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Abstract — 1In today’s ever-increasing competitive environment, container shipping plays a significant part in the supply
chain. Schedule reliability of shipping lines affect hinterland transport and shippers. Thus service quality of schedule
reliability has an important influence on the operational performance of container shipping lines. The main purpose of this
study was to analyze and investigate the key influential factors of schedule reliability by using the Fuzzy Analytic Hierarchy
Process. Results indicated that the most important object is ‘process management in shipping lines’, and that the important
criteria were ‘well-arranged time window,” ‘transship arrangement,” ‘planning the suitable ports,” ‘planning the berth and
watchouse beforehand,” and ‘control and management staff in the terminal’.

Keywords— Container shipping lines, schedule reliability, fuzzy AHP

1. INTRODUCTION

Due to a highly competitive atmosphere, container shipping lines face several challenges. The process of shipping is
not only important to shipping lines, but it also plays a crucial part of a supply chain; therefore, schedule reliability of
container shipping lines play a key role in the global supply chain. It is proven that schedule reliability affects hinterland
transport and logistics costs to the shippers.

Although container shipping lines operate on fixed-day weekly schedules, the survey of Drewry Shipping Consultants shows
that more than 40% of the vessels deployed on worldwide liner services were delayed one or more days (Vernimmen e al.,
2007). Drewry (2007-2009) calculated the schedule reliability of global container shipping lines from 2007 Q3 to 2009 Q2 as
shown in Tablel. It indicates that most of the lines cannot call the vessels on time.

In addition, Vernimmen ez a/. (2007) stated that schedule reliability levels of different trade routes were noticeably
different. North America and Indian Subcontinent routes arrive on time at least 70% of the time; however, the Asia and
East Coast South America routes only arrive on time 40% or less of the time. Moreover, the Asia / North Europe /
Mediterranean trade route's proportion of containerships arriving on time declined from 46% in the fourth quarter of 2006
to 37% in the first quarter of 2007. In transatlantic routes, the on-time arrival rate of the fourth quarter of 2006 decreased
from 53% to 27% in the first quarter of 2007 (Shippers Today, 2007). However, the improvement of transatlantic routes is
better than the Asia / North Europe / Mediterranean trade route. Therefore, in this study the scale of service was divided
into Asia routes (Ze., shortsea shipping) and American routes (i.c., deepsea shipping) to explore whether or not there are
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different critical factors of schedule reliability.

This study began with literature reviews, followed by the conduction of the expert questionnaire survey to collect data
required for the main purposes of exploring the influential factors on schedule reliability. It is proven that fuzziness and
vagueness are common characteristics in many decision processes; thus the Fuzzy Analytic Hierarchy Process (FAHP) was
applied to analyze the important degree of each criterion to explore the significance of factors, which added the concept of
weight values. The sutvey also explored two different routes, (Asia routes and American routes) to see whether or not
experts make different decisions to determine in determining factors of schedule reliability.

The rest of the study is organized as follows: The relevant literature is surveyed in section 2. Section 3 describes research
design and methods. Section 4 presents empirical results, followed by conclusions and suggestions in section 5.

Table 1 Global container shipping lines’ schedule reliability statistics

Year / No. of No. of On_time
a Calling Shipping 100 | 90 80 70 60 50 40 30 20 10 0
Quarter . . Rate (%)
Times Lines
2007/Q3 2,237 66 0 7 3 2 12 18 8 8 6 1 1
2007/Q4 2,145 65 4 1 0 4 13 16 8 7 6 4 2
2008/Q1 2,130 66 0 1 3 6 11 19 10 8 2 3 3
2008/Q2 1,935 60 No. of 1 1 0 6 6 11 9 10 7 4 5
Shipping
2008/Q3 1,891 58 Lines 1 1 2 4 14 11 11 3 6 1 4
2008/Q4 1,641 57 0 4 0 1 5 6 19 7 3 7 5
2009/Q1 1,633 54 0 2 1 3 7 18 4 5 7 2 5
2009/Q2 1,712 61 0 0 6 8 13 10 11 4 3 1 5

Source: Drewry (2007-2009).

