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ABSTRACT

Ports are considered as a necessary element filitatay seaborne traffic. A wide range of perfante
measurement systems and frameworks have been gedefor this purpose using different techniquesis THelps to
monitor the performance of operations and terminmals port through providing a port with indicatdhat will assist in
assessing port productivity, and management of Gioaipd operations. Findings considered that ctrsystems are
limited as they focus primarily on measuring comeaised cargo and lack the focus of measuring dvewet performance.
This paper aims to contribute to the developmerknaiwledge and develop a port performance measuntesystem at
Damietta port, Egypt which considers not only corgdsed cargo but also other types of cargo nangglgeral cargo, dry
bulk and liquid bulk. Three measures were usedHisrpurpose, namely time, revenue and flexibititgasures. Multiple
regression analysis has been applied as a quamtitapproach for the time based performance messiRevenue
measures help to add visibility to revenue credigdhe port. Flexibility measures help the port ager to deal with
uncertainty in demand. Data has been collected &irottured interviews, port reports and dedicatedkshops for five

years from 2004 to 2008, on monthly basis.
KEYWORDS: Port Performance, Operations TinRegression Analysis

INTRODUCTION

Managers and authorities at ports have increasimggyn under pressure to improve port performanaenkyring
that the port provides services on an internatlgrampetitive basis. The diversity of port manajeesponsibilities, the
complex market structure of port industry, and ngamg port facilities require using a reliable maeagnt and
measurement tool (Simoes and Marques, 2010). Mem&utt systems are required to assess the currgntpecoductivity
and service levels at ports and to identify deficies within these ports. Hence, many studies warged out in port
economics, port policy, port management, port teaisi and port planning for evaluating port perfonoe
(Pallis et al, 2011). Analytical methods such as queuing modsischastic frontier, data envelopment analysisl an
simulation models have been the most common measmte approaches used in measuring port performance.
Performance measurement becomes an important flacteffective planning and decision making (Ch2003; Charet
al, 2003).
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18 Khaled El-Sakty, Nicoleta Tipi, Nick Hubbard & Chukwuneke Okorie

Measurement systems help in evaluating how existapgcity and port performance meet the requiresrafithe
shippers and ship owners in terms of the waitingetiof the ship, and how it can meet the consigreeg®ctations in
terms of the dwelling time of cargo. A port has maerminals and normally handles more than one typeargo; dry
bulk, liquid bulk and general cargo. A focus on meig one type of cargo does not reflect overatt performance.
Hence, the evolution of measurement systems ower temain a considerable gap in performance measmteresearch

(Kennerley and Neely, 2002). A systemic approaghoid performance measurement is required (BicmalLGray, 2004).

This paper is focused on developing a performaneasorement system and is structured in the follgwiay:
Section 2 provides a comprehensive review of ctira@proaches to port performance measurement systeection 3
discusses relevant aspects of the methodology aetthoals used in developing the measurement systentioS 4
examines the effectiveness of the current measurerapproach applied in Damietta port. Section 5eltgps a
measurement system to be used in Damietta porteciddamietta Port Performance Measurement SystenPEDAS).

Section 6 gives policy implications of the findingsncluding limitations and highlights potentiadas for future works.
SECTION 2: SUPPLY CHAIN PERFORMANCE MEASUREMENT AND PORT STUDIES

This section reviews current performance measurersgsiems that are used in ports and evaluates thei
effectiveness. The measurement of a port's perfucenhas been approached by researches in manyediffgays and
using a range of key performance indicators (Kiisjuding financial indicators such as income stetat, operational
indicators such as ship turn-around time, macracatdrs, micro indicators, productivity indicatomytput indicators,
service indicators and utilisation indicators, witbgard to technical efficiency, cost efficiencydaproductivity.
Furthermore, port performance can be measured asK¥gl of linkage. It refers to a linkage betweamtphinterland and
the inland transport network (EL-Sakty, 2003).

Port Performance Measurement Approaches

A diversity of systems and frameworks has beenldeeel for assessing the performance of ports. Bi¢2007)

argued that current measurement approaches amaatible with the port industry.

Bichou claimed that few approaches have linked amegrated operations, design and strategy witht por

functions. Table 1 summarises these common appesabhat have been developed for assessing parfisfpances.

Table 1: Performance Measurement Approaches Applieth Ports

Author

Applied Model

Focus

Limitations

Tongzon (1995)

Throughput model

Containerised ports

Average inputs

Notteboom et al

SFA

Port efficiency

A single year of data

(2000)

Tahar and Hussain| .. . o .

