& International Scientific Conference
g The Science and Development of Transport
€N Znanost i razvitak prometa

ISSN 2718-5605

Proceedings of the International Scientific Conference
“The Science and Development of Transport” (ZIRP 2020)

Topic: Transformation of Transportation

ORGANIZER

N

University of Zagreb
Faculty of Transport and Traffic Sciences

CO-ORGANIZERS
Mot Uty ) vrversa remen %‘\‘ IRF
““ [| ;unl'lmln . —= \

United Mations . UNESEO Chair on Engineering for Society,
hini charest,

U
/%

CONFERENCE SPONSOR

N\

CENTAR ZA VOZILA HRVATSKE

29™ 230 * September 2020

ON-LINE CONFERENCE



=
(o]
&2
N

INTERNATIONAL SCIENTIFIC CONFERENCE
THE SCIENCE AND DEVELOPMENT OF TRANSPORT

TRANSFORMATION OF TRANSPORTATION
29th — 30th September, ON-LINE CONFERENCE

Editors
Edouard lvanjko, Ph.D.
Ratko Stankovi¢, Ph.D.

Chairman of Programme Committee
Edouard Ivanjko, Ph.D., HRV

Programme Committee
Marjana Petrovi¢, Ph.D., HRV, Co-Chairman
Adam Szelag, Ph.D., POL
Aleksandar Trajkov, Ph.D., MKD
Almir Karabegovi¢, Ph.D., BiH
André Luiz Cunha, Ph.D., BRA
Artur Kierzkowski, Ph.D., POL
Aura Rusca, Ph.D., ROM
Bernhard Ruger, Ph.D., AUT
Casandra Venera Pietreanu, Ph.D., ROM
Essam Radwan, Ph.D., USA
Daniela Necoska-Koltovska, Ph.D., MKD
Dario Babi¢, Ph.D., HRV
Darko Babié, Ph.D., HRV
Davor Sumpor, Ph.D., HRV
Dora Naletina, Ph.D., HRV
Doris Novak, Ph.D., HRV
Dragan Perakovi¢, Ph.D., HRV
Dragana Macura, Ph.D., SRB
Elen Twrdy, Ph.D., SLO
Florin Nemtanu, Ph.D., ROM
Florin Valentin Rusca, Ph.D., ROM
Franciszek Restel, Ph.D., POL
Goran Duki¢, Ph.D., HRV
Goran Zovak, Ph.D., HRV
Gunnar Prause, Ph.D., EST
Hans-Dietrich Haasis, Ph.D., DEU
Herbert Kopfer, Ph.D., DEU
Hrvoje Haramina, Ph.D., HRV
Ivan Grgurevi¢, Ph.D., HRV
Ivana Plazibat, Ph.D., HRV
Ivona Bajor, Ph.D., HRV
Jurica Pavici¢, Ph.D., HRV
Jorn Schonberger, Ph.D., GER
Katarina Mostarac, Ph.D., HRV
Kerstin Lange, Ph.D., GER
Kristijan Rogi¢, Ph.D., HRV
Kristina Petljak, Ph.D., HRV
Kristijan Rogi¢, Ph.D., HRV
Kristina Petljak, Ph.D., HRV
Lahorka Crnkovié¢, HRV
Lucas Assirati, Ph.D., BRA
Luka Novacko, Ph.D., HRV
Ljupko Simunovi¢, Ph.D., HRV
Marcin Seredynski, Ph.D., LUX
Marija Malenkovska Todorova, Ph.D., MKD
Marinko Jurcevié, Ph.D., HRV
Mario Anzek, Ph.D., HRV
Mario Cosi¢, Ph.D., HRV
Mario Mustra, Ph.D., HRV
Marko Sevrovi¢, Ph.D., HRV
Martin Greguri¢, Ph.D., HRV
Mateusz Zajac, Ph.D., POL
Mihaela Tabak, HRV
Milica Selmi¢, Ph.D., SRB
Mladen Niksi¢, Ph.D., HRV

Nagui Rouphail, Ph.D., USA
Nguyen Khoi Tran, Ph.D., FRA
Niko Jelugi¢, Ph.D., HRV
Olja Cokorilo, Ph.D., SRB
Patricija Bajec, Ph.D., SLO
Paulina Golinska, Ph.D., POL
Pawel Zajac, Ph.D., POL
René Schumann, Ph.D., CHE
Rajko Horvat, Ph.D., HRV
Ratko Stankovi¢, Ph.D., HRV
RuZica Skurla Babi¢, Ph.D., HRV
Sanda Renko, Ph.D., HRV
Sanja Sever Malis, Ph.D., HRV
Slavko Veskovié, Ph.D., SRB
Stefan Popescu, Ph.D., ROM
Stjepan Lakusi¢, Ph.D., HRV
Tihomir Opetuk, Ph.D., HRV
Tiziana Campisi, Ph.D., ITA
Tomislav Fratrovi¢, Ph.D., HRV
Tomislav Radisi¢, Ph.D., HRV
Tomasz Kisiel, Ph.D., POL
Tomislav RoZi¢, Ph.D., HRV
Valentin Silivestru, Ph.D., ROM
Valentina Mirovié, Ph.D., SRB
Vera Karadjova, Ph.D., MKD
Vladimir Dori¢, Ph.D., SRB
Vlatka Stupalo, Ph.D., HRV
Zeljko Sari¢, Ph.D., HRV

