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1. Introduction
Efficiency is a fundamental concept in the field of economics; the concept is basically concerned with  the economic use of frim resources for production (Lu and Wang, 2017). Moreover, it is an important contributor to a nation's international competitiveness (Elsayeh, 2015). Merk and Dang (2012) asserted that port efficiency is an important indicator of port performance; more efficient ports mean lower transportation costs.

There is downward pressure on efficiency and productivity in the Egyptian container ports due to a utilization rate of Egyptian container ports 73% (Maersk, 2015), which exceeds the maximum international accepted percent (70%) (Haralambides, 2012). Therefore, it will be important to measure the level of efficiency and quality of service provided in the Egyptian container ports, in order to define obstacles and improve their performance and productivity.

The purpose of this research is to propose a performance measurement framework to assess the level of efficiency of the container ports using Fuzzy Analytic Hierarchy Process (FAHP) approach. To demonstrate the applicability of the proposed framework, an empirical study on the Egyptian container ports was conducted for the period from 2012 to 2016. This framework will help port managers to evaluate the level of efficiency in container ports and define areas that need improvement. The paper starts with literature review in section two, section three will propose the framework, then section four will illustrate the empirical study, and finally conclusion will be presented in section five.

2. Literature review
Monitoring a port’s performance in an ever-changing environment is crucial for measuring its efficiency levels as well as its competitiveness (Jimenez et al., 2013). Efficiency is one of the two most important concepts in measuring performance in container ports. Recently, the efficiency of container ports has become more important since it is one of the key factors of survival in the current competitive business environment in the shipping industry and a way to reduce maritime cost. Moreover, container ports are vital to the efficiency of the whole global logistics chain since they act as the connecting link between different transportation modes in the global logistics chain (Wang et al., 2005; Elsayeh, 2015).

Different approaches and techniques have been used to measure, assess, evaluate and benchmark the port efficiency from different perspectives depending on the aim, objective or the hypotheses of the study. Stochastic Frontier Analysis (SFA) technique was used by (Liu, 1995; Cullinane and Song, 2006; Sarriera et al., 2013); Free Disposal Hull (FDH) technique was used by (Cullinane et al., 2005; Herrera and Pang, 2008); Data Envelopment Analysis (DEA) technique was used by (Poitras et al., 1996; Tongzon, 2001; Al-Eraqi et al., 2008; Merk and Dang, 2012; Kutin et al., 2017); while other researchers have used integrated approaches combing several techniques such as DEA, SFA, FDH and Malmquist Productivity Index (MPI) (Cullinane et al., 2002; Wang et al., 2003; Cullinane et al., 2005; Wanke et al., 2011; Ding et al., 2015; Serebrisky et al., 2016; Hlali, 2018).

The Analytic Hierarchy Process (AHP) approach has not been utilized by previous studies to assess, evaluate or rank the performance of container ports (Al-Harbi, 2001; Cabała, 2010; Li and Yang, 2010; Sumi and Kabir, 2010; Elgazzar et al., 2010; Kousalya et al., 2012; Muhisn et al., 2015). AHP is a decision making technique for establishing priorities in multi-criteria decision making (Al-Harbi, 2001). AHP is most widely used technique in decision making due to its promising accuracy, simplicity, ability to handle both qualitative and quantitative criteria or tangible and intangible aspects, also, its ability to measure the consistency of judgment of respondents (Muhisn et al., 2015).

Using FAHP as a multi criteria decision making technique can help container ports’ managers to enhance ports’ technical efficiency through identifying the relative importance weight of each dimension of efficiency and define dimensions that are working well and those need improvements. There is no previous research used the FAHP technique to rank the Egyptian container ports. Moreover, limited studies have been conducted to measure the efficiency of the Egyptian container ports (Elsayeh, 2015). In this context, next section will propose a framework to measure the efficiency of container ports using FAHP approach, followed by an empirical study on the Egyptian container ports.

3. The proposed framework
The paper proposes a framework to rank port efficiency using FAHP technique based on the following four steps:

Step one: Identifying the criteria used to evaluate the level of efficiency in a container port
A review of previous studies was conducted to define main criteria reflect the level of container port efficiency. The review concluded with five main criteria to measure the container port efficiency; namely: storage capacity, terminal area, berth length, draught and handling equipment (Tongzon, 2001; Cullinane et al., 2005; Cullinane and Wang, 2010; Nwanosike, 2014; Elsayeh, 2015).

