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Abstract. The East-West Transport Corridor (EWTC) in the Southern part of the Baltic Sea Region (BSR) has been chosen
as a practical area for implementation of a novel transportation concept called synchromodality. The main expectations in
developing synchromodal transport system are related to the improvement of the transport service level, modal shift and
capacities utilization of transport hubs along this corridor. However, in the absence of identification of major factors influ-
encing synchromodal system it is difficult to evaluate a potential benefit of implementation of this new transport concept.
Our main goal in this paper was, on the basis of a review and using a specific questionnaire, to determine the main indica-
tors impacting effectiveness of the synchromodal system. Compatibility of experts’ opinions was verified by using Multiple-
Criteria Decision-Making (MCDM) method. The paper will be useful for transport and logistics companies interested in
moving towards synchromodal transport, as well as for future researchers. In the course of the research - using the Aver-
age Rank Transformation Into Weight (ARTIW) and Analytic Hierarchy Process (AHP) methods - it was determined that
the normalized subjective weights of the five main criteria impacting synchromodality distributed in the following order:
service quality, efficiency, infrastructure sufficiency, technical properties of terminals and interaction of technologies. In
accordance with the Kendall’s concordance coefficient and consistency ratio values, expert opinions are consistent, which
enabled the rankings of expert group averages and the eigenvector to take as a result of the task solution. The outcomes
of the research presented in the paper have shown that service quality (transport time, service and waiting time, handling
time, working hours, reliability and flexibility) is the most important indicator (criterion) impacting synchromodality. At
the same time it is a big challenge for transport researchers because it requires to design and apply a qualitatively new
mathematical models facilitating an establishment of an optimal synchromodal network and services along chosen trans-

port corridor.

Keywords: synchromodality, transport corridor, indicator, rank correlation, ARTIW, AHP, MCDM.

Introduction

Globalization of the world economy created tremendous
challenges for trade development and transnational trans-
port services. A fresh look at the construction of new
transport routes in the Baltic Sea Region (BSR) could be
one of the most important factors for the establishment of
more efficient transport links better served to support rap-
id growth of the international trade. The expansion of the
EU and the related impact on a rapid growth of economies
in the Baltic States requires a balanced and modern trans-
port network development, not as traditionally with focus
on the Northern part of the BSR, but in the entire BSR.

The link between and integration of various hubs in the
East-West Transport Corridor (EWTC) in the Southern

part of BSR is the main feature in the drive to fully capital-
ise on the potential they have in the global transport mar-
ket, and to steer the region towards sustainable transport
solutions. The eastern part of the corridor is a gateway to
and from the BSR connecting it with Russia, Kazakhstan
and China to the East and Belarus, Ukraine and Turkey
to the South-East. The EWTC with the Black sea link go-
ing to Georgia, Armenia and Azerbaijan connects this
route with Kazakhstan and Far East (EWTCA 2018). The
EWTC future perspectives are related to the increasing
transportation flows along Asia-Europe transport links.

In order to ensure efficient transportation process of
intermodal freight along the EWTGC, it is necessary to ob-
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tain compatibility of the existing infrastructure capacity, as
well as coordinate operations of infrastructure managers
and operators (Sakalys, Batarliené 2017).

The aim of the paper is to determine the main indica-
tors impacting synchromodality (based on specific ques-
tionnaire and knowledge of transport and logistics experts
(operating along EWTC) and authors of this paper) and
by using Multiple-Criteria Decision-Making (MCDM)
method it was determined the normalized subjective
weights of the main criteria impacting synchromodality.

The research, results of which were used in prepar-
ing the article, was executed with an applied approach
including: the extended literature study; a specific the-
matic study; interviews with stakeholders and transport
experts from the BSR - both performed in the frame-
work of TENTacle (2019) project of the BSR INTERREG
(2019) programme - and use of MCDM method to rank
and weight the results of the research. A comprehensive
literature review was performed to obtain the knowledge
on how the subject of synchromodality is developed in the
academic literature. The new knowledge gained from this
review served as a basis of further research. The outcomes
of the TENTacle (2019) thematic study (qualitative analy-
sis), together with the results of the academic literature
review, provide the information needed for identification
of main indicators impacting synchromodality, and were
used as the basis in preparing questionnaire for stake-
holders and transport experts. Research results (including
questionnaire) were ranked by using Average Rank Trans-
formation Into Weight (ARTIW) and Analytic Hierarchy
Process (AHP) methods.

1. Literature review

Starting from the adoption of multimodal concepts, stake-
holders also developed intermodal solutions, nowadays
striving for more flexible, reliable, sustainable, cost efficient
synchromodal concepts ideas (Muller 1999). According to
the Oxford dictionary (https://www.oxforddictionaries.com),
synchronisation (noun) described as the fact of happening
at the same time or moving at the same speed as some-
thing else and synchronise (verb) it is a cause to occur
or operate at the same time or rate. The meaning of ‘syn-
chro’ in synchromodality needs to be broadened from the
synchronization of the different transportation modes
towards the synchronization of transportation with other
supply chain activities such as inventory management and
the setting of service levels. Although the term “synchro-
nization” has been used before in literature concerning
freight transport, for example indicating a seamless sup-
ply chain (Rodrigue 1999) or an integrated information
material flow (Hauge et al. 2011).