President of Organising Committee
Mario Safran, Ph.D., HRV

Organising Committee
Doris Novak, Ph.D., Vice-President, HRV
Tomislav Rozi¢, Ph.D., Vice-President, HRV
Tomislav. J. Mlinari¢, Ph.D., HRV
Andelko S¢ukanec, Ph.D., HRV
Borna Abramovi¢, Ph.D., HRV
Darko Babi¢, Ph.D., HRV
Darko KuZi¢, HRV
Dominik Cvetek, HRV
Edouard lvanjko, Ph.D., HRV
Hans-Dietrich Haasis, Ph.D., DEU
Hrvoje Gold, Ph.D., HRV

Luka Novacko, Ph.D., HRV
Kristijan Rogi¢, Ph.D., HR
Kristina Bradvica Sanc¢i¢, HRV
Marjana Petrovi¢, Ph.D., HRV
Ratko Stankovi¢, Ph.D., HRV
Sorin Eugen Zaharia, Ph.D., ROM
Tomasz Nowakowski, Ph.D., POL

Managing Editors
Ante Kulusi¢

Marjana Petrovi¢, Ph.D.

Luka Novacko, Ph.D.
Production Editor & Computer Text Design
Ante Kulusi¢
URL
http://www.fpz.unizg.hr/zirp/

Publisher

Faculty of Transport and Traffic Sciences
University of Zagreb




Authors

P. Bajec
D. Tuljak-Suban

V. Bogdanovi¢
V. Mirovi¢

J. Mitrovi¢ Smic
N. Guranovic
M. Pocuc

P. Brlek

Lj. Krpan

I. Cvitkovic
M. KodZaga

M. Drljaca
P. Repnjak

B. Duvnjak
T. J. Mlinarié
H. Haramina

M. Emanovié
M. Cosi¢

E. Missoni

J. Jurak

M. Sikirié

M. Emanovié
J. Jurak
I. Jeli¢

M. Emanovié
Lj. Simunovi¢
J. Jurak

M. Sikirié

2020

International Scientific Conference

THE SCIENCE AND DEVELOPMENT OF TRANSPORT

TRANSFORMATION OF TRANSPORTATION
29t — 30t September, ON-LINE CONFERENCE

Papers

MOST FREQUENTLY USED MULTI-CRITERIA DECISION
MAKING MODELS IN LOGISTICS SERVICE PROVIDER
SELECTION: A COMPARATIVE PERFORMANCE
ANALYSIS OF A REAL CASE STUDY

ACCESSIBILITY ANALYSIS AT SIGNALIZED
INTERSECTIONS IN NOVI SAD

ELECTROMOBILITY: EUROPE, CROATIA - CITY OF
KOPRIVNICA

SUPPLY CHAINS IN THE CONTEXT OF THE COVID-19

IMPROVEMENT OF PASSENGER SERVICE QUALITY BY
APPLICATION OF THE NEW MODEL OF RAILWAY
SYSTEM (ON THE RAILWAY LINE ZAGREB MAIN
STATION — DUGO SELO)

ANALYSIS OF TRAFFIC POLICY MEASURES IN THE
RESTRICTION OF THE USE OF OLDER

FOSSIL - POWERED MOTOR VEHICLES CONSIDERING
EUROPEAN UNION AND THE REPUBLIC OF CROATIA

SAFETY OF PEDESTRIAN CHILDREN IN PRIMARY
SCHOOL ZONES

ANALYSIS OF PEDESTRIAN TRAFFIC ACCIDENTS
USING THE MULTIPLE-CRITERIA DECISION-MAKING
METHOD - CASE STUDY OF THE CITY OF ZAGREB

-1V

Page

1-9

11-22

23-33

35-46

47-55

57-65

67-72

73-82



10.

11.

12.

13.

14.

15.

16.

17.

