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DETERMINANTS OF INTRA-INDUSTRY TRADE IN

VARIOUS SERVICES APPLIED TO AN

INTRA-INDUSTRY

TRADE IN AIR TRANSPORT SERVICES

Ing. Martina BlaSkova
Air Transport Department
University of Zilina
Zilina, Slovakia
martrina.blaskova@fpedas.uniza.sk

Abstract— The paper deals with intra-industry trade andiegw
of studies dealing with the determinants and hymshef intra-
industry trade in financial, tourism and insurancervices
followed by applying knowledge to intra-industry teath air
transport services and determining potential detaamts.

Keywords: determinarg, air services, international intra-

industry trade,

INTRODUCTION

As the importance of international trade in sersice
increases, increasing demands on monitoring antysimaof
various trends, including the development of indional intra
— industry trade in services.

Based on our current knowledge the following studies
deal with international intra — industry trade ansces:

¢ Intra — industry trade in services (Lee, Lloyd; 200
this study analyzed the lack of model or models of
international intra — industry trade in services.
Analysis was given to the market share of servioes
total trade in goods and services, the average ébrub
Lloyd index and marginal Grubel-Lloyd index for the
20 OECD countires in period from 1992 to 1996. The
analysis showed uniformly high and stable Grubel-
Lloyd index at the time. The study showed the need
for the development of theoretical models of
international intra — industry trade in services.

e The role of intra — industry in the service sector
(Shelburne, Gonzales; 2004)he main problem to
which economists focus in this study is statistical
reporting of the services. For analysis of intdore!
intra — industry trade in services have been ubed t
data from OECD statistics on international trade in
services and the Bureau of Economic Analysis in the
period from 1992 to 1998. Unfortunately, these two
sources are not comparable in a transparent manner.
The data is not presented in a similar hierarchical
structure and this lack of harmonization is a peabl
in the empirical estimation of indices of intra —
industry trade, which have been analyzed in thdystu
For analysis was used Grubel-Lloyd traditional and

marginal index to measure the intensity of intra —
industry trade in services in OECD countries (34
countries and 10 regions). The results shows éififier
problems compared to the trade with goods. Data
availability is a major constraint, especially hetcase

of comparing countries with each other and also in
time. Even if data are available, countries ustedint
classification of services and this just complisatiee
comparison.

The Determinants of Intra-Industry Trade in
Insurance Services (Li, Moshirian, Sim; 2003);
authors have analyzed and measured the size af intr
industry trade in insurance services in USA. As a
measuring method authors used Grubel-Lloyd index.
Mentioned authors used Grubel-Lloyd index along
with marginal Grubel-Lloyd index also in stuthtra-
Industry Trade in Financial Services (2005yhere
they analyzed and measured the size of intra-ingust
trade in financial services between USA and trading
partners.

Static Grubel-Lloyd index was used limtra-Industry
Trade in Tourism Services (Leitao, 20t&)measure
mentioned trade between Portugal and trading partne
(Spain, USA, Italy, Greece, Turkey and Canada)

Three of the mentioned studies have examined
the determinants of international intra-industrgdi in
services. Overview of hypothesis with determinaots
intra-industry trade in services is included in [Eaf. It
can be seen, that authors share the view thate ikea
relationship between international intra-industade and
differences in per capita income and also betwkersize
and intensity of county’s economy and internationth-
industry trade in services.
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Table 1 — Overview of hypothesis in the analyzediesu

Table 2 — Availability of data in the period 200012 for
chosen countries to USA

Author Hypothesis
Li, | Thers is an mverse relationship between the difference in mcome
Moshi | per capita and mtra-industry trade (IIT)
HS%-% Thers 13 2 posttive relationship between markst concentration m
goods and services and IIT
IIT iz negatively related to the differsnce m the size of the
fmancial market
IIT is nepatively related to an imbalance i the market for goods
and serviees
Thers is a posttive relationship between IIT and FDI
IIT iz negatively associated with the owerall flow of services
between U.5. MNCs and their forsign hrances
Ther= i3 2 negative corrslation between the differsnce m market
openness and [T
Nuno | Thers 15 2 negative correlation between the differsmce m mcome
Carlos | per capita and IIT
Leitap

Size of the sconomy posttively affects the extent of IIT

The market 13 growmg if parmers are geographically close together

Common border, lower transport costs
Li, | The share of IIT m total fmancizl serviess i positively associated
with an averape per capita income
The share of IIT i the market for bamking services will be
negatively correlated  with the mtemsity of market US.
multmztional corporations with thewr foreign branches

Economies of scale i banking contribute to the IT m
fmancial services

The share of IIT i bamking services iz positively
associated with the mtensity of the market for banking services

Source: Custom processing based on analyzed studies

INTERNATIONAL INTRA -INDUSTRY TRADE IN AIR TRANSPORT
SERVICES (DETERMINANTS )

DATA AVAILABILITY IN CASE OF AIR TRANSPORT SERVICES

As it was mentioned in studyThe role of intra —
industry in the service sector‘(Shelburne, Gonzal2804)
there is a problem with data availability and thisblem also
affects international trade in air transport sessic Table 3
shows some examples of data availability in théopefrom
2002 to 2012. As it can be seen data for year Z818ct
available for any of chosen countries jet. StatesPortugal and
Spain do not provide statistical data on trade iintransport
services, so we cannot integrate them into plarsealysis.
Because of incomplete state of database we canabtzenand
measure the intra-industry trade in air transpenvises of
chosen countries for the whole period between 2062 2012.
It's common knowledge, that data on trade in goads
collected directly at the border, while data onviees (export
and import values) are obtained through a surveyasfous
information sources and that is the reason whyldabk of data
about air transport services exists.

USA
02| 03|04|05|06|07|08|09]|10]|11]12
RUIV v I v v v ivI v v ]v | x |x
Kl lv i iviviv|iviviv|iv]|iv| v |x
BE |V [V [V |V |V |V |V |V |V |V |Xx
PLIx [x |vi v ivi v iv v iv|v|x
HU | x X X vV IV IV |V [V |V |V |Xx
DK | x | x vi v v iv]|v|v|v |x
EL [ x |x VI YV ix | Y|V |x
LU | x [ x |x |x [x [ x |V |V |Y|Y |x
IE | x | X |x [x [x |x VY Y |x
ROIx Ix Ix |v v iviv] v ]iv| v |x
PT | x [ x |x |x |x |x |x |x |x |x |[x
ES | x | x |x |x |[x |x |[x |x |x |[x |x

Source:Custom data processing based on International
Trade Center

International trade in air transport services higsifapact
on international trade because it includes all témsport
services, which are performed by residents of ammemy for
those of another. The mentioned services include ai
transportation of passengers, transport of goodsfals of
carriers with crew and related supporting and &aryilservicek
Air transportation is a major facilitator of intetional trade in
terms of the value of goods and services involvadd is
important to specific industries, such as touritimat are being
developed by many lower income countries.

It's not easy to identify the determinants of IIThaw
represents a searching problem. There were compiled
econometric models for trade in goods for individua
commodities based on determinants. Regarding theinlT
services the problem is less explored.

