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1. Introduction
In the age of increasing in air travel, the availability of appropriate airport capacity is a significant
constriction on the future air travel demand, for both passenger and cargo. With the inadequate capacity

in both airside and landside areas, the air cargo industry continues to face challenges of sustainability,
profitability, and customer satisfaction (ATA, 2018). As the world of air cargo is rapidly changing, it is

becoming an important factor supporting the current global trade system. Boeing (2016) projected that
over the next 20 years, the world's air cargo traffic would continue to grow. Competitive air cargo

transport generates advantages and is one of the key players to drive the economy of many countries,
including Thailand. However, in equivalent, the air cargo industry has been slow to adjust to an

increasingly electronic world that demands more transparency, speed, and efficiency. In addition, the
customers behavior is also changed to be more sensitive and demanding.
Air cargo is now becoming one of the serious issues in Thailand-s aviation industry. The demand

for air cargo operations is increasing; however, irregularities are still occurring from operation practices
and processes at airports. This needs to improve for a better performance to cope with the future

demand. Thailand is now also facing this rapid change. The ability to adapt to the transformation is still
inferior in terms of performance. This determines how Thailand can improve cargo terminal performance
efficiency in order to cope with demand and maintain the sustainability.

Air cargo transport involves a sequences of services from origins via hubs to destinations to
move cargo through a shipper, a forwarder, a road transporter (or trucken), an airline (or carrier), and a

consignee (Derigs et al, 2009). Certainly, authorities such as aviation security agencies, customs,
airports or quarantine departments are also involved apart from the business logistics chain. The shipper
desires the commodity to be sent at a low cost and at the required service level. The forwarder performs
as the “middle man~ between the shipper and the airlines. The road transporter provides the ground
transportation services before and after air transport. The airline by its cargo terminal at airports receives,
stores, transfers, tracks, loads and unloads cargo, and assigns and manages capacity. Ground handler
provide ramp transport and aircraft loading/unloading. The consignee receives the shipment (Kasilingam,
2003) as present in figure 1.

Figure 1:Physical Handling Flow (IATA, 2017

77



The present demand for world air cargo has come into an era of uncertainty growth due to
several unpleasant turmoil in countries. Trade war between USA and China, air sky closure in Pakistan,

Japan and S.Korea counter-barrier, Honk Kong continuing strike and the latest taxation obstruction from
USA to EU have been impacting to air cargo transportation seriously. The turmoil lead to unhealthy less
air cargo bringing to forwarders to compete each other for transporting shipments. Forwarders can simply

pinpoint the comparative strengths and weaknesses of the service factors that affect air cargo service
choice. Their awareness toward airline’s service factors differ, and these differences are the main factors

that determine the choice and the competitiveness of specific airline. This paper, therefore, evaluate the

significant factors affecting air cargo terminal operational performance in order to increase operational
performance and customers- satisfaction.

2. Literature review
For the literature review, this study considers two perspectives which are air cargo terminal-s
operation performance and factors selection process.

Air cargo terminal operation performance
Before cargo is moved to the aircraft for departure, it is delivered to the airport via air cargo
terminal by trucks and then unloaded for inspection, information verification, sorting, and packing. This

process involves decision problems on manpower planning and scheduling, cargo processing, and truck
arrival, as well as on unloading management for air cargo terminal operations, all of which are
interdependent. There are several handling processes enforced by authorities, airline requirements and

The International Aviation Transport Association {ATA). However, air cargo operation has been studied

at a minor stage in airport researches and some papers put air cargo as a secondary part especially in
air cargo terminal services. The typical air cargo terminal has four major activities of transit, sorting,

storage and cargo information handling processes (Hu & Huang, 2011). Although, efficient air cargo

terminal operations are critical for improving service performance to users and few studies have focused
on air cargo terminal performance (Lin, Ling, & Han, 2005). Ohashi et al. 2005) applied numbers of

runways, hours of loadingunloading, time for customs clearance, cargo throughput and air cargo
processing time on a study of choice of air cargo transhipment airport: an application to air cargo traffic
tofrom Northeast Asia. Researchers were interested in different perspectives. Factors are at their own
concentration and dispersed in different subjects. Table 1 shows the list of factors from previous
researches for this study.

