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Abstract

Highly competitive nature of port business environment puts heavy pressure on port operators on
performance related issues. In order to be competitive, after all the other strategic moves are exhausted,
what is left is to improve the performance of a port by means of increasing the number of vessels calling
the port. One way to achieve this goal is to minimize the time spent at port for each vessel. Using the
data envelopment analysis (DEA) method to evaluate its efficiency, this paper analyzes a port which
made investments in order to improve this issue with berthing time difference (BTD) as the output. The
results show that DEA method can be a valuable tool for port operators in evaluating the efficiency of
their investments.
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Yatirimlarin Liman Verimliligi Uzerine Etkisinin Degerlendirilmesi: Bir Performans
Gostergesi Olarak Yanasma Zaman Farki

Oz

Liman isletme cevresinin rekabetgi dogasi, liman isletmecilerine performans ile ilgili hususlarda bir baski
unsuru olusturmaktadir. Rekabetci avantaji elde etmek adina, stratejik olarak yapilabilecek hamleler
tiikendiginde, geriye kalan tek secenek limana ugrayan gemileri artirma yolu ile liman performansini
yukart cekmektir. Bu hedefe ulasmanin bir yolu her bir geminin limanda kaldigi stireyi minimuma
indirmektir. Bu ¢alisma, veri zarflama analizi (VZA) ile, bu hususu gelistirmek icin yatirim yapmis bir
limani, ¢ikti olarak yanasma zaman farkini (YZF) kullanarak analiz etmektedir. Sonuglar VZA'nin liman
isletmecileri tarafindan yatirimlarinin degerlendirilmesinde énemli bir arag olarak kullanilabilecegini
gostermektedir.

Anahtar Kelimeler: Liman Etkinligi, Liman Yatirimi, Liman Stiresi, Veri Zarflama Analizi.
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The maritime trade has always mirrored
the global economy and can almost be
deemed an indicator of it. The lingering
decrease in the world trade made the
already cut-throat port industry even
more competitive. The severity of the
circumstances becomes clearer in the
competition of ports in the same region
or even the same country [1]. While other
factors such as hinterland and proximity to
industry/consumeris on the same level, and
considering the port fees would be almost
identical, all that is left to make a difference
is the port efficiency. In order to gain a
competitive edge, slightest it might be, port
authorities plan, strategize and implement
both infrastructural and superstructural
investments, and as to compare with
their competitors, majority use the cargo
throughput figures. Port efficiency has been
thoroughly researched in the literature,
for multiple reasons including the above
mentioned ones. However, while cargo
throughput seemingly was the main focus
in most of such researches, it is merely
a fracture, when one considers the port
functions as a whole. While the cargo
throughput is an important performance
indicator in port authorities’ point of view,
time the vessel spends at the port is one of
the more important criteria when it comes
to port selection for shipowners. The time
spent at port not only means more costs
for the shipowner, but also can create
bottlenecks in the supply chain process
[2, 3]. Thus the expectations of the port
users regarding the port time results in a
pressure that is put on the port authority.
To overcome this pressure, port authorities
are forced to implement infrastructural
or superstructural developments besides
carrying out effective operational planning.

In the light of this information, this
study focuses on time spent at port
as a performance indicator. As Data
Envelopment Analysis (DEA) analyzes
efficiency by comparison with the best

practice, it has been increasingly used as
an efficiency measurement tool [4]. This
paper aims to evaluate the effects of port
investments and resource assignments on
average time that a vessel spends in port
between the actual berthing time and the
requested berthing time.

The majority of researches regarding the
port efficiency considers cargo throughput
as the sole output, only a small number of
researches considers different aspects of
portefficiency eg. [5, 6, 7, 8, 9]. Even when it
is considered as an output, port time related
outputs include the whole time that a vessel
spends in port without distinguishing the
waiting caused by parties other than the
port. This papers originality comes from
the fact that the authors chose to analyze
the time that the port actually has control
over, which can be seen as a true indicator
of performance.

The structure of the paper is as follows:
In the first section of this paper, the
related literature is reviewed based on the
different DEA methodologies and aims on
port efficiency. In the second section, the
applied methodology and the data used are
explained and finally in the third section the
results are discussed and some suggestions
are made on the matter of reducing port
time.

2. Literature Review

In today’s competitive port industry
conditions, the importance of port efficiency
is becoming increasingly obvious. Whilst
the usage of DEA method in port efficiency
measurement is becoming widespread,
researches are greatly varied not only
by their aim, but also with their sample,
methodological approaches and input/
output selections.

