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ASSESSING CONNECTION QUALITY IN PASSENGER AIR
TRANSPORT IN THE CONTEXT OF PRAGUE REGION
DEVELOPMENT

Summary. The objective of this contribution is the application of a new
methodology for assessing connectivity in passenger transport regarding selected
tariff points accessibility in the context of developing the selected region. From
the passenger’s point of view, it is necessary to specially assess the accessibility
of lines within transportation, between the selected destinations using passenger
air transport. The length of the travel time, the number of necessary transfers and
the number of travel opportunities affects the possibilities of transport between
place A and B. The connections and lines are thus influenced by many factors.
This is the basic point to consider when designing a set of evaluation criteria for
assessing the connectivity and in carrying out a case study for a specific region. In
this paper, Vaclav Havel Airport in Prague (Czech Republic) with selected air
transport connections were evaluated according to the proposed methodology.
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1. INTRODUCTION

The role of the European Union transport system is to ensure a high level of mobility,
while constantly increasing its performance in terms of speed, comfort and safety. To have a
consistent, integrated and efficient transport system requires creating transfer links involving
all modes of transport. The accessibility of a destination and the frequency of the lines are the
most important criteria in the context of passengers’ interest in public transport. [1-5]

The basis of providing transport services is to offer travel opportunities by creating
transport connections and links between the individual connection, that is, to assess the links
and travel opportunities (connections) as such. Currently, there is no methodology for
assessing travel opportunities from the transportation point of view as a whole. Within the
evaluation process, the individual flights and connections at the airports are assessed, not the
quality of the connection between point A and point B. [6, 7]

The case study in this paper is based on Vaclav Havel Airport Prague situated in the
Central Bohemian Region. The specific routes (26 routes/destinations) were selected for the
demonstration of the proposed assessment. Within each route, all flights operated by low-cost
carriers and traditional airliners were assessed. [8, 9]

Vaclav Havel Airport Prague is a middle-sized regional airport. In 2017, it served over 15
million passengers (expecting 17 million in 2018). In summer season 2018, 67 airlines flew to
157 destinations in Europe, Asia, Africa and North America from Prague Airport. It serves as
a hub for Czech Airlines as well as a base for Travel Service including its subsidiary brand,
SmartWings, and a base for low-cost carrier, Ryanair. [10-13].

2. QUALITY OF CONNECTION

The quality of the offered connections significantly influences the services provided in
transport. The main objective of transport is to satisfy customers” requirements for quality,
flexible, fast and safe transportation of passengers and goods. Quality is perceived differently
from various viewpoints; transport users” and transport services providers” or organisers” and
social perspective. This is due to assessing the connection quality non-systemically,
regardless of the interaction of the persons transported and the transport or transportation
system.

The connections offered by a transport company depends on the demand for transport from
the existing customers (passengers) who for objective or subjective reasons need to move to
some other place between two destinations within a transport network. [14-19]

2.1. Methods of assessing connection in air passenger transport

The proposed methods are based on assessing the defined criteria of the connection
between the selected tariff points in passenger air transport. The base of the methods is
assessing a particular connection. For this purpose, it is necessary to determine whether the
connections are assessed on a working day or weekend, and prepare the evaluation
specifically for the given working day, Saturday or Sunday. Subsequently, summarising
indicators will be evaluated for the connection within a route as well as the entire transport
network in question. [20]

To have a consistent, integrated and efficient transport system now requires creating
transfer links which would include all modes of transport. The accessibility of the destination



Assessing connection quality in passenger air transport in the context of... 83

and frequency of the connections are the most important criteria in terms of passengers’
interest in using public transport. The proposed methods for establishing the standard quality
assessment metric for evaluating the connections within a network is intended to cover all
possibilities of reaching any pair of tariff points within a selected transport network and by
means of the selected indicators to evaluate the quality of travel opportunities provided by air
carriers operating in the examined region. The evaluation will be a tool for expressing
customers’ satisfaction with the services offered in the region. The minimum defined
connection quality standards in the region will be comprehensively evaluated using the
following indicators:

» average travel speed,

» average speed until the final destination,

* average waiting time.