(2000) Simulation Crane productivity Missing key factors
Tongzon (2001) DEA Controllable inputs Poor data availability
Estache et al (2001) SFA Containerised ports Limited inputs
2/26(‘)'82;'”8 and Gray DEA Containerised ports Not clear in practice
Itoh (2002) DEA Container ports DMU system focus

Wang et al (2003)

DEA-CCR, DEA-BCC,
FDH

Throughputs

Unavailable data

Cullinane and Song

(2003)

SFA

Productive efficiency

Privatised ownership
focus

Impact Factor (JCC): 3.4458

Index Copernicus Value (ICV): 3.0
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Park and De (2004) BCC, CCR Throughputs One year of data
;rzoonogsz)on and Heng SFA, Liner Regressions TEU's measurement Simple model

Jaffar et al (2005) | TEU Containerised ports Irrelevant parameter
Roh et al (2006) SADT Efficiency Port users focus
Bichou (2007) Panel Survey Benchmarking

(Bzz%)rgcg and Manag DEA Port efficiency Missing key variables

Gonzalez and
Trujillo (2009)
Sharma and Yu

SFA and DEA Efficiency No clear methodology

Decision-tree Approach Terminal attractiveness | Container terminal

(2010)
Zouari and ‘Cost-Quality-Delay’ Logistical port Commercial and
Khayech (2011) method performance operational focus

One of the main research studies undertaken irfigitswas by Tongzon (1995) in which he establishemodel
of port performance and efficiency. The study airfiesily to identify the factors that influence pgrerformance. Then, it
turned to quantify the relative contribution of skefactors to the overall port performance. The eh@kamined only
containerised cargoes across a selected samplé obtainer ports. The study concluded that theecspf terminal
operation constituted the largest component ofdkad ship turn-around time. Valentine and GrayQ®0applied the DEA
model for 31 container ports. They examined thatiehship between certain types of port propertsegh as waiting

time, ship turn-around time, and organisationalcttires, with efficiency.

They concluded that such relationships lead to drigéfficiency and in turn these relationships affport
performance. Cullinane and Song (2003) applieditstic Frontier Analysis (SFA) model to assessirtifgrovement in
productive efficiency for those Korean ports whitdd been privatised. The study focused on conta@rerinals, using
cross-sectional data and panel data. Ng (2005x&mton scheduling problem in container ports. Hesictered a terminal
turn-around time as a key performance measurermstef how long a vessel stays in a terminal. Satioih has been used
as a method in measuring port performance. Manylation models of port operations, especially comaa port
operations, have been developed (Tahar and Hus2ad®,; Bielli et al, 2006). Simulation models have been used for
different purposes such as: the planning of fuhegh requirements of a third-world port; proposangmethod that uses
buffer space to reduce container loading times eptimise equipment utilisation; studying the impaétwork crew
schedules on container port productivity; and asigportive tool for evaluating and improving poctidties. Goodchild
and Daganzo (2007) examined the impacts of cranbldaycling on turn-around time. They argued tising double

cycling will lead to improved port throughput, Begroductivity and vessel productivity.

Gonzalez and Trujillo (2009) grouped measuremeptagrhes for port efficiency into three groups. Tingt
group comprises the partial productivity indicatofie second group includes engineering approashels as queuing
theories. While, the third group involves the tachhfrontier techniques. Sharma and Yu (2010)netal that traditional
DEA approach was not helpful in ranking Decisionkiig Units (DMUs) based on their relative degreksfticiency and

inefficiency, nor identified these variables thavé great impacts on the efficiency.

Hence, they applied the decision tree approachde@&A on 70 container terminals. They concludedt tha
terminals with high attractiveness scores have tlesdgs and therefore highly attractive, and vieesa. Each port applies
different KPIs and analyses various measures. dlewfing reasons explain why current port measurgnag@proaches

are inconsistent and unsatisfactory. Firstly, aurreeasures and KPIs focus on measuring producissues rather than
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measuring performance such as port infrastructucglystivity (Turneret al, 2004). Secondly, current measurement
systems focus on measuring productivity and perémae for a certain terminal or terminals rathentfua the whole port
(Valentine and Gray, 2001; Ng, 2005; Cullinagteal, 2002; 2004; Palli®t al, 2011). Thirdly, current measurement
systems lack a strategic focus. The focus is oftevards improving terminal productivity rather thamproving port
performance. Fourthly, cost is the primary issuaniost systems. Most measurement systems rely lgeawiffinancial
principles (Tangen, 2004) and most port studieeli@ed frontier cost approaches, and consideredgfficiency as a
determinant of maritime transport cost (Sancheal, 2003). Fifthly, most measurement systems areapgticable in

practice, or managers have not indicated how tdyappse in reality (Bichou and Gray, 2004).

Sixthly, measuring the efficiency side is the mairfocus in the current systems
(Brooks and Cullinane, 2007; Palésal, 2011). Seventhly, measuring containerised cargmegainer port and container
terminals are the objectives of most current systéRalliset al, 2011). Eighthly, different techniques such as D&l
SFA have been used in terminal studies in recemtsy&hallenges remain to use other quantitatipecgehes to develop

a more effective performance measurement system.

Ninthly, some key performance variables have bgeaored that have great influence on port perforreauch as
standing time and clearance time. Finally, mostsussment systems focused on assessing historidakpance rather
than future performance, and these systems wergnaek for external reporting rather than managing business
enterprises (Bournet al, 2000).