Authors

K. Evdjenié
L. Bukvi¢
J. Pasagi¢ Skrinjar

M. Goluban

M. Petrovi¢

J. Blaskovi¢ Zavada
T.J. Mlinarié

H. Haramina
A. Wagner
I. Belobrajdi¢

T. Lukanié
D. Sipus
B. Abramovic

M. Matulin
S. Mrvelj
S. Martirosov

M. Mikulcié
I. Ljubaj
T. J. Mlinari¢

N. Munitic¢

M. Niksié¢
J. Blaskovi¢ Zavada
K. Vidovic

Z.Rezo
S. Steiner
C. Piccioni

2020

International Scientific Conference

THE SCIENCE AND DEVELOPMENT OF TRANSPORT
TRANSFORMATION OF TRANSPORTATION
29t — 30t September, ON-LINE CONFERENCE

Papers

INTERMODAL ROUTES ANALYSIS OF TRANSPORT
ORGANIZATION FROM GOTHENBURG TO ZAGREB

SIMULATION OF PASSENGER TRANSPORT ON
RAILWAY SECTION ZAGREB MAIN STATION - ZABOK

A MODEL OF AN EXPERT SYSTEM FOR TRAIN
PRIORITY ASSIGNING IN RAILWAY TRAFFIC CONTROL
PROCESS

CROATIAN TRANSPORT DEVELOPMENT STRATEGY:
A REVIEW ON RAILWAY SECTOR

QUALITY OF OMNIDIRECTIONAL VIDEO STREAMING
SERVICE: A STUDY OF USER QUALITY OF EXPERIENCE

PROGRESS IN THE ERTMS INTEGRATION OF
CROATIAN RAILWAYS WITHIN EUROPE

COMPETITIVENESS AS A FACTOR OF SEAPORT
MANAGEMENT EFFICIENCY

ANALYSIS OF INTRODUCING URBAN RAIL SYSTEMS
IN LARGE CITIES — CASE STUDY SEOUL

APPLICATION OF CONVENTIONAL METHOD IN
DYNAMIC BUSINESS ENVIRONMENT: EXAMPLE
FROM AIR TRAFFIC MANAGEMENT DOMAIN

Page

83-97

99-109

111-119

121-128

129-137

139-148

149-155

157-165

167-177

l-1Iv



18.

19.

20.

21.

22.

23.

24.

25.

Authors

Z.Rezo
S. Steiner
A. Tikvica

E. A. Roman
V. Dragu
M. Popa
E. Rosca

B. Ruger

F. Rusca
E. Rosca
M. Azmat

H. Perez-Acebo

A. Rusca
S. Olteanu

M. Slavulj
D. Br¢ic
S. Ini¢

M. Sikiri¢

V. Stupalo
T. Franc
A. David
A. Mrvica

T. Sunko

L. Mihanovié
T. Miskovic
D. Vodopija

J. Sari¢

A. Vidovié
. Stimac
T. Mihetec

2020

International Scientific Conference

THE SCIENCE AND DEVELOPMENT OF TRANSPORT
TRANSFORMATION OF TRANSPORTATION
29t — 30t September, ON-LINE CONFERENCE

Papers

AUTOMATED AERONAUTICAL DATA PROCESSING:
RECOMMENDATIONS REVIEW AND LESSONS
LEARNED

SATISFYING FUTURE TRANSPORTATION NEEDS BY
MEANS OF PUBLIC TRANSPORTATION

IMPROVED OPERATING QUALITY THROUGH
OPTIMIZED VEHICLE LAYOUTS BY MEANS OF
SIMULATION

MODELING THE TRANSIT OF CONTAINERS THROUGH

QUAY BUFFER STORAGE ZONE IN MARITIME
TERMINALS

ANALYSIS AND PROPOSAL OF SOLUTIONS FOR
PUBLIC TRANSPORT IN THE AREA OF STUPNIK
MUNICIPALITY

PRODUCTIVITY ANALYSIS OF SOLID BULK CARGO
TERMINAL: CASE STUDY PORT OF SPLIT

THE ROLE OF HUMAN FACTOR IN RECENT
ACCIDENTS OF US NAVAL SHIPS

SPECIFICITY OF THE FRANJO TUDMAN AIRPORT
POSITION IN THE FUNCTION OF INCREASING
REGIONAL COMPETITIVENESS

Page

179-189

191-202

203-211

213-224

225-235

237-247

249-260

261-273

H-1v



26.

27.

28.

29.

30.

Authors

ostarié
evrovic¢
akovljevic
vajda

= U< U

M.
M.
M.
M.

(924

K. Tecec
D. Sipus
B. Abramovié

L. Tisljari¢
D. Cvetek
M. Mustra
N. Jelusi¢

A. Wasiak
M. Obrecht

V. B. Wildhaber

2020

International Scientific Conference

THE SCIENCE AND DEVELOPMENT OF TRANSPORT
TRANSFORMATION OF TRANSPORTATION
29t — 30t September, ON-LINE CONFERENCE

Papers

PARKING LOT MANAGEMENT IN FUNCTION OF
REDUCING GREENHOUSE GAS EMISSIONS

ANALYSIS OF DIAGNOSTIC SYSTEMS IN INTEGRATED
PASSENGER TRANSPORT

MIXED IMPACT OF THE COVID-19 PANDEMIC AND
THE EARTHQUAKE ON TRAFFIC FLOW IN THE
NARROW CITY CENTER: A CASE STUDY

FOR ZAGREB-CROATIA

ANALYSING SINGLE TRANSPORT MODES TO REDUCE
FOOD MILES

TOWARDS A CONCEPTUAL FRAMEWORK
FOR LOADSPACE SHIPMENT SHARING

Page

275-283

285-291

293-300

301-306

307-320

V-1V



Z. Rezo, S. Steiner, C. Piccioni: Application of Conventional Method in Dynamic Business Environment: ...

ZVONIMIR REZO, Ph.D. student!

