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day by day. Of course, one of the important import countries is China for Ttirkiye and BRI
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SCOR Methodology examined 23 seaports. Both methodologies are generally used for analyzing

the operational efficiency of ship inward-outward and stackings. The findings of the study
show that four major ports are the most efficient gateways to handle inward and outward
container traffic with their input variables. However, there are some challenges in port
investment for BRI. This study should be used for the further analysis in the sector reports

and scientific papers.
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Introduction

The maritime sector is more important to the economic
survival of many developing countries. That notwithstanding,
problems to seaports administration have created
circumstances of excessive delays to import and export cargoes,
human and vehicle congestion in and out ports, and inadequate
superstructures or infrastructures leading to huge costs of port
operations. To improve the predictability, consistency of port
operations led to the better transformation of the port services.
Besides, multinational and mutual trade agreements help
regional trade and investment and directly benefit ports. China
launched at the BRI, which covers many countries. However,
Tirkiye cannot fully benefit from China’s BRI investments.
This project creates a great business potential for China and
Tiirkiye.

Great transportation networks demand fast and efficient
infrastructures. Container port offers a service but it is not a
production line. This service provides a link between different
transportation modes. A role of container port is to be soft
converter between these modes. It is actually a buffer. BRI
recommends connecting common seaports along the Belt and
Road so that stable, strong, and effective transport routes could
be mutually built (NDRC, 2015)Hata! Bagvuru kaynag:
bulunamadi.. By connecting common seaports along the Belt
and Road, the idea is to create stable, strong, and effective
transport routes that can benefit participating countries by
increasing trade and economic integration. Turkish ports may
be the buffers ports to support the BRI supply chain. On the
other hand, this study measures the efficiency of Turkish
container ports over a wide period of time. In similar studies
(Aynur & Yanginlar, 2017; Akdamar & Eren, 2021; Huang et
al., 2021), port efficiency was measured in a single time interval,
making it difficult to see the efficiency trend between different
times. In this respect, the study is more original than the others.

Therefore, it proves that port efficiency is very important for
building strategic strength for hinterland development,
improving trade and investment facilitations, and supporting
major public prosperity and developments. This study aims to
investigate the relative operational efficiency of major Turkish
container ports based on the DEA-SCOR model. With regard
to the aim, the study also analyzes the Turkish port efficiency in
their geographical region.

This study consists of four sections including literature
review, methodology, findings and conclusion. In the

methodology section, DEA-SCOR model explained in detail

and all score values presented in the section of findings. Finally,

recapitulation of the study has been presented.

Literature Review

This section consists of two sections including port
efficiency studies for container ports and BRI with Turkish port
industry scope. Both sections discuss the literature in terms of

port efficiency within the scope of BRI.

Port Efficiency Studies for Container Industry

The common method for assessing the efficiency of seaports
is categorized into two approaches: the parametric and the non-
parametric. The parametric methods measure the efficiency
through the measurement of a theoretical production. The
deviation from the function line is associated partially to the
deficiency of efficiency and partially to the presence of
measurement error (Cullinane et al., 2006). The stochastic
frontier analysis (SFA) is the most important parametric
method, which is initially studied for the port industry by (Liu,
1995). Aynur & Yanginlar (2017) measured the operational
efficiency of Turkish container ports by using Technique for
Order Preference by Similarity (TOPSIS) methodology. They
used various criteria including terminal area, annual container
throughput, terminal capacity of handling, number of
containers, number of quays, quay length, and maximum draft.
Various scholars (Coto-Millan et al., 2000; Cullinane & Song,
2003; Tongzon, 2001; Yan et al, 2009) were studied the
evaluation of efficiency of ports and terminals. Saglam & Agik
(2020) measured the efficiency scores of Turkish container
ports by recursive and cluster methods. The non-parametric
methods measure the efficiency without the adoption of a
certain production function based on the empirical data. The
widely preferred non-parametric method is data envelopment
analysis (DEA) (Cullinane & Song, 2006; Wu & Goh, 2010).
DEA comprises a data analysis approach focusing at the
benchmark of technical efficiency of decision-making unit
(DMU). DEA is a linear programming method which benefits
from the inputs and outputs of production process. The
elements of the input include labor, land, equipment, that is,
production related elements and the elements of the output
include sales volume, production numbers or cargo
throughput. The first study to perform DEA test in the port
sector was done by (Roll & Hayuth, 1993) and this study was
used a hypothetical sample of 20 ports where the methodology
was applied using the CCR model. DEA methodology offers

