measurement
categories have been used; and (2) effectiveness in terms of how many tonnes are

handled in the port.

The two measurement categorieave been developed: (1) to cope with the port

strategy by defining the metric used to quantifyport operating environment; and

(2) to help the port managers achieve the goals by satisfying the port users with
reasonable charges and quicker cargo tmput than their competitors. For

flexibility measuresdifferent flexibility dimensionscan assisa SRUWVY PDQDJHUV L

their planning and managing thdecilities and resources.
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The formation of DAPEMS can be analysed at three different levels (Neally, e
1995) to examine whether the system design is appropriate or not to achieve'she port

strategy and goals.

The first level of analysis concerns the individual performance measures used in the
system, time, revenue and flexibility measures thatikita the operations in the port,

as these measures reflect the key dimensions of the port performance. Also, it
concerns the benddithat these measures providgime measure has been used as it

is a source of both competitive advantz@ and the fundamental measure

of port performance. A time measure has been employed as a means of competitive

advantage to reflect the efficiency dimemsiof performanceThe revenue measures
provide a visibility about revenue received by the port from tariffs. In addition, the
system is more flexible in terms of shtgtm and longerm actions to respond to any
change in the operating environment thdftecs port performance. Flexibility
measures support partanagers in their investment plans and strategies to cope with

unexpected fluctuatiain traffic demand and volumes.

The second level of analyssconcered withthe performance measurement syst

as an entity to determine if all the appropriate variables used in the system have
simulated the port operations such as lhavg operations take, how loships stay in

the pot (TS) and clearance time (CTjhese variables represent internal inputshs

as berth occupancy and handling rates; external inputs, such as total tonnes and total
number of ships calling the port; financial inputs, such as port revenues; and non
financial inputs, such as clearance time that is basea larman factor. However,

there are other variables that may influence the port performance. Those variables are

recommended to be considered in further research.

Also, analysing the integration between measures shows that the design of the
measurement system starts with a timeasure calculation. In turn, it helps to
calculate revenues received from OT. In other words, a revenue measure cannot be
calculated without or before a time measure calculation. Moreover, each performance
measure has a clear purpose as a time measuefgaadback about the duration of
cargo remaining in the port, while a revenue measure provides a financial report about

estimated revenues.
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Also, a flexibility measure provides port managers with those factors that should be

taken into consideration whetanning and managing SRUWYYV IDFLOLWLHYV VXFI
length, administrative precdures and labour productivityReengineering and

preparing a port investment plan, a contingency plan, a master plan and any other

plans are relative to port revenue.

The analysis shows also that none of the measures used conflict with one another to
make sure that the system design simulates continuous improvement rather than
simple observation. Essentially, conflict does not exist between measures as the
measures aretegrated taletermingport performance. This isecause data collection

and methods of calculating the performance criteria were clearly defined and the

relationship between the key variables and OT has been examined.

The third level of analysis examingge relationship between DAPEMS and the port

environmet within which it operates to sarethat the system fits both the port's

internal and external environments. For the internal environment, information such as

the total time cargo remains in the pont the forms of OT, TS and CT and port

profitability appeared to dominate the performance. For the external environment, the

WZR PHDVXUHYV XVHG LQ WKH V\VWHP PDWFK WKH SRUWT
operating environment in terms of estimating @The port, and in turn they increase

the competitive advantage foretiport to compete with othemifferent scenarios can

be estimated using DAPEMS as follows:

Low OT and high handled tonnes
High OT and low handled tonnes
High OT and high handled toas
Low OT and low handled tonnes
High OT and high TS

Low OT and low TS

High OT and low TS

N o gk~ wDdPE
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8. Low OT and high TS

9. High CT and high handled tonnes
10. Low CT and low handled tonnes
11 High CT and low handled tonnes
12 Low CT and high handled tonnes

When the total timeargo remains in port increases while total tonnes handled in the
port decreases, this may be due to poor handlgpment or due to shortage of
storage yards and warehouses. In this case, the port revenue will decrease, as the port
will handle less volura and there wilbe no improvement in performandsongterm

actions are recommended that may leadriancrease the fixed costs as new assets

and facilities are added.