Table 3 — Overview of determinant in the analyzadiss

Traded commaodity Determinants

Per capita income Trade
intensity Trade imbalance
Market size Foreign direct
investment, Multinational
corporations, Market openness

Insurance services

Per capita incomgMarket size,
Geographic distance, Commagn
border

Tourism services

Per capita income Trade
intensity Economies of scale

Financial services

Source: Custom processing based on analyzed studies

! freight insurance, goods procured in ports by nesident
carriers and repairs of transportation equipmengpairs of railway
facilities, harbours, and airfield facilities andemtals or charters of
carriers without crew
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As it can be seen in Table 3, in mentioned studighors
examined various determinants for various servidégre are
different types of determinants, but authors coremlin certain
determinants such as per capita income, market aimk trade
intensity. The Table 3 lists examples of the ottleterminants
used in studies as trade imbalance, foreign diregtstment,
multinational corporations, market openness, geddca
distance, common border and economies of scale.

Therefore, we selected market size and per capinie
as determinants for international intra-industrade in air
transport services along with air liberalizatiomléx and index
of globalization, which are discussed more detailednext
chapter.

SUGGESTED DETERMINANTS OF INTERNATIONAL INTRA-INDUSTRY
TRADE IN AIR TRANSPORT SERVICES

e Per capita income

When analyzing IIT in air services determinants the

available theoretical and empirical literature omrhd trade
serves as a starting point. The theory of IIT indgproposed a
concept of demand similarity which contributes tionikr
commodities being imported and exported among cm@mmt
Demand similarity is driven by higher per capitadmes of the
trading countries because customer demand at higheis of
per capita income is in general higher, more diffiéiated and

more complex. As it was supposed by Balasa and Bawen

(1987) the difference in per-capita income betwérading
partners represents a difference in the demandtstay As the
studies devoted to IIT in services used demand laiyi
concept for development of IIT determinants, we @dso
stipulate that the share of intra-industry tradeaiinservices is
negatively correlated with per-capita income betwe®o
trading partner countries.

. Market size

market access protection, air liberalization irfdean be used.
Our approach based on the level of market accesteqtion
coincides with a concept of market openness in stuglies
mentioned above.

¢ Index of globalization

As air transportation is generally considered as a
driver of globalization, we can assume that a hightegration
of countries - trading partners generates highéurwes of air
services bilaterally exchanged within the indusffjus, intra-
industry trade is assumed to be positively coreelab a lower
divergence between the countries integration witkiorld
global economy (Loertscher and Wolter, 1980). For
quantification of integration of economies into Vdoiglobal
economy, index of globalization3 can be used.

CONCLUSION

Identifying determinants is the main base for the
formation of an econometric model for intra-indystade in air
transport services. After specifying the determinaiere’s a
place for design an econometric model, which wilklgses
mentioned determinants of international intra-indusrade in
air transport services, which will be the main sgbjof our
following research.
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Mgr. Miroslav Holubec
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Abstract— Nowadays there are a lot of methods for obtaining

information about the objects on the Earth surfatiee special
importance is on accuracy and reliability of thisfoarmation.
One of the active remote sensing methods whiclvalltaining
very accurate data about the Earth surface is LIDAPAR is
usable in different areas and is an accepted metiooddata
acquisition. This article examines the basic prites of LIDAR
and the possibilities of utilization of this teclogy.

Key words — LIDAR, laser scanning, DMR, DPZ, modeling

INTRODUCTION

The concept of LIDAR is an acronym of the Englishrdg
"Light Detection And Ranging". In some literatureisi possible
to meet even the acronym ALS (Airborne Laser Saag)ni
indicating the airborne laser scanning. It's a rnebdbgy

operating on the same principle as radar. Howewnstead of
radio waves to gain information about objects usligit

radiation. It is therefore a method of active reensgnsing (RS),
based on the measurement of the distance betweenbiect
and studied alone with LIDAR, most often placed aircratft,

helicopters or drones. Since it is an active remsgesing
method, it can be used to gain information durihg hight.

Unlike radar, data acquisition through LIDAR is rmissible
during high cloud, rain or heavy fog.

HISTORY

The beginnings of LIDAR technology dates back to @0s of
the last century and are associated with the inwendf the
laser. At that time it was used mainly terresttilDAR with

static location, to monitor atmospheric and metlemical

phenomena. Currently, LIDAR is a powerful tool foratleer
observations throughout the world (eg for Climate rigfea
Research).

The use of ALS systems for the purpose of collectin

topographic data started until 1980 and for commakpurposes
has been introduced since the mid-90s. DeveloproEmLS

systems is associated with the introduction of QB®bal

Positioning System). Today, technology has had LRD#&idely

used in various fields such as: hydrology, consioug forestry
and the like.

LIDAR SYSTEMS DIFFERENTIATION

There are several types of ALS. Select type depemdshe
possibilities of its use and the specific needstha&f project.
Depending on the location of the device itselisipossible to
allocate two basic types: aerial and terrestri@AR [2]. These
can be further broken down - see the following ffigu

LIDAR
l Yy

Airborne

Terrestrial

[ v I

A 4 A4 A4 A 4

Mobile ’ Static Topographic Bahymetric

Figure 1 — Basic LIDAR typology

ALS, usually located on the aircraft or helicoptecsin be
divided into bathymetric and topographic. Topogiaphsed
primarily for modeling over terrain and can be ugedarious
fields such as forestry, hydrology, geomorphologstc.

Bathymetric LIDAR systems are characterized by ttet faat
under appropriate conditions, can penetrate a qortf the
water column. It can be modeled as the day of vess: etc.
Penetration depth depends mainly on the degrearbidity of

water and its flow. Most bathymetric LIDAR systenyserating
in two parts of the electromagnetic spectrum. Thfared

spectrum is used to monitor the water surface. ifGspectrum is
characterized by excellent penetration and is tsedonitor the
bottom of water bodies. Combined topographic antiymagtric

LIDAR systems placed on air carriers are often useghonitor
coastal areas [ 3 ].
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Figure 2 — Mobile lidar (photo by author)

Terrestrial LIDAR can provide very accurate datarelsterized
by a high density of points. Thus enabling the tioea of
accurate, realistic 3D representation of roadddings, bridges,
dams. They can be either mobile or static. MoblBAR dwell
placed on moving media, such as cars, trains, shipatually.
The design of these systems is similar to thatiofLEDAR.
They can be used for example to analyze road infretsire,
monitoring of potholes on roads, and the like. |StiDAR
systems consist of collecting information from atist location
(tripod). They can be used outdoors as well as drslo
Commonly used in mining, archeology, but also ineotareas.
The next section of the text we will deal mainly @DAR [3].