advantages to consolidate different methodologies such as,

Ot

28

s



Bastug (2023) Marine Science and Technology Bulletin 12(1): 27-38

CCR, SCOR and BCC. Chen et al. (2019) tested the efficiency
of the container port by using DEA-SCOR based model
because, this model offers multiple input-output analysis in
accordance with the components of port operation and service
production, thereby likely to assess the whole performance of
the ports (Wang et al., 2003). Therefore, this study performs the
DEA-SCOR methodology to analyses the efficiency of
container port. The SCOR model could ensure organizations
from a variety of sectors with supply chain performance and
relevant operations within companies, as well as comparison
with other companies (SCOR Version 10.0, 2010). SCOR could
describe and waive excessive and bad experiences in terms of
supply chain; this situation has been seen in many industries,
such as manufacturing (Hwang et al., 2008; Pottash et al., 2010;
Li et al, 2011; Zhou et al, 2011; Hwang et al, 2014)
construction (Cheng et al,, 2010; Pan et al., 2010; Thunberg &
Persson, 2014; Wibowo & Sholeh, 2016), service (Ellram et al.,
2004; Yilmaz & Bititci, 2006; Sundarakani et al., 2018) and port
(Wang, 2017; Wang & Du, 2019; Yan, 2019).

One Belt and One Road (BRI) Initiative and Turkish

Port Industry within its Scope

The “One Belt One Road” project or initiative that China
has been trying to develop in recent years for maritime
transport and very important development for Turkish
transportation infrastructure. The BRI has contributed to the
development of infrastructure projects in Tiirkiye, such as the
construction of the Istanbul- Ankara high-speed railway and the
Trans-Anatolian Natural Gas Pipeline (TANAP). Additionally,
the BRI has

opportunities for Tiirkiye, and has strengthened economic ties

also created new trade and investment
between Tiirkiye and China. This initiative aims to create new
trade routes, lines and job opportunities in order to better and
more effective connection between China and Europe
alongside with Transition Economies via 5 major routes. The
application of the initiative started in 2015 but the project will
be possible in the long term including all targeted countries.
Countries covered by BRL 52 African countries, Belarus,
India,
Kyrgyzstan, Kazakhstan, Latvia, Malaysia, Myanmar, Pakistan,
Sri  Lanka, Thailand, Thajikistan,

Turkmenistan, Uzbekistan, Vietnam, Central and South

Bangladesh, Europe, Fiji, Georgia, Indonesia,

Russian  Federation,
America (Sismanyazici, 2017).

With regard to port industry and its relatedness with BRI,
The Maritime Silk Road ends in the Shanghai, Shenzhen and
Hong Kong, the three largest ports of China. The project begins

from China’s largest ports and uses canals and waterways. The
two most important canals and waterways between the ports of
Piraeus and China are the Suez Canal and the Strait of Malacca.
The most important port in the Strait of Malacca is the state-
owned Singapore port, the world’s second largest container
terminal. China’s share and control of the container terminal in
this port is very limited to a small stake. Another important port
is Port Klang in Malaysia. In the MALAY Peninsula, China will
spend 2 million USD to restore and develop the Kauntan port.
China needs lots of raw material for its economy and cheapest
logistics plays vital role to ship them into Chinese economy and
ship them back to the western countries. It will provide a good
opportunity to market their high value-added products to
market. In this way, China wanted to add the global value chain
to the already existing global supply chain (Esmer, 2016).
Chinese companies played an active role in the deepening of
Suez. Chinese construction company “CHEC” will build a new
container terminal at the port of Ashdod (Sismanyazi, 2017).
Again, an agreement was made with the Israeli authorities for
the construction of a railway with Israel. Therefore, the
initiative is so important for Mediterranean region to support
economic development and maritime industry.