Table 1:the list of factors from previous research

Reference Focus
Lau and Zhao (2006) 0 Cargo routing
[1 Scheduling
[l Manpower Requirement
[1  Work time table
[J  Manpower Requirement
[1 Personal shift
\
\
\
\
\

Yan et al. 2008,

Rong and Grunow 2009«

Truck
Scheduling
Cargo Routing
Scheduling
Electronic import goods
declaration
[1 Cargo security (facilities,
Rodbundith et al. 2018 operations)
[1 Cargo terminal area (sq.m,)
[1 Available tracking and tracing
service
[1  Minimum connecting time
[1  Short-shipped cargo

Ou et al.2010)

Xu et al. 2014,

Suwanwong et al. 2019
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According to the table, the researcheresmainly focus on the manpower and scheduling in order
to minimizing the cost in the past. However, as today is the era of disruption, customers are more

demanding and increasing their expectoration. The focus might have been changed from the past.
Rodbundith et al. 2018) and Suwanwong et al. 2019) mainly discussed on the service level agreement.

This research, therefore, concentrates on the factors that effect to air cargo terminal performance and
customers satisfaction and combine factors from previous researches to changed circumstances for

this research.

Factors selection method
Factor selection among a set of alternatives along with numerous contradictory criteria is a
multiple criteria decision making (MCDM) problem. The objective of this research is to select the most

appropriate factors among alternatives for significant factors affecting air cargo terminal operational
performance. MCDM methods support decision makers solve complex decision problems involving

conflicting criteria in a systematic and consistent way. Mardani, Zavadskas, Khalifah, Jusoh, and Nor
2016) show that use of MCDM methods has significant growth in the field of transportation systems.

MCDM includes many methods such as AHP, TOPSIS, PROMETHEE, SAW, and the newest
method - Best-Worst Methods. Between these methods, only TOPSIS and AHP were found to be used

most in air transport study. Marvelous efforts have been consumed and noteworthy advances have been

completed towards the development of several MCDM methods for solving different types of decision
problems Yeh, Deng, and Pan (1999); Triantaphyllou (2000). In spite of this, there is no generally

accepted approach for the general MCDM problem (Yeh, Deng, & Chang, 2000), and the proof of the
decision outcome remains generally an open issue. The outcome is quite regularly reliant on the method
used.

There are many ways and methods to evaluate factor selection. Therefore, to select the suitable
method, it is depending on the research objective and data collection. This research utilizes two MCDM
methods, BestWorst Method to define the weights of criteria and VIKOR to rank alternatives and select
the best alternative. Best-Worst Method (which is developed based on AHP model)is used to define the
weights in the hierarchy of criteria. VIKOR as a compromise ranking method are used for ranking and
selection process in order to be assured in selecting the best alternative. Another reason for using these
methods is their successful applications to the MCDM problems in the literature.

Best-Worst Method is the latest MCDM technique proposed by Rezaei (2015), which is based
on pairwise comparisons to acquire the weights of alternatives and criteria respective to several criteria.

It reduces the number of pairwise comparison by only executing reference comparison which means
that experts are only required to define the preference of best criterion over other criteria and the
preference of all criteria over the worst criterion, using on a 1-9 scale. By removing secondary

comparisons this method is much more efficient and easier to obtain weights in an MCDM problem. This
method had been used in a variety of contexts such as supplier selection (Rezaei, Nispeling, Sarkis, &
Tavasszy, 2016), sustainable supply chain (Sadaghiani, Ahmad, Rezaei, & Tavasszy, 2015), energy
efficiency of buildings (Parmarth Gupta, Anand, & Gupta, 2017), urban sewage treatment technologies
sustainability assessment (Ren, Liang, & Chan, 2017), and measuring university-industry PhD projects
efficiency Salimi & Rezaei, 2016).