2. LITERATURE REVIEW
2.1 The impact of schedule reliability on shippers

Due to low-cost trend, the transport demand of container shipping is increasing recently. The system of container

shipping is structured under tight schedules. Schedule reliability might be the reference for shippers when selecting container
shipping lines and planning their supply chains with realistic expectations of delivery time. Thus delays might not only
decrease the reliability of the liner service, but also increase logistics costs to the customers, such as additional inventory
costs or additional production costs, ¢.g, a production stop due to a late delivery of materials (Notteboom, 20006).
The unreliability of liner schedule causes a knock-on effect on the hinterland supply chains. More serious delays might lead
to significant time-losses for the catgoes involved, the loss of the cargo altogether, ship collisions or ship groundings,
(Vernimmen ez al, 2007) and even the loss of potential customers. Thus most liner carriers are paying attention to their
service reliability, such as schedule reliability. The better reliability might be the proper combination of carrier actions and
the alleviation of port congestion delays. However, liner schedule unreliability will also increase the operating costs of
shipping lines (Vernimmen ez a/., 2007).

Consequently, schedule reliability is important to companies when addressing cargo activities. On-time deliveries can
reduce warehouse storage time and inventory costs. It also enables companies to plan pick-ups and deliveries in advance to
reduce costly demurrage and charge backs that result from early or late deliveries. Besides that, it can help companies
maintain supply chain integrity by improving product supply flows.

2.2 INFLUENTIAL FACTORS ON SCHEDULE RELIABILITY

Carey (1999) stated that measures of reliability and punctuality of scheduled setvices are important in planning,
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management, operating and marketing of the services. Schedule design is a strategic planning problem in container shipping
lines (Fagerholt, 2004), and it should meet customers’ requirements in terms of frequency, transit time and price
(Notteboom, 2006). Vernimmen e a/. (2007) showed that low schedule reliability can be caused by a number of factors,
many of them beyond the control of container shipping lines. For instance, vessel delays are mainly due to bad weather, port
congestion, and labor strikes and so on. Two stages of schedule arrangement are port assignments and navigation by sea.
Consequently, it divided into four aspects to explore influential factors of schedule reliability in this study.

(1) Operating strategy of shipping lines

Container shipping lines perfect the schedule plan most of the time. Container shipping lines can improve their
efficiency of schedule reliability by performing different strategies, such as avoiding unreliable ports or using the chase
strategy and so on. Shippers Today (2007) said that the unwillingness of carriers to make up for lost time by increasing
vessel speed also affect schedule reliability. In addition, some shipping companies increase the control in the supply chain,
reduce waiting times and guarantee high vessel productivity by investing in port operating business, such as investing in
dedicated facilities (Chiang and Hwang, 2009; Dynamar, 2005).

(2) Staff in shipping lines

The Human factor is a key component in schedule reliability; for example, every staff member has a sense of
commitment towards their duty. For instance, the ports of Cape Town and Port Elizabeth have been closed on a number of
occasions in the past due to employee strikes which caused further schedule unreliability (Vernimmen e# a/., 2007). Good
coordination of market players (ex. port authority and customs) will be helpful to decrease waiting time and to increase
efficiency.

(3) Process management in the shipping lines

Planning the berthing windows is an important design in container shipping lines. Wang ez a/. (2010) also emphasized
that minimum average schedule missed hours of ships between the ship schedule departure time and the actual departure
time will enhance the schedule reliability of ships. Well-arranged berthing windows can reduce the loss in customers and
shipping lines; moreover, schedule reliability will increase. After one vessel arrives at port on time, it still has to wait in a
queue and consequently misses the berthing window. Drewry mentioned that most container lines do not provide sufficient
buffer time in their weekly schedules for contingencies, because some container shipping lines consider that buffer time is
too expensive (Vernimmen e# a/., 2007). In addition, it also needs to take care of the transit time; then containers might be
shifted. If a container shipping line is behind the scheduled transit time which might shift containers to other vessels/portts,
it will abolish the fixed schedule. Thus the reliability of transit times between two ports is also a key factor which will affect
the punctuality of further transport. S6zer and Dogan (2007) pointed out that a good reputation of high schedule reliability
also has high transit time reliability.