For Turkish port industry, the number and capacity of
container ports have increased significantly as a result of
privatization through the transfer of operating rights and the
investments made by the foreign capital thanks to the facilities
provided for port investments. They are in well condition in
terms of capacity and number and also in terms of ship
acceptance facilities, container handling capacities. Some of
them are “one stop shop” ports, some of them are 4th
generation ports with their logistics infrastructure, port inland
connection and coordination with other transportation modes.
By the way, China would like to reach the countries on the Black
Sea coast, and the Chinese ocean carrier China Shipping
(merged with Cosco), which operates increasingly larger
Container ships, have chosen Kumport as the most suitable
place to enter the Black Sea. Therefore, Tiirkiye’s strategic
location at the crossroads of Europe and Asia makes it a natural
hub for transportation and trade between the participating
countries of the BRI Tirkiye’s ongoing infrastructure
development projects, such as the construction of the Istanbul
Canal, are expected to improve the country’s logistics
capabilities and further enhance its role in the BRI. However,
the chances of getting more demand in Turkish ports also
depends on the economic situation and trade dynamics

between China and other countries within the BRI, as well as
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the effectiveness of Turkish ports to attract more trade and

investment.

Methodology

The study has performed the data envelopment analysis
(DEA) for measuring the efficiency of Turkish container ports.
These seaports are the members of Port Operators Association
of Tirkiye (TURKLIM) and are operated by major terminal
operators. The dataset was taken from the secondary data
TURKLIM, Turkish

Transportation and Infrastructure Ministry and Turkish Port’s

sources including website of
Web Sites. The data (i.e., total container throughput) belongs to
the years of 2018, 2019, 2020 and 2021. The total number of

ports is 23, and both models have been explained in details.

SCOR Model

In 1990’s, there is a need to measure the efficiency of supply
chain and Supply Chain Council found a model named
“SCOR”. Today, this model is widely used for different
researches and continuously updated to version 12.0. It is a
categorized process model to develop strategies for process and
performance management. It gives useful toolkit to scholars for
defining the supply chain configuration. Although traditional
supply chain consists of manufacturing process, the port
industry does not involve manufacturing and include the
business practices in the port industry. It includes five phases:
(1) customer demand configuration, (2) port collection, (3)
port service, including cargo collection, port handling, port
commerce, distribution and warehousing and relevant logistics,
(4) water transport to the downstream port and (5) terminal
delivery (Wang, 2017). In this study, port collection and port
service are very critical as per port internal operational

efficiency. Huang et al. (2021) describe the process of SCOR in

Table 1. The definitions of DMU, output and input variables

the port and define the variables and Decision Making Unit
(DMU’s) of DEA-SCOR based model. Workforce, usage of land
and equipment is so critical for container ports (Dowd &
Leschine, 1990). These variables can measure the efficiency but
it is difficult to reach the cost of data for these type of variables
from secondary resources. Huang et al. (2021) advised to use
incorporate input variables including quay length, the number
of container berths and fixed or mobile gantry cranes. Annual
container throughput is approximately related to cargo-related
facilities and services, it was considered as an output variable by
all prior studies (Thunberg & Persson, 2014). Therefore, annual
container cargo throughput is the output variable in this study.

All definitions have been in detail in Table 1.

Data Envelope Analysis (DEA)

DEA-based models mostly were mostly inherited from
DEA-CCR and DEA-BCC. (Cullinane et al., 2006). The CCR
model is used to predict the overall technical efficiency (TE)
estimating that returns to scale are constant although the BCC
model with the estimation of variable returns to scale is used to
predict the pure TE of a decision-making unit (DMU) at a given
scale operation. Both models are used in the research since
returns to scale of production function of the sample seaports
is changeable without exact information. In this method, model
orientation can be categorized into input- and output-oriented,
which concentrates on minimization for inputs and
maximization of output variables (Banker et al., 1984; Banker et
al., 2004). For analyzing the port efficiency, this paper can
adequately argue that sets of K linear programming
envelopment challenges can identify an output-oriented
efficiency problem in calculation, with different constraints

between CCR and BCC models (Cullinane et al., 2006).