The literature on VIKOR and Fuzzy VIKOR methods is reviewed by Yazdani and Graeml 2014

for a total of 198 papers with 9 main application areas from 2002 to 2014, by Gul, Celik, Aydin, Gumus,
and Guneri 2016) for a total of 343 papers with 13 main application areas from 1998 to 2015 and by

Mardani, Zavadskas, Govindan, Amat Senin, and Jusoh (2016 for a total of 176 papers with 15 main
application areas from 2004 to 2015. Uludag and Deveci (2013)applied Fuzzy VIKOR and Fuzzy TOPSIS
methods to a potential city airport location selection problem by assessing thirty-four sub-criteria under
nine main criteria (geographical specifications, climatic conditions, infrastructure conditions, costs,

transportation, the possibility of extension, legal restrictions and regulations, potential demand,
environmental and social effects) for five location alternatives. Milosevic and Naunovic (2013) adopted

VIKOR for determining the most suitable location for a sanitary landfill facility from three alternatives by
evaluating thirty-two sub-criteria under five main criteria (hydrogeological criteria, meteorological criteria,

spatial criteria, socio-political criteria, and legal and economic criteria)and use fuzzy AHP for determining
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weighting coefficients of the evaluation criteria. Liu, You, Chen, and Fan 2014, proposed an extended
VIKOR method based on the interval 2-tuple linguistic variables to select the best disposal site for
municipal solid waste among four alternatives considering four criteria @djacent land use, climate, road
access, and cost). Mokhtarian, Sadi-Nezhad, and Makui (2014) proposed Interval Valued Fuzzy VIKOR

as a reliable method to select an appropriate location for digging some pits for municipal wet waste
landfill. Pankaj Gupta, Mehlawat, and Grover (2016) proposed an extended VIKOR method using

trapezoidal intuitionistic fuzzy numbers and apply it to the plant location selection problem with six
criteria (skilled workers, expansion possibility, availability of acquirement material, investment cost,

transport facilities, and climate) and three location alternatives. Hariz, Donmez, and Sennaroglu (2017)
completed Geographical Information Systems (GIS) analysis to classify feasible incinerator locations

based on economic, environmental and social criteria and then use AHP, VIKOR and PROMETHEE
methods to select the best location for a central healthcare waste incinerator.

The provided information indicates that there have been very few studies of factor selection for
a freight forwarder's perspectives in the journal papers, therefore, presented MCDM problem and

significant factors for evaluating factors is considered as the main contribution of this research to the
literature.

3. Methodology
Factor weighting using Best-Worst Method (BWM)

Multi-criteria decision-making MCDM)is a significant branch of decision-making concept. As
mentioned in Chapter 2, the latest MCDM method is Best-worst method was selected for this research.
The step of BWM was describe below (Razaei, 2015,

Step 1:Build the set of decision criteria. In this step, the criteria (C1, C2,...,Cn) that should be used are
considered. This step is done by factor screening process at the very beginning of the phase. The
structure of the criteria can be built as the hierarchy level as shown in Figure 3.

Step 2: Select the best criteria (most important)and the worst criteria deast important). In this step, the
decision-makers identify each criteria and decide the most-and least important among the criteria.
There are no comparison process in this step

Objective

Y Y Y Y

Main criteria 1

Main criteria 2

Main criteria 3

Main criteria 4

l

l

l

l

Sub-criteria 1.1

Sub-criteria 2.1

Sub-criteria 3.1

Sub-criteria 4.1

Sub-criteria 1.2

Sub-criteria 2.2

Sub-criteria 3.2

Sub-criteria 4.2

Sub-criteria 1.3

Sub-criteria 3.3

Sub-criteria 3.3

Sub-criteria 4.3

Alternative 1 Alternative 2 Alternative 3

Figure 3 Criteria structure Source: Organized by Author
Step 3: Determine the preference of best criteria over all other criteria using the number between 1 and

9, as shown in Table 5.1. The value of 1,3,5,7,9 characterize equal importance, weak importance,
essential importance, demonstrated importance, and extreme importance, respectively; while the value
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2,4,6, and 8 are used to compromise between the values. The result of Best-to-Others vector would be:
Ap = (agy, apy, -, Agy)
Where az; represent the preference of the best criteria B over criterion j. It is clear that ags = 1