Figure 3— Drone — a modern technology of lidar a
photogrammetry data acquisition (photo by author)

10

PRINCIPLE OF OPERATION

The construction of LIDAR consists of laser, opticahd
mechanical system, the detector of the reflectedtimagnetic
radiation and precision clock measuring the timdwben
sending a beam and capturing them through the tdetec
LIDAR units placed on mobile carriers (airplanestetiites,
cars, etc..) require the device to determine thaetegosition of
the vehicle and its orientation. For this purpose ased GPS

and IMU (Inertial Measurement Unit).
=
AL~ S
"~ Laser -
Prvy odraz

o

Vzdialenost' 1

20

= 2

£ ° .

g2 5 Druhy odraz

< S Vzdialenost 2

2 3

E 5 Treti odraz
118 Vzdialenost 3

124
Posledny odraz
Zemsky povrch

Figure 4 — Basic principle of lidar data acquisition (soerc
http://ucanr.org)

The basis of the system itself consists of a lagich is a
source of laser radiation. There is now a largeetsarof laser
devices. Their use is dependent on both the poneratso the
wavelength at which the laser operates. LIDAR caeraige in
the ultraviolet, visible, infrared and infrared ket proximal
portion of the spectrum. For some laser devicesbeadone to
complete the conversion from one wavelength to terotin
these cases it is necessary to carry out a sdecf@magnetic
radiation detector to enable them to radiationhia part of the
spectrum capture. Lasers in LIDAR s work mostly mlsp
mode [4].

LIDAR principle is quite simple. The optical systdatuses the
laser pulse generated by a very narrow beam. Tgamks then
deflected by a mechanical device across the linféghtt of the
carrier. Shift of the beam in the longitudinal diien ensure the
movement of the carrier. After sending a light putmputer
records the time of posting. Together with the tiofigoosting
shall be recorded and information about the paositand
orientation of the vehicle and also the angle of theam
mechanical systems. Beam reflected from objectherEarth's
surface (vegetation, buildings, surface ..) is rded by the
detector and the time of arrival and intensity toé reflection.
From the above data and knowledge of the speedgbf is
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finally possible to determine the position and heigf the point
at which there was a loss [1].

One of emitted laser pulse can return to the detext well as
multiple reflections. Width of the beam incident the earth's
surface can reach several tens of centimeters ridepge on the
altitude of the carrier). Therefore, there ard stifact that the
beam reflected from a number of different objedtstst

reflections captured taking with it usually represethe highest
element of the surface, such as the top of thelimgil Recent
reflections captured the detector is characterimegbrity of the

ground [2].

The process of obtaining data from LIDAR is a netwof

highly accurate georeferenced points (cloud poirggjesenting
objects located in space. This data is prior taactse for a
specific purpose, yet necessary process. For thipoge,
various methods are used filtering and classificati

USE OF LIDAR DATA

According to the preceding text, LIDAR technologycigrently
widely used. Is primarily used for production ofjhiprecision
digital elevation model (DEM), which can then bdized in

various fields. Besides high accuracy due to thé dignsity of
scanned points, the immense advantage of the flagsiif

application of this technology in forested areamalb width of
the beam emitted from the laser makes the assumpiat a
certain portion of the beam is able to penetratk adow the
treetops. This can be used to obtain informatiauathe terrain
under forest cover. Digital elevation model, chtedzed by
high precision, can be of great use for examplmaueling of
environmental processes (hydrological modeling, siero
modeling)[4].

Figure 5— Digital elefation model (DEM) obtained by LIDAR
(source:http://web.cs.swarthmore.efu

Repeat the same area scanned by LIDAR can be applied
produce highly accurate differential models. DEMated at
different times give the opportunity to examine th@anges that
have occurred in the area of interest for a cepianind of time.
Thus, it is possible to evaluate the intensity ros@n processes
such as the area, monitor changes building, queyngarrying
sediment, or even to evaluate the changes of so@ercwhich

can be of great benefit to modeling rainfall-runpfbcesses in
the catchment area [1].

Another possibility of using LIDAR is the creatioof 3D
models of buildings. Process to detect the poiafgasenting
the building separated from the building pointsrespnting the
surface of the ground or other objects in the sijrees, roads,
etc..). , A relatively comprehensive problem dedth a range
of publications, such as: [5], [6].

LIDAR has a wide area of application in forestryhese it is
possible to use multiple reflection beam emittesirLIDAR
and get information such as the amount of vegetateaf area
or canopy structure. Represents a contribution teesfo
management, forest inventory (monitoring vegetation
characteristics), or in the planning of technicgetions in
forests (logging planning, silviculture activities)

As already mentioned in the preceding text , LIDA&S a wide
application in the field of hydrology. BathymetriclDAR

systems allow, under certain conditions pass waikrmn and
get information about the terrain contained undéwaln
addition, accurate DEM obtained from LIDAR is sul@amput
for modeling floodplains using hydrodynamic models to
generate drainage networks for rainfall - runoffd®king .

In addition to the above-mentioned possibilitiesDAR
applications, the technology is also used in o#iieas , such as:
agriculture, geology, mapping over power lines, droa
infrastructure mapping, mapping leaks, mapping afural
resources and the like .

Figure 6 — Corridor mapping principle
(source: http://www.geoinformatics.com)

PROS AND CONS OF LIDAR TECHNOLOGY
Laser scanning technology provides over other nukthud
obtaining spatial information several advantagesis Tis
particularly the following benefits:

High level of accuracy - high density of points
(up to a few points per m2) to simulate the course
of terrain with high precision (vertical accuracy
of £ 15 cm)

The ability to scan large areas in a relativelyrsho
time

11
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- Ability to provide detailed information on the [3] National Oceanic and Atmospheric Administration

vertical distribution of vegetation
- Data can be obtained even at night
- Detection of ground surface in forested areas

The main drawbacks of this technology are:

- Inability to pass through very dense vegetation

- Very much data-intensive processing
- Arrelatively high price

- Inability to obtain data during high cloud, rain or

heavy fog

CONCLUSIONS

LIDAR is a relatively new, rapidly evolving techngipthat has
a wide application in various disciplines and sectdata

(NOAA) Coastal Services Center. Lidar 101: An
Introduction to Lidar Technology, Data, and Apptioas.
Charleston,: SC: NOAA Coastal Services Center, 2012.
Dostupné z:
http://csc.noaa.gov/digitalcoast/_/pdf/lidar101.pdf

[4] RAPANT, Peter. Geoinformatika a  geoinforina
technologie. Ostrava: Institut geoinformatiky, 2006BN
80-248-1264-9. Dostupné zZ:
http://gis.vsb.cz/rapant/publikace/knihy/Gl_GIT.pdf

[5] WANG, Jun; Jie SHAN. Segmentation of lidar poirduads
for building extraction. In: ASPRS 2009 Annual
Conference. Baltimore, 2009. Dostupné z:
http://www.asprs.org/a/publications/proceedinggibvalre
09/0101.pdf

[6] ZHOU, Guogqing a kol. Urban 3D GIS From LiDAR and
digital aerial images. Computers & Geosciences. 2808

collected by LIDAR provide high reliability and aceay, - 338.
which will be in the future with improving the tewblogy has
increased. Despite some limitations to LIDAR major ACKNOWLEDGEMENT:

assumptions of the future for its further use aedetbpment.
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Abstract — The author deal with the regional
performance, the volume of handled passengers,atipeal
and commercial impact of different kind of airlineperation.
The increasing air traffic volume at regional ainmp® does not
automatically bring improvement of economic efficie The
demand for air transportation is very often saiisfy by low
cost carriers operation. The paper examines thefgperance
and selected economy indicators at a sample oforegi
airports in Central Europe, and their common inflaen The
paper published the findings of field research @rout at the
selected regional airports in Central Europe.