In this body of literature, the study of
Roll and Hayuth [10] appears to be the
initial attempt that applies DEA to the
port industry. However, as the data of the
study were hypothetical, the authors aim
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is only to point out the usefulness of DEA
for measuring the port efficiency. This
research can be considered as a kickstarter
for the application of DEA method in port
efficiency measurement researches with
differing aims.

The main aim in the majority of the
researches have been determining the
sources of inefficiency in order to indicate
possible improvements to be made
regarding port efficiency. Although these
studies approach the matter in the same
aim, their samples and input/output
selections for evaluating efficiency differs.
Among these researches, some of them took
it a step further and carried out benchmark
analysis as well [11, 12, 13, 14, 15]. By
doing so, the findings of these researches
have provided valuable information for the
inefficient ports by indicating the efficient
ports which they should emulate.

Apart from that, the relation between
the efficiency and the size of the terminal
have been important research question in
the literature. However, the related studies
revealed that the size is not a determining
factor for port efficiency aimed to explore
whether there is a relation between port
ownership and efficiency but it is found
that no relationship exists between them
[15, 16, 17].

The differences between the aims of
the port efficiency studies resulted in
various methodological approaches as
well. In his study, Itoh [18] focused on 8
major container ports in Japan and applied
window analysis in order to determine the
efficiency changes in 9 years period. Similar
to Itoh [18], Al-Eraqi et al. [19] performed
both standard DEA models namely CCR,
BCC and window analysis together in
their research and gained larger details on
performance analysis of main seaports in
the Middle Eastern and African countries.

So et al. [20] aimed to measure the
relative efficiency of major container ports
in the Northern Asia and identified the

sources and degrees of inefficiency. This
study distinguishes itself from the others
by applying super-efficiency model apart
from standard DEA models. By doing so,
the study makes a further investigation
on the efficient DMUs and measures how
much the inputs can be increased while
not become inefficient. In resemblance,
Ablanedo-Rosas and Ruiz-Torres [13] used
super-efficiency model and examined 29
Mexican ports by providing the ranking of
the efficient decision making units (DMUs).

Beside the above mentioned researches,
there have been some interesting studies
with their unique and/or pioneering
methodological approaches. Lin and
Tseng [6] applied slack variable analysis
to reveal the potential areas that needs to
be improved for altering the inefficiencies.
Following this, a sensitivity analysis is
conducted to identify the weights of the
inputs and outputs in terms of their effect
on the efficiency. Ng and Lee [7] evaluated
the efficiency of major Malaysian container
ports both with cross-sectional and panel
data analysis. Different from others, this
paper added a port (Port of Singapore)
which is not originally involved in the
sample in order to gain an advantage of
providing a reference point. To identify the
potential sources of inefficiencies, Min and
Park [8] proposed a hybrid DEA/simulation
model and measured capacity utilization
and throughput efficiency of selected
container ports.

When studies similar to this one that
focus on Turkish container terminals are
analyzed, it’s seen that they vary in sample
selections; methods applied and input/
output selections. Ates and Esmer [21]
linked DEA with Malmquist Total Factor
Productivity Index in order to analyze
the effects of 2009 global financial crisis
on 13 Turkish container terminals. With
a broader sample including 16 Turkish
container terminals, Ates and Esmer [22]
applied various DEA models, namely; CCR,
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BCC and super efficiency along with Free
Disposal Hull method, which is another
relative efficiency measurement tool. While
these two studies analyze TEU throughput
as the sole output, in the researches of
Giiner [23, 24], the scope of the efficiency
analysis was widened as the outputs also
include additional performance indicators
such as number of ships and total revenue.

The common ground of the reviewed
literature is that each of the studies
compares different ports as DMU’s and
rarely use other model outputs than TEU
throughput. This research differs in both of
the above mentioned matters by i) applying
the longitudinal data of a single port as
DMU’s, ii) analyzing BTD as an output
measure considering its importance as a
key performance indicator.

3. Methodology

DEA is one of the most commonly
used non-parametric mathematical
programming technique which is developed
by Charnes et al. [25]. It is based on an
efficiency concept which was originally
introduced by Farrel [26]. In this concept,
efficiency frontiers are constructed and
homogenous DMUs are used to estimate
relative efficiencies. Any unit on the
frontier is considered efficient and the
units positioned below the frontiers are
considered inefficient.

The most popular DEA models are the
CCR and BCC models. The original model
of DEA is CCR which is mathematically
modeled by Charnes et al. [25]. It assumes
constant return to scale relationship
between inputs and outputs. The BCC
model which is introduced by Banker et al.
[22] assumes variable returns to scale.