Synchromodal services require an integrative network
strategy for multimodal freight transport within Europe.
Network integration involves a close fit of corridors and
hubs into a holistic EU freight network. Hubs need to be
nominated, equipped and connected by corridors in a
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consistent way, from Trans-European Transport Network
(TEN-T level) to last-mile level, in order to allow servic-
es to achieve the economies of scale and the integration
scope of multimodal networks (ALICE 2015; Buiel et al.
2015). The concept of synchromodal transport is an im-
portant constituent of the physical internet. The physical
internet necessitates the synchronization of intermodal
services between modes and with shippers - referred to
as synchromodality - aligning equipment plus services
on corridors as well as hubs thus integrating them into
networks (Putz et al. 2015). Synchromodality uses an in-
tegrated network of various transport modes available in
parallel to provide flexible transport solution with great
optimality (Zhang, Pei 2016).

According Aditjandra (2018) the modal shift and in-
termodalism have been replaced by “smart”, “green’, and
“integrated” themes, alongside economic competitive-
ness and growth. The objective of the chapter in the book
Aditjandra et al. (2016) is to illustrate the current state of
European rail freight research and how this can improve
rail freight to support green and sustainable transport, as
promoted by the governments of the EU. Zunder et al.
(2013) analyses the extent to which an open access rail
freight market has enabled new Pan-European rail freight
services, using a case study within the context of policy.
A novel transport concept called “synchromodality” has
been proposed recently to green freight transport by fos-
tering a modal shift towards environmentally friendly
modes (Tavasszy et al. 2010; Buiel et al. 2015) of transport
such as water (barge or short sea), rail and/or road can be
used (Topsector Logistiek 2011) for container transporta-
tion (Buiel et al. 2015; Norman et al. 2015). Mileti¢ et al.
(2017) emphasised the issue of the environmental impact
of mode choice since the transport sector is the second
largest source of greenhouse gas emissions (after energy
production). Synchromodality is a new logistic concept,
which aims to increase the efliciency of transport and
achieve lower transport costs (Fawcett et al. 2007; Van
der Burgh 2012, Lucassen, Dogger 2012) while increas-
ing customer service (Fawcett et al. 2007; Behdani et al.
2016). As outcome of this improved decision-making
(Pleszko 2012), real-time chain (or service) composition
can both reduce bottlenecks in the physical infrastructure,
optimize utilization of existing infrastructure capacity in
main hubs of transport corridors (Kapetanis et al. 2016)
through synchromodality (Hofman, Bastiaansen 2014;
Solvay et al. 2016).

The synchromodality is a flexible (Behdani et al. 2016;
Dong et al. 2018) and sustainable transport system ser-
vices (Overbeek et al. 2011; Defares 2011; Lucassen, Dog-
ger 2012; Roth et al. 2013; Buiel et al. 2015) with dynamic
information exchange (Overbeek et al. 2011; ALICE 2014;
Hofman, Bastiaansen 2014; Agbo, Zhang 2017) that facili-
tates the synchronisation of the different modes — parallel
availability of at least two modalities, cooperation instead
of competition between modalities (Tavasszy et al. 2010;
Van der Burgh 2012, Topsector Logistiek 2011; Ayed
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et al. 2011; Van Gool 2012; Behdani et al. 2016; Hofman,
Bastiaansen 2014). Tavasszy et al. (2010), Hofman et al.
(2012) and Agbo, Zhang (2017) characterized as the abil-
ity to real-time switching between integrated transport
modes (ALICE 2015) at particular times (Defares 2011;
Van Stijn et al. 2011; Roth et al. 2013; Pfoser et al. 2016).
When this information contains real-time data about
transport logistics, multimodal becomes synchromodal
(Hofman et al. 2012). It enables efficient supply chains in
which shippers book their transport service “mode-free”
(Overbeek et al. 2011; Van der Burgh 2012; Pfoser et al.
2016) available capacity is used at all times (Tavasszy et al.
2010; Fan 2013) the adaption of all infrastructure, services
and stakeholders to one another (Van der Burgh 2012)
and considering real-time information on the current con-
ditions of the transport system (e.g., delays, congestion,
reliability, transit times, pricing, availability, etc.) (Reis
2015) caused by the environment of that modality dur-
ing its execution (e.g. predicted traffic density and weather
forecasts) (Hofman 2016). It offers a better utilization of
transportation modes and resources, a better consolida-
tion of loads, flexibility and freedom to switch modes, and
synchronization of the services.