Key words — Airport cost, airport performance, econom
impact, low cost airlines,

INTRODUCTION

The Air Transport has changed during last couple
decades. The Central Europe in not an exceptiondéneand
for air transportation was caused by economic, asoand
political changes in Europe. Air transportatiomuiglergoing the
significant changes, caused by the legislative aofitical
reasons, during recent periods. The liberalizatioought the
emergence of low-cost carriers. The political clemigp Central
and Eastern Europe (the end of communism era,ltbiitian of
the Iron Curtain, the entry of these countries itt® European
Union, the entrance to Schengen space) had chahgddrmer
status quo. These changes on a one hand allowagete
mobility of people, and on the other hand contébid the
economic growth of these countries and increasenéradth of
people. In some countries, such as Poland, themegebk allow
the massive travelling abroad because of a work. rEsult of
these circumstances is the increase in demandrforaasport.
Social changes have also contributed to the abolitof
restrictions on the development of regional airpoit the past
the development of main airports was preferred dhe
development of regional airports was often slowisTituation
contributed disinterest of flag carriers, which fpreed flying
from major airports. The flying from regional aim® was
understood mainly as connecting flights to the tohpThey thus
used consistently HUB and SPOKE philosophy The sunes
on the development of regional airports was cbatdd to the
onset of low-cost carriers, and their philosophyaint-to-point
connection and flying from secondary airports. Wihe
development of air transportation demand comes
development of regional airports. Fast transforamatf airports
often prevents neglected infrastructure or vicesaesversizing

airport

former military bases.
airport company.

It is often necessary teate a new

REGIONAL AIRPORTS DEVELOPMENT

The decrease military spending, including the Air
Force began with the political changes (the Cold)véad the
result was the reducing of the number of aircraftd leaving a
military bases. These airports, earlier full mijtaor mixed
traffic was opened fully for civilian traffic. Anxample may be
Brno, Ostrava, Pardubice airports (Czech RepublicpWiat,
Szczecin, Wroclaw (Poland), but also Norway (Osliopérts
Oslo Torp and Rygge). Regional airports often havedive
cost of transformation such as lack of infrastregtuboth
ictechnical infrastructure and equipment (i.e.: rupwihting

systems, navigation, construction of the termial)l handling
technology such as GPU, stairs to the aircraft Btditary
airports often did not meet ICAO regulations. Tfan®ation of
OtPe airports often brings a change of an ownershijports are
often managed by a company owned wholly or in pgrthe
public sector (i.e.: Karlovy Vary, Ostrava, PardighiKatowice,
Wroclaw). The property is inserted into the societyrented.
New airport companies are able to earn on traffig, they are
not able to cover the investment costs. These @rstaisually
dealt with subsidies from public budgets. A sigrafit
opportunity has been utilized with the EU funds207-2013
after joining the EU. There were constructed, famraple,
airport terminals at the Brno, Karlovy Vary, Ostrat@towice,
Wroclaw airports and more. Smaller investments thairport
infrastructure were made at the Pardubice airpbdr the
possibility of absorption of EU funds is necesstryclear the
property ownership structure.

4+
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nad Labem
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Ka vy Vary Kralové Katowice
Praha L
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Figure 1 — Regional Airports in Central Europe
the

If you successfully start the civil airport opeoats, it
is necessary to deal with the use of new or tramsfd
infrastructure. These paths are possible: usingsidanetwork
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operators), charter carriers or low cost carri@igssic carriers
will hold a majority HUB-SPOKE scheme; operatingarer
carriers will depend on demand and business prowessur
operators. Another phenomenon is the low cost exacriTheir
operation is boisterously developed after the y2a&00.
Management is often confronted with performancepoais
(number of passengers, number of destinations), thack is
pressure both public (potential voters) and submeily
representatives of the owners (often politiciams)aunch low
cost carriers. Management is faced with a difficiétision.

PERFORMANCE OF SELECTED REGIONALAIRPORTS

The airports are in different conditions. They have

different building infrastructure such as the lénghd width of
the runway, various potential of catchment areamfivarious
developed civil service to full military operatiowithout
personal. Table 1 shows the traffic developmenselected
regional airports from 2003 year.

Table 1 — Performance of selected regional Airports

The bargaining power of the low-cost carriers is
increasing. If Ryanair carries 80 million passesgelyear from
180 destinations, it gets into position with a sggower. Due
to the fact that there are still plenty of airpottsat have
transformed, and who are willing or forced to adcépese
conditions, the low cost company stronger playethé volume
of airport traffic is low, the cost per passengéFacance is
between 12 and 14 EUR (as is clear from expertiiges with
managers of several regional airports). Usual dritehandling
for the B737-800 is 300-400 EUR. The average airaortn the
Czech Republic is 14 EUR. At a price of landing charg&R
12 per 1 ton MTOW (B737-800 has 80 tons MTOW) isphee
of one landing EUR 960. The revenues from a oneatound
aircraft at 70 percent load factor (140 pax) movesnd
(140x14 + 960 + 300 =) 3220 EUR. When negotiatinguad
2003 it was possible to achieve sales per one tiegar
passenger 6-8 Eur. The landing fees or the feesdiodling was
not considered overtime, after the bankruptcy ohedow-cost
carriers, this amount decreased to EUR 4 and nowailag
offered for less attractive airports 0-2 EUR pesgeanger,

YEAR 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
OSR | 197439 216259 265 864 300735 332266 353737 307130 279973 273 563 288 454
PED 71655 93 659 86 863 49 032 62 302 65 246 125 008]
KLV 25 805 38704 37313 34975 64 641 81720 68 369 70903 99014 103 682
BRQ | 171200] 171888 315672 393 686 415276 506 174 440 850 396 589 557952 534 968
KTW| 257991 622612 1092 385 1458411) 1995914| 2426942) 2364613] 2403253| 2544124 2550848
WRO| 284334 351850 465 528 865933] 1280511 1486442) 1365456 1654439 1657472 1996 552

The table shows the dynamic increase in passeagersmoreover, it is often required contribution to n&tikg, which

Polish airports Katowice, Wroclaw and Czech Brno, weha
greater or lesser extent, began to operate low-cagters.
Ostrava, Pardubice and Karlovy Vary are not opegdtie low-
cost carriers. Since the middle of 2013 RyanaisfBetimes a
week from Ostrava and it is expected that this agoam will

supply 40,000 passengers by the end of the year.

THE INFLUENCE OF LOW COST CARRIERS TO OPERATIONAL AND
ECONOMIC PERFORMANCE OF AIRPORTS

might make 100-400 000 EUR depending on the nunaber
weekly rotation, or flights on the destination.