SECTION 3: METHODOLOGY

This paper aims to develop a port performance nreasnt system and it has set the following research
guestions for this purpose: what is the measurersgstem that is currently applied in measuring Dstai port's
performance?, what is the effectiveness of theectirmeasurement system in Damietta port?, how banctrrent
performance measurement system be developed taumeagerall port performance?, what are the redatind relevant
variables that influence a port performance and:het been considered in current models? and stiheisignificance of

the relationship between these variables?

The deductive methodology has been set to answepribvious questions. Quantitative approach istioaally
applied in measuring port performance (Marlow aras&ta, 2003). It enabled an involvement in the pamtking
environment, which enhanced data collection praessampling size, data type, data preparationngintata analysis
and level of data security. Thereafter, interviemith the port managers and directors were condutttietéen times to
verify the accuracy and reliability of data andidentify their needs in terms of performance measent system.
The strategy for carrying out this research is secstudy strategy as it considers the use of dataraolves empirical

investigation at Damietta port.

This strategy helps to generate answers to ‘homd, ‘what’ questions through providing a rich undansling of
the real environment (Saundessal, 2003). Damietta port is used as a case studyates was readily available to
comprehend how variables can affect port performaiddso, a case-study strategy helps to use vadaite collection
methods that enable to explain the existing thediny.(2003) claimed that this type of case studpased on factor theory
where the relationship between independent andndiepe variables can be explained and analysed sigstical

technique. Hence, the Ordinary Least Square (Ok§)ession is a fitting procedure used for dataysimlas statistical
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technique. Developing DAPEMS requires a specifmcpss. Selecting the right measures for propeesysiesign firstly
requires the strategic objectives to be definedefiémet al, 1989). A measurement system should be stratdégmaénted
and use acceptable parameters rather than focasitige actual output of the process (Maskell, 198&gr considering
the strategic objectives of the port, the next &dp design a system through selecting these unesishat shape a system.
Measures should include financial and non-finanomglasures (Maskell, 1989). Neadyy al (2000) recommended that

measures should be simple, easy to use and priast&eedback.

Performance measures are a part of a system thdiecased to quantify actions or a process (Brat, 2011).
Current measures that influence Damietta port pednce are also considered as a third step. &ralz(2011) argued
that existing measures are rarely deleted. New uneashould be selected in priority related todinategic objectives as
discussed earlier, and through involving the pognagers to determine what their needs are (Nekelgl, 2000).

The fourth step will examine the relationship bedwéhese variables and port performance.

In the fifth step, developing a more effective meament system has taken place using three measarem

categories: time, revenue and flexibility.

SECTION 4: CURRENT PERFORMANCE MEASUREMENT OF OPERA TIONS AT DAMIETTA
PORT

This sections analysis the current performance umea®ent approach applied in the port and to exaritine
effectiveness. Different research methods have beggplied for this purpose; including interviews, ripoecords,
governmental publications, port visits, observatimternet and literature review. The port was tarmted in the early
1980s and it began its operation on July 1987 Far purpose of improving the flow of trade-trafficrass the
Mediterranean coast of Egypt. Damietta Port is tledan Northern Egypt and it is about 8.5 km wefsthe Damieta
branch of River Nile.

It has a strategic location near the Suez Canabé#mel Mediterranean hub ports, particularly East Baid port
(Suez Canal terminal). It has five terminals arelfbrt installations extend access an area ofddl.&m. It is considered
as a multi-purpose port and it is linked with diffat modes of transport and it has 18 berths. TémiBtta Port Authority
(DPA) takes into consideration that the number lups calling the port is the key prerequisite toamee the port
performance. The port authority believes that deil@ing the number of ships calling at the port kelmderstand the
streamline flow of all types of cargoes. DPA reeotice number of calling ships per month as a kefppwaance indicator.
Then, it, as in other public Egyptian ports, conggatotal number of ships and total volumes handiethe port on
monthly and yearly basis to show if there is améase or decrease in total number of calling sfiipse.number of calling
ships at Damietta port has increased significagitige its opening in 1987. The port received 325pssin 2010. A focus

is mainly on container terminals and containerisaado.

Little attention has been given toward other typesargo by the port managers in the process diiatiag the
performance. As discussed in the literature, masteot performance measures focus on containemsatither than

generalised cargoes.

It is argued that measuring Damietta port perforreaim terms of the total number of calling shipgher
container or general cargo ships, is inadequatetatmes not reflect port performance. Interviewwswed that the port’s

manager’s uses only berth occupancy in measurirfgrpgance, with no regards to other recodther measures are used
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by DPA in assessing the port performance, includotgl volumes handled. It is obvious that Damigttat managers
focus on productivity measures more than performaneasures in assessing their port performancanlbe concluded

that no measurement system has been applied tesaghgeport performance.
SECTION 5: DEVELOPING DAPEMS USING TIME, REVENUE AN D FLEXIBILITY MEASURES

Damietta port managers work in a complicated andadyc environment where every ship calling at tbet p
requires different preparations and where everyaijon requires the use of different facilities.nde, port performance is
determined by a variety of predictor variableBe growing complexity of operations in ports and tise of inadequate
predictor variables represent a strong argumenardsvdeveloping a more effective performance measent system.