Synchronization of operations (ALICE 2015) be-
tween complete transportation network (Buiel et al. 2015;
Hintjens et al. 2015) and the customers’ demands occurs
when the supply of services between different modalities
is tailored to a coherent transport product, which meets
the transport demand of shippers at any moment in terms
of price, timeliness, reliability and/or sustainability (De-
fares 2011; Zuidwijk 2015). It provides the possibility to
integrate and modify these services in a dynamic manner
(ALICE 2015) and it will be then dynamically adjusted
(Tavasszy et al. 2010).

The continual synchronization of chains of goods,
chains of transport and infrastructure in such a way that
the best modal choice can be made at any moment for the
aggregated demand for transport (Van der Burgh 2012).
Collaboration between actors is essential, to create syn-
chronized services and to cope with future pressures on
efficiency, flexibility and sustainability: this collaboration
requires a fit between operational processes of horizontal
and vertical business partners (ALICE 2015; Steadieseifi
et al. 2014). The synchronisation is the most difficult task
for transit planners and schedulers (Ceder et al. 2001).
This task is sometimes accomplished intuitively in practice
by simplifying the problem in the favour of coordination
in a few key points in the network. However, a network-
wide synchronisation is a complex task by nature.

The shipper only agrees on cost, quality and sustain-
ability targets (Vinke 2016; Rossi 2012; Bol Raap 2016)
but leaves the mode choice free for the logistics service
provider to decide, making it possible to offer the ship-
per an integrated, one-stop shop solution where cargo is
not left waiting for transport to become available (Top-
sector Logistiek 2018). One or more coordinators of
complete transport chains or transport chain sections are

monitoring the synchromodal transport chain (Tavasszy
et al. 2010). This coordination involves the planning of
services (Buiel et al. 2015), the performance of services
and information about services (Defares 2011) and con-
trol (Lucassen, Dogger 2012). The cornerstone of Synchro-
modal Freight Transport concept is an integrated view in
the planning and management of different modalities to
provide flexibility in handling transport demand. Because
multiple modalities are involved in a door-to-door jour-
ney chain, the integration of service has always been an
important issue for intermodal freight transport (Tavasszy
et al. 2015). In addition, the planning flexibility can be
used to deal with uncertainties and disturbances, and thus
increasing the on-time performance and reliability of the
transportation.

Accordingly, the transport units deployed in the syn-
chromodal network have to meet specific requirements
that include interconnectivity and interoperability, stand-
ardisation and modularisation as well as hyperconnected
intelligence. Practical examples underline the feasibility
and implementation status of the described requirements
(Pfoser et al. 2017).

Synchromodal transport furthermore implies mak-
ing optimum use of the factor time: push instead of pull.
Containers no longer remain at the deep-sea terminals in
anticipation of action on the part of the recipient (pull),
but are directly moved by barge or train to the inland ter-
minals in the hinterland in a pro-active fashion (push).
The realization of a synchromodal transport system is
not that easy. The consolidation of volumes is essential
in this respect. Intihar et al. (2017) have examined the
impact of integration of macroeconomic indicators on the
accuracy of the container throughput forecasting model.
Only then frequent connections are possible between all
the hubs using all three modalities: rail, inland shipping
and road. The result is an optimal sustainable and reliable
transport system (Pleszko 2012). Putz et al. (2015) based
on the literature review indicated seven main categories
of potential key enablers were determined: (1) awareness
and mental shift; (2) cost, service and quality; (3) informa-
tion, data, Information and Communications Technolo-
gies (ICT) and Intelligent Transport Systems (ITS); (4)
legal and political issues; (5) network and cooperation/
trust; (6) physical infrastructure; (7) sophisticated plan-
ning and simulation.

For synchromodal planning, the service network de-
sign is assessed, considering additional corridors between
inland terminals and container transportation over paths
with multiple consecutive legs and intermediate transfers
(Van Riessen et al. 2013). The objective of Aditjandra et al.
(2012) study is to gain a better understanding of whether
a freight corridor concept, as promoted by the EU TEN-T
initiative, is feasible and sound and can be promoted to
reduce the environmental (greenhouse gas) impact of long
distance freight operation. The inland transportation in
North-West Europe is still organised per corridor and not
for the network as a whole. Firstly, no suitable methods
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for creating an integrated network plan exist yet. Secondly,
adapting the plan in real-time responding to delays and
other changes occurs manually, by planning operators
that focus on specific corridors and inland connections.
Thirdly, because of the customer’s restrictions with trans-
portation orders, the network orchestrator misses the flex-
ibility to switch between modes and routes and thus can-
not achieve the benefits of synchromodal planning (Buiel
et al. 2015).

Vinke (2016) provided the key aspects for synchro-
modal transport based on Behdani et al. (2016) method-
ology - are mode-free (or A-modal) booking, joint plan-
ning and coordination, bundling, flexibility, and visibility)
and Fan (2013) (mode free booking, dynamic planning
of transportation, real-time switching between modes,
decision-making based on network utilization, combin-
ing transport flows, cooperation between actors in the
transportation chain, information availability and visibil-
ity among actors).