For a comprehensive assessment, it is necessary to analyse the quality of connections
among all tariff points in the examined region. If there are n tariff points in the passenger air
transport network, the number of routes (m) to be analysed is calculated as follows:

m= n? (1)
where:
m number of routes between the points,
n number of points in the selected network.

Another possibility is to choose a set of representative tariff points, which enables
evaluation of quality in the entire network. [20-27]
The methods are based on assessing the defined criteria between the selected tariff points
in the network. The basic principle is the evaluation of a particular connection. For this
purpose, it is necessary to determine whether the assessed connection is on a working day or
weekend or prepare the evaluation specifically for a selected working day, Saturday or
Sunday. Subsequently, the summarising indicators will be evaluated for the connections
within the routes and the entire network. [28-31]
While assessing the connectivity and quality of connection within the given route, the
following factors were identified:
«  Number of connections Ns for the assessed day includes both direct flights and transfer
flights. This indicates the number of alternatives divided over the time that passengers
have to travel from point A to point B.

»  Average waiting time W; refers to the amount of time spent by passengers waiting for
a particular connection at the departure airport, or starting point. It is defined as half
the time between the departure of two sequential connections:

I-'V:- — '~r[+::_f[:' [h]
) )
where:
ti departure time of the assessed connection from the starting point (airport).
tiv1 departure time of the connecting flight from the origin airport.

* Route length of the connection Li refers to the distance travelled in kilometres (mostly
tariff) by the mode of transport used for a particular connection. This criterion is
important for the calculation of the transit speed and the speed of reaching the
destination.

» Type of aeroplane and carrier creating a connection. This factor expresses the quality

of the connection transport service.
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»  Transit time Tp. It refers to the moment of passenger’s arrival to the airport 2 hours
before the departure from the first tariff point and the moment of termination of the
transport in the final destination.

*  Number of transfers Np refers to the absolute number of changing the means of
transport when reaching the final destination.

« Transfer waiting time Ty is the overall time the passenger spends waiting for
connections in the hubs when using a particular connection:

T, = Z(tizdep - tilarr) [min] (3
where:
tiogep  departure time of the connecting flight at the airport of the i-th transfer.
titarr  time of the plane arrival to the airport of the i-th transfer.

» Reaching destination time TD refers to the time starting from the moment of
passenger’s arrival to the airport where they start the journey and ending with the
moment of the plane’s arrival at the final destination. It is calculated as a sum of the
average waiting time and time of the transport:

Tp = W; + Tp [A] (4)
where:
Wi is average waiting time between two consecutive connections [h].
Tp Is the transit time [h].

« Transit speed Vp — is expressed as a quotient of the distance travelled and the time of
transit:

| =~

Vp = —=[km/h]

,‘;‘-]

()
where :
Lsi route length of the connection [km].
Tp time of transit[h].
+ Reaching destination speed Vp - is expressed as a quotient of the route length of the
connection and time of reaching the destination:
V, = L [km.h ™Y (6)

Tp
2. 2. Assessing the connection quality in selected transport network — a case study

The following example will illustrate the application of the proposed methodology for
assessing the connection in the transport network.

Step 1 — Selecting a transport network

In terms of the proposed methodology, the case study will be applied in the air transport
network for all carriers providing air transport services.

Step 2 — Selecting a set of connections

The second step includes determining a set of connections according to the methodology,
which means important and frequently selected destinations from the selected tariff point.

Step 3 — Selecting relevant tariff points within the transport network

For the application of the connection quality evaluation, 26 tariff points were identified on
the routes from Prague (Vaclav Havel Airport) to the following destinations: Madrid,
Bucharest, Oslo, Stockholm, Dublin, Barcelona, Rome, Manchester, London, Copenhagen,
Paris, Belgrade, Eindhoven, Amsterdam, Brussels, Milan, Istanbul, Helsinki, Hamburg,
Warsaw, Zurich, Venice, Kiev, Budapest, Riga and Bratislava.
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Figure 1 shows the towns based on which the connection quality on the route from Prague
(Véclav Havel Airport) to the aforementioned tariff points (airports) in passenger air transport
will be primarily assessed. The date selected for assessment was a working day, specifically
Monday 15 November 2018.