DMU, Output/Input(s)  Variables Definitions

DMU Ports (N = 23) Decision Making Unit

Output Total Container throughput It represents the movement of a containerized cargo from the
ship to an inland carrier or from an inland carrier to the ship,
annually.

Inputs Container Berth Number of container berth for potential use by container

Wharf Length

Number of Ship-to-Shore (STS) Crane

Number of MHC Crane

ships primarily loading or discharging of cargoes.

It is length of port infrastructure on shore of a harbor.

The number of large dockside crane found at container
terminals for loading and discharging intermodal containers.
The number of versatile port cranes, suitable for handling
containerized cargoes.
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The scale efficiency (SE) for the DMU can be calculated by
the technical efficiencies derived from the CCR model (TE) and
BCC model (PTE), regarding the formula SE (scale efficiency) =
TE (technical efficiency)/PTE (pure technical efficiency). Additionally,
Lee (2009) commented that the BCC estimates “variable returns
to scale”, i.e., the scale of output differing. The efficiency value
measured in CCR 1is the “overall technical efficiency”,
considering that the efficiency value computed by BCC is “pure
technical efficiency”. If the calculated value is less than “1”, this
means inefficiency for the decision-making unit (Baran &
Gorecka, 2015). It may originate from misallocation of inputs,
not the factors concerning operational scale.

For this reason, SE means the degree of DMUSs’ efficiency
regarding the optimization of the maximum usage of inputs
(Baran & Gorecka, 2015). CCR model has been developed by
(Charnes et al., 1978) and separated into input-oriented and
output-oriented under constant return to scale (CSR). The

model has following Eq. 1;

ZszlurYrO

Maxhy = 21— 1

0™ vm vixio (1)

Subject to;

Zf»:ﬂ‘ﬂ’r]’ .
— <1j=1,..,n 1.1
YRyvixig J (L.1)
u,v;>r=1,.si=1,.m (1.2)

Each parameter is identified as follows:

(1) m: input (container berth, wharf length, number of STS
crane, and number of MHC crane),

(2) s: output (total container throughput),

(3) n: DMU (number of ports),

(4) y»: the r. amount of the output of the j,

(5) DMU,;: the i. amount of the input of the j,

(6) DMU,,: the weights of assigned to the output variable,

(7) v;: the weights assigned to the input variable.

With regard to parameters, the objective function is the rate
of the weighted sum of the inputs to the weighted sum of the
outputs. The DMU (ports) selects the weights that will make a
maximization of the objective function. Constraints provide all
weights (u, and v;) as a positive or zero, and the objective

function takes the value between 0 and 1.

Maxz = Y;_1 Yro ()

Subject to;

Yr=aWrYyj — 2is1ViXyj <0 (2.1
i1 Vixio =1 (2.2)
wv; =0 (2.3)

Linear transformation is used in the model and this
transformation is difficult to compare linear programming
model, as shown in Eq. 2 (Cooper et al., 2011). A linear
programming model in (Thunberg & Persson, 2014) is run n
times to determine the efficiency scores of DMU’s. The weights
that will maximize the efficiency score are determined for each
DMU. Once the efficiency score is 1, the DMU is efficient, and
when it is lower than 1, it is inefficient (Murat, 2020). Besides,
the structure of the output-oriented CCR model is defined as in
Eq. 3 (Cooper et al., 2011).

Ming = X2, v; x;o (3)
Subject to;
T2 1ViXij— Yo M Yrj = 0 (3.1)
Yr=1MrYro = 1 (3.2)
M v 20 (3.3)

Meanwhile, Banker-Charnes-Cooper (BCC) model was
developed by the Banker et al. (1984) and the model is divided
into input and output-oriented under variable returns to scale
(VRS). Apart from CCR, convexity constraint is added to the
BCC model (Cooper et al., 2011). Therefore, input-oriented
BCC model is created as in Eq. 4 (Banker et al., 1984).