The port management should compare OT, TS and CT with total tonnes handled in
the pot. The measurement system indicates how many temedsmndled per type of

cargo. It is important to compare total tonnes handled with time measures as it is
a good indicator to determine if there is an improvement or not. The port management

shoud determine where the problemis.itin OT, TS, or in CT.
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6.7 Chapter Summary

DAPEMS was developed in Chapter Five using time measures. In this Chapter, the

system was extended using reveiame flexibility measures. Tab&. 1l summarised

the revenue functionthat have beedeveloped in port studse In DAPEMS, different
revenueequations were developed to provide visibility abadiat the port earns.

Flexibility measures were incorporated into the systems in three lagehsding

physical infrastructure, operations and services. Equatk8) (isplays these

flexibility dimensions that should be considered by the top management in designing,
UHQHZLQJ SODQQLQJ PDQDJLQJ DQG FRQWUROOLQJ WK
the ports ability to cope with change
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Chapter Seven
Reliability, Applicability and Flexibility of DAPEMS

7.1 Introduction

A variety of performance measurement systems have beerogegtalsing different
techniquessuch as econometric tdmiques, engineering techniques and financial
techniques that includdifferent inputs and applygifferent measures. The main
concern is how far thdevelopedperformance measurement system is reliable and

applicable.

In this Chapter, thdollowing key characteristics of the developed systeghability,

applicability and flexibility are explained. The purpose is to verify the empirical
correspondence, meaning that the measures (time, revenue, flexibility) that have been

choseQ DUH UHODWHG WR WKH WKHRUHWLFDO FRQVWUXF\
helps to examine the usefulness and effectiveness of DAPEMS at Damietta port. Also,

it aims to ensure that the system's outputs can be used to help Damietta port managers

in their planning and controlling of performance. Figure 7.1 shows the sequence of the
explanation of the system's reliability, applicability and flexibilityshows that the

reliability of DAPEMS will be explained from four aspects, while the system's
applicability will be discussed in tesnR1 JHQHUDOLW\ DQG WIKH V\VWHP"

terms of uncertainty

234



DAPEMS

Reliability Applicability Flexibility

Disturbances Statistical Theoritical Operational Generality Unsertainty

Figure 7.2 Examination Sequences

7.2. DAPEMS Reliability

There are many definitions of system reliability. However, those definitevas
mainly concerred with system reliabilityas the ability to performhe main designed
functions. Lincoln and Guba (198%roposed four criteria for judging the soundness

of qualitative and cantitative research as shownTable 7.1.

Table 7.1 Qualitative/Quantitativeoriented Criteria

Quantitative Qualitative
Internal Validity Credibility
External validity Transferability

Reliability Dependability
Objectivity Conformability

Sourcelincoln & Guba (1985)

They defined system reliability and stability as toasistencyf measurement, or the
degree to which the system measures the same way each time it is used under the
same condition with the same subjecithe more consistent and stable the
measurement syem is, the more reliable it i$he consistencyof the measurement

system refers to the validity to use the systemhe future to assess performance.
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Sireci (2007) explained that reliability is considered as part of validity. He argued that
reliability and validity refer to interpretations of test scores. For reliability, it concerns

how consistent the scores are over time.

Brahma (2009) emphasised that measuring a theoretical construct comprises errors.
Hence, testing reliability is required to assure the validity. He argued that reliability
can be examined by the number of items and variables that define the scale because
a measurement system depends on the extent of items and vaRatiksility means

the consistency of the items that are used in the measurement process (Tongzon et al.,
2009).