(Corresponding author)

E-mail: zvonimir.rezco@gmail.com

SANJA STEINER, Ph.D.?

E-mail: ssteiner@fpz.unizg.hr

CRISTIANA PICCIONI, Ph.D.3

E-mail: cristiana.piccioni@uniromal.it

1 Croatian Academy of Sciences and Arts, Traffic Institute
Kuslanova 2, 10000 Zagreb, Croatia

2 University of Zagreb, Faculty of Transport and Traffic Sciences, Dept. of Air Transport
Vukeli¢eva 4, 10000 Zagreb, Croatia

3 Sapienza University of Rome, Faculty of Civil and Industrial Engineering,
Dept. of Civil, Building and Environmental Engineering, Via Eudossiana 18, 00184 Rome, Italy

APPLICATION OF CONVENTIONAL METHOD IN DYNAMIC BUSINESS
ENVIRONMENT: EXAMPLE FROM AIR TRAFFIC MANAGEMENT
DOMAIN

ABSTRACT

Due to more frequent and significant changes occurring nowadays within Air Traffic Management
(ATM) system in Europe, business reports have become an essential tool of decision-making. Usually
such reports provide insight into the effects of planned or implemented changes, i.e. provide relevant
information thus easing decision-making process. Thereby, within such business reports, with a
purpose to synthesize data and extract useful information, various analytical methods are usually
applied. It follows that analytical methods represent a basis for creation of business reports, while
business reports represent a basis for the decision-making process. Accordingly, the application of
proper analytical methods represents a crucial component of decision making. Simplified, if within
business reports are applied analytical methods which result with partial findings, the decisions made
will be of equal quality. In that context, this paper indicates the methodological shortcomings of data
distribution method which is frequently applied within business reports in ATM domain. Also, it
provides a brief overview of proposition of a novel methodological approach of data distribution
analysis which goes beyond the conventional approach. Lastly, this paper provides a research
background required to justify the need for introduction of novel approach of strategic planning of
ATM system development in Europe.

KEY WORDS

Air Traffic Management; Strategic planning; Sturges’ rule; Spatial statistics

1. INTRODUCTION

For the purpose of improving of their business position, many business organisations will firstly
turn to implementation of performance measurement system. This is so because it’s difficult to
improve the state of something if it's not known the initial condition or what to strive for. Thereby,
Air Navigation Service Providers (ANSPs), as well as other aviation related stakeholders, through
performance measurement aim to improve their business positions, optimize resources, business
effects etc. However, beside the motivation that streams from the need for improvement of the
business situation due pressures coming from the business environment, the need for performance
improvements for ANSPs also arises from regulatory requirements. More precisely, after
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establishment of the Single European Sky initiative, the importance of performance measurement
has considerably increased.

Despite above-mentioned, the practice shows that the implementation of performance
measurement in ATM domain hasn’t always resulted with actual measurable improvements. For
example, it happens that although performance measurements indicate a need for improvement,
they haven’t been achieved. Usually, in such situations, there are several reasons why this is so. The
reasons for failure mostly own from the fact that ATM system in Europe is complex system.
However, failures also occur because frequently inputs or outputs of performance measurements
were misinterpreted. There can be several reasons for that (e.g. due to ineffectively conceptualized
methodological framework, due to application of erroneous methodological premises etc.). Thereby,
the recognition of such failures, their correction and reduction of their occurrence in future can be
seen as one of the aspects of performance improvements of ATM system in Europe. Therefore,
before delivering business reports (information) it's always necessary to perform the validation of
analytical methods used to create those business reports (information).

Performance measurement in ATM domain is mainly based on application of various analytical
methods. Accordingly, it follows that within ATM domain analytical methods offer direct assistance
and support to the decision-making process. That assistance and support usually manifests in two
aspects. Firstly, different analytical methods are utilised during estimation of Key Performance
Indicators (KPIs) values - according their methodological frameworks. Secondly, different analytical
methods are applied again when obtained KPIs’ values are further processed with a goal of their
presentation within business reports. Thereby, it should be emphasized that the accuracy of both
aspects directly depends on the accuracy of the applied analytical methods. In other words, within
ATM domain, analytical methods applied can be considered as relevant as much as they accurately
reflect real-world events.

Nowadays, data describing performances of ATM system in Europe is highly available - like never
before. However, working with big data sets isn’t always easy to represent. Therefore, in order to
depict data distribution within business reports, various data visualization methods are applied.
Thereby, data visualization represents a part science and a part art, where the challenge is to get the
art right without getting the science wrong, and vice versa. Whenever visualizing data, data values
are converted in a systematic and logical way into the visual elements that make up the final graphic.
In doing so, it often happens that the same graphical representation someone perceives as
important and informative, while it may be irrelevant to someone else. Since such situations are
undoubtedly occurring within the ATM domain in Europe, the question arise why is that so? The
answer on this basically simple, but actually quite complex question can be obtained by asking few,
more precise, sub-questions such as: how data visualisations are actually made?; what are
methodological limitations of data visualisation methods?; and lastly, by application of which
visualisation methods the quality of the outputs can be improved?