This section discusses how DAPEMS can be develapieg) time, revenue and flexibility measures.
Developing DAPEMS Using Time Measures
The following determinants are considered relevamn building DAPEMS:
* A Ship Turn-Around Time

The total time a ship stays in port is a key penfmnce indicator and clearly affects port perforneaand freight
rates. Any port is not a holding point, and thellelmge is to move cargo on board or to delivepitargo owners in the

shortest time.

The authors argue that the time a ship spendsriropat berth is important to be considered asiities cargoes
and it cannot be discharged until a ship is athbend starting discharging operations. The longghmip stays in the port,
the greater the cost for ship owners, shippersgantclients (EL-Saktgt al, 2009).

e Grouping Port Operations

Port operations have been grouped by the authtosfive groups. Ship-side activities involve loagliand
discharging rates per day, berth occupancy, watting at berth and number of calls. Land-side #@ivinvolve distance

between berths and warehouses or port gates grattitransportation.

Equipment operation involves the amount of avadabhuipment, their capacities and efficiency. Sjera
operations involve types and number of warehousdstizeir storage capacities. Clearance activitésrrto the required

time to accomplish the required documentation dearance.

e Consideration of Other Types of Cargoes

There are different classifications of cargoes &diog to the handling method, principles of stowageénciples
of taint and ventilation and weight. Types of cag@ccording to handling method will be considebebause handling
activity is most important in ports. Damietta pbeindles four types of cargoes, namely; generalocaig bulk, liquid

bulk, and containers.

Developing steps start with defining the structtmough determining the assumptions of the propasstem
(Neely, 1995). The system’s assumptions help iretstdnding what performance measures should be whead they are
used for, and what benefit they provide. In timeamees, regression analysis has been applied athadrfor explanation
of phenomena and prediction of Damietta port pentorce. At the beginning, it is important to deterenihe response and

the predictor variables. Response variables wetigatkfrom the port strategy. It is important taeteine a response that
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connects the port’'s operations with its strategye(®erd and Gunter, 2006; Neely, 1995). Damietta gicategy focuses
on optimising the required operations that inflledow long cargo stays in the port. ‘The focus lisags towards
reducing the total time cargo remains in the pdhg& port director said. Marlow and Casaca (2008ued that a port
needs to be lean through moving cargo quickly andaghly in alignment with port demand. Reducingtibtal time cargo
remains in the port will improve port performanaeldncrease the port clients’ satisfaction. Thipsehe port to have a

competitive advantage to compete with other porthé Mediterranean basin.

Hence, the total time cargo remains in the porl Ml used as an indicator for determining whethert p
performance is improving or deteriorating. For detia@ing the predictor variables, two questions neelle addressed, as
they help identify the rest of the assumptions &PEMS: what are the predictor variables that inflces the total time

cargo remains in port? and how are those variablegelated, and how can they be calculated?

For the first question, the answer is that thel tii@e cargo remains in port is influenced by thtal time a ship
spends in the port (TS) and clearance time (CT).rdf8rs to the total time between a ship's arrigal port to its
departure. It includes ship turn-around time. F@&, Tt is corroborated berthing time (BT), un-bemthitime (UBT),

standing time (SD) and operation time (OT), ah@equation (1):
TS = BT +UBT +2*SD+0OT (1)

DPA has provided data for BT, UBT, and SD variabldse problem existed in getting data about OT.ré&f€rs
to total time required for loading and dischargaaggo at berth. Currently, there is no formal reawng of operation time

in Damietta port. Hence, regression analysis waf@peed to calculate OT.

For the second question, the authors reassert@dia®T is part of TS, and that TS and CT influgnicdurn, the
total time cargo remains in ports. This assumpégplains how variables are interrelated. It heligs &0 understand the

structure of DAPEMS. It can be concluded the reingimssumptions incorporated are as follows:
» Reducing the total time cargo stays in the portiwiprove port performance.
* Reducing TS and CT should minimise the total timegyo remains in ports.
« OT, BT, UBT, and SD are parts of TS.

e There are seven key predictors that influence G¥0 Variables have constant values according tatadable
data in Damietta port. These values have not beasidered in regression analysis: equipment angori-

transportation.
* Ordinary Least Square (OLS) regression analysidban applied in calculating OT.
» Itis assumed that the port does not operatedibtias at 100 % utilisation rates.

e The Egyptian ministry of transport has set constahies for all fees, dues and associated costseltalues are

applied in all Egyptian ports.

For TS calculation, reducing the total time a stgys in the port (TS) should reduce the total thaeo remains
in the port. When a ship stays in a waiting arearmhorage area and it is loaded with cargo,ifhrtant to consider this
time as cargo is being held on board and it cabeadischarged until a ship is at berth. Hence hivegtand un-berthing

times and standing time should be considered. BBT dnd SD data have been gathered for four typesaojoes,
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including general cargo, dry bulk, liquid bulk acehtainers.

For OT calculation, regression analysis has beeiiaapto examine the relationship and cause anecsf

between OT and key performance variables. Tablo®/s that there are seven important variablesenfting OT.