(4) Port’s condition

Notteboom (2006) pointed out that port congestion is one of the factors that can disrupt schedules, negatively
affecting schedule reliability. Thus the increased port congestion and infrastructure constraints are some of the reasons that
will compel the services of container shipping lines. Drewry also agreed that the detetioration of liner schedule reliability
was caused in part by port congestion (Shippers Today, 2007). Therefore, the characteristics of vessel schedules such as
liners’ schedule reliability are also an important factor of port selection (Lee et a/, 2007; Malchow and Kanafani, 2004). In
addition, schedule reliability also needs efficient terminal planning, especially in those ports that are non-first port of call
(Vernimmen ¢ al., 2007). Thus depending on berth allocation and terminal efficiency, the schedule of next ports could be
negatively influenced.

3. RESEARCH DESIGN AND METHODOLOGY

The expert questionnaire is used to analyze the reliability of schedule. Fuzzy Analytic Hierarchy Process is applied to
analyze the degree of importance of each criterion to explore the significance of factors.

3.1 Design and survey of expert questionnaire

The initial questionnaire was pre-tested and revised before it was sent out to selected experts who are also the
managers of container shipping lines. The questionnaire is divided into two parts. The first part of the questionnaire
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contains 12 items measuring schedule reliability. All the factors were selected and modified on a basis of reviewing past
literature in relation to influential factors on schedule reliability, and uses nine points ranging from 1 being ‘weakly important’
to 9 being ‘strongly important’. Part two is the socio-economical attributes of shipping experts. Out of the 30 surveyed
samples in total, 23 questionnaires were returned with a response rate of 77%.

Among the experts are top managers with at least ten years of experience in shipping lines. There are 11 experts who
work in the American routes and 12 experts who work in the Asia routes. The fact that the decision-makers in different
shipping routes may have different actions was kept in careful consideration when the survey was conducted.

3.2 Fuzzy analytic hierarchy process

The traditional AHP cannot adequately handle the inherent uncertainty and imprecision (Deng, 1999). The fuzzy
AHP (FAHP) technique was regarded as an advanced analytical method which developed from the traditional AHP. Since
fuzziness and vagueness are common characteristics in many decision processes, a FAHP method could be able to tolerate
vagueness or ambiguity (Mikhailov and Tsvetinov, 2004). The steps of FAHP ate as follows.

Step 1: Construct the hierarchical structure. The top of hierarchy is the goal, and the second level is the general criteria. The
secondary subcriteria's respective dimensions are placed at third level.

Step 2: Set up the pairwise comparison matrix. Compare the relative importance between various factors that obtain the
relative importance of paited criteria factors from selected experts, after the definite values are converted to fuzzy numbers
according to the definitions in Table 2.

Table 2 Transformation between linguistic responses and fuzzy membership functions

Likert scale (Fuzzy number) Definition
1=(1,1,1) Equally important
2=(1,2,3) Judgment values between equally and moderately
3=(2,3,4) Moderately more important
4=(3,4,5) Judgment values between moderately and strongly
5=(4,5,6) Strongly more important
6=(5,6,7) Judgment values between strongly and very strongly
7=(6,7,8) Very strongly more important
8=(7,8,9) Judgment values between very strongly and extremely
9=(8,9,9) Extremely more important

Step 3: Calculate the triangular fuzzy numbers. Concerning the relative importance of each individual evaluation
construction in the pairwise comparison matrix, triangular fuzzy number was used to integrate all experts’ opinions and to
the calculating function is as follows.

&ij = (aij 7bij ’Cij)

where
& : Triangular fuzzy number; &;; : The minimum of the /" subctiteria subordinated to the 7 general criterion; bij : The

geometric mean of the // subcriteria subordinated to the 7/ general criterion; Cjj : The maximum of the /" subcriteria

subordinated to the 7 general criterion.
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Step 4: Construct the fuzzy positive reciprocal matrix. The fuzzy positive reciprocal matrix .4 can be further built after Step
3.

A:[&ij]

Step 5: Calculate the fuzzy weight of fuzzy positive reciprocal matrix. It used the method which was developed by Buckley
(1985) and was improved by Hsu (1998) to calculate the fuzzy weights. It was based on the experts’ apprised values and
synthesized the experts’ opinions with the geometric mean instead of the fuzzy numbers being input directly by experts.