Within ATM domain, business reports (i.e. analytics applied) mostly don’t consider the spatial
dimension of aeronautical data distribution [1]. However, as the result of omitting that data’s
component, such reports may deliver partial findings or may have biased estimation results. Hence,
that raises the question of their quality and the quality of decision made based on such report.
Moreover, this issue is of high relevancy for ATM in Europe as it represents a system with a high
number of participating stakeholders [2] where each of them may have greater or smaller impact on
the overall performance level of ATM system in Europe [3]. Hence, by correlating location of a
certain event or phenomenon (e.g. capacity constraint) with its attribute value (e.g. minutes of
delay), it’s possible to determine the spatial reflection of such event or phenomenon. Therefore,
business reports in ATM domain should be based on application of analytical methods that have
possibility to analyse aeronautical data based on both, their attributive and spatial dimension.
However, considering that nowadays there’re no many such reports, the main goal of this research
paper is to point the methodological shortcomings of frequently applied data distribution and
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visualisation method. In that context, the further content of this paper gives an overview of
currently applicable framework of data distribution analysis (which represents conventional
approach). Thereby, an example from practice was introduced with a purpose to demonstrate
methodological shortcomings of conventional approach. As an example it was used document
published by the European Organisation for the Safety of Air Navigation (EUROCONTROL). Further,
the paper provides a brief overview of proposition of a novel methodological approach of data
distribution analysis that goes beyond the conventional approach. As result, this paper enriches
existing literature since it, on the example from practice, identifies methodological shortcomings of
frequently applied methodological framework of data distribution analysis. Lastly, this paper
provides a research background required to support introduction of novel approach of strategic
planning of ATM system development in Europe.

2. CONVENTIONAL APPROACH OF DATA MANIPULATION

In principle, a sense of data distribution among the variable of interest is most often obtained by
data grouping method - so it can therefore be considered as conventional approach. Data grouping
represents the breakdown of a data set N into a certain number of classes k according to the
previously established modality x;. Thereby, data grouping is quite useful method in cases when N is
large enough, but may perform poorly in cases when data isn’t normally distributed. After
breakdown of a data set, the following phase is identification of comparable attributes. Statistical
data x4, x, --- x is grouped so that similar values x;,i = 1,2 ... N are placed in one class. That means
that in one class are placed values belonging to the corresponding interval (a;, b;) so that a; < x; <
b;. Furthermore, in order to determine a; and b; values it's mandatory to determine the number of
classes k and their width, i.e. size h which equals to:

Xmax — Xmin
h = B — (D

Thereby, both, k and h depend on the size of the statistical set and the difference between its
largest and lowest value. Additionally, it can be emphasised that the classes must be adjacent and
are often (but not required to be) of equal size. Further, it can be highlighted that the number of
classes k usually ranges between 5 and 15, but also a fact that there’s no exact way how to
determine k. Nowadays the most frequently applied method is so called the Sturges' rule - which
was named after Herbert Sturges. According to Sturges' rule, the number of classes k for grouping a
statistical set of xy elements is approximated by the following expression:

k-1
_ k—1
n= z 7 @)
i=0
where the right-hand side of the equation by the binomial theorem equals to:
k-1 k-1
k—1y _ k—1 i(1\k-1-i — k-1 _ k-1
YETH =Y (T Homeri=a+ it =2 ®)
i=0 i=0
Furthermore, by taking logarithms in base of 10 on both sides, Sturges' formula [4] equals to:
1
(k—1)1log(2) =logln)=k=1+ 1092 log(n) = 1 + 3.3log(n) 4)

After determining all the elements of equation, the next phase of conventional approach of data
manipulation includes counting of the number of attributes in each class. The outcome of that is
identification of frequency distribution. If some class i contains a certain number of f; elements of
statistical data set, that number represents a relative frequency f,and it equals:

_fi .
fi=%y i=12..k (5)

The last phase of conventional approach of data manipulation is visualization of obtained findings
(data visualisation). Since they provide an accurate representation of the distribution of numerical
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data, nowadays histograms are frequently used method of data visualization. Moreover, histograms
represent a popular visualization method since the 19" century, i.e. after they were introduced by
Karl Pearson [5]. In general, histogram is a convenient graphical object representing the shape of an
unknown density function [6]. Hence, they can be applied to reveal the distribution of data values,
especially the shape of the distribution and to reveal outlier values [7]. It is being constructed so that
the bases of the columns must be proportional to the sizes of the classes, and if they aren't equal,
the height of the columns must be proportional to the corrected frequencies. Lastly, it should be
noted that for the construction of histograms, both, absolute frequencies or relative frequencies can
be equally used.