Table 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 of calls No Independent
TTH Total tonnes handled Independent
BO Berth occupancy Independent
LDR discharging ratésoading | Independent
ST Storage Independent

The question is why do these variables influence? @Gifd, in turn, why do these variables influencet po
performance? Firstly, these variables influence &3Tthey represent key operations required to camphe required
loading and discharging. Secondly, they have actlimpact on the total time cargo stay in port.rdly, these variables
influence the setting of freight rates and operatiosts. Many simple and multiple regression molaie been performed

separately to calculate OT. The aim is to findlbest fitting models.

In general cargo, no significant improvement waseobed when LDR was added to the model. The reiasive
ST predictor plays an important role in the geneeajo at Damietta port. A sufficient numberstifrage areas and the
capability of the equipment serve to increase #edhing rate (LDR predictor). Also, the rate ofdaay and discharging

differs from one type of general cargo to anothdrich cannot be considered as a leading factoDMg,

In addition, LDR has no significant effects becaumest general cargo discharged at Damietta pow is
measurement cargo (light cargo). For TTH the biggtd model has excluded TTH because there isangtrelationship
between NCS and TTH, as it accounted for 89%. iBhisilled multicollinearity in the regressors, whileads to unreliable
estimates of the regression coefficients (Draper amith, 1998). Also, VIF test shows that TTH's \dguals 5, which

leads to poor estimation.

In dry bulk cargo, it was found that BO and LDR &aw significant relationship with QT BO predictor is not
significant because dry bulk cargo is subject &péctions before loading and discharging accorttnggyptian law.
The first inspection is conducted after the shigésthing. Ships will wait about 24 hours for thesuk of the first
inspection. The second inspection is carried owt tays later during discharging. For the LDR praicit has no
significant influence on Ojfbecause bulk ships are usually discharging usimtable evacuators which have a very high
productivity rate. Thus, the handling rate is veigh and dry bulk ships are required to dischargagiradirectly into
trucks, as Damietta port does not have a graintsilgtore the grain cargo. VIF test shows thateherno perfect

multicollieanarity between predictors.

In liquid bulk, it was difficult to select the befiting model as there were many goodness-of-fitlels. The best
model above has excluded BO predictor, mainly, twich multicollinearity. Introducing the BO predictowith
multicollinearity, leads to two problems. The figbblem is that the individual P value becomedeaaiting as the P value

is high, even though the variable is important. Beeond problem is that the confidence intervalshenregression
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coefficient become very wide. The BO predictor hastrong relationship with NCS and ST. VIF testvghthat BO's VIF
equals 11.7 indicating high multicollieanarity.

Also, excluding BO was because most liquid cargoessitates safety measurements prior to, duringasted
loading. Ships are subject to safety inspectionldading station management, which take a long tillso, some
measurements should be performed before startsngp#tling operation; such as checking the levéijafd in tanks and
calculation of liquid temperature and density. Afompletion of loading operations, ships are agsibject to
measurement and cargo calculation before theyeadyrto sail. In addition, some liquid bulk shigsjuire a cooling
operation to cool down the tanks, cargo pipes aldeg in order to receive cold cargo. This meaas ships occupy the
only berth that the liquid bulk terminal has, with operations being actually performed. Hence Bepredictor will not
contribute significantly to the model. LDR predicts also not statistically significant, as p-vaki€®.102. This is because
loading starts at a slower rate, which increastes ahsuring that all pipes and valves are settipdrcorrect manner. Also,
before the end of the loading operation, the statidl slow down the loading rate again to avoidlage. In containers, it
was obvious that the selected model has excluddd. The reason is the transit shipment. These awertmistay in the
port in contrast to those containers delivered ihi® country, which are known as domestic contain€hus, not all
containers require the same @I. This may explain why the influence of TTH is lowhirdly, handling containers
depends on a range of factors; such as empty oensaand full-loaded containers where empty coetaican be moved
and stacked fast. In Damietta port, empty contaigenstitute about 30 %of total containers handletthe container yard
per year. Fourthly, VIF test shows that includin§Hr variable will lead to poor estimation. VIF egsid with milled

multicollieanarity in case of including TTH.
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From performing tens of residual plots and probgbplots, Figure 1: displays, for example, thanharmal
probability plot points generally form a straigitd, which means that the residuals are normabyjriduted. Residuals
versus fits showed a random pattern of residualsotin sides of 0. It indicates that there is nptedominance of positive

or negative residuals, as residuals are randomstyilslited about zero and less concentrated.

It can be accepted that the relationship is lifesween variables, because the residuals do nebapp form a
curve. Histogram examined the variation and shaparacteristics of the data using a histogram ofduads.
The histogram showed that normally distributed datarelatively little skewness. Residuals versueioindicated that
non-random error. A positive correlation is indaxatby a clustering of residuals with the same sigre versus order
showed that there is no correlation between ranéomrs, which means that they are independent ol edher.

According to regression theory, it means that dggassion follows the assumption of OLS estimation.