Step two: Developing a FAHP survey to identify the relative importance of the selected criteria
FAHP survey was developed to determine the relative importance weight of the efficiency criteria in a container port based on a pairwise comparison scale ranging from 1 to 9, where 1 denotes equally important, 3 denotes moderately more important, 5 denotes strongly more important, 7 denotes very strongly more important, 9 denotes extremely important (Al-Harbi, 2001; Muhisn et al., 2015). Table 1 illustrates the survey form to prioritise the criteria of a container port's efficiency.

To determine the relative importance weight (W) of the selected criteria, survey will be distributed to group of experts in the field (port authority, shipping companies, shipping agencies, academic experts and other decision-makers in the field).










	With respect to
(Port efficiency )
	Importance or preference of one factor over the frame of
discernment (Decision Alternatives D.A.’s)
	

	
	Absolutely more important (9) Demonstrably more important (7) Strongly more important (5) Slightly more important (3)

Equally important (1)


Slightly more important (3) Strongly more important (5) Demonstrably more important (7) Absolutely more important (9)
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	Handling equipment
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Table 1: FAHP Questionnaire Form

Once judgments are entered by the group of experts, the level of consistency of responses will be tested. To verify the consistency of the comparison matrix, consistency index (CI) and consistency ratio (CR) are calculated using Saaty’s method (Saaty and Kearns, 1985).

For any metrics, if the value of the CR is smaller or equal to 10%, the inconsistency is acceptable (Mu and Rojas, 2017); while if the CR is greater than 10%, the pair-wise comparison processes should be repeated until the consistency ratio reaches less than 0.1 (Triantaphyllou and Mann, 1995).

Step three: Establish a performance rating scale to evaluate each efficiency criterion
A five-point performance rating scale (very poor, poor, good, very good and excellent) is established based on container ship features to evaluate the five efficiency criteria in order to assess the efficiency of a container port. A performance rate (R) is assigned for each criteria (0.2, 0.4, 0.6, 0.8 or 1), where 0.2 denotes very poor performance, 0.4 denotes poor performance, 0.6 denotes good performance, 0.8 denotes very good performance and 1 denotes excellent performance.

Step four: Calculate the efficiency index of a container port
After determining the performance rate (R) and the relative weight (W) of each criterion, the weighted rate (WR) of each criterion is calculated by multiplying the relative weight of each criterion by its performance rate. Finally, the weighted rates of all criteria are aggregated using a weighted average aggregation method to determine the efficiency index of a container port and rank it compared to indices of other ports.

4. Empirical study
Egypt has a primary role in the world supply chain because of its geographic position, being at the intersection of the main maritime flows between East and West of the northern hemisphere. Furthermore, it features some of the major African ports such as Alexandria, Damietta and Port Said (Elsayeh, 2015). Egypt is identified as one of the busiest parts of the continent for maritime trade. The position of countries within global container shipping networks is reflected in the UNCTAD liner shipping connectivity index. In May 2016, Egypt was one of the best-connected countries in Africa (UNCTAD, 2017).

Egypt has six main container ports as clarified in Egyptian Maritime Data Bank (EMDB) (2015): Alexandria port, El Dekheila port, Damietta port, Port Said port, East Port Said port and Sokhna port. Alexandria port is situated on the western end of the Nile Delta between the Mediterranean Sea and the Mariut Lake. It is considered the main port in Egypt and handles over three-quarters of Egypt’s foreign trade. El Dekheila port is a natural extension of Alexandria port. Damietta port is located at about 10 Km west of the Nile River and about 70 Km west of Port Said port. Port Said port is located on the northern entrance of the Gulf of Suez. It is considered one of the most important Egyptian ports on the Mediterranean Sea due to its geographical site where it is located on the Eastern entrance of the Suez Canal. East Port Said port has ranked number 41 of the top 50 world container ports in 2015 with 3.60 million TEUs (worldshipping.org, 2018). Sokhna port is located on the western coast of the Gulf of Suez.

This paper focuses on the six main container ports in Egypt to conduct the empirical study. To demonstrate the applicability of the developed framework, it has been applied on the six main Egyptian container ports based on port capacity data between 2012 and 2016 collected from Egyptian Maritime Data Bank.

The FAHP survey was carried out to determine the relative importance weight (W) of efficiency criteria in the Egyptian container ports. The survey was conducted with a group of 52 experts and decision- makers in the field from: (Egyptian navy, Egyptian Port Authority, shipping companies, shipping agencies and Academic experts in the field). After removing the invalid surveys, responses were analysed using Microsoft Excel Spreadsheets and PopTools add-in (version 3.2 (build 5)) to determine the relative importance weight of each criterion (Hood, 2010).