via

Denmark

Lithuania

United
Belarus

- amburg c g
herd z¢ o BpaNCK
= etomza E K
® Birmingharr eB4@n 4 sopensior
< o5t H
and Brest JKypcn | Boponew
T NE L

Kuis

. yiv
. . Ps

Ireland

Belgium

Ukraine
Aust

Hungary «hadea
Frap€e Switzerlahd
Rorgnia 9
Milar Koa
st ra
Bosnia 3pd Herz. o
oM
italy 3 s Bulgaria ol
o« Nap: o ——
Naples . Liucce .5
Portugal Spain =
Greece Turke
Izmir y
* Kor
Alger -
Algie: T
Gibraltar
Ora
Syria
Tunisia Lebanon

eunlll Ira
Tripol

Fig. 1. Selected routes within air transport evaluated within the case study (Source: Authors)

In the context of the proposed methodology, all connections from Prague to the selected
most important airports on the designated day were assessed. In this case, 26 transport routes
and subsequently all connections in each route per 24 h were assessed comprehensively.

Step 4 — Selecting a search engine for connections

In this step, a search engine for connections needs to be chosen according to the input
criteria. All connections were searched using online flight tracker (FlightMaps), an Innovata
product.

Step 5 — Selecting assessment indicators
Table 1 shows a specific example, the assessment of a route between Prague and the selected
destination. It is the Prague — Paris route, where 9 connections were found within 24 hours of
the selected day. The highest quality connections according to the “transit time” or “flight
time” criterion include the connection 9 leaving Prague at 20:35 and arriving in Paris at 22:20,
travelling the distance of 853 km in 1.75 h. Transfers (stop flights) were not necessary. The
qualitative connection indicators are reaching destination time Tgs = 4.50 h, transport speed
Vps = 487.43 km.h't and the speed of reaching the destination is Vps = 350.96 km.h.
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Tab. 1
Identified air transport connections in the Prague - Paris route
=
= <
(@))]
[
= g = £ - S
S S < = = =
- — C d C . C
= ‘© ) = 2 £ o
2l = EC| 8 = e = S
S| 2 - | 22| ¢ e = > o
S E | 2|23 & k= = g £
B £ | E|5g 3 2| 2 5
5 5 g S x| = 2 5 S 2 B <
° S = 3| © = e S = 3
hat [<5) = > - — [+ (<5} [} — o o
1 7:10 9:00 | 0.00 | 853 | CSA 1.83 1.83 465.27 465.27
2 8:35| 10:30 | 0.71 | 874 | Transavia 1.92 2.63 456.00 332.95
3 9:50 | 11:40 | 0.63 | 853 | Air France 1.83 2.46 465.27 346.98
4| 12:25| 14:15| 1.29 | 853 | CSA 1.83 3.13 465.27 272.96
S| 15:25| 17:10| 1.50 | 853 | Air France 1.75 3.25 487.43 262.46
6 | 17:20| 19:05| 0.96 | 853 | Vueling Air. 1.75 2.71 487.43 314.95
7| 17:35| 19:25| 0.13 | 853 | CSA 1.83 1.96 465.27 435.57
8 | 20:25| 22:20| 1.42 | 874 | Transavia 1.92 3.33 456.00 262.20
9| 20:35| 22:20| 0.08 | 853 | Air France 1.75 1.83 487.43 465.27

Step 6 — Assessment of all connections within the route

For further evaluation of the entire network, it is necessary to define the average indicators
for each route. On the Prague — Paris route, the average time of reaching the destination is @Tq
= 2.57 hod, the average transit speed oVp = 487.43 km.h'! and the speed of reaching the
destination is @Vp = 465.27 km.h%. All average indicators are listed in the following extended
table.

Tab. 2
Comprehensive assessment of the Prague — Paris route

Average waiting time including

check-in W [h]
Transport t speed Vp [km.h?]
Destination speed Vp [km.h?]