For CT calculation, DPA has a record for CT for tgjbes of cargo handled in the port. CT data hasenb
gathered, organised and entered to MINITAB softwéle calculations was carried out to calculate BVailable data

have been approved and verified by the MOT andaoustssociation to prove the data reliability.
Developing DAPEMS Using Revenue Measures

Few studies calculate port demand and revenueifum€Talley, 2007). The focus was on port reveneregated

from the transfer of cargo from and to ships. Td®uf was on two sources of revenues: ship revemlieargo revenue.

Ship revenue was determined by port dues, whilgacegvenue was determined by cargo handling operétne
and volumes. Kim and Sachish (1986) to calcular mwvenues, and where ORt is the operating revémugear t have

applied equation 2.
Marginal Revenue = [(OFOR" Y)-(OR1y)(y*-y"™)]/(CON'- CON?Y) (2)

Le-Griffin and Murphy (2006) discussed the posgipilor container terminal operators to increaseithevenue
through increasing container handling productiatyincreasing working time at berths. These propesiwill minimise
the time containers spend in port and in turn It attract more ships to call. Talley (2007) rethigort profit with port
throughput. He compared a port's actual througtgpiis optimum throughput to determine whether g’p@erformance
is improving or not, and in turn, to determine wteatport revenue increasing or decreasing over. tiroagzon (2009)
explained that port charges vary according to pattire and functions, which in turn affects poxtereue. He discussed
two types of revenue sources, including ship-bageels and cargo-based types. Pallis and De Lar&fH0] discussed the

results of financial crises on port revenue andipro

They claimed that a decrease in volume and trégfcls to a decrease in revenue. Also, lower dusepuhts
granted to ship operators, lower tariffs for larghips, lower handling fees for large quantitied discounts granted for
new traffic in some location. Hence, they suggestecburaging investment in port ownership, leasing construction.
Increasing the total time that cargo stays in Déiport or in any other ports means extra tasffsuld be paid by the

port clients. Tariffs may cover grounding rentratge costs and handling fees.

These tariffs are considered as charges for thegtients, and at the same time, they are reveou¢h® port
itself. This means that increasing the time thagcaemains in the port will lead to increased raixeto the port. The port

revenues can be maximised if the port clients pagertariffs, and this can take place in one offthlewing cases:
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» If cargo stays longer time in the port, which regeigrounding rent and rent of port facilities;
» If volumes of handled tonnes increase; or
» If OT increases as facilities and rented equipraeatused for longer periods of time.

These cases above refer to more income to theapdrinore expense to the port users. No doubtettens case
is more preferable. However, increasing volumes leagt to port congestion and consequently for cemgemain longer.
It is complicated to make a balance between thasescabove. Equation 3 can be used to calculatotheevenue from

operation time OT and it can make a balance betWeeabove cases:
Port revenue = * no. of tonnes handled * elapsed time 3)
(Where o refersto a constant tariff)
* Revenues generated from OT

In Egypt, the Ministry of Transport sets fixed téxifor all operations in all Egyptian ports thaiver loading and
discharging costs (OT), total cost paid by shipbeaaths due to how long the spend in the port (E®grrance (CT), and
storage costs. Decrees number 393, 394, 395 and®@Rillustrate that tariffs are valid from 2008tibnow and applied
to all types of ships, Egyptian and foreign shipisese tariffs are constant, but they vary with yeosameters: how many

tonnes handled in Damietta port, and how long cagpend in the port.
Equation 4 was developed to calculate the portmgedrom OT:
Port revenues from OT &* total tonnes handled *OT (4)

Wherea refers to tariffs that port clients should payeTNalueo differs from one type of cargo to another. Also,
a value for TS is different from value for OT operation, simply, because each djperdas different elements and each
operation uses different port facilities. For th€, @ value includes loading and discharging fees peneégper hour. For
TS, o value comprises port and light fees, towage (i aunt) fees, Pilotage (sea and port pilot) feespmamd unmoor

fees and port state fees.

For general cargo, dry bulk and liquid bulk, thelement of the fees includes loading and discharfiom ship
to berth and vice versa. While for containers,ghiemore than one element for handling tariff lnseaan empty container

has a different tariff from a fully loaded containBoth empty and loaded container tariffs aretided in the system.
* Portrevenue from TS

Tongzon (2009) discussed two types of port chargieig-based charges and cargo-based charges. Barfes

are generally levied on the basis of the numbeat$ and the amount of cargo handled in the port.

A ship-based type includes port navigation feesthbleire, harbour dues and tonnage. While, cargeébadypes
include wharfage and demurrage. The first typehafrge can be calculated against gross registene@$oGRT), and the
second type of charges can be determined by tks that have been set by the port. Damietta poetive the revenue
from total time a ship stays in the port (TS) tdapends on both how long it stays and on the gassage (GRT).