3. APPLICATION OF CONVENTIONAL APPROACH OF DATA MANIPULATION IN
AIR TRAFFIC MANAGEMENT DOMAIN

An example of application of conventional approach of data manipulation in ATM context can be
found within annexes of EUROCONTROL’s documents prepared by Enlarged Committee for Route
Charges (Figure 1). Briefly, Enlarged Committee for Route Charges represents a tool of
EUROCONTROL Member States and participating non-Member States with purpose to supervise the
operation of the en-route charge system and to prepare the decisions [8]. Committee meets in
March and June to provide the estimated unit rates for the following year, and then again in
November to present the final values. Those meetings also represent the main forum for
consultations with the Airspace Users (AUs).

-4

EUROCONTROL

Annex Il to Flimsy No. 4-REV

Azores s

8 L National Unit Rates
i <% 31.38 2020
¢ %%> [ | Below4o
[ From 40 to 50
. I From 50 to 60
Bl Fomeoto 70

I Fom 70080
I ~vove 80

14

> %360
= =

® 4
Canarias

Figure 1 — EUROCONTROL’s National Unit Rates 2020 overview made by data grouping method [9]

Furthermore, to facilitate later discussion and more easily identify methodological shortcomings,
Figure 2 gives a conceptual overview of the process of the creation of Figure 1. Hence, a sense of
data distribution among the values of an interest (in this case unit rate values) was determined by
grouping data. Based on the (1) report containing unit rate values, (2) data manipulation was
executed. Data manipulation was done according to equations presented within previous chapter
(with the addition that the difference between classes was expressed by colour gradation). Lastly, (3)
data visualization followed where, instead of being presented in form of histogram, the data was
visualised using a map.
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(1) Report (2) Data manipulation (3) Data visualization

Figure 2 — Conceptual framework overview of conventional approach

4. NOVEL APPROACH OF DATA MANIPUALTION

In theory, the functionality of ATM system in Europe is based on collaborative and coordinated
airspace and Air Traffic Flow Management (ATFM) [10]. However, in practice performance
interdependencies between ANSPs are continuously occurring and affect day-to-day operations. The
main reason why is that so is due to high level of inter-connectivity between ANSPs. For example, on
average 93.43% of total number of Air Navigation Services provided during 2017 were delivered in
cooperation of two or more neighbouring ANSPs [11]. Within such system, in case of occurrence of
e.g. capacity shortage at area of responsibility of one ANSP, such event will also reflect on
neighbouring areas (as aircraft will go through neighbouring areas instead of through originally
planned area). This was recognised also by Button and Neiva [12] by arguing that since the different
national ATM systems are not independent of their neighbours, there might be issues of spatial
autocorrelation - meaning that the efficiency of one ANSP is dependent on the efficiency of
neighbouring ANSPs. Furthermore, another example supporting the need for introduction of novel
approach of data manipulation can be demonstrated by observing AUs’ flight planning practice. As
the result of differences between unit rate values of neighbouring ANSPs, AUs may prefer to fly
through cheaper area with potentially longer trajectory, rather than on shorter and more expensive
trajectory [13]. Accordingly, it can be concluded that spatial distribution of aeronautical data has
important role in understanding the functionality of ATM system in Europe. However, as the current
practice of data distribution analysis doesn’t consider spatial distribution, it needs to be modified.
Thereby, it should be modified by a novel approach of data manipulation which conceptual
assumptions will lead to inclusive, smart and spatially-oriented growth. Such a novel approach of
data manipulation should overcome conventional approach by solving its methodological flaws.
Firstly, that refers to fact that within a conventional method data isn’t georeferenced before it’s
processed. That’'s problematic because 80% of information requirements of policy makers are
related to spatial location [14, 15]. Second methodological shortcoming is that findings (data
distribution according to their attribute similarity) are shown by a map (and not by a histogram -
what would be more proper). That’s problematic because there are numerous analytical methods
which, unlike conventional data manipulation method, are based on application of the spatial
statistics. Thereby, that means that their conceptual assumption is set up so that every value needs
to be processed in respect to its neighbouring values. Figure 3 shows an example of conceptual
framework of novel approach of data manipulation with such conceptual assumption. Briefly, after
defining variable of interest every variable is placed in context of its neighboring values. One of the
ways how that can be done is by creating spatial weight matrix Wy, i.e. square n X n matrix. As such
data manipulation framework places focus on close neighborhood and considers spatial component
of every variable (before its processing), it provides information that are reflecting real-world
situations more precisely.
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Figure 3 — Conceptual framework overview of novel approach of data manipulation