FINANCIAL EFFECTS OF ACCEPTANCE OF LOW COST CARRIERS

Daily operation of one B737-800 can provide to
airport from 100 to 120 thousand passengers per, ygsch
means an airport tax of 50-60 000 passengers.elfaiport
receive 4 EUR per passenger, that means revenueZo@nio
240 thousand EUR. It often does not even cover rtiacke

As can be seen from the table 1, the emergendeeof tcharge when it is applied. During operation of 39350 flights

low cost carriers has significantly increased th@ume of
passengers at the airport. The chart 1 shows thee sif low
cost carriers on the number of passengers grows. tahle
shows that the share of low cost carriers in Eussiieincrease
from 35 percent in 2010 to 42 percent in 2020. dh de
assumed that this trend will continue well beyof@@

Chart 1 — Airline Seat Capacity Market Share Forecast

WELFAA - Base Growth ® Other Low Fares - Base Growth [ Other Airlines - Base Growth
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90% 4
80% 1
70% 4
60% 4
50% 4
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7% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%

Seat Capacity Market Share

28% 27% 28% 29% 30% 31% 31% 32% 33% 33% 34%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: York Aviation analysis of OAG data
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of classic or charter carrier for the price of 3@OR per 1 Turn
round the airport would receive 900,000 - 1.05 ionll EUR.
The difference amounts to 700 -800 000 EUR. Thesi@tito
follow the path of air travel by low cost carrieiSthe airport
accepts the terms, thus has a strong economic trripaw cost
carriers argue that they will bring passengershe airport
which brings revenue. As a possible way they extrecincome
from non-airline activities such as parking, consiua fee from
restaurants and duty free shops. The problem ofréimsformed
airports is underdeveloped infrastructure and tawine of the
passenger for whom a price is a the major limitdpending at
the airport. When combined the marketing fees With cost
traffic lines it does not bring a profit but a loggrports usually
do not published this fact, it is difficult to oldtaeconomic data
from the airports that focus exclusively on theragien of low-
cost carriers. Airports that have more traffic othigpes of
carriers have a better bargaining position. They aford to
take on the usual conditions of a system of distodoes not
affect their economy. Airports that have more tcafff other
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types of carriers have a better bargaining positibmey can
effort to take on the usual conditions and theesysdf discounts
does not affect their economy. Conversely the aisptinat
provide such a relief may get into trouble becaofether

carriers may seek the same level of discounts. Sach

development could be destructive to the economifopaance
of the airport.
unprofitable, and without the support of the pulsiéctor would
not survive.

CONCLUSION

Airport, which focuses on the operation of low4cos

carriers only, can get into economic or legislatnibles. On a
one hand it does not cover even the cost, on ther dtand it
may get you into legal trouble.

For example, with Charleroi airport, which in 2004
the Europea

handled more than 2,000,000 passengers,
Commission launched proceedings for illegal supmdrthe

Irish low-cost airline Ryannair of public funds. $hiase led to
the development of new rules for public support &nports

from public funds because it is clear that withpublic support,
the airlines have not started the less attractdggonal airports
to fly.

Airports often find themselves in difficult situatis
where low-cost carriers choose from airports tHégrcsupport
to launch new lines. This support often reaches sulevel that
the airport handles these aircraft at prices tbatat cover even
operating costs. This situation is becoming indregg
unfavourable to the airport, especially in econaitycbad times
as high fuel prices.. Claiming of low-cost carri¢hs&t airport
gets new revenues from non-airline activities, swsh car
parking and a higher turnover of shops and servateshe
airport is not often real, because at airports witbw number of
passengers is rarely developed the necessarytmitage that
would be able to offer services to the desiredllefso, the
low-cost carriers customers are not wealthy businessellers,
but the clients for which it is decisive in pricadaare often
willing to spend more money. Therefore, when creata
business plan, namely airports with low traffidsitnecessary to
assess the risk of attracting low-cost carriers, the possibility
of loss-airport despite the positive operating gerfance.

Despite the rising standard of living it can be entpd
to increase revenues from non-airline business. Ruehe
development of low-cost carriers operating we cak aibout
dramatic changes in the number and compositiorae$gngers.
Rapid development experience of regional airportshsas
Poland, where the major regional airports (Krak#tafowice,
Gdansk, Poznan and Wroclaw), the share of low casters in
42% of passengers in 2005 rise to 63% in 1st HaX007. At
the airport Wroclaw this share grew even more Sicanitly,
from 22% of the low-cost carrier passengers in 2@062% in
1st half of 2007. In subsequent years, these treoisnued.

Despite the development of the air transportation
Poland is caused by to the country's size and mgibility
Polish passengers to work in countries in Wedknmope, large
increases of passengers in recent years was egt@ido at
airports such as the Bratislava airport by develgpraffic of
Sky Europe. At the airports in Western Europe, ipaldrly in

Such an airport could be permanentl

tourist destinations, often number of passengenssported by
charter carriers stagnate. The growth in passetrgdfic is
achieved by the development of low-cost carrierhe T
customers also change.

The benefits of operating low-cost carriers:

» low cost carriers can help increase the market
share of airport traffic and generate growth in the
number of passengers (1 line operated daily by B
- 737-800 carrying approximately 100,000
passengers per year)

» development a direct connection from point to
point, it is not necessary to change the plane at a
HUB

» smaller airports can use their spare capacity.
Financial specifics of the operation of LCCs:

» grow revenues primarily from non-airline
activities,

» turnover from non-airline activities coping with a
turnover of aviation activities,

» operation may generate a loss

Due to the development of low cost air travel and
competition from neighbouring airports the regioa@port with
sufficient potential are not able to hinder coofierawith low-
cost carriers The market of low cost transportatoitweighs
demand of airports over supply of low-cost carriars it is not
likely to reach favourable financial conditions foeir operation
that the other airports if it has not a strong posi Therefore, it
is necessary with the development of low-cost eesri
operating, for the airport to develop the infrastave for non-
airline revenues such as parking, car rental, Iresaace for
advertising, shops, restaurants, etc. If the airpas not built an
infrastructure it will have to invest in these fdi@s. There must
be prepared a fully consistent finance plan witheenphasis on
return on investment especially in the period whtes airport
handles less than 1 million passengers.
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Abstract — This paper deals with description of Airborne

Collision Avoidance System (ACAS) in less expensiva f
represented by commercially used product PURSrtable

Collision Avoidance System). Paper also discussastipal use

of this collision avoidance system in Slovak region
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INTRODUCTION

Annual increase of amount of aircraft which areegaf

newer and every year more instrument equipped atad p

training becomes widely available for public, ceisthat
airspace is potentially more dangerous for midealisions.
These facts led producers of aircraft to developenadfordable
collision avoidance system designed just for GA.

Slovak Republic, SSR -

wide scale of different devices and external digplike Garmin
396, 495/496, 695/696, 795/796, AERO 500/550, Dynon

SkyView or iPad — FlightGuide iEFB. For acousticigadion
could be used also pilot’s headphones and indicaigiven in

the form of synthetic female voice.

Figure 1. PCAS XRX" device [1]

Advantage of the device is that is portable arsd it
usage is very simple anywhere in the world. It tendalone
device which could be installed into various planesfew

Zaon Flight Systems is American company whichminutes. After receiving signal from SSR transponsigstem

produces passive portable collision avoidance sBy$RCAS").
This product is available from 2003 in its fourtbngration and
is primarily aimed for general aviation. As oppo3edACAS
generally used in commercial air traffic system PCAf®es not
transmit any signal. Basic operation is describetkixt section.