According to Defares (2011) the core of the concept of
synchromodality is that the gearing within and between
the goods flows, the transport chains and the infrastruc-
ture chains is made such that goods volumes can largely
be consolidated and the unused capacities of transport
modes and the infrastructures can be better be utilized.

By Behdani et al. (2016) - the integration of trans-
port chains in a synchromodal transport system includes
synchronizing both “stationary resources” - like transport
infrastructure (e.g., roads, rails, and navigable waters) or
transhipment nodes (e.g., inland terminals) - and “mov-
ing resources” (e.g., trucks, trains, and barges), which pro-
vide the transport services between specific origins and
destinations.

Synchromodal transport emerged as a new concept in
freight transport (Behdani et al. 2016; Lucassen, Dogger
2012; Steadieseifi ef al. 2014). It integrates different trans-
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port modes and gives the logistics service providers the
freedom to deploy different modes of transportation in
a flexible way, which enables better utilization of the ex-
isting infrastructure capacities in main hubs of transport
corridors (Kapetanis et al. 2016).

Defares (2011) and Behdani et al. (2016) presented
synchromodality definitions and concept are closest to
the opinion of authors of the paper. The above authors
have a more wide approach toward the concept of syn-
chromodality. In general, it could be stated that, accord-
ing to these authors, the synchromodal transport system
includes both, transport operations and transport infra-
structure (e.g., inland terminals) resources.

2. Identification the indicators
influencing on synchromodality

The authors of this paper based on scientific literature
review proposed the following definition of synchromo-
dality “it is a process of freight transportation, in which
information simultaneously is exchanged to maximize
the advantages of different transport modes and transport
nodes in terms of efficiency and environmental impact”

A comprehensive literature analysis allowed to prelim-
inary identify the main indicators (criterions) impacting
synchromodality. These indicators are presented in Table 1.

The next necessary step was to assess the significance
(rank and weight) of each main indictor for the develop-
ment of synchromodal transport.

During the past year, articles have been published
to deal with transport problems using MCDM meth-
ods. MCDM methodology for selecting beneficial sites
of Park-and-Ride (P&R) lots and for outlining desirable
directions of development of the city of Vilnius with in-
corporated P&R facilities was employed in the paper
(Palevic¢ius et al. 2017). Analysis of the trend of electric

Table 1. Indicators influencing synchromodality of transport activity

Indicator
Reference
Abbreviation Name Content
Cruijssen et al. (2007); Defares (2011);
A Efficiency Absolute limit cost and alternative cost | Rossi (2012); Vinke (2016);
Behdani et al. (2016); Kos et al. (2017)
. . e Behdani et al. (2016); Bontekoning et al. (2004);
Transport time, service and waiting time, Bri d 1 (2 . Geerli L (2 .
handling time, working hours, reliability; rimmerstedt ef al. (2017); Geerlings et al. (2017);
B Service quality P > ; > | Mason et al. (2007); Pedersen et al. (2009);
requency of service, cargo safety and . .
securi Pomponi et al. (2015); Tavasszy et al. (2015);
ty Van der Burgh (2012); Veenstra et al. (2012)
C Infras.tructural Congestion, bottlenecks, obstructions Dolinsek et al. (2013); Veenstra et al. (2012)
sufficiency
Technical Availability of technical means to service
D properties intermodal transport at main intermodal | Alessandri et al. (2007); Nabais et al. (2013)
of terminals transport nodes
Accessibility of seaports, airports, railway
E Interaction of stations, inland waterways, logistics Bontekoning et al. (2004); Jarastniené et al. (2012);
technologies centres; loading according to requests Briimmerstedt et al. (2017)
received in advance
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vehicles makes evident that the target does not have a real
chance to be achieved without targeted efforts. In order
to improve the infrastructure of electric vehicles in major
cities and resorts of Lithuania, Palevicius et al. (2018) have
carried out a comparative analysis of public infrastructure
for electric vehicles. For the quantitative analysis, authors
proposed eight criteria describing such an infrastructure.
As perception of the infrastructure by owners of electric
cars depends on complex factors, Palevidius et al. (2018)
used MCDM methods for evaluation of the current state
of its development by four such methods: (1) Evalua-
tion based on Distance from Average Solution (EDAS),
(2) Simple Additive Weighting (SAW), (3) Technique for
Order of Preference by Similarity to Ideal Solution (TOP-
SIS) and (4) Preference Ranking Organization Method
for Enrichment of Evaluations II (PROMETHEE II). The
Multilevel Grey Evaluation (MGE) and TOPSIS methods
are employed in the paper Chen et al. (2014) to evalu-
ate the overall performance of passenger transfer at large
transport terminals in different alternatives. The integrat-
ed weighting method is adopted to overcome the biased
weight set from individual subjective or objective perspec-
tives in the evaluation.