The port and light dues involves tariffs for subreénts such as port dues, light dues wharfage dods;leaning dues.
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Interviews with the port director and the port gems manager showed that the TS revenues arentyrr
calculated by multiplying tariffs with GRT, excepharfage dues which is calculated by multiplyingfia with GRT with
OT. Revenues from TS include other elements sutbveasge fees, pilotage fees and port-state feésirtportant to note
that special cleaning fees are charged at Danmpeitabecause it is a green port. These fees caxdeded when the

system applied in other ports such as Alexandria po
* Portrevenue from CT

Clearance charges vary according to tonnage andoaréme dependent. They are known as agencyifieksie
many elements; post office fees, Arabic translafees, fees for crew permission documents, telecamation costs,
photocopy fees, customs, immigration office, meldiogurance fees, $ 3 USD commission for contasenvice per
container (for containers only). The port reveninesn CT can be calculated by multiplying the clemm tariffs with total

cleared tonnes. This was made by the help of gaflinustom inspector during the port visit.
Developing DAPEMS Using Flexibility Measures

In port studies, different flexibility measures wemapplied according to the purpose of measurement.

Table 3: displays the flexibility measures that @senmonly applied in ports.

Table 3: Flexibility Measures in Port Studies

Author Focus (Flexibility Dimension) Flexibility Measures

Chlomoudis and Pallis (1999) Port Management Scientific management,
technologies, markets

Fourgeaud (2000) Port Capacity Commercial capacity output

Notteboom and Winkelmans (2001 Port Capacity Economics of scope

Tongzon and Heng (2005) Port Throughput Port management performance

Jara-Diaz et al (2006) Port Capacity Lat_;gyr, space, storage and
facilities

Diaz-Hernandez et al (2008) Cargo Handling Flekipil Labour and equipment

Notteboom and Rodrigue (2008) Terminal Capacity Storage and Handling

Plans refer to the possible port flexibility tocall a prompt response to changing demand. It idedtthese plans
that should be considered in port flexibility, inding a maritime traffic assignment plan, a natiggmat investment plan,
an inland routing plan, a coastal shipping plam port master plan. The recommendation was mageotade additional
temporary facilities to maintain a port capacitycese of the growing traffic, and to provide opieral plan and cargo
handling methods to cope with growing volumes. Hemport flexibility is mainly concerned with theahand long-term
investment plans. Different solutions were propaagdontingency plans, including for example hiningpile cranes from
outside the port, speeding up the handling ratesraducing ship turn-around time. Notteboom and R&fimans (2001)
argued that a port is being chosen if it helps wimise the sum of the sea, port and inland cdstdepends on a port's

capacity to influence goods flow.

Marlow and Casaca (2003) proposed that ports shioeldgile which implies flexibility that allows fajuick
response to changes in customer demand and toigraampetitive markets. Jara-Diazal (2006) claimed that a port has
many stakeholders and operations which require figdibility in terms of coordination between theifhey focused on

coordination between labour, space, facilities agdipment in port operations. They argued thatra isca factory that
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provides services (inputs) to receive, dispatch @ldrer cargo (outputs). Diaz-Hernandazal (2008) focused on cargo
handling flexibility because it involves all actigis related to the movement of goods inside a, pately labour
flexibility and equipment flexibility.

Tanejaet al (2010a, 2010b) argued that flexibility in ports daa incorporated in the infrastructure design and
port planning. They argued that port performancasuees are generally time and cost-related and dhggested some

strategies to cope with uncertainties, such asaxnipg flexibility for operations and vessel berttin

As a performance measure, flexibility can be defias optimising the movement of cargo and redutung-
around time of ships. In Damietta port, OT and Te&valoped previously as time measures can be useddist in
measuring flexibility. In DAPEMS, flexibility meases will be incorporated with time and revenue meas and it will be
divided into three layers, including physical irdtiaucture flexibility, operations flexibility andesvice flexibility. The first
layer is the most static and it is related to tlet gonstruction (Tanejat al, 2010b). In the second layer, flexibility is
concerning the clearance time and operations tietative to the volumes handled. The perceptionleXilfility for
customers extends to the landside as well as tov#iterside. The third layer displays that serviegibility is concerned
with the ship turn-around time. Table 4: shows hbe flexibility measures take place to calculate port ability to

respond to any changes.

Table 4: Equations Incorporating Flexibility Measures

Flexibility Layer Measure
Physical infrastructure flexibility |  Static

Clearance time (CT) relative to TTH Operationg
time (OT) relative to TTH
Service flexibility A ship turn-around time (TS)laéive to NCS

Operations flexibility

From Table 4: the port flexibility can be measutieugh operations flexibility and service flexibil Equation

5 shows that both flexibility layers refer to therpflexibility.