OPERATING PRINCIPLE

Operating principle is very simple. System PCAS
receiving signals up to ten SSR transponders or aST§&tems
and is able to indicate relative bearing, altituddative altitude
and distance from surrounding aircraft. Indicati®provided on
LCD screen and user could see three potential threat
different modes. Potentially dangerous is planey onl same
altitude. This is motto of Zaon Flight Systemsalify aircraft is
potentially dangerous its position is indicated three
dimensions. Pilot could see distance, relativetugld and
bearing in 45° segments. The rest of screen isrvedefor
indication of aircraft which do not constitute siigant danger.
Built-in antenna is able to receive signal from S&Rigponder
in chosen range from 1, 3 to 6 Nautical Miles (NM/itude is
measured in range from £500 ft, +1500 ft do +250@efet). The
device is very complex and connects buit-in baroimet
altimeter, magnetic compass, thermometer, and sen$o
banking and yawing. System is also equipped by kgpefor
acoustic indication and RS-232 connector for intégmnawith

evaluate if surrounding aircraft is potential thred&rom

information about relative altitude, vertical treadd distance
the traffic advisory is issued in two different & which

depend on chosen ranges (Table 1.). Device is eiaith in the
metal and composite aircraft up to FL220. It isoa#ble to

receive TIS-B (Traffic Information Service-Broadcasind

ADS-B (Automatic Dependent Surveillance—Broadcagmais.

System very actively precedes mistakes like falggnas

reflections and absorption of replies. If the sgstis used in
pressurized aircraft the transponder data of ovamelare used
as main source of altitude information.[1]

I RANGE
’—

- ALTITUDE

'—| Traffic Advisory
-—' Traffic Alert

Detection Window

Figure 2. Threat detection envelope [1]
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Table 1 Table description table description table destoip
(1]

Level Audio Range | Distance| Relative
setting | from altitude is
threat less
than...
Advisory | Headset: 6 NM 2.0 NM | £1000 ft.
“Traffic
advisory.
Closure
Rate INM | 0.6NM | £500 ft.
Beeps: 2

On the other hand system PCAShas few
shortcomings. Device is not able to receive reguéstt just
replies from SSR transponders and other ACAS devicesect
function is highly dependent from coverage of seleoy radar.
If there is radar shadow system remembers just Kastvn
position and there is danger of near miss of dircfhere is not
necessary to carry SSR transponder in own airciafteply
received by PCAS is only in “Alfa” mode, there is no
possibility of indication. For accurate indicatigilot have to
limit bank angles. In some specific situations #traircraft
could be displayed twice caused by reflection efdlgnal from
the ground.

RN W
N ‘ V4l

PRACTICAL USE OF PASSIVE COLLISION AVOIDANCE
SYSTEM IN SLOVAK REPUBLIC

System is currently tested at University of Zilima
Zilina. University disposes of two PCAXRX™ devices. First
one is installed in Zlin Z-43 aircraft tail numb&M-LOW.
Second one is used as mobile device ready to ke insany
aircraft. Tests started in January 2012 and tiltHL2pril 2013
there were 168 flights with total time of 243 flighours.
Because of localization of Zilina airport in the wlie of
mountains the operation of device is not relialblee most cases
of near miss of aircraft are in airfield circuit.r@iit altitude in
Zilina is 2150 ft. We chose a subjective assessnoénthe
PCAS" performance during each flight. Pilots were asicefill
a questionnaire concerning the evaluation the pmadoce of
installed device. The results were within the expac
performance. In device manual there were couple of
shortcomings which are significant for traffic irrfeeld circuit
in Zilina. On the other hand there was almost rgnificant
problems during cross country flights where fligiititude was
higher and coverage of secondary radar was comtibugaing
April 2013 there was made second analysis in diffepart of
Slovak Republic. As destination was chosen airfieldenec
and near surroundings. Slovakia is covered by tiavek
secondary radars and also radars from borderingitges.
Operation of the device is dependent on altitudiefaircraft in
airspace. Air traffic services of Slovak Republicade
mathematical model of coverage of two Slovak seaond
radars. They used Radio Mobile software. (Javorntk \de’ky
Bucen radar). Coverage is shown in Figure 3 and 4. Egarye
means 1000 ft. gain starting at 2000 ft. From atdcfigures is
obvious that device is possible to use in Zilinait from 9000
ft. (Velky Bucen radar) or 5000 ft. (M&y Javornik radar).
Compare to normal circuit altitude (2150 ft.), thex@o
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Figure 3. Coverage of &y Buceri radar from FLO20-FL150 (Source: ANS SR)
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Figure 4. Coverage of Mé&y Javornik radar from FL0O20-FL150 (Source: ANS SR)

i . L L . informed about capabilities and also shortcomirfgh® system.
lity t t fi lot t )] t . . . . . . .
possibility to use it for basic pilot training iis conditions During flight pilot has to focus on different instnent and if

During second test in airfield kenec we simulated midair . . . . .
L : . collision avoidance system does not work relialilyoses its
collisions in two separate flights. Cessna F150 (@G) and . . . . .
main function. Pilots start to avoid to use thisteyn because of

Stylus X3 (OM-M477) were used to simulate different . ) . - e
N ) . ) false alarms or incorrect information displayed. i&#lity of
indications of device. Both aircraft were equippeg BSR . . . ]

B - . . system is proportional to the coverage of partical@a with a
transponder mode “Charlie”. Location of airfieldois low lands . e . .
. . . signal of SSR. System is very difficult to use iwleevel flights
in the south of Slovak Republic. Next figure showsearage of . . . S . .

or during flight in airport circuit in mountainouggions of

both secondary radars from the ground. Area whgstes was Slovak Republic
tested is exactly in this covered region. In ajHts PCAS XRX P '
was installed in Stylus aircraft and Cessna wasdlyaround
and tried to simulate near miss. All flights weeearded by two
cameras. In both flights some shortcomings occui@Gherally This paper is published as one of the scientifipots
system did not work properly and couple of timesd diot of the project supported by EU:* Centre of Excellerfior Air
indicate plane which was less than 30 meters aWaying Transport® ITMS 26220120065.
second test flight third aircraft were nearby aystesm indicated
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Abstract —This article introduces the project of transfornasti the ICAO Resolution A37-11 [1], where all airports shdor
regional VFR aerodromes into airports with IFR opewas in  each threshold implement RNP approach (RNP APCH) until
the Czech Republic in hand-to-hand with implemematid 2016 using only satellite navigation signal as posi
GNSS based approach procedures. The key paramet&r isinformation.

minimize managerial, operational and cost aspecfstle
transformation process. The project is realizedabgonsortium
consisting of the ANSP of the Czech Republic, the @¢88e
of Excellence, Department of Air Transport of theUCih
Prggue and. in close cooperatlon_ with the Czech _CAAe ThTabIel 'RNP APCH
article describes whole transformation process thgetvith the o
stakeholders’ responsibilities and roles in eachtigalar step. Ten:;;f;o B Wi RN e
Arguments for implementing approaches based on GMNES A;\"\\-_BM.OA . LNA‘\,\_\_'A\,(DA) = sts_gm_\_xr\\,
discussed further on. Last, but not least obstatdgsther with NAY

RNP APCH is an umbrella term for four approaches
that differ in precision of used avionics and tiushe accuracy
of aircraft navigation along the track.