3. Methodology determining
significance of indicators

3.1. Rank correlation method

The research was processed by applying Kendall’s rank
correlation method and experts options compatibility was
analysed using concordance coefficient. When given a pre-
pared questionnaire, the experts E|, E,, ..., E, were asked
to give quantitative rank values X, X,,..., X,, (ranks
R, R,,..,R,) to synchromodality indicators based on
their knowledge, experience and intuition. The lowest
rank (an integer number) is given to the most important
synchromodality indicator (criterion); one rank less is
given to the next criterion; and the highest rank is given
to the least important indicator (criterion).

According to Kendall and Gibbons (1990) the value of
calculation of the concordance coefficient is that the cal-
culated square sum S of the deviation of all indicator (cri-
teria) ranks from average shows that experts’ evaluations
are completely different from the total mean evaluation.
Therefore, reliability of the expertise can be expressed by
the expert evaluation concordance coeflicient W, indicat-
ing a degree of similarity of individual opinions. A set
of values of the concordance coefficient W is [0, 1], ie.
0<W <£1. The higher W, the stronger correlation of vari-
ables. When all the ranks coincide, then W = 1.

After an expert questionnaire evaluations were ranked.
The experts n qualitatively evaluates m indices of objects.
Evaluations R;, when i = 1, 2, ..., n compose a matrix,
where: n - the number of rows; m - the number of col-
umns j = 1, 2, ..., m (Table 2).

Table 2. Importance evaluated indicators by ranks

Indicator
j=12,.,m
Expert X X Xom
i=1,2,.,n
E, Ry Ryy Ry
E, Ry Ry, Rom
E; Rs R, Rs,,
En Rnl Rn2 an

The idea of Kendall’s coefficient of concordance is re-
lated to indicators of synchromodality to each index tak-
ing into account the sum of ranks R; of all experts (Ken-
dall, Gibbons 1990):

n
R; =) R;. 1)
i=1
R; deviation from the square sum § of the total mean:
m 2
S:Z{(RJ»—R). )
]:

Then total mean could be calculated according to the
equation:
R. R..
J Yy
i=1 i=1 j=1 n(m+1)

R=£L o - . 3
m m 2 3)

The average rank R i of each indicator (criteria) is cal-
culated by dividing the sum of ranks by the number of
experts:

n
DRy
E j = L > (4)
n
where: R;; - the rank of indicator (criteria) given by the
expert; n — number of experts.

If S is a real sum of squares (Equation (2)), the coef-
ficient of concordance when there are no related ranks, is
defined by the ratio of the calculated S and S

wo_ 128 )

n? ~(m3 - m)

The deviation of ranks of each indicator (criteria) R,-j
from the average rank square sum S is calculated accord-
ing to the equation:

S:i(i&j—%-n-(m—i-l)f, (6)

j=1\i=1

max*

where: m — number of indicator (criteria) (j = 1, 2, ..., m);
n - number of experts (i = 1, 2, ..., n).

For the compatibility of expert views, it was necessary
to calculate the coefficient of concordance W.

If the number of objects (criteria) is m > 7, the impor-
tance of the concordance coefficient can be defined by ap-
plying %2 (chi-square) of Pearson’s criteria. Random value:
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12-§

x2 :n~(m—1)~W—m.

(7)

Concordance coefficient can be applied in practice, if
its limit value is defined and shows when expert evalua-
tions can be considered as consistent.

The lowest value of the concordance coefficient W;,,
when it is impossible to state that opinions of all n ex-
perts about the quality of an object under investigation
composed of m compared indicator (criteria) under the
defined (needed) significant level o and level of freedom
v = m - 1 are coordinated, can be calculated by applying
the following equation (Sivilevi¢ius 2011a):

Coa
Wmin =—"— (8)
n- (m - 1)
where: 2, - critical Pearson’s statistics, the value of
which is found in the research by Montgomery (2013),
when the degree of freedom v and significant level o are
taken.

3.2. ARTIW method

The criteria subjective weights can be defined by ARTTW
methodology (Sivilevi¢ius 2011a; Sivilevic¢ius, Maske-
lianaité 2018) by which the importance (weight) of A, B,
C, D, E criteria (Table 1) is defined. For that, the following
equation presented by the author is applied:

1)—R.
w:%, 9)

J m
2R
j=1
where: m — number of criteria (indices) showing impor-

tance of synchromodality; R ; — average rank of j criterion,
calculated according to Equation (4).

3.3. AHP method

Traditional MCDM methods evaluate all alternatives at a
single level, which inadvertently restricts the simultane-
ous comparison of numerically heterogeneous alternatives
(Saaty, Shang 2011). The decision-maker can specify pref-
erences about the importance of each performance crite-
ria in form of either natural language or numerical value
(Taylan et al. 2014).

In the real world, it is very difficult to extract accurate
data pertaining to measurement factors since all human
preferences are susceptible to a degree of uncertainty. De-
cision-makers are also inclined to favour natural language
expressions over exact numbers when assessing criteria
and alternatives (Heo et al. 2010).

The advantage of the AHP method over other multi-
purpose decision-making methods is its flexibility, con-
venience for decision-makers, and the possibility to verify
compatibilities (Ramanathan 2001). The AHP method can
assess both qualitative (subjective) and quantitative (ob-
jective) attributes of alternatives. The twin comparison
methodology reduces partiality and bias in decision-mak-
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ing. The AHP method uses relative values and is, hence, a
suitable tool to deal with attributes of various dimensions.