Table 2 The fundamental scale of absolute numbers

el e Definition Explanation
Importance
1 Equal importance Two activities contribute equally to the objective
2 Weak or slight
3 Moderate Experience and judgement slightly favor one activity
importance over another
4 Moderate plus
5 Strong importance Experience and judgement strongly favor one activity
over another
6 Strong plus
Very strong or T ;
7 demonstrated An activity |§ favored very strongly over a_nother; its
importance dominance demonstrated in practice
8 Very, very strong
9 Extreme The evidence favoring one activity over another is of
importance the highest possible order of affirmation

Source: Saaty 2008

Step 4: Determine the preference of all criteria over the worst criteria using the number between 1 and
9, as shown in Table 2. The result of Best-to-Others vector would be:

Aw = (alw: Aow) ey anw)

Where a;,, represent the preference of the criterion j over the worst criteria W. It is clear that ay,,, = 1

Step 5: Find the optimal weights (W7, W5, ..., W,"). The optimal weight for the criteria is the one where,
for each pair of Wy /W; and W;/W,,, the Wy /W; = ag; and W;/W,, = a;,. The next step is to satisfy

iy . . . w
these condition for all. The solution, where the maximum absolute difference WB — agj
j

for all j is minimized, should be made. Considering the non-negativity and sum condition for the
weights, the following problem is resulted,;

W
Yi_ g
and |WW aJW|

Min €
s.t.
2 < & forallj

w
w; ~ %
|;”V’—VJV — a5, | < & forall |
Xiwi=1
W; = 0, for all j (1)
Solving problem (1), the optimal weights (W7, W5, ..., W,”) and &* are obtained.

The last step is to test the consistency through calculation, modifying it if necessary to get an
acceptable consistency. Table 2 shows the order of the consistency index table according to study of
Razaei, (2015) which is used to calculate Equation (2). The consistency ratio for Best-Worst Method
using ¢ and the corresponding consistency index, as follow;

Consistency Ratio = SN S— (2)

Consistency Index
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Table 3 Consistency Index (Cl)table

0o 1 2 3 4 5 6 7 8 9
Cl 000 | 044 | 100 | 163 | 230 | 300 | 373 | 447 | 523

Source: Razaei, 2015)

4. Case study
In according to air cargo terminal performance, there are several criteria that air cargo terminal
has to improve in order to increase the customer satisfaction and operational efficiency. As mentioned

that there is very limited research focus on air cargo performance, the factors from the previous research
are very few. This research, therefore, requested experts and users in air cargo terminals to provide the

significant factors for evaluating air cargo terminal performance. Table 3 is the list of the factors.

Table 4 List of the factors
Factors Sources
Short-shipped cargo
Minimum connecting time
Electronic import goods declaration
Cargo security (facilities, operations)
Cargo terminal area (sq.m,)
Available tracking and tracing service
Cargo handling capacity (metric tons) per
annum
Cut off Time
Transit/Transfer Time

Suwanwong et al. 2019

Rodbundith et al. 2018

Expert interview

[l Short-shipped cargo
Short-shipped cargo is the left over cargo. The increasing amount of short-shipped cargo reflects
poor management of the airline, which affects its overall reputation. The defects occurring with

the airline's ground operations not only influence the airlines but also the cargo shippers and
consignees. One main reason is that air cargo is time-sensitive: longer delivery time and short-

shipped irregularity are unsatisfactory for the shipment owners. Short-shipped cargo as a key

factor leads to increased waiting times, which reduce the overall air cargo terminal performance
Suwanwong et al, 2019,.

(1 Minimum connecting time
Minimum connecting time for air cargo is different from the one for air passengers. As there is
no standard for the minimum connecting time, it usually depends on airports and airlines. A
small-size airport has shorter minimum connecting time than a large-size airport. According to
Suwanwong et al. (2019), based on interviews with experts of Thai Airways International (TG),
approximately 6-12h are the minimum connecting time if a transshipment is involved and,or the
cargo needs to be towed to other terminals.