PF= OF+ SF ()
Where

PT = port flexibility

OF = operations flexibility layer

SF = service flexibility layer

OF and SF can be measured using TS, OT and CTqdéstion is how to measure flexibility relative@d and
CT in case of operations flexibility and relative S in case of service flexibility. As displayedTable 4, TTH can be
used in relative to OT and CT, while NCS can bedusecase of TS. Increasing volumes handled inpibet lead to
increase the time required for loading and unlog@inpments, and to increase other forms of tinoh s clearance time.
Controlling these times to the minimum refers te tperations flexibility. There are many flexihjlilimensions can be

used to control these times as follows:
e handling rate (hr)

* handling methods (hm)

www.iaset.us editor@iaset.us



30 Khaled El-Sakty, Nicoleta Tipi, Nick Hubbard & Chukwuneke Okorie

e equipment productivity (e)
» storage availability (sa)

» labour productivity (Ip)

* volumes handled (vh)

Increasing the number of shipping calls may inaeaaiting time in anchorage area and in ports. @dimng a
ship turn-around time to the minimum refers to $kevice flexibility. Also, there are many flexilifidimensions can be

used in measuring service flexibility:
e berth length (bl)
e berth throughput (bt)
e handling rate (hr)
» labour productivity (Ip)
» administrative procedures (ap)
» shift working-time (sw)

Equation 6 can be considered in the investment, plaster plan and contingency plans in Damietta jtonelps
to assess the port’s ability to cope with changilegnand. It is used to calculate port flexibilitjatéve to previous

identified flexibility dimensions as follows:
PF = f (hr, hm, e, sa, Ip, vh) + f(bl, bt, hr,dp, sw) 6)

Top managers at ports need to be involved frombéginning of the implementation of operations tovute

agile port, that requires a new approach to quiekigpt the services provided (Marlow and Casada3)20
* DAPEMS Formulation

DAPEMS was developed using time, revenue and fligyilmeasures. Tables 5 displayed DAPEMS. Theesyst
aims to help Damietta port management to predienage and control the port performance using ting r@venue
measures, while the equation 6 can assist portsiagers in their planning and managing their pofasilities and

resources.
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Table 5: DAPEMS
Diamistta
M:e Category Twpa of Cargo (eneral Cargo Dy Bulk Liguid Bulk Containzrs
=-J054 +4TEHNCE + - Ol =-6 +43EHES + =-S5+ 4O NCE+ 111
B e 0T =-1110+51.2 NCs + . _ s .
g oT 0.00468 ST +28.5BO 0.00159 TTH + 0.00622 5T 0.00215 TTH-0.0137 5T | BO+0.0540 LDR}- 0.00285 8T
= Ts T5!_=DT=_—25D=_—BT=_ Ts, =0T, +18D, +BT + | TS_=0T_+28D,+BT_|T5_=0T +25D +BT +
g +UBt _ UET, | +UBT, ) UBT
T CT T = CIee C,’I‘}: moc: foxdcd]. | com femer]
[e__ * no of contajnar(loadad)+
Revenue from o ® £ PR K
; OT/month ”;:H no of tonnes® O'Igz o,, * no of tonnes*0T Oy * no of tonnes*0T - Wy RO ol;contemaf.\.mpt_\j]
H (REVOT) Ot
:§' TS revenues Tariffs {tonnas) (tim=)
= B TITS TCRT
i g Port Duss
- E UER *GET
o = Light Dhuas
= 2 Favenus from a ship Wharfass Dua 0015 % *GRT * time
§ stays in the port /month Hheriags Ducs TZ0%
2 (REVTE) (Cleaning Faes
[(B_ *noofcontsiner{loaded) ),
Ravanus from CT/monfh B *mo of tonnas B *mo of tonnss B *no of tonmas (ﬁﬁ_ * no of container{zmptv)]
(REVCT) = & £ =
Total revenus/month | REVOT +REVTS +EEVCT | REVOT + REVTS +REEVCT | REVOT +REVTS + EEVCT FEVOT + REVTS + EEVCT
]
-
T o= -
= - é Total Tonnas Handlad Total Tonnes Handlad Total Tonnes Handlad Total Tonnez Handled
=
B
HE PF= (e, hm, = 58 lp, vb) + (6L Bt b, o, ap. 590

Keys Used in DAPEMS

TS = total time a ship stays in the port o - = tariffs set for loading and discharging
CT = clearance time B = tariffs set for clearance cargo

oT = operations time - REVOT = revenues gererfitom OT

NCS = number of calling ship -BT = berthingné

BO = berth occupancy -UBT = un-berthing time

TTH = total tonnes handled in a given period -SD = standing time

LDR = loading/discharging rate - REVTS = revesigenerated from TS

ST = storage - REVCT = revenues generated €dm

GW = Gross Tonnage

SECTION 6 — CONCLUSIONS AND FURTHER RESEARCH

A wide range of measurement systems and framewuake been developed for assessing a port perfoemanc

It is found that current measurement systems agppli@orts are limited in quantifying port perfornuz.

This paper sought to investigate how current perforce measurement systems can be developed torméaesu
performance of ports. A quantitative approach wadopmed to develop the proposed system, named DAREThe

system started with time measures, and then itewtsided using revenue and flexibility measures.

Further areas of research needs more investigaigdtady. Other categories of measures can bededlinto
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the system, such as quality measures and assegemaaat. Other types of cargoes can be added iateytstem such as
natural gas. This requires dedicated KPIs and meagather than those used in the system. Alsardutesearch can
apply regressions on cost measurement, and orgianaband administrative operations can be comstidn next paper,
DAPEMS reliability in case of disturbances will bgplained. Also, the system was tested for two ot Damietta

port. The feedback will be discussed in furthergrap
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