The AHP method makes it possible to identify the
weight (importance) of indicators at one level of hierarchy
against a higher level, or the hierarchically non-structured
weights of indicators. The essence of the method lies in the
matrix of twin comparison (Sivilevi¢ius 2011b).

This method is very convenient as it is much easier to
compare indicators taken pair by pair than to compare
them all at one time. The comparison of indictors, as such,
is not a sophisticated process as it simply indicates the
extent, to which one indicator carries more weight than
the other. Moreover, the method concerned makes it pos-
sible for the expert to transform a qualitative evaluation
of indicators into the quantitative one.

As the outcome of comparison is produced in the form
of the square matrix [A:| =a; (i, Jreees n) , the evaluation
process, as proposed by Saaty (1980), shall be carried out
using a five-score scale (1-3-5-7-9) widely applied in
practice.

The elements of matrix [A] shall be completed in com-
pliance with the following requirements (Saaty 1980): first,
when both indicators being compared carry equal weight
with respect to the phenomenon (object) of the study; i.e.
when both are equally important, the elements of matrix
[A] must be a;=1.In such a case, all the elements of the
main diagonal must be a;; =1 (i =12,.., n) as each indi-
cator is compared with itself; second, when indicator R;
carries a higher weight than indicator Rj, the elements of
matrix [A] must be a;; = 3; third, when indicator R; car-
ries a much higher weight than indicator R;, the elements
of matrix [A] must be a;; = 5; fourth, when indicator
R; carries a substantially higher weight than indicator R;,
the elements of matrix [A] must be a; = 7; fifth, when
indicator R; carries a comparatively higher weight than
indicator Rj, the elements of matrix [A] must be aj; =
9. The estimates of even order (aij =2,4, 6,8) are used
as intermediary and compromise variants; generally, they
are applied when the situation being investigated based
on the opinion of the expert diverges from a typical one
(Maskelitinaité et al. 2009).

Methods of determining the weights of the criteria to
describe the synchromodality indicators priority are con-
sidered to be subjective if they are evaluated by experts. In
that case, experts’ qualification should be high because the
agreement of their estimates depends on it. For this pur-
pose, the method of pairwise comparison of criteria sug-
gested by Saaty (1980) and widely known as AHP is well
suited. This approach allows the researchers to determine
the weights of the criteria of the same hierarchical level
with respect to higher level criteria or to determine hier-
archically unstructured criteria weights. Experts compare
all the evaluated criteria R; and R; (i, j=1.. n) , where: n
is the number of the compared criteria.

The application of AHP requires highly developed
logical thinking, in particular, the estimate of one highly
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qualified expert may be more important than the estimates
made by a number of inexperienced (not logically think-
ing) specialists. Therefore, researchers usually interview
a number of highly qualified experts, for e.g. 5 experts
(Farhan, Fwa 2009).

The matrix of the comparison of evaluation criteria

L.
aj =— | is as follows:

%j
an Gy o 4y Ay
A1 Gy " Gy gy

[A]= . (10)

Gy Gy v Qo o Gy
_anl Auy 0 Ay ann_

Let us find the eigenvector (weight of indicator), which
may be calculated in four ways (Sivilevic¢ius, Maskelianaité
2010). We will use the 4-th method:

1) The elements of each row are multiplied together

and the results obtained are written as follows:

n
w;’znaij; (11)
j=1

2) n-th root is extracted from the element of each row.
The results obtained are written as follows:

(12)

(13)

4) Let us divide each element of this row by the sum
obtained, i.e. the evaluations normalization:

(14)

Thus, the eigenvector o is found (Step 4). The sum of
its elements is equal:

Zn:mi =1. (15)
i=1

It is known that the largest eigenvalue of the inverse
symmetrical n-row matrix is A, >#. The condition is
satisfied.

Now, it is easy to calculate the consistency index CI,
which is expressed as follows:

Aax — 1
Cr=—max _— (16)
n—1
where: A . is the maximum eigenvalue of the pairwise

comparison matrix and it can be calculated as fallows

(Chen et al. 2016; Sivilevi¢ius 2011b; Stanujkic 2016):

n
a0,

xmax:l.zf‘l—. (17)
n i=1 ;

The relationship between the consistency index of the
matrix and the average value of the random index RI,
found from the table (Saaty 1980), is referred to as consist-
ency ratio CR, showing the degree of matrix consistency:

CR= o , (18)
RI
where: CR denotes the consistency ratio of the pairwise
comparison matrix [A]; CI is the consistency index and
RI is the random index. The matrix will be consistent if
the value of ratio CR is equal to 0.1 or lower. The smaller
the CR value, the higher consistency of the matrix.