Furthermore, two more methodological flaws of application of conventional approach needs to
be pointed out - and which both can be solved by application of novel approach. Firstly, the
conventional method of data manipulation is conceptually quite static. Accordingly, it gives no
information about the similarity level between neighbouring areas (since the similarity level is
determined in respect to attribute similarity). Hence, it can’t quantify performance interactions or
interdependencies. Thereby, the failure to accurately capture performance interaction represents
significant methodological drawback. As result, problems of partial understanding of (1) business
environment, (2) improvement areas, (3) performance interdependencies, (4) trade-offs, (5) goal
conflicts etc. occurs. Furthermore, when applying conventional approach, i.e. when grouping data,
it’s mandatory to determine the number of classes k. That number depends on the size of the data
set N and the difference between the maximum Xmax and minimum value Xmin - and this is where the
problem occurs. That’s problematic as in case of existence of extremely high or low values, obtained
results can be misleading. In cases with such data distribution, findings will indicate that, beside few
outlier values, the most of values will fall into the same class. As they will be colored by same color'
gradient, one may conclude that those values represent areas of similar modality x;. Such a situation
can be noticed on the example from ATM domain presented by Figure 4. In the most of cases the
conventional approach of data manipulation will result with approximately symmetric data
distribution (examples a and d). Opposite to that, data distribution of examples b and c is right-
skewed, i.e. positively skewed. However, there is big difference between those two examples. Unlike
example ¢, in case of an example b, the extremely high value exists and it differs significantly from
the rest of values. As the difference between performances will be only indicated in case of different
classes, most of them would be defined as areas of similar values. With the application of a novel
approach, such situations won’t happen. As the result, the benefits of application of a novel
approach of data distribution analysis within ATM domain should be significant. For example, as
expected benefits of application of novel approach it's possible to single out the possibility of (1)
identification of homogeneous areas, (2) clearer identification of performance gaps, (3) easier
identification of trade-offs situations, (4) identification of stakeholders which can achieve significant
benefits with minor performance changes, (5) increase of the level of understanding of current and
future ATM system design, (6) better understanding of cause-effect relationships, etc. Hence, the
application of novel approach can be of great value to e.g. ANSPs in cases when it’s needed to
represent their interests at various meetings with other ANSPs, AUs, National Supervisory Authority
(NSA), Functional Airspace Block meetings etc.
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Figure 4 — Application of conventional approach on some of ATM related performance indicators [16, 17]

5. DISCUSSION

Nowadays, many successful businesses manage to grow simply because they understand their
business environment, i.e. market strengths, weaknesses, opportunities and threats. Hence, it's not
surprising that many executives, usually on the monthly basis, look for business reports with
information about their business environment and development potentials. Thereby, since ATM
system in Europe is a dynamic business environment characterized by its complexity and
performance interdependencies, it’s often the case that business reports need to provide a simple
answer on complex issues.

The quality of a business report depends mostly on how much realistic do they reflect real-world
situations. Then again, that depends on how much are credible applied performance indicators,
metrics etc. So, in general, it could be defined that the main prerequisite of creation of any business
report is credible performance measurement system. As such, performance measurement system
provides a set of measures (financial and non-financial) that can support the decision-making
process by collecting, processing and analysing quantified data of performance information [18].
Accordingly, the better the performance measurement system, the better will be the quality of the
business reports.

The purpose of performance measurement system within ATM domain, as one of tools of
strategic planning, is to provide information, primarily to ANSPs, but also to the AUs and NSA, in
which direction ANSP goes, which and where corrective measures needs to be applied etc. Thereby,
in order to have effective performance measurement system it's necessary to have reliable
distributer of (1) input data describing business environment, (2) efficient communication and
reporting network and (3) end-user who will know how to interpret received data or information.
Although such a framework may sound quite simple, mistakes are often made in practice. This is so
mainly due to poor inputs (garbage in, garbage out), misunderstanding of the data or information
received, poor communication and reporting network, not knowing how to utilise obtained
information etc. In case of recognition of such situations it’s important to correct them. And, that
brings us to the purpose of this paper.

Humans think visually, therefore spatially. Hence, it’s often the case that by various options of
data visualization it’s depicted how certain variable of interest is distributed across area of interest.
Since maps are a great way to do so, they represent one of most utilised option of data visualisation.
This is so because maps usually allow summarization of the complex information in form of a clear
and compact presentation. Moreover, maps are frequently used because (1) people understand
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maps (at least, think they do), (2) because people like maps since they attract attention and (3)
because they brighten up business reports and/or presentations. Thereby, in most cases maps tend
to be intuitive to the readers or audience. However, their accurate interpretation can sometimes be
very challenging. Particularly in cases when well-placed questions arise.

The main objective of maps is to deliver the right information. Accordingly, it can be defined that
they are used as a mean of the communication. Thereby, two things are frequently forgotten. Firstly,
presentation of statistical data on the map has its limits. Secondly, mapping statistical data correctly
isn’t an easy task. Map creation concerns making choices of the mapping method, the aggregation
level, the area or discipline of study, the type of data, the graphic variables to be used etc. Besides
that, it's frequently forgotten the difference between terms geographic and spatial data. Briefly,
geographic data represents a collection of information that are used for graphical presentation of
some feature and phenomena with relation to Earth's surface. On the other hand, spatial data is
used to indicate some feature or phenomena related to space, but is distributed in three-
dimensional space (any space, not only the Earth's surface), and, thus, have physical, i.e. measurable
dimensions. Accordingly, spatial data has broader meaning, encompassing the term geographic data.
Figure 5 shows an example of aforementioned where by removing the background (national
borders), a spatial data is obtained.
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Figure 5 — An example of appreciation of all three aeronautical data features

Unlike humans, mathematics is very exact. Accordingly, it differs spatial statistics from traditional
(or non-spatial) statistics that is typically used. Spatial statistics includes various analytical methods
specifically designed for manipulation of spatial data. Thereby, in case that data needs to be
presented on the map, spatial statistics and its analytical methods go beyond the analytical methods
of traditional statistics. Since spatial statistics and its analytical methods use space-area, length,
proximity, direction, orientation, notion of how the features interact with each other (through e.g.
spatial autocorrelation measurement) right in the mathematics, their application results with more
comprehensive findings.