Through the following formulas, the positive reciprocal geometric mean Zi of triangular fuzzy numbers and the fuzzy

weight Wi can be obtained.

=[@, ®..8,]"",V
Wi =7, ®(zl@...@zn)-

Let 671 = (al, bl, Cl) and &2 = (az,bz,cz) be two triangular numbers. According to the extension principle (Zadeh,

1965) the algebraic operations of any two triangular fuzzy numbers &l and &2 can be expressed as:

a, ®a, =(a, xa,,b xb,,c xc,),a >0,a,>0
a,®a,=(a +a,,b +b,,c +c,)
~ —l U R |
=(c,",b",a,7),a >0
1/n ~ 1/n RK1l/n A1/n
=(a", b ") 8, 20
Step 6: Defuzzification. It used centroid method to defuzzy in the study because the solution can be figured out quite

quickly. The defuzzified weight W, calculated as follows.
Wai +Wbi +Wci
W, = ;

, where

Wai : The left-end value of the fuzzy weight; Wbi: The value of the fuzzy weight with the degree of membership as 1;
Wci : The right-end value of the fuzzy weight.

Step 7: Ranking. It can use the value in Step 6 to rank the criteria.

4. EMPIRICAL STUDY

Reviewing relevant literatures about influential factors in schedule reliability of container shipping lines, the empirical study
proposes the hierarchy model of influential factors on schedule reliability as depicted in Table 3 in response to the goal of
influential factors on schedule reliability.

4.1 The hierarchy structure and the results

A general consensus among experts can establish a hierarchical structure. Using the FAHP method, the importance of
influence factors on schedule reliability based on four objects and twelve criteria was caculated. The four objects include
‘operating strategy of shipping lines,” ‘staff in shipping lines,” ‘process management in shipping lines’ and ‘ports' condition.’
Thus, the influential factors in schedule reliability of container shipping lines are shown in Table 3, and evaluation criteria
weight of experts from different fields are as shown in Table 4.

The results showed that according to the overall evaluation, experts of two fields pay relatively consistent attention to the
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‘process management in shipping lines,” which is the most important object for schedule reliability in container shipping
lines. Between the different fields, ‘staff in shipping lines’ is probably the more important object than that of which is in
Asia route, while ‘ports' condition’ is the more important object than that of which is in American route.

Table 3 Influential factors in schedule reliability of container shipping lines

Goal Object Criteria Statement of Criteria
Shipping lines need to choose the suitable ports
O11: . ..
. . according to the port condition, cargo volume and
. Planning the suitable ports
O1: Operating SO on.
Strategy of O12: Whether shipping lines execute the chase strategy
Shipping Lines Chase strategy of not.
O13: Shipping lines has invested in or specialized
Specialized terminal investment terminal.
O21: Every staff has strong sense of mission in their
Staff’s sense of mission duty.
oo 022: Staff should have good coordination ability with
. L. Coordination ability of staff with market players (ex. port authority and customs) to
Staff in Shipping . .. . . .
Lines external relations decrease waiting time and to increase efficiency.
Influential 023; The shipping lines should control and manage the
Factors on Control and management staff in the| staff in the terminal effectively to avoid strike or
Schedule terminal slowness at works.
Reliability O31: Shipping lines should plan the time window
O3: Well-arranged time window appropriately.
’ 032: .. L
Process ' Planning the berth and warchouse Before arriving to the port, shlemg lines should
Management in plan the berth and warehouse in advance.
Shipping Lines beforchand
bping 033: Shipping lines should transship propetly to avoid
Transship arrangement delays in delivery.
OA41: .
Freely flowing of ports’ access roads Access roads of a port are freely flowing.
O4: 0O42: . I . .
Ports' Condition | Berth allocation Berth allocation will influence the operating time.
0O43: Terminal efficiency will influence the operating
Terminal efficiency time.
Table4 Evaluation criteria weight of experts from different fields
Weights Overall Asia route American route
Object Asia | American Criteri .\X/e.1 gbts of Global We}ghF ° .Of Global \X/el.ght.s c.)f Global
Overall rout rout a  Criteria in Each| Weicht Criteria in Weight Criteria in Weight
oute oute Object & Each Object & Each Object &
O11 0.735(1 0.155(3 0.714(1 0.196(2 0.739(1 0.082(4
0.211 | 0.266 0.112 (1) () L) @) (1) )
o1 ) ) ) 012 0.189(2) 0.040(7) 0.184(2) 0.050(6) 0.164(2) 0.021(9)
013 0.075(3) 0.016(10) 0.102(3) 0.020(9) 0.098(3) 0.008(12)
0138 | 0.101 0.108 021 0.174(3) 0.024(9) 0.302(2) 0.018(10) 0.084(3) 0.019(10)
02 '(3) '(3> '<4) 022 0.302(2) 0.042(6) 0.174(3) 0.031(8) 0.327(2) 0.033(7)
023 0.524(1) 0.072(5) 0.524(1) 0.053(5) 0.589(1) 0.057(6)
031 0.544(1 0.320(1 0.587(1 0.306(1 0.650(1 0.363(1
0.589 | 0.563 0.667 (L) (L) L L (L) (L)
03 M R R 032 0.126(3) 0.074(4) 0.103(3) 0.071(4) 0.098(3) 0.084(3)
033 0.330(2) 0.194(2) 0.310(2) 0.186(3) 0.252(2) 0.220(2)
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0061 | 0.070 | 0112 041 0.144(3) 0.009(12) 0.098(3) 0.010(12) 0.236(2) 0.016(11)