4. Results and discussion

In order to rank the main indicators (presented in Table 1)
their importance on the development of synchromodal
transport. The experts from Germany, Denmark, Swe-
den, Belarus, Ukraine and Lithuania conducted by using
a questionnaire (during period of January-April 2017).
The responses were received from 14 experts and this was
done in the framework of TENTacle (2019) project of the
BSR INTERREG (2019) programme. One of the aims of
this project is to investigate prospects further development
of transport networks, as well as, possibilities for a bet-
ter convergence of transport planning, management and
implementation of integrity of transport patterns linking
the EU BSR and the EU Eastern Partnership Countries.

In the first step, while applying the rank correlation
method, five criteria given by 14 experts to indicators (cri-
teria) were processed. The average of each criteria ranks
was calculated; it indicated the importance of indicators
expressed in priorities. The sum of all criteria ranks is 15.
Total sum of index difference squares S is 946. The data
of the calculated index difference squares is indicated in
the Table 3.

In order to be sure that expert views are not contradic-
tive, coefficient of concordance W was calculated. When
there are no related ranks coeflicient of concordance is
calculated according to Equation (5):

_ 128 124946
nZ.(m3—m) 142-(53—5)

It is necessary to define the indicator (criteria) 2, for
which random value is calculated according to the Equa-
tion (7):

22 =n-(m—1)-W=14-(5-1)-0.4826 =27.03 .

w =0.4826.

When the number of experts n = 14 and the number
of compared indicators (criteria) m = 5, the number of
freedom degrees v = m = 1 = 4 is calculated and a sig-
nificant level o = 0.05. Complying with the level %2,
selected from the number of freedom degrees, which is
equal to 9.49 and is lower than the estimated value %2
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Lowest value W;, = 0.1695 < W = 0.4826. Therefore, it
can be stated that opinions of experts in evaluating the
main group indices are consistent, and estimated average
ranks indicate a consensus view. Priority of indicators of

synchomodalilty are B~ A>~C >~ E >~ D (Figure 1).

Table 3. Importance of indicators influencing
synchromodality by rank

Indicator
i=1,2,.,m
J=H o A| B | cCc| D]|E
Expert
i=1,2,..,n
E, 3 1 5 4 2
E, 1 2 5 4 3
E, 1 3 2 4 5
E, 2 3 5 1 4
Es 3 1 2 5 4
Eg 3 1 4 5 2
E, 1 2 5 4 3
Eq 1 2 3 5 4
E, 2 1 4 3 5
Eyo 3 1 2 5 4
Ey, 2 1 3 5 4
E, 4 2 1 3 5
E, 2 1 3 5 4
Ey 2 1 3 5 4
n
DR, 30 | 22 | 47 | 58 | 53
i=1
n
2Ry
_ 4 2.14 | 1.57 | 3.36 | 4.14 | 3.79
R. = i=1
] n
Z 1
D Ry——-n-(m+1) -12| 20| 5 | 16 | 11
2
i=1
2
2 1
ZR--—f~n-(m+1) 144 | 400 | 25 | 256 | 121
K
i=1
Priority 2 1 3 5 4
5
4.14
4 3.79
~ g2 35
g B s
% ks ey
oo 2.14 R 39
g : s Ees
g e B
S 24 157 s
< . Needeod KRR
S R
Koot o]
s s
1 K] R3]
R ]
A B C D E

Indiactor of synchromodality

Figure 1. Average rank each indicator of synchromodality
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Average R; ranks set for the investigated indicator (cri-
terion) allowed to establish the priority of indicator indi-
cating that the most important criteria of the main indica-
tors A, B, C, D, E influencing synchromodality of trans-
port flows in the EWTC is B service quality (EB = 1.57),
which is characterized as freight transportation, handling,
waiting and reloading time, frequency of services and
freight safety in the main transport hubs (in the sea and
land terminals). A less important indicator is (ﬁ A= 2.14)
, which is described as an absolute and alternative service
price. The third according priority is R =3.36 indicator
that is described as infrastructure provision (expressed in
transport congestion, bottlenecks and other obstacles).
The forth-according priority is technical characteristics
of terminals (EE = 3.79) described as the ability of main

hubs (terminals) of multimodal transport to serve differ-
ent transport modes in the transport corridor. The least
important (as having minor impact on synchromodality of
transport flows) is ED =4.14 indicator (criterion), which
is described as an interface of technologies, i.e. connection
with seaports, railway marshalling yards, airports, inland
water transport, and logistics centres, and expressed in the
distance between the main transport hubs.

Rank averages do not indicate superiority of one cri-
terion over another. Besides, in practice, when evaluating
criteria priorities, it is more convenient to apply their im-
portance indicators — their best value (the most important
indicator) is the highest value. For that ARTIW method
was used, and its estimated results are presented in Table 4.

The weights of importance of the action group A, B,
C, D, E criteria estimated according to Equation (9) are
presented in Table 4, and ranking by the importance of
coeflicients of criteria weights — in Figure 2.