Maxz = ¥37_1u, Yro — Up (4)
Subject to;

Lr=1UrYro — Niz1 ViXij — Uy <0 (4.1)

Yit1Vixp =1 (4.2)

U, v; =€, u, free in sign (4.3)

From this point of view, the output-oriented BCC model is

defined as in Eq. 5.
Ming = Y24 viXio — Vo (5)

Subject to;
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D1 ViXij — Yp=1 MyYrj— Vg =0 (5.1)
Zf‘:l HrYro = 1 (5-2)
U, V; =€, freein sign (5.3)

As a result, the following prerequisites are fitted for the
study. Firstly, the number of variables is at least three times as
much. Secondly, the correlation of variables within each cluster
is less than 0.70 (Cooper et al., 2011). The study was used to
analyze the dataset of the DMU (ports) with the MAXDEA
software. This software is very easy to use and most powerful
for Data Envelopment Analysis and it includes 15,000 DEA
models with most complicated models and no limitations on
testing of decision-making units.

In the following section, Table 2 ranks the input and output
variables of all container ports in terms of total container

throughput, respectively.

Findings: DEA-SCOR Based Model Results

After successfully data collection, the appropriate model
(DEA-SCOR model) has been determined and in line with
model, the efficiency scores of Turkish container ports were
calculated from input and output variables. As the decision-
making units (ports) have an effect on the input and output, the
study has used both methods: CCR-oriented and BCC-
oriented. These methods are called as the input oriented and
they aim to maximize the inputs at least given output level. An
efficiency performance can range from CCR-focused to BCC-
focused methods in policy suggestions. Jaber et al. (2022)
confirms that the performance of DMU is better in BCC models
compared to CCR models. In this study, the values of TE were
calculated with CCR-oriented method and the values of PTE
were calculated with BCC-oriented method. With these
models, the efficiency scores of container ports were
determined and afterward, efficient and inefficient ports were
separated. On the other hand, the study presents benchmark
scores to be an efficient terminal for inefficient ports in Table 3.
Ineffective ports should be referenced to increase their
efficiencies as per their benchmarks. For example, the reference
ports of Kumport are Assan port, Asya port and Marport. The
score of proportionate movement (container berth) for
Kumport is the value of -0,74, that is, the port has not enough
berth to handle the inward and outward high dense container
traffic.

Regarding TE, PTE and SE results, Mersin International

Port, Asya Port, Assan Port, and Marport are the most efficient

container terminals compared to the other container terminals.
Meanwhile, the study also shows that Rodaport, Samsun
Gebze, TCDD Haydarpasa,
Bandirma Celebi, Evyap Port, Mardas, and Limak Iskenderun
are the inefficient in terms of TE, PTE and SE results. That is,

Ceyport, Yilport Borusan,

they do not effectively handle their facilities when they
accommodate a number of containers in the inward-outward
process due the challenges said in the section of conclusion.
Additionally, the SE results of such ports (ie., Akgansa
Ambarli, Limas, TCDD Ambarli, etc.) indicates that scale
effects are constrains because they have handling problem in
the volume of the inward and outward container traffic. In
contrast to them, such ports (i.e., Mersin International Port,
Asya Port, Assan and Marport) carried out their operational
efficiency better on maximum usage of input to handle ship

entries and departures.

Table 3. Benchmark scores for inefficient container ports

Ports (DMU)  Benchmark Scores Benchmark Set
(Lambda)

Kumport 0.297958 Assan Port
0.308293 Asyaport
0.393748 Marport

Evyap Port 0.062889 Asyaport
0.430122 Ege Giibre Aliaga
0.506989 Nemport

From 2018 to 2021 in terms of SE, such ports (i.e., Mersin
International Port, Marport, Assanport, and Asyaport) keep
their efficiencies stable although efficiencies of these ports
including Kumport, TCDD Alsancak, QTerminals Antalya, DP
World Yarimca, Ege Gilibre get descending. Moreover,
Nemport is the only port that has increased its operational
efficiency in a four-year period.