For validity, Shepherd and Helms (1995) argued thaixists when a pesfmance
measurement system is properly designed and implemented, reliable and accurate data
have been collected and the system is used easily by managers. They set four
procedures for testing validity. Firstly, face validity that is based on the subjective
evaluation of the researcher. The second procedure is the content validity, which
concerns the sampling adequacy. Criterion related validity is the third procedure. It
concerns how the measure can predict future outcomes. Finally, construct validity is

composd of many types of validitiesuch as trait Mality and convergent validity

Mentzer and Flint (1997) argued that validity in research is actually a hierarchy of
procedures to ensure that the research outputs are stated with some confidence. They
argued that validitys composed of four componenisternal, external, construct and
statistical conclusion validity. Internal validity provides evidence that the relationship
between two variables is causal. They defined the external validity as the degree to
which the research findings can be generdlisethe broader population. They argued

that external validity is based on an appropriate sample size and adequate response

rates.
Mentzer and Flint (1997) argued that reliability is important as it assures the

consistency between measures. Withoutabglity, no system can be tested against

validity.
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Mark et al. (2002) discussed thaterionrelated validity,which cmprises two types

of validity: concurrent validity and predictive validity. Theeiterionrelated validity
refers tothe degree of effdiveness with which performance on a test or procedure
predicts performance in a rdde situation.

Trafford and Leshem (2010) claimed that a deductive approach provides conclusions
which are high in reliability and low in validity, and consequenitybecomes
possible to generalise conclusions. Reliability is present if the conclusions can prove
the hypotheses. It can be concluded from these previous studies and research that

system reliability exists if it has the following features:

A system has a hierarchy of procedures

A system has an appropriate sample size

A system has a number of relevant and relative variables that define the scale
A system shows a relationship between variables

A system has a causal relationship between iigivias

A system provides generalised findings

N o g s~ w D P

A system is easy to use

Considering the reliability of DAPEMS against these features listed above, the
following part discusses the system reliability in case of disturbances at Damietta port,

in terms of stastical design, theoretical structure and operational reliability.

7.2.1SystemReliability in the Process ddisturbances

Ports face different factors that may lead to disturbances, disasters anavhisks

can affect the overall performance. Hence, international codes, conventions and
recommendations have been set by many organisations such as the International
Maritime Organisation (IMO) as guidelines for port authorities, operators and
managers. Tlee international nstruments include, for exampl&he Awareness
Preparedness for Emergencies at Lo@ldl for Port Areas (IMO, 199&ndCode of
Practice on Safety artdealth in Ports (ILO, 2003)These instruments aim to provide

best practice to faceng disturbance which may occur.
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Ramage (2003) distinguished between two international instruntieatsternational

Safety Management (ISM) arde International Ship and Port Security (ISPS) codes.
The security instrument concerns risks associated pvitkection against an act of
disturbance and damageaf&ty instrument concerns risks associated with protection
against accidental disturbance and damage. The focus was on criminal, piracy and
terrorist activities. He argued that ships and containersdbeamsed to carry hidden
weapons or dangerous cargoes for terrorist purposes.ugowee did not show how
sucha framework or system can cope with disturbance and damageport. Also,

the impacts of disturbance on operations have not been explained.

Koch (2003) addressed different precautions that affect the security of ships, port
facilities, personnel security and cargo security. Getting reliable and accurate
information prior to ship arrival is the main issue to implement security standards
propely, sud as cargo manifest information attte workers identification card.
However, he focused dhe security aspect rathéihansafety aspect. Various factors

of disturbances have not been discussed. Also, the focus was on USA regulations with

no re@rds to other countries.

Gkanatsas (2005) investigated the main sources of disturbances that affect the
performance of the maritime transport system in ports. Environmental constraints
were the main source of disturbances. It includes weather corsdstimh as snow and

low visibility, and port infrastructure conditions such as access channels and lights.
Gkanatsas focudeon two types of delay beinthe main result of disturbances
occurring in ports, namely terminal delays (port time) and routing delays (sailing
time). He developed system to model liner shipping schedules. However, his thesis
focused on liner shipping with no regards to other sbgbing at ports such as tramp
ships. Also, only environmental conditions were considered, with no regard to other
conditions such as political coitidns and economic conditions

Factuar (2005) discussed various port management practices, systemsraadnesp
applied in ports related to safety, security and health disturbancesasucbastal
Management Approach anBnvironmemal Management System (EMS)hese
systems considered ports as the main source of marine pollution. However, the focus
was mainy on environmental factors that cause disturbances with no regards to other

factors such as political factors.
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The U.N. (2006) suggested an analytical framework for risk assessment and maritime
security management in ports. It started to evaltleeumrent (ISPS) code that was
developed by IMO. A ristbased framework consists of five steps, including defining
risk, risk assessment, risk management, cost benefit analysis and decision making.
Different models have been applied for each step. Howevemagle snodel has been

recommended as a tool to assess risk and disturbances in ports.