The initial CCR output - oriented model
(in envelopment form), can be stated as
follows:

Max 6, h{iS{ +2S:]

i=1 r=1

Subject to

Apxy; +87 =x,; i=1,2,...,m;
j=1
DAy +S8 =6y, r=1,2,..,s;

Jj=1

A.,87,.87 20,

J2Ti 2T

j=1,2,..,n; 0<&<<<1

where: m is the number of inputs, s is the
number of outputs and n is the number of
years (DMUs) used in the evaluation; 6,
is the radial efficiency factor showing the
proportional increase in output levels of
the year 0; 7\]. is the intensity factor showing
the contribution of year j in the derivation
of the efficiency of year 0; X, is the amount
of the ith input used by the jth year; Y, is
the amount of the r output produced by
the jth year; € is a small positive number to
ensure that the inputs and the output have
at least some weighting in the efficiency
measure; and S, S are input and output
slack variables.

The efficiency rating of the “0” year
is given by the index z,'=1/6", where 6
is the optimal value of the 6. Years which
z,=1are characterized as relative efficient
or benchmark years, while years for
which z'<1 are lie inside the frontier and
characterized as inefficient.

Note that the above original model (CCR)
uses constant return to scale, as pointed
out previously. Banker et al. [27] extended
the above original model to account for the
existence of variable return to scale. The
variable return to scale model (known as BCC
model) can be obtained through the addition
of a convexity constraint to model requiring
that the multipliers ki add up to 1 ’]f:l/lj = 1) .

DEA models should be developed
in consistency with the research aim. It
can be either input reduction or output
augmentation. If the main aim is to identify
elements that are over-using resources,
then input reduction should be the main
focus of the application. That means, the
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input oriented model is the appropriate
tool for the application. If the aim is output
augmentation, then the appropriate
analysis tool is an output oriented model
[28].

In light of this information, this
paper, incorporating data from Mersin
International Port (MIP) covering a 6
year period, applies both output-oriented
CCR and BCC models. MIP has undergone
considerable infrastructural and
superstructural investments throughout
this 6 year period. This fact makes MIP
a fitting selection for the analysis of
investments’ effect on efficiency. On top
of this, MIP is located in a competitor
heavy region with other ports which
share the common hinterland such as
Limak and Assan Port. In this competitive
environment, ports’ efficiency on reducing
“time spent on port” is considered as an
important indicator that shapes the port
users satisfaction and ship owners’ decision
making on port selection.

4. Specification of Input and Output
Measures

One of the more important points when
conducting a DEA analysis is determining
the input/output variables in accordance
with the aim of the research. The
specification of variables to be used in the
model is critical. Identifying misleading or
unfit input or output could lead to biased
results and thus inappropriate conclusions
[29]. This study, applying an output-
oriented model, handles “Berthing Time
Difference (BTD)” as the output. BTD is the
difference between the actual berthing time
and the requested berthing time by the
vessel. The purpose behind choosing BTD
as an output is the fact that BTD provides
more realistic port time measurement
as it only includes the time lost caused

by the port. In this context, the following
can be classified as inputs that may have
an effect on BTD as an output: number of
berths, berth length, draft (m), number of
tugs, number of quay cranes, storage area
(mz) and labour. However, the interviews
conducted with the operational managers
of MIP resulted in the exclusion of number
of berths, storage area and labour inputs
for container terminal operations and
storage area and labour inputs for dry bulk
terminal operations as the port had never
encountered any shortage or congestion
regarding these inputs. In light of this
information, the following table presents
input and output variables for both models.

Table 1. Input and Output Measures

. Container
Dry bulk terminal terminal
Output |y, - 1/BTD y,-1/BTD

X, - number of tugs | x, - number of tugs

X, - number of
quay cranes

X, - number of
quay cranes

Input | x, - maximum draft | x, - maximum draft
x, - berth length x, - berth length
X, - number of
berths
DEA method is an efficiency

measurement tool which postulates that
the efficiency would increase as the value
of output increases. As the model will
assume the lower the BTD is the higher the
performance would be, this data is included
in the model as 1/BTD. In addition to this,
operations with a greater BTD value than
20 days are considered as an indicator of
shipowner related delays. For this reason
such cases have been removed from the
data set. The BTD is calculated as an annual
average based on the below equation where
n represents the total number of vessel
calls.

S'(Actual Berthing Time — Requested Berthing Time)

Average BTD =

n
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Tug service is one of the more important
port service that would effect the berthing
performance of a terminal. Any shortage
or drawback in this service can result in
delays and decreasing efficiency. Between
the years 2011-2014, the number of tugs
in MIP were 4, whereas in the next year it
increased to 5.