Furthermore, the main difference between traditional and spatial statistics is the assumption of
spatial dependency. That means that within spatial statistics the location of data, with respect to
one another, plays an important role. Opposite to that, the traditional statistics are based on the
assumption that data are free of something called spatial autocorrelation. As an index, spatial
autocorrelation provides information about a spatially distribution of phenomenon that can't be
captured by any other form of statistical analysis, and which can be vital for correct interpretation.
Moreover, spatial autocorrelation gives a precise and objective value to something which would
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otherwise have to be perceived subjectively and probably inaccurately from the map. Considering
that ATM system in Europe is highly interdependent system, the application of analytical methods
that fall under spatial statistics should be prioritised.

To sum up, it should be noted that “events” that are captured by the performance measurement
system happen in the space and time. By ignoring that fact, analysis, i.e. business reports are going
to be incomplete, while the obtained results would be misleading or partial. Considering
aforementioned, the application of conventional data manipulation approach within ATM context is
problematic because it based on the analysis of the data distribution outside of their spatial context.
Thereby, the most significant problem arises from the fact that data visualisation is depicted on the
map (and not on the histogram). The difference arises because map shows “where is what,” while a
histogram summarizes “how often” measurements occur (regardless where they occur). Hence, in
order to provide accurate information, appropriate analytical methods also must be applied.
Accordingly, presentation of unit rate values (or any other performance indicator) distribution by
conventional approach should be replaced by utilisation of analytical methods that fall under spatial
statistics. Lastly, Table 1 below summarizes the conceptual difference between application of the
conventional approach and novel approach that is based on application of spatial statistics.

Table 1 — Comparison between conventional and novel approach of data distribution analysis

Conventional approach Novel approach
1. Based on outdated traditional analytics Based on innovative approach
2. | Based on raw data processing Based on georeferenced data processing
3. Intended for senior managers Based on information sharing
4. | Simple, but less accurate analytical method Complex, but more robust analytical methods
5. Extreme values may lead to misleading conclusions Extreme values don’t have impact on results
6. Unintelligible to interpret Easy to interpret
7. Leads to Airspace Users’ frustration, abuses etc. Better understanding of business environment
8. Has a fixed framework Modular design (depends on needs)
9. Based on fragmentary approach Based on holistic approach
10. | Doesn’t consider spatial component of data set Takes in account spatial component of data set
11. | Doesn’t consider performance interdependencies Takes in account performance interdependencies
12. | Mainly used to show the condition Intended to improve performance
13. | Not applicable within other management systems Complementary with other management systems
14. | Hinders continuous improvement Promotes continuous improvement
5. CONCLUSION

In order to increase the efficiency of ATM system in Europe it's mandatory to apply appropriate
analytical methods, i.e. to have accurate assessment tools which can provide information that will
lead to better system' efficiency. In that context application of conventional approach of data
manipulation, as it has been presented within this paper, is problematic as it can lead to erroneous
decision making. Therefore, in order to get information that more accurately reflects the real-world
situations (and so improve decision making), it’s necessary to apply proper analytical methods.

For years non-spatial statistics has been used to depict spatial features or phenomenon. The main
drawback of such an approach is that a conventional (or non-spatial) approach is based on
assumption of spatial independence. Since ATM environment is highly interdependent system where
performance of one ANSP can have an effect on performances of neighbouring ANSPs, application of
conventional approach should be considered as inappropriate. Opposite to that, by application of
various analytical methods, the spatial statistics enable testing of the existence of spatial patterns,
determination of their distribution and characteristics, identification of spatial interactions, etc.
However, since such analytical methods haven’t been yet applied within ATM business environment
at large scale, their application can be seen as a novel approach of data manipulation.
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Lastly, it can be noted that presented issue mostly isn’t yet recognized, and that within ATM
domain one can often come across business reports that were created by application of
conventional approach. Considering that, the question of quality of the information (business
reports) provided arises. Hence, as the result, nowadays as advanced methodological frameworks
can be distinguished ones that process aeronautical data based on spatial statistics - rather than on
traditional statistics. Moreover, their application should be prioritised as they can provide more
competitive information and so strengthen understanding of ATM business environment, identify
performance interdependencies, trade-offs, goal conflicts, valorise the effects of applied strategies,
concepts, projects etc. - what wasn't possible before, i.e. wasn't possible by the application of
conventional approach of data manipulation.
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