The World Bank (2007) identified risks and disturbances confronting port operations.
It explained six factors which may cause disturbances and risks for teoperators:
1. Legal factors that arise due to changes in regulations and laws that organising
port operations, such as tixv, labour law and security law.
2. Economic factors that arise due to inflation, wage and salary lewels
exchange rate fluctuation
3. Social and political factors that arise due to changes in geopolitical corgdlition
such as stability in national, negal and local governments
4. Environmental factors that arise due to pollution, construction of marine
infrastiucture, accidents and dredgi
5. Traffic risks that arise due to operator's pricing decisions.
Force majeure factors that arise due to natural risks such as tidal waves and
earthquakes, industrial risks such as fire, sgailitical risks such as strike
and civil war, and risks of wa and armed conflict.
However, it discussed the risks and disturbances only from a financial perspective.
Also, it focused partially on risks associated with terminal operations rather than risks

associated with the operations of the whole port.

Bichou (2008) discussed risk assessment and management models applied in ports to
face disturbances. Each disturbance source is represented by a predictor variable in
such a system, analith variables ranging in frequency. Fault Tree Analysis (FTA),
EventTree Analysis (ETA) and Navigation Vessel Inspection Circular (NVIC) have
been discussed in ports. Bichou developed a quantiasikeassessment model to

help port managers take corrective actions toward any risk and disturbance that may
arise. However attention has been given toward accidents as a main source of

disturbance in port operations. Also, the focas\Wmited to containezargo.
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Hunt (2009) claimed that moving cargo in ports is always associated with risks and
can cause disturbances in operas. He classified disturbees as environmental,
economic social and political disturbances. Hunt argued that managers must look at
ports as a subsystem of logistics systems, and this helps to determine whether
disturbances arise internally or exteimaDifferent disturbances were explained such

as natural disturbancestrikes, rios and acidents whereprecautionary measures

were recommended to be applied.

Mansouri et al. (2009) argued that system reliability refers to the capability of

a system to provide acceptable results in the face of major disruptions. They discussed
system responsiveness before and after facing disruptions. They categorised
disturbances into four categories, including natural, organisational, human and

technologgcal factors.

For assessing the DAPEMS reliability, some disturbances can happen at any time due
to unpredicted events. Hence, it is important not only to describe the system'’s
procedures, but also to provide some means by which the unpredicted evems can
expressed and monitored. It is proposed to adopt a performance assessment sheet to
assess the syst&smbehaviour. A performance assessment sheet involves four

elements (Morcus, 2009; Mansouri et al., 2009):

Identification of potential disturbances whimay occur at Damietta port.
Determination of the impacts of disturbances on the system.
Identification of the frequency of occurrence of potential disturbances.

A 0D P

Identification of acceptable measures

The sheet is designed to include previous elemé&uaisthe first element, potential
disturbances have been set based on the World Bank's classification of risks and
disturbances in ports. This list of disturbances has been discussed with the port
operations manager to add or remove any event. An agreametitis list was
received by the port operations manager with two conditions that a disturbance should
be dangerous and uncertain. If the event does not meet these conditions, it is

considered as a natisturbance situation.
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For the second element, & important to highlight that a disturbance may influence
only an individual component of the system rather than influencing the whole system.
For the third and fourth elements, the frequency of occurrence and the acceptable
procedure to provide better axts have been discussed with the port technical office
manager and the operations manager. Based on historical events, the frequency of

events has been set to be low frequency, moderate frequency or high frequency.

Morcus (2009) argued that the reliayittheory is concerned with the occurrence and
nortoccurrence of those factors that may lead to disturbances. In other words,
a frequency of occurrence refers to a failure rate or mean time to failure which is
considered as one of the most e¢oam of the systetareliability parameters (Yeo et

al., 2011).