[l Electronic import goods declaration
Electronic import goods declaration is a part of E-freight and E-AWB project of IATA. This an
industry-wide program involving carriers, freight forwarders, ground handlers, shippers, customs
brokers and customs authorities that aim to build an end-to-end paperless transportation. All
import goods is declared electronically to customs. This allows shipper or its freight forwarder to
perform customs clearance 24,7 and fasten the clearance process with customs instead of
traditional AWB and other document required by especially import country-customs. Air cargo

terminal acts on behalf of carriers shall be enable to deal with electronic import goods
declaration with customs efficiently.
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Cargo security (facilities, operations)

Supply chain security is an increasingly important and complex element in air cargo operations
and workflows as governments and organizations pursue a network and layered approach to
security regulations, program requirement and technologies. The international Civil Aviation

Organization (ICAO) is one of two primary international organizations provide standards,

recommended practices and guidance material for countries and stated in the field of air cargo
security. The other primary organization in this field is the World Customs Organization. Both

organizations control the application of security screening and controls upstream in the air cargo
supply chain including cargo facilities and operations. Cargo security is fully monitored and

controlled at state and international levels. Air cargo terminals must obey regulations enforced
by nations: civil aviation authorities.

Cargo terminal area (sq.m,)
Several parties such as Boeing or IATA forecast growing air cargo transport each year. With

limited area of cargo terminal, the performance and service quality are at risk to handle
increasing cargo tonnages. Cargo terminal operator are well-aware of this significant criteria to

their future expansion to cope with growing demand from carriers. Impromptu future expansion

may have defected cargo terminal performance and revenue from limited cargo terminal area
to accept more cargo tonnages from new customer airlines.

Available tracking and tracing service

FSU: The cargo-IMP Status Update. This message is used to notify;update interested parties
especially shippers, freight forwarders and consignees with a (change of) status of a specified
consignment as recorded in the system of a handling cargo terminal. Usually, the system is

connected with airline website to allow interested parties to track and trace their current
consignment's delivering status. This tracking and tracing service is mandatory required from

airlines to shippers, freight forwarders and consignees.
Cargo handling capacity (metric tons) per annum

Available cargo handling capacity per year is a significant indicator of cargo terminals to carriers
to select. The buffer between maximum handling capacity and utilized capacity is always

compared to acknowledge the availability for ensuring airlines: cargo handled properly. Tight or

nearly utilized capacity is at risk to airlines for overcapacity of cargo terminal which may decide
to embargo to handle cargo. In that case, this severely impacts to airlines to carry less cargo

and lose revenue at the end. Consequently, airlines always require to know cargo terminal’'s
handling capacity prior selecting cargo terminal.

Cut off Time

To transport cargo by air, time is matter. Normally, export cargo is directly delivered by freight
forwarders from factories after production to cargo terminal. There are several conditions such
as traffic, trucking quality or road infrastructure may delay consignment delivery to airports.
Shorter cut off time to accept cargo from freight forwarders are preferable to them. Cargo

terminal is necessary to handle cargo faster to ensure that airlines especially passenger airlines
are punctual to their departure time. The proper cut off time is significant to be specific between

cargo terminal, airlines and shipper freight forwarders.

Transit Transfer Time

Boonekamp and Burghouwt (2017) and Kim and Park (2012) use one transshipment as their
maximum number. Those studies maintain that if the number of transshipments is greater than
one, customers will change to another route. According to Suwanwong et al. (2019, to support

that assumption, industry experts are interviewed to determine the preferred number of
transitstransshipments. Without considering the airfreight transport fee, they confirm that direct

flights are most preferable, and one transittransshipment is at an acceptable level.
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After conducting the experts: group discussion for factor selection process, in this step, a
structured interview was applied in order for determining the weight and significance of each variable.

The survey is conducted and delivered to the experts in the in the management level who came from
related aviation industry such as air cargo terminal operation, airline, and freight forwarders. Below is

the step of the method to calculate the weight of each criterion.