Number of quay cranes is another
important matter in berthing performance.
As quay cranes’ responsibility is of the
highest order when it comes to handling
operation, the number of cranes directly
effects berth occupancy. Number of quay
cranes in MIP dry bulk terminal were 4
throughout the time period covered by
this study, while in container terminal the
number of quay cranes have increased from
12 to 16 with the equipment investments
made in May of 2015. In order to reflect
this change into the annual data number of
quay cranes have been weighted as number
of quay cranes multiplied by months.

Draft of a berth is a deciding factor in
limiting the size of the vessels that can be
berthed in that specific terminal. In MIP,
the maximum draft for dry bulk terminal
is 14 meters, while the container terminal
was treated to an upgrade from 14 meters
to 15.5 meters as a part of the new quay
building investment in 2014.

Berth length of a terminal is determinant

Table 2. Raw Data of Inputs and Outputs

in the size of the vessels that can call a
terminal. Berth length, along with number
of berths, are measures that decides berth
availability. In this model the number
of berth was not included in container
terminal analysis for two reasons: (i)
this input had not changed over the time
period that is covered by this study, (ii) port
representatives noted that there had never
been performance deficiencies caused by
number of berth number. However in the
dry bulk terminal, berth number decreased
from 14 to 12, as the previously shared
3 berths were assigned exclusively for
container handling in 2014. This change
of assignment affected the berth length as
well. The port’s total berth length was 2160
meters through the years of 2011 to 2013.
In 2014, the construction for expansion
of the container terminal berths left the
port with 1885 meters of berth length,
which was followed by the completion
of expansion, resulting in a total of 2385
meters in the year of 2015. Whereas in the
dry bulk terminal, the total berth length
was 2045 meters through the years 2011 to
2013, up until the assignment of 3 berths to
container terminals, reduced this number
to 1615 meters. Raw data for the above
mentioned inputs can be summarized in
the following table:

1/BTD NUl\ggglsl OF N%I\R’IAB?;SO F ngggggso F BERTH LENGTH DRAFT
Years C B C B C B C B C B C B
2011 | 0,1914 | 0,3780 4 4 144 4 NI 14 2160 2045 13 14
2012 | 0,1279 | 0,2375 4 4 144 4 NI 14 2160 2045 13 14
2013 | 0,1678 | 0,1581 4 4 144 4 NI 14 2160 2045 13 14
2014 | 0,1781 | 0,0409 4 4 144 4 NI 12 1885 1615 15,5 14
2015 | 0,1675 | 0,0675 5 5 164 4 NI 12 2385 1615 15,5 14
2016 | 0,2138 | 0,0760 5 5 192 4 NI 12 2385 1615 15,5 14

*NI=Not Included, C=Container Terminal, B=Dry Bulk Terminal
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5. Results

In this section, related data from the
year 2011 to 2016 is evaluated by using
DEA-CCR and DEA BCC models. Table 3
shows statistics of container and dry bulk
terminals separately. DEA-CCR model
reflects the results with the assumption
of constant return to scale whilst DEA-
BCC model represents the results with
variable return to scale. In this study, as
DMUs consist of years of a single port,
CCR model, with its function on constant
return to scale, is essential for the overall
performance evaluation of the port and
proves to be more useful for this study
than BCC. Therewithal, with comparing
the results acquired through BCC and CCR
models would help identify overuse of port
resources (inputs).

Table 3. Statistics Summary of DEA Analysis

Container Dry Bulk

Terminal Terminal
Years CCR BCC CCR BCC
2011 1,00 1,00 1,00 1,00
2012 0,67 0,67 0,63 0,63
2013 0,88 0,88 0,42 0,42
2014 1,00 1,00 0,14 1,00
2015 0,78 0,83 0,23 0,89
2016 1,00 1,00 0,25 1,00

Analyzing the results presented in Table
3 shows that the implemented investments
of MIP, along with the shift in assignments
of two of berths have significant effect on
the efficiency. In container terminal, the
most efficient DMUs are the years 2011,
2014 and 2016 both according to CCR and
BCC models.

Between the years of 2011 to 2013,
there seems to be a varying degree of
decrease in the efficiency, due to do increase
in BTD levels, with no change in inputs.
The following year of 2014, is one of three
most efficient DMUs. However, the main
reason for its efficiency score stems from

the decrease in berth length input. The
implemented investments mentioned in
the previous section started to reveal itself
as increase in inputs in 2015. Albeit, when
analyzed in mere efficiency perspective, the
efficiency score decreased as the BTD levels
increased along with those increasing
inputs. In 2016, the increase in the quay
crane number provided positive outcomes,
achieving perfect efficiency and the lowest
level of BTD among the compared years.