The study also measured benchmark scores of inefficient
ports so that they can improve themselves on the basis of
indicators. The operational result of Turkish ports is given in
Table 4 in which TE donates the CCR model technical
efficiency, PTE is the BCC model pure technology efficiency,
and SE represents scale efficiency.

In terms of findings in Table 4, there are several efficiency
gaps that Turkish ports may face, which can include:

a) Limited capacity: Some Turkish ports may not have
the necessary infrastructure and equipment to handle
large vessels and high volumes of cargo, which can
limit their ability to compete with other ports in the

region.

33

s



27-38

Bastug (2023) Marine Science and Technology Bulletin, 12(1)

VHLLSTR0 | SLI6TLES990 | LSEEF66FS 0 | 8ETECE6'0 | 09869€£89°0 | T08ES08LE9°0 | T088866°0 | L80T6S89°0 | 0ELLTSTSRY'0 | 9T0¥866°0 | 9SHOLOLETLO | 60S99SSBTL0 azqeH podpx | €2
1182280°0 | £999999999°0 | 0S0¥S8HS00 | €7LSIET'0 | £99999999°0 | €TES6FOT60°0 | 6609TST'0 | £9999999°0 | TOV66ELIOT0 | FIFSTEL'0 | £999999999°0 | 619TH68LTI 0 eSedrepAey AADL | ¢
905.£06°0 | 0000000000°T | $8S0S£L06°0 | 0000000°T | 000000000 T | 0000000000'T | TLS6%66°0 | 00000000°T | 8TLILS6¥66'0 | 0000000°T | 0000000000 T | 0000000000 T Yeoues[y 0L | 1¢
19£0ST6°0 | 0000000000'T | $909£0ST6°0 | TLSTL660 | 0000000001 | ¥8ETLSTL66°0 | 0000000°T | 00000000°T | 0000000000°T | €¥20T96°0 | 00000000001 | €6¥EFT0TI6 0 eger[y 18003 | 07
9T8TILY'0 | £999999999°0 | THLITSLIEO | 9LVSTSH O | 120£9T68S0 | TETTTS099T0 | €60L619°0 | T8SITH69'0 | 6T66THTOLH 0 | TOTOITE0 | £999999999°0 | L8TIFRIOIT0 110d4oD unsureg | 61
L8E80EY'0 | £999999999°0 | 9LLSTTLYTO | LTI9ETO9'0 | 09L0T90FL0 | TEFSTTION0 | €6£7L99°0 | €SSEITSL0 | T960TLITOS0 | SHSIES0 | SFOLFOSO0L 0 | LTLLELSLE O Mo epoy | 81
SL6VPHS'0 | 0000000000°T | T6VL6FHFS0 | 0000000°T | 000000000°T | 0000000000°T | 0000000'T | 00000000°T | 0000000000 T | TO61F6L0 | 0000000000'T | €TTTO6TF6L0 ZIUdPYY M0d | L1
0000000°T | 0000000000°T | 000000000'T | €656%96°0 | €TT1TIS880 | 69LE88SHS0 | FIH6ES6'0 | €S6VLILLO | STELEOTIELO | HTHBFS6'0 | 9S8TTISISLO | T619L6ETTLO yodwaN | 91
0000000°T | 0000000000°T | 000000000°T | 0000000°T | 000000000 T | 0000000000°T | 0000000°T | 00000000 T | 0000000000'T | 0000000°T | 0000000000°T | 0000000000'T | HOJ [EUOBUINU] UISII | ST
0000000°T | 0000000000°T | 000000000°T | 0000000°T | 000000000°T | 0000000000°T | 0000000°T | 00000000°T | 0000000000'T | 0000000°T | 0000000000 T | 0000000000°T yodrey | $1
$L10269°0 | 00000000001 | TEPLI0TE90 | OFTTOVL0 | SOTHTFIES0 | €8F8TH0619°0 | £987808°0 | S9ELITLE0 | SOL6S96F0L'0 | 0000000°T | 0000000000 T | 0000000000 T SepIejy | €1