Table 7.2 shows the performance assessment sheet that has been developed for these
factors that may lead to potential disturbances in Damietta port and which may
contribute to affect the DAPES! performance. Hence, there is a need to understand

the nature of these factors that influence the system's performance. A performance
sheet can be used accompanied with DAPEMS to cope with disturbance situations.
Also, the sheesupports managers to deeitb accept, continue or reject using the

system.
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Table 7.2 Performance Assessment Sheet

Elements Potential disturbances Effects on Frequency Acceptable procedure(s) Remarks
DAPEMS system
Legal disturbances No effect Low - _
g Economic disturbances Partial High Updating data Continue
% Social and Political ) Operations time (OT) )
g disturbances Partial Moderate Time a ship stays in port (TS Continue
g Environmentaldisturbances No effect Low Investigation _
§ Traffic disturbances Partial Moderate Number of calls Continue
Force majeure Whole High Port close _
Keys
- Low frequency = occurrence once every five years - Partial = affect partially &component
- Moderate frequency= occurrence once every year - Whole = affect the whole system
- High frequency = occurrence more than once per year - No effect = no effect on the system

. Accept using the system

. Reject umg the system |:|
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The response of the port operations managebDamietta portto these potential

disturbances, ashownin Table 7.2, is as follows:

1. For legal factors, disturbances are infrequent. The operationagaaargued
that this type of disturbance may occur approximately every five to ten years.
This is because Damietta port is owned, operated and managed by the

government. He accepts using the system in this type of disturbance.

2. The port operations managagreed that economic factors frequently change
due to many reasons, suchiafiation andgrowth in wage and salary levels
These factors affect the prices at ports, for example, port charges and tariffs,
port dues, storage expenses and taxation, wbotsequentlyaffect port
choice. The port manager recommetmsontinte using the systerwhenthe

existing port tariffdhave been updatedth the new tariffs.

3. The port operations manager agreed that social and political factors are
moderatlyinfrequent This occurswhen strikes occur occasionally e port
industry, which may cause a delay in handling cargo, increasing total time
a ship stays in grt and leaving cargo for longer time in avrehouses and
storage areaddie recommends continuingsing the system as the OT and TS

values can present any delay at the port as standing time is included.

4. For environmental factors, the operations manager claimed that these factors
are infrequent because Damietta port sets strict rules towards marine
pollutions and cleaning fees, which are obligatory for all ships calling at the
port. The Damietta port director claims that the port is a clean port where
many precautions take place to protect the land, maritime and air
environments. The port has waste pmn units, road cleaning vehicles,
wasteincineratorsdrainage treatment stationgleaning boats equipped with
mobile skimmersfor oil spills, a boat for reception of wastes and a waste
reception station witta total capacity of 400 tonneavailable 24hours per
day.
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Also, the port is equipped with six meters hfghces around the storage area,
supplied with water nozzles for realising the dust pollutidance, theport

manager accepts using the system in this type of disturbance.

5. The port operations manager focused on accidents, lack of equipment and
congestion as the main traffic factors which may cause traffic disturbance.
This type of disturbance may increase standing time, either due to lack of
equipment or due to an accidefthe operations manager recommends
monitoring the TS value and its components which include standing time
(SD). Also, he claimed that observing a number of calls is an acceptable

procedure to monitor the port performance in case of traffic disruption.

6. For force majeure factors, Damietta port, like other Egyptian ports on
Mediterranean Sea, closes occasionally during winter monthsn, for
example, tidal waves occur&he technical office and operations managers
recommend natisingthe system, nor any othgeystems in this situation.

The performance assessment sheet supports DAPEMS in measuring the port
performance during disturbances occurrence. It is recommended to observe OT, TS
and CT during disturbances. Higher OT, for example, may be due to higher
productivity and handling more volumes and receiving more ships. Also, it may be
due to lower productivity where ships sty longer time at berths or in the port,
where handling rates slow down, where storage yardsongested and where the

port operabns become paralysed. As mentioned in Table 7.2, DAPEMS has the
ability to perform its functions in disturbances, except force majeure disturbance.
Bolton (2000, p.7) explained that the reliability of a measurement system is the
chance that the system dperate to a specific level of performance under specified

environmental conditions.
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