— the four approaches [2]

PBN Temminology Chart Minima Minimum Sensor

-No critenia

L RNP APCH dow: LP (MDA) SBAS
challenges to broader development of small aviatame available _ : own e _ —
. APV SBAS RNP APCH down to LPV (DA) SBAS
introduced. a
Key words — GNSS, aerodrome, GNSS Centre of Excellenct APV] VINAY

IFR operations \ VNAD
APV I tlb
C \ i

"Um(\’m\‘ ! ‘

I. INTRODUCTION St liﬁ' e
Improving the quality of aviation does not depead, A0m

should not been focused only on commercial airspant at

international airports, but on General Aviatiorvasl. Focusing

on the GA, however, carries one obstacle to beorsa and

that dramatically affects any development in thisaa It is a Figure 1 -ICAO GNSS signal performance requirements [4]

small number of carried paying passengers, to wtiiehcost of

implementing new systems and technologies can lieis.

Therefore, the development of GA aerodromes mustirbed to

the use of already developed systems that are/faseilable. The project’s consortium comprises of followingetar

members: the ANSP of the Czech Republic, the GNSS€efit

%xcellence and the Department of Air Transporthaf €TU in

Prague. The consortium closely cooperates with @zech

CAA.

Il.  THE CONSORTIUM

One such a system is a GNSS, particularly widespre
GPS system with the help of European augmentatystems
EGNOS. Expanding the use of GNSS in aviation ishlgig
supported by international organizations and diyemtdered by
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The ANSP is a Czech national navigation service

provider (hereinafter RLP). A member of the ANS @ares
department has been delegated to the project. #anahexpert
and certified PANS OPS designer, he is respondinethe
publication of approach procedures according todstedised
design criteria. RLP is a consortia member of vai@NSS
related European projects (e.g. Mielec and ACCEPTA).
know-how gained within these projects makes good ims
maximum extent, thus reducing costs of subsequeieqis and
economizes on budget.

The GNSS Centre of Excellence (hereinafter GCE)e

was founded in December 2012 by Air Navigation #es of
the Czech Republic (RLP) and Czech Railway (CD) wit
support of Czech Ministry of Transport. The reasmncfeation
of the GCE was to strengthen current and futurevities of the
Czech Republic in development, testing and deploynmnt
GNSS applications. GCE builds on experience gairredh f
successful development and testing projects (e-§MEGS,
TE-VOGS) together with intention to implement sianiprojects
with a vision to become a leader of GNSS applicetion
Europe. The Centre provides following services: riefiideas
for new systems to industrial partners, providescHjzation of
technical and user requirements for new applicatigmovides
consultancy tailored to customers’ needs, cengslithe on-
going activities and initiates new ones, offers tlse of large
local testing platforms at Airports and Railway TegtRing to
SME’s and industrial partners. Last but not ledlse Centre
prides itself on close cooperation with GSA headtus in
Prague.

The Department of Air Transport is education,
research and development oriented institution utitef~aculty
of transportation sciences of CTU in Prague. Theadepmnt
has 11 years history in education professionalsthia air
transport domain, focusing on technological, openal and
economic aspects. Each member has its deep knoavledg
particular aspects, solving challenges of modernatiawn
research. Few of them have got broad overview ofSGN
evolution and implementation in civil aviation. Thdole issue
of the project began in 2012, when the Departmdniiio
Transport (ULD) identified gaps in research of pgussibility of
xtending the EGNOS use for aviation. With thisaiden
internal project started, whose objective wasnd the best way
0 use EGNOS for aviation improvements. Thank$h&dccess
to world scientific research papers rich knowledggbis being
built serving as an best practice portfolio forvéimg challenges
in the Czech Republic. Debating with representatofegrious
bodies of the European aviation (RLP, CAA, EUROCONTROL,
Avinor) the project gradually begin focusing on ¢l
aviation, which is mostly out of the scope of imional
implementation effort. For better clarity, the depeent propose
to divide general aviation into big and small. Deeent’s role

is to define an implementation concept, challenges
identification, solutions proposition and safety udies
assessment.

I1l. INITIAL RESEARCH IN THE FIELD OF GNSS
STARTS AT ULD

Research in the field of GNSS at ULD is focused on
general aviation - big and small GA. Big GA stands large

In June 2013 the Road and Motorway Directoratairport with good infrastructure, paved runway aperations of

(RSD) joint the Centre. With a full
organization, the scope of activities expanded festation and
railways also to road and highway network.

GCE as an interest association is open to welcome a

subject having its research, development or busiaesvities
bounded to satellite navigation. Thanks to its kegmbers as
well as associate members and associate univertigeCentre
covers full range of GNSS market, e.g. applicationthe air
traffic, for aerodrome operations, railways, road dighway
applications and others.

Referring few of recent activities, GCE is a leadin

g

accession of thisprivate business jets (e.g., Hradec Kralove, Cesldepuwice),

while small GA is represented by aerodromes witlasgr
runways (e.g. Klatovy) with the typical aircrafts€Saa 172, or
%h’n Z43. The first have always faced the decidiorintroduce
air traffic control service and IFR operations, baetause of the

high cost none airport has undergone such chartge ye

The promoted project of extending the use of EGNOS
in GA is therefore very well suited for large GAfmorts, as it
can zero the cost of construction of terrestrigiaganavigation
equipment required by existing regulations for IFfem@tions.
This began to open the way for allowing IFR operaiat VFR
aerodromes. However because of the considerabieratites

member of the consortium awarded to establish Basine

Incubator Centre of the European Space Agency (ES3 BI

the Czech Republic. GCE provides experts to the bro

international team of the tender submission plabgdthe

Deloitte CR to GSA. GCE provides B2C networking for the
company developing new EGNOS-guided system forrsafe

more economical and more ecologically responsibét s

spreading on winter roads and B2C networking for thé

WheelTug system.

Within this project, the GCE's role is to provide

experts participating on the research, implementadind safety
topics, networking with government, national anteinational
organisations, lead negotiations with the GSA ast but not
least the fund rising issues.
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between VFR and IFR rules there was necessary tadastify
ége main obstacles of this transition. These inelud

Type of the airspace around aerodromes,

Need for the presence of ATC service,

IFR requirements for aerodrome,

IFR requirements for the runway — marking, lightaygtem,
Competences and responsibilities of AFIS,

Radar coverage in the vicinity of the aerodrome,
Appropriate system (technology) for approach,
Approach procedure,

Current legislation for aerodrome certification,
Requirements for aircraft equipment,

Requirements for pilot training,

All of them need to be solved.
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The ULD has started its work on eliminating each obther stakeholders are the Czech ANSP (RLP), Minisfry

them, with a primary focus on eliminating the nefed the
presence of ATC service at the airport with IFR tcaéind the
type of airspace around the airport.

After one year of research, the ULD had thec

opportunity to promote outcomes to other professi®rn the
field of GNSS navigation at the Galileo Servicesefiteg held
at GSA headquarters in Prague, where the consodfuBCE,
ATC, ULD started to take shape.