1090202°0 | 0000000000°T | 8€109020T'0 | ¥H6SFFI'0 | 000000000'T | 189€F6SHFI'0 | STTIFFI'0 | 00000000 T | TSHSTTIFFI'0 | 8L99FFT°0 | 00000000001 | 9¥SLLIGHFT O SewnrT | I
68TFST6°0 | 76815288080 | €196SH0FL0 | 957S998°0 | T0ESEVSTS0 | LIF6ETISTLO | TLTIET6'0 | $8699808°0 | $H8LTTBEL'0 | $LECL6S'0 | FLOTLSHSOL O | 0ESTSTLSED 0 UNIOPUS] YewrT | 1T
TLSB0E6'0 | FESSSI0LI6°0 | £€0L59€S8°0 | 8LFLST6'0 | TT8FEELI6°0 | 8611S08168°0 | 0000000°T | 00000000°T | 0000000000 T | 0000000'T | 0000000000'T | K000000000"T yodumy | 01
906£95.°0 | 00000000001 | €¥906£9SL°0 | 8E6€766°0 | THITISET0 | LFISTTIONY0 | €78T886°0 | L60SSEIS0 | PHLS8F69SS 0 | 89088L6°0 | TETFOLSL09'0 | 0T80¥69¥7650 uodwan | 6
LS0L8L6°0 | €TTEL6T96L°0 | 6T8THT6LLO | 60S0T86°0 | 899LTISFO0 | TSTIE6EEEY0 | 0TTEISY'0 | €6T00EL90 | 9TBTTEIEES'0 | $986L68°0 | 6££010L959°0 | €LT980L68S 0 uog dedag | g
65968£6°0 | 0000000000°T | 605595826°0 | 0000000°T | 000000000°T | 0000000000°T | 0000000'T | 00000000°T | 0000000000 T | SLIE0TL0 | 00000000001 | 64LFLI60TL0 edely 21qnD 23y | £
700£S08°0 | 0000000000°T | ZST00£S08°0 | 0000000°T | 000000000°T | 0000000000°T | 0000000°T | 00000000°T | 0000000000 T | 0000000'T | 0000000000°T | 0000000000"T eowLex pIoM da| 9
SOET9TH0 | 00000000070 | 61TTSFOLI'0 | FFSETFS0 | 0000000070 | LI9LIFSITTO | 696¥1EL0 | 000000070 | 0S9L86STET0 | 6LSETOL0 | 6£L9TSTITH O | SE69TTE66T 0 uesniog | G
6LVSTEO0 | £999999999°0 | 88S869TT0°0 | 69S060T°0 | £99999999°0 | HOSSFOLTLO0 | L88FEHT'0 | £9999999°0 | L6F1659660°0 | TTHLESTO | €STETHFSTLO | $HSI090TTT0 1qoR)) ewIIpUEy | ¥
0000000°T | 0000000000°T | 000000000°T | 0000000°T | 000000000 T | 0000000000°T | 0000000°T | 00000000°T | 0000000000'T | TSSHIFE'0 | 0000000000°T | STETSSHIFE'0 ywodedsy | ¢
0000000°T | 0000000000°T | 000000000°T | 0000000°T | 000000000°T | 0000000000°T | 0000000°T | 00000000°T | 0000000000'T | 0000000°T | 0000000000 T | 0000000000°T yoq uessy | ¢
9S128£0°0 | 0000000000°T | FTISTTELO'0 | 969€TOT'0 | 000000000 T | €S£S69€TOT'0 | 9S6TETTO | 00000000°T | €FLSS6TEITO | THEEE60°0 | 0000000000 T | 6LTTFEEE60°0 I[equIy BSUEdYY | |
as A1Ld AL as A1Ld AL qs ALd 4L qs A1Ld AL
1207 020T 610T 8107 (hna) s1og

s310d J9UTEIWOD YSDINT, UT $310d JUSISJJIP JO AOUSIIFT F d[qe],

<
o




Bastug (2023) Marine Science and Technology Bulletin 12(1): 27-38

b) Limited investment in port infrastructure: Insufficient
investment in port infrastructure could lead to a lack
of modern equipment and facilities, resulting in lower
productivity and competitiveness.