Step 1. Determine a set of criteria; this step consider the criteria that should be used which already done
by the group discussion. Nine variables were selected for this step

Step 2.Determine the best (the most important criteria) and the worst criteria the least important criteria);
in this step, the decision makers decided the criteria without any comparison. Table 5 show the results
that the most important criteria is Short-shipped cargo and the least important criteria is Cargo terminal
area (sgq.m,)

Table 5 Determine the best and worst criteria

Criteria Rank
Short-shipped cargo Best
Cargo terminal area (sq.m, Worst

The next step is to construct Best-Worst method to investigate the weights and priority of each
variable. The analysis was made on a scale from 1 to 9. Table 6 presents the final weights of each criteria.
Among the 9 criteria, the experts decided that Short-shipped cargo was the most important variable. The
result shows the weight of Short-shipped cargo to be 0.236. The experts agreed that the Short-shipped
cargo is main criteria that effect to the air cargo terminal performance. In addition, the consistency ratio
(CR)was all smaller than 0.1; therefore, the results were considered to be reliable.

Table 6 Factor weighting summary

Criteria Weight Rank
Short-shipped cargo 0.236 1
Minimum connecting time 0.143 3
Electronic import goods declaration 0.14 4
Cargo security (facilities, operations) 0167 2
Cargo terminal area (sq.m,) 0.011 9
Available tracking and tracing service 0.112 5
Cargo handling capacity (metric tons) per annum 0.101 6
Cut off Time 0.056 7
Transit Transfer Time 0.034 8

5. Discussion and Recommendation
In according to Table 6, to enable cargo terminal operational performance, the operators shall
seriously look into these first three factors to enhance handling performance. Short-shipped cargo, cut-

off time and transittransfer time are respectively significant to all relevant stakeholders especially cargo
terminal operators. Short-shipped cargo defects cargo not flown as booked meaning that airlines may be
decreased on-time-performance to shippers and consignees who are able to select other airlines in next
shipments while many alternatives of airlines available in the market. Carrying airlines may face claims
from shippers as well for any irregularities from short-shipped cargo such as broken or missing pieces.
Proper handling service is necessary to be well-performed by cargo terminal operators to airlines. Short-
shipper cargo must be avoid in order to upstream their operational performance.

Secondly, as mentioned earlier, time is matter to air cargo transport to please shippers. To

transport products by air is lesser carrying capacity while more expensive logistics cost, shippers will
ship their goods by air when goods is very important to arrive at the desired time to destinations and
shorter time is preferably significant. Shorter cut-off time is helpful to shippers to have times to transport

just finished goods from manufacturers to airports. This is the nature of air cargo after its production
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process. If cargo terminal operator agrees on shorter cut-off time meaning that their in-house handling
process must be faster and more efficient to deliver to aircraft side on time.

Thirdly, transittransfer time, there are several airlines nowadays. Small to medium airlines are
operating with smaller network comparing to well-known airlines. Hubs and spokes are usually a strategy
for airlines. Also, low cost carriers are now fly point to point. Airline home base is rarely no longer be only
their hub but using other airports are secondary hubs. The old fashion airline tactic is changing to widen
their network. Trucking service is linked into airline network. This means that more and more
transittransfer cargo are connecting hourly, daily, weekly. To quickly transfer cargo from airline to other
airlines or transit from this flight to other flights are more important to transport cargo to destinations.
Airlines concentrates more on connecting cargo to shipper's desired destinations. Quick transittransfer

time is subject and pinpoint to cargo terminal performance as a key topic to select cargo terminals to
serve their flights. Therefore, cargo terminal is mandatory to review their handling procedure to fasten

airline transittransfer time.
As the top three factors are somehow relevant to timing required by airlines. Cargo terminal shall

seriously look into these three factors in order to satisfy airlines, shippers, freight forwarders and
consignees. The question is how to handle cargo with nil irregularity and faster in cargo terminal custody.

This is important to cargo terminal to gain higher standard of their operational performance in all area of
handling activities. Redundant, duplicated or repeated activities must be terminated and improved to

serve related stakeholders in the airport.
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