04 o422 02372 |001401) | 01642 | 001701 | 0.116(3) 0.027(8)

@1 ® @ o8 0.619(1) | 0.038(8) | 0.739(1) 0.043(7) 0.648(1) 0.069(5)

2 . Discussions

Schedule reliability is important for container shipping lines when addressing cargo activities; however, liner schedule
unreliability will cause a knock-on effect on the hinterland supply chain and increase the cost of container shipping lines. It
used the FAHP method to consult experts’ opinions to select the importance of the influence factors on schedule reliability
in this study.

Meeting the timings as announced in the published schedules is significant to container shipping lines. Results showed that
the ‘process management in shipping lines’ is the most influential object for schedule reliability, in which the ‘well-arranged
time window’ is the most important factor for schedule reliability. It’s not only in the overall evaluation, but also in Asia
route and American route; therefore, providing more buffer time of the weekly schedules such as extending the
round-voyage times can be suggested to container shipping lines to improve the on-time arrival rate of schedule.

Furthermore, the top-five criteria were ‘well-arranged time window,” ‘transship arrangement,” ‘planning the suitable ports,’
‘planning the berth and warehouse beforehand,” and ‘control and management staff in the terminal,” and their total weight is
81.50%. It is shown that the port time is the main source of schedule unreliability which means that choosing the ports of
call and arranging the order of ports is critical.

5. CONCLUSION AND SUGGESTION

(1) Schedule reliability is important for container shipping lines when addressing cargo activities. Delays in delivery will
decrease the reliability of the liner service, which cause a knock-on effect on the hinterland supply chain, and also
increase logistics costs to the shippers. Thus schedule reliability is important for container shipping lines handling cargo
by sea.

(2) The result demonstrated that the ‘process management in shipping lines’ is the main consideration in the evaluation
process by using the FAHP method. “Well-arranged time window’ is the most important criterion from overall
perspectives. Those results might be the direction for container shipping lines to improve their reliability.

(3) Compare the Asia routes with American routes; the critical influential factors between them are not significantly
different. It is implied that the critical factors of schedule reliability are almost the same, regardless of whether shortsea
shipping lines or deepsea shipping lines are taken into consideration.

(4) In the results of this study, it is shown to container shipping lines that the ‘process management in shipping lines’ is the
most important, especially ‘well-arranged time window.” Thus liner carriers should plan sufficient buffer time in
schedules for unexpected situations such as bad weather and port congestion. In addition, shippers can also build more
buffer time in their supply chains to cover the damage risk of variability in liner schedules.

(5) Service quality of schedule reliability might have a bigger influence on freight rate negotiations between contracting
parties, ze., carriers and shippers; meanwhile, it will also influence the performance of container shipping lines.
Therefore, schedule reliability is a key performance indicator in the container shipping lines.
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