Order number of the flight
Departure [hh:min]

Arrival [hh:min]

Great circle distance Li [km]
Flight time T, [h]
Destination time Tq [h]

Carrier
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1| 7:10| 9:00| 0.00| 853 | CSA 1.83 1.83 | 465.27 465.27
2| 835|10:30 | 0.71| 874 | Transavia 1.92 | 263 | 456.00 332.95
3] 9:50 | 11:40 | 0.63| 853 | Air France 1.83 2.46 | 465.27 346.98
4112:25 | 14:15| 1.29| 853 | CSA 1.83 3.13| 465.27 272.96
5| 15:25|17:10 | 150 | 853 | Air France 1.75 3.25 | 487.43 262.46
6]17:20 | 19:05 | 0.96 | 853 | Vueling Air. 1.75| 2.71| 487.43 314.95
7117:35|19:25| 0.13| 853 | CSA 1.83 1.96 | 465.27 435.57
8|20:25 | 22:20 | 1.42| 874 | Transavia 1.92 3.33 | 456.00 262.20
9| 20:35 | 22:20 | 0.08| 853 | Air France 1.75 1.83 | 487.43 465.27
Average values for a route 2.57 470.6 350.96

Step 7 — The results of quality assessment on the Prague — Paris route

In the context of the proposed methodology, all connections for each route were found in
the schedule. The values of the factors were determined: the number of connections on the
evaluated day, the average waiting time of the passenger Wi, length of the route of the
connection Ls, transit time Tp, number of transfers, time of transfers Tw, time of reaching the
destination Tp, speed of transit Ve and speed of reaching the destination Vp.

Following the results, it may be concluded that the fastest reached destinations from Prague
using regular passenger air transport are Madrid, Bucharest and Stockholm. This is due to the
high number of travel opportunities, long distance between the destinations and connections
evenly distributed within the entire day. The minimum speed of reaching the destination was
in the case of Budapest, Venice and Bratislava, which resulted from “slow connections” in
terms of passenger check-in before departure along with a short distance between the
destinations and long waiting time due to the low number of connections.

Tab. 3
Results of connections quality assessment on the route from Prague to selected destinations
o [ !
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Madrid 594.77 | Madrid 512.38
Bucharest 576.82 | Bucharest 474.98
Oslo 570.50 | Stockholm 469.46
Stockholm 567.00 | Dublin 444.29
Dublin 564.20] Oslo 434.34
Barcelona 562.76 | Rome 434.01
Rome 537.59| Eindhoven 419.19
Manchester 517.60| London 412.68
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London 500.48 | Barcelona 398.21
Copenhagen 475.04 | Hamburg 392.80
Paris 470.60 | Manchester 378.76
Belgrade 456.68 | Belgrade 378.54
Eindhoven 453.18 | Paris 350.96
Amsterdam 449.56 | Helsinki 347.30
Brussels 448.67 | Istanbul 333.78
Milan 439.78 | Amsterdam 318.11
Istanbul 426.07 | Brussels 317.54
Helsinki 420.76 | Copenhagen 275.57
Hamburg 406.83 | Warsaw 256.93
Warsaw 374.47 | Milan 241.97
Zurich 372.71| Kiev 238.91
Venice 358.43| Zurich 231.18
Kiev 356.78 | Riga 219.44
Budapest 349.54 | Budapest 211.15
Riga 322.05| Venice 210.28
Bratislava 304.00 | Bratislava 174.38
Average value per route 456.80 | Average value per route 341.43

3. CONCLUSION

The applied methodology covers the possibilities of reaching the selected pair of tariff
points in regular passenger air transport. The methodology provides not only evaluation of the
connectivity within the selected route, but also an objective assessment of the accessibility
between two selected tariff points on the basis of qualitative indicators, such as the average
transport speed and the average speed of reaching the destination. It assesses
comprehensively, the quality of provided travel opportunities in passenger air transport in the
selected area, considering the context of the development of the Prague region and the Czech
Republic using selected indicators.

The methodology summarises the findings from the passenger transport theory and assists
in assessing the quality of available passenger air transport services across Europe.
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