Table 2 illustrates the relative importance weights of the five main criteria based on survey responses. The results revealed that draught has the highest relative importance weight since draft is a significant factor limiting navigable waterways, especially for large vessels which require deeper draft to attract bigger ships. Handling equipment had the second priority with relative importance weight 29% since effective handling equipment reduces time in port and increases ships call numbers. Storage capacity was placed in the third position with 17% relative importance weight, while both terminal area and berth length approximately had the same relative importance weight presenting the fourth priority.
	Criteria
	Priority

	Storage capacity
	17%
	3

	Terminal area
	11%
	5

	Berth length
	11%
	4

	Draught
	32%
	1

	Handling equipment
	29%
	2



Table 2: Relative Importance Weights of the Container Port Efficiency Criteria

To verify the consistency of responses, CR and CI were calculated. As illustrated in table 3, the results revealed CR 0.02 which is lower than the maximum accepted Consistency Ratio (0.1) and ensures the consistency of the survey findings.

	Consistency test table

	EIGENVALUE
	N
	CI
	RI
	CR

	5.090550009
	5
	0.0226375
	1.12
	0.020212056



*Where N presents the number of criteria

Table 3: Consistency Test Results

A five-point performance rating scale was established to evaluate the efficiency criteria based on the features of "the Triple E container ship" which is the biggest container ship that can be handled in the Egyptian container ports. Finally, the weighted rates of all criteria in each port were calculated and aggregated to determine the efficiency index of each port. Table 4 shows the efficiency index of the Egyptian container ports based on the aggregated weighted rates of the five efficiency criteria.

	Egyptian container ports/
Criteria
	Storage capacity
	Terminal area
	Berth length
	Draught
	Handling
equipment
	effici ency index
	
Rank

	
	W
	R
	WR
	W
	R
	WR
	W
	R
	WR
	W
	R
	WR
	W
	R
	WR
	
	

	Alexandria
	0.17
	0.2
	0.03
	0.11
	0.2
	0.02
	0.11
	0.4
	0.05
	0.32
	0.4
	0.13
	0.29
	0.2
	0.06
	0.287
	6

	El-Dekheila
	0.17
	0.4
	0.07
	0.11
	0.4
	0.04
	0.11
	0.6
	0.07
	0.32
	0.2
	0.06
	0.29
	0.4
	0.12
	0.359
	5

	Damietta
	0.17
	0.2
	0.03
	0.11
	0.4
	0.04
	0.11
	0.4
	0.05
	0.32
	0.6
	0.19
	0.29
	0.6
	0.17
	0.488
	3

	East	Port
Said
	0.17
	0.8
	0.13
	0.11
	0.8
	0.09
	0.11
	0.8
	0.09
	0.32
	0.6
	0.19
	0.29
	0.8
	0.23
	0.736
	1

	Port Said
	0.17
	0.2
	0.03
	0.11
	0.4
	0.04
	0.11
	0.2
	0.02
	0.32
	0.4
	0.13
	0.29
	0.6
	0.17
	0.401
	4

	El-Sokhna
	0.17
	0.2
	0.03
	0.11
	0.4
	0.04
	0.11
	0.4
	0.05
	0.32
	0.8
	0.25
	0.29
	0.4
	0.12
	0.494
	2



Table 4: The Efficiency Index of the Egyptian Container Ports

The results revealed that East Port Said port has the highest score in the efficiency index (0.736), El- Sokhna port took the second position, Damietta port took the third position, Port Said port took the fourth position, El-Dekheila port took the fifth position and finally Alexandria port took the sixth position with the lowest efficiency index (0.287). The index can be disaggregated to identify criteria that need improvement in the Egyptian container ports.

5. Conclusions
The paper proposed a framework to measure the efficiency level in container ports. An empirical study was conducted on the Egyptian container ports for the period between 2012 and 2016.

This paper considered the first empirical study that assesses the efficiency of the Egyptian container ports using FAHP technique. The proposed framework presented in this research can be used in assessing, evaluating and ranking any container port around the world since the efficiency criteria used in this research are the most common criteria used in evaluating a container port. However, the relative importance weight of each criterion can be varied from one port to another, which can be adjusted using the FAHP survey. For further research, the new world container ships can be used to set higher performance rating scale. For example, OOCL Hong Kong which requires 32.5 m draught and 399.87 m berth length at least (Network, 2018), can be considered as a benchmark to establish international performance rating scale to assess any container port around the world in order to compete globally.
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