By applying the AHP method, during collective dis-
cussion a group of four experts defined the importance
of synchromodality indicators. For that, at the beginning
they gave ranks to five indicators. Afterwards they com-
pleted the pairwise comparison matrix by comparing all
criteria in pairs. The results of pairwise comparison matrix
are presented in Table 5.

Eigenvector of matrix (Table 5) indicates relative im-
portance of indicators. It demonstrates that the most im-
portant criterion is B (coB =0.5051); the second by im-
portance is criterion A (OJA :0.2534); criterion C is of
average importance (coc :O.1227); the penultimate by
importance is criterion D ((DD =0.0737) and the least
important is criterion E (mE :0.0451). The sum of nor-
malised weight of indicators A, B, C, D, E is equal to 1.
Consistency index CI =0.0426, random index RI =1.12,
consistency ratio CR=0.0381 and it is lower than 0.1.
This demonstrates that pairwise comparison matrix is
consistent.

By applying two methods (ARTIW and AHP), the in-
dicated normalised weights of indicators are compared in
the column diagram (Figure 2 and Table 6). It shows that
the trend of indicator weights defined via two methods is
equal. However, differences between the most important
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and least important indicator, defined via AHP method, is
equal to 0.46. The difference of weights defined by ARTIW
method and given to the most important and least impor-
tant indicator, is equal to 0.098. Therefore it can be stated
that AHP method is about 4.7 times more “sensitive” than
ARTIW method.

The average value obtained by applying two methods
(ARTIW and AHP) for evaluation of synchromodality in-
dicators can be as results of investigated problem.

The following priority is received of indicators af-
fecting transport sinchromodality with weights:
B>~A>C-D>E.

The authors’ research revealed that criterion of the ser-
vice quality becomes the main important factor impacting
synchromodality. The outcomes of the research presented
in the paper have shown that service quality (transport
time, service and waiting time, handling time, working
hours, reliability and flexibility) is the most important in-
dicator (criterion) impacting synchromodality.

By evaluating this criterion as the most important,
further research should aim to develop transport chain
optimization models and synchromodal freight transport
system. At the same time it is a big challenge for trans-
port researches and transport process model developers,
because this is a complex criterion, which includes mini-
mum three sub-criteria: on-time times delivery, reliability
and flexibility (Behdani et al. 2016). Moreover, it requires
qualitatively new mathematical models for the creation of
a synchromodal service design.

Table 4. The weight of indicators calculated by ARTTW method

) Indicator
Weight
A B C D E
o 0.2573 | 0.2953 | 0.1760 | 0.1240 | 0.1474
Priority 2 1 3 5 4

Table 5. The pairwise comparison matrix
of synchromodality indicators (AHP method)

Indicator
Indicator Eigenvector | Priority
A|B|C|D|E
A 1 |1/3] 3 4 5 0.2534 2
B 3 1 5 6 7 0.5051 1
C 1/3|1/5| 1 2 4 0.1227 3
D 1/4 | 1/6 | 172 | 1 2 0.0737 4
E 1517 |1/4(1/2] 1 0.0451 5
Table 6. Calculation of average weight
of synchromodality indicator
Indicator
Method
A B C D E
ARTIW  |0.2573 |0.2953 |0.1760 |0.1240 |0.1474
AHP 0.2534 |0.5051 |0.1227 [0.0737 |0.0451
Average |0.2553 |0.4002 [0.1493 |0.0988 |0.0962

0.6 =
(=3
o ARTIW
0.5 1
B amp
0.4 -
E
o
= [ a
Dozl 4§ it
g S o o
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0~ <+
— =) I~
0.2 Y 3 —
P = - <
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0.1 B 7 S s
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Indiactor of synchromodality
Figure 2. Comparison of results obtained
by applying different methods
y y)
Conclusions

The paper will be useful for transport and logistics com-
panies interested in moving towards synchromodal trans-
port, as well as for future researchers. In the course of the
research, it was determined that the normalized subjective
weights of the five main criteria impacting synchromodal-
ity distributed in the following order: (1) service quality -
40%, (2) efficiency - 26%, (3) infrastructure sufficiency -
15%, (4) technical properties of terminals - 10% and (5)
interaction of technologies — 9%.

The outcomes of the research in the paper have shown
that service quality (transport time, service and waiting
time, handling time, working hours, reliability and flex-
ibility) is the most important indicator (criterion) impact-
ing synchromodality.

In the following stages of the research, service quality
indicator should be used to create models describing and
facilitating synchronisation aiming to build an intercon-
nected transport system spanning all modes of transport,
where vehicles and transport infrastructure continuously
interact, where the boundaries between different transport
modes disappear completely and where businesses are pro-
vided with easy and safe door-to-door mobility services.

At the same time it is a big challenge for transport re-
searchers because it requires to design and apply a quali-
tatively new mathematical models for optimisation of a
synchromodal services along the chosen transport corri-
dor in the BSR.

Finally, development of synchromodality creates good
possibilities for better convergence of transport planning,
management and implementation of integrity of transport
patterns linking the EU BSR and the EU Eastern Partner-
ship Countries.
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