On the other hand, Turkish ports are actively working on
improving their efficiency, and many of the mentioned gaps are
being addressed through modernization, investment and

automation.

Conclusion and Limitations

This study is used DEA model to describe relative efficiency
of ports, which is listed in the members of TURKLIM in the
four-year period. An analysis has carried out using DEA -
SCOR model. The initial findings involve the optimal efficiency
of eight major ports and the tendency of the better port
development in numerous ports. Although Turkish port
industry may offer good efficiency to BRI, there are some
challenges in front of the project. China does not make its game
plan for BRI only for Tiirkiye, and even Tirkiye’s share is not
very large in OBOR. Of course, there are investment plans in
Tiirkiye for Chinese OBOR investments, but they have some
challenges to struggle to manage the inward-outward container
traffic for Turkish port industry.

Several Turkish ports have been identified as suitable for the
Belt and Road Initiative (BRI) due to their strategic location and
existing infrastructure. These include:

a) Mersin International Port (MIP) and Assan Port:
Located on the Mediterranean coast, they are well-
connected to major trade routes and has a large
hinterland that includes the countries of the Middle
East, Central Asia, and Eastern Europe.

b) Marport: It is the largest port in Istanbul, the largest
city in Tirkiye, and the main gateway between Asia
and Europe.

¢) TCDD Alsancak and Nemport: They are major
commercial port on the Aegean coast with good
connections to major trade routes in the
Mediterranean and Europe.

d) Asya Port: It is a deep-water port located on the West
Mediterranean coast that offers good connections to
the Europe and Asia.

Mersin International Port (MIP) could be a suitable option
for China as a sea gateway, as it is well-connected to major trade
routes and has a large hinterland that includes countries of the
Middle East, Central Asia, and Eastern Europe. Additionally,
MIP has been developed as a hub port and has the capacity to

handle large vessels and high volumes of cargo. However, it’s
worth noting that the final decision of which port to choose
would be based on the specific needs and requirements of the
initiative and the parties involved. The decision may vary
according to such challenges. For example, Kumport is
important sea gateway for BRI because Chinese companies
(China Merchants and China

Investment Corporation) invested US$920 million to purchase

Holdings International
a 65% stake at the Kumport Terminal in the region of Ambarli.
As Turkish ports grow in scale and maturity, good cooperation
with Chinese giants such as COSCO propose more hopeful
collaborations. Although China selected the port of Kumport to
reach Black Sea countries, the study shows that Kumport,
located in Ambarli, should develop itself to handle the
container throughput. However, there is no space to increase
the capacity in Ambarli ports that are narrowed in the Istanbul
city limits. The port practitioners in the region of Ambarli argue
that expropriating the idle storage facility in Haramidere can
solve this problem. Especially, container berth of Kumport
should be expanded. Another problem is that private ports
leased the coastal line from the National Real Estate for 49 years
and when the privatization period is over, the state goes out to
tender again. The leasing contracts on usage rights of the ports
will be ended soon. Many private port operators hinder
investments because the contracts will be ended after 49 years.

This study also offered benchmark scores for potential
improvements, in other words, the sources of inefficiencies
were determined. Each score on average, the greatest potential
need for improvement was found in the container berth length
(average 60%). That is, container ports achieve efficiency and
greater handling capacity by increasing container berth length.
In case of expansion of container berth, Turkish ports maybe
more competitive as buffers ports for BRI. This is not only the
‘efficiency requirement’ but also it is an operational necessity.
The buffers ports would allow to avoid congestion in the BRI
supply chain.

There are certain limitations in this study. Such indexes
including the infrastructure, capital, human sources,
information and port technology, type of management was
removed. Then, this study only focused on the SCOR based
approach and different approaches might be combined with
data envelopment analysis. Thus, the efficiency evaluation of
container terminals is one-dimensional. For the further
research, a low sample size will answer how to categorize
Turkish container ports according to throughput capacity, and
assess the efficiency of each grade of ports to obtain better
On the other hand,

results. there are several studies
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investigating efficiencies of Turkish container ports by
recursive and cluster methods. Literature may be extended by

including these studies in the future.
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