When the findings regarding the dry
bulk terminal are analyzed, it is seen that
the most efficient DMU in the CCR model is
the year 2011. Whereas, according to BCC
model, along with 2011, years 2014 and
2016 also have perfect efficiency scores.
The year 2011, when compared with the
rest has the lowest BTD level and highest
level of inputs (except tug number). In
the following two years, even though the
input levels remained constant, BTD levels
increased gradually. These results, along
with the number of ship calls shown in Table
4 proves that there is indeed a decrease
of efficiency in each input performance.
Although this decrease of efficiency in the
dry bulk terminal should be considered as
an indicator of investment requirement in
said terminal, as the container terminal was
the main focus of investment, the number
of berths assigned to dry bulk terminal
was decreased to 12 from 14 as a result
of assignment of the said berths to the
container terminal in 2014. Consequently,
according to the CCR model, the year 2014
stands out as the least efficient DMU. On the
other hand, according to the BCC model,
in context with the decrease in inputs, a
higher score of efficiency was achieved. In
the years 2015 and 2016, the small increase
in the number of tugs, resulted in a similar
small increase in efficiency scores. The fact
that CCR efficiency scores are low while the
BCC efficiency scores are high is an indicator
that there is an overuse of resources in
these years, similar to the year 2014.
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Table 4. Annual Number of Ship Calls for
Terminals

Years Container Dry Bulk
2011 1361 1315
2012 1463 1280
2013 1538 1007
2014 1543 1083
2015 1437 765
2016 1479 767

Asitcanbe seen from Table 4, the shift of
inputs from dry bulk to container terminal
resulted in longer BTD and consequently
lesser ships calling the dry bulk terminal
of the port. On the other hand, said inputs
served the needs of the container terminal
and helped keeping a steady number of
vessel calls with minor fluctuations.

6. Conclusion and Discussion

DEA is a commonly used method in
port performance measurement studies.
Majority of the studies uses cargo
throughput as output while analyzing port
performance. However, aside from the
cargo throughput, another significant yet
understudied performance aspect which
has an important effect on port selection
is ship waiting time. In this study, BTD is
selected as the output, since it covers the
waiting time period that is fully related with
the performance of the port. Application
of this DEA to MIP allowed the authors
to investigate the effects of investments
on BTD, as MIP implemented various
improvements on related inputs through
the years.

Results show that, the container terminal
which had a high level of efficiency in 2011,
fell below this level throughout the process.
Following the investments that include the
increase of berth length, number of quay
cranes, number of tugs and draft level, the
needs arising from the increasing volume
of cargo flow were met and high efficiency

level was once again achieved.

However, in the dry bulk terminal, the
high level of efficiency that was present in
2011 could not be maintained and suffered
a significant decrease in terms of constant
return to scale in the last three years, after
the shift of assignments regarding length
and number of berths to the container
terminal. A crucial point that needs to
be emphasized is that, even though the
resources were used efficiently with the
limited means at hand through these years,
when compared with the year 2011 they still
fall short. This situation also indicates an
overuse of resources and has the potential
of causing maintenance and depreciation
costs. In order to cope with this problem,
two strategies could be recommended;
(i) investing on the inputs of the dry bulk
terminal in parallel with investments made
in container terminal, (ii) increasing the
already present inputs’ efficiency levels by
optimizing their usage.

As a result, BTD efficiency has a
significant role in service quality and
directly affects the future selection
decisions of port users. Especially in
regions with heavy inter-port competition,
this aspect of port efficiency comes out as
a mean to gain competitive edge, because
in the shipowners perspective, a port that
handles their vessel faster, is a better port.
In this regard, measuring port performance
in BTD aspect proves to be a guide light
for decision makers, helping with both
evaluating their current position and future
planning.

The mainlimitation of thisresearchisthe
number of DMU’s (years) which is caused
by the availability of the recorded data.
Another limitation is that, in similarity with
the other studies in the literature, this study
analyzed equipment based inputs solely on
quantity, disregarding their specifications
related with their performance.

For further researches, it is possible to
carry out thorough investigations by using
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differing methodologies. For instance,
super efficiency analysis, with providing
the possibility to compare efficient DMUs
against each other, offers a more detailed
analysis. Another research suggestion
might be the inclusion of more ports,
enabling the usage of panel data for the
efficiency comparison and benchmarking
analysis among them.
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