IV. IMPLEMENTATION |SSUES OFIFR OPERATIONS ON GA
AIRPORTS

Implementation of the new thing that is not supgdrt
by rules is always difficult, because to solvetlie cooperation
of all affected stakeholders involved in the chaig@eeded.
They must agree on a common approach, think othizages
and subsequently incorporate them into legislatiand
regulations. This process faces two obstacles afldesfirst is
related to the questions how to implement the chafige.
process phase), and what change to implementoferational
phase). First question means the need to createssrwvith defined
steps how to implement the change. The complexkitiieoprocess
phase increases extremely with increasing numbexctfrs and
therefore it is subsequently appropriate to inziteexpert subject in
the role of facilitator. Second question is all atboperational
barriers directly related to the introduction ofioges relating to its
invention and its implementation into operation.

PROCESSPHASE

From the process perspective the main stakehatder
Czech aviation is the Czech Civil Aviation Authorityhich is
obligated to examine and evaluate all receivedeasigu

As the ULD has got fourteen months overview and

know-how about the issue of allowing IFR operatians/FR
aerodromes, we got to the point where several dg@a the
Czech Republic became real interested about

implementation of this research into practice. Fardo the
ULD'’s activity, the first change has been propobgdhe CAA
solving the need for presence of ATC service supmpriFR
operations. The process of changing L 11 stand@zkdh
version of Annex 11) regarding the provision of BFis

Transport (MDCR), Ministry of Defence (MOCR) and
representatives of general aviation — the AeroabfibCzech
Republic (AeCR) and the Light Aircraft Association tife
zech Republic (LAACR).

Because of the novelty of this issue, there is none
experience with IFR operations at uncontrolled aenogs in
the Czech Republic. In spite of that, the airportrafme Hradec
Kralové (LKHK) shows long-term efforts in introdimt of
such an operation onto its airport. Except the LKHlkere is
only one another airport with certified AFIS (theKKU).
Concerning these facts, the Hradec Kralove airpag been
chosen for the pilot project. Due to this, the regmns were
conducted also with representatives of the opetz8stK.

Unfortunately, the overload of the State admintiira
greatly reduces their ability to work on novel gmgressive
projects. Taking into account the complexity of tesue, the
best solution seems to find an external expertftatses at the
area for a long time and knows the best practices aptimal
solutions, which can overtake a large amount okvimm other
stakeholders thus facilitating the overall procddss situation
resulted in collaboration between the Department Adf
Transport andvorking group for the implementation of class F
in the Czech airspacé&easons to implement airspace class F in
CR are explained in the sub-chapter ,operational gghaghe
establishment of this working group was initiategt the
Concept group to change the Czech airsplageause of a clear
focus of the problem and the expected high timeatets. In the
\{vorking group for the implementation of the clasaife now
participating two of the three members of the cotism (ULD
and RLP) and one representative each of the CAA, MOCR,
MDCR and GA.

Changes in the airspace of the Czech Republic adem
continuously, but to allow, IFR operations onto reatly
uncontrolled aerodrome is a major intervention hie tirspace
structures and rules of the air. On the basisettilected know-
how and best practice from abroad the consortiunpgsed
concept, which consists of two areas - regulatad/@perational -
each with two main outputs and their associataulites.

Table 2— Proposed Implementation Concept

undergone. In the Czech Republic there was alwaytedpthe
rule where every VFR aerodrome is AFIS airport. Bat all

Area Output

operators could provide the same high quality serénd as a
result AFIS were more amateur service than prajessione
thus not being in conformity with the concept ofI8Fas it is
applied in other countries in Europe. Thanks to phessure

1. Analysis of standards and regulations, wherge
introduction of class F implies the need for
change

2. Create a guidance material for the parametg
of class F

Regulatory

from large GA airport operators to authorize IFR ragiens at
airports without ATC service, the Civil Aviation Audhty
changes the aforementioned L 11 and makes AFIS m
professional with a must of certification. Takingta

[0]

3. Constructing LPV approach procedures in a
new class F

4. Practically implement operational procedure
in relation to new types of operations

(r)eoeratlonal

7]

consideration that AFIS is considered sufficient fi-R
operations worldwide, this was relatively easy stemake this
change by CAA itself.

This concept was subsequently approved by the CAA thie
main priority at the output number 1.

As each member of the workgroup has his own point

However, other areas, e.g. mainly type of airspacgy view, it is necessary to obtain all of them. Badution was

affect more stakeholders in the aviation and gawemt and
therefore participation of all of them is needercé&pt the CAA,

therefore chosen in form of the questionnaire. flilsé step was
the creation of questions related comprehensiwelgttoducing

23
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IFR operations at uncontrolled aerodromes, to whibk
working group members have been asked to respors:dBan
the synthesis of responses the required amendraeatbeing
proposed. They will be drafted and the working gronust be
ready to review, comment and approve them. Thisoktill
ensure rapid implementation of the necessary clzangke
responsibility of management of this activity frareating the
questions through the synthesis of responses aagdagpng
amendments has been charged the consortium memther -
ULD.

The associated topic is private area and mutui
agreements between the stakeholders, some of whichlso
need to be adjusted. In this case, it depends onlythe
individual stakeholders whether they would be ieséed to look
up help from the experts (the consortium), or middeechanges
themselves.

In parallel with the output No. 1 (Analysis of
standards and regulations, where introduction as<F implies
the need for change) the output No. 3 (ConstructiRy
approach procedures in a new class F) is beingegook. This
is under responsibility of another consortium memidbe RLP.
OPERATIONAL PHASE

The operational aspects of the implementation & IF
approach at VFR aerodromes faces to all identifibdtaxles
mentioned above. Fortunately, most of them couldsbleed
using the model already used for IFR operationsamgel GA
airports in other parts of Europe. The questiomnsy which
model should be used and whether to introduce éxarctly the
same way or take the model only for inspirationcdpean civil
aviation regulations are slightly different fromethest of the
world, so we were in our project looking for ingion in
European countries, which already have a precisigproach
procedures at uncontrolled aerodromes applied. Antbem,
we identified three main options.

The first one is characterized by permitting IFRtilis
in the class G airspace, which appear from thepeetive of the
current Czech rules of air as extremely big chaige. second
option is to use a new type of airspace calledfitr&iformation
Zone (TIZ), which is used for example in Norwayying same
function around uncontrolled aerodromes as the CTpate
around controlled ones. But, the actual implememtatf TIZ
airspace is insufficient and airspace class in m&gds to be
defined to permit IFR flights and to have sufficieetjuirements
to ensure the safety of these flights. The thirdioopis the
implementation of the German model, namely theothiction
of Class F airspace, into Czech legislation and #gfmition of
this space to safely allow IFR operations at VFR dienmes.
From the perspective of air transport in the CzecpuREc,
only the introduction of the class F airspace conm®
consideration, with a possible future extensiof @t

The Concept group to change the airspace agreed
the German model (the introduction of class F), alsd created
a working group for the Class F implementation nuered
above. Chance for TIZ is still open.
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A similar problem of two possibilities is also fother
areas to solve, such as the necessity of two-waliora
communication in a defined airspace around theodifor IFR
operations. This situation is illustrated in Fig@ewhere there
is always the option to choose between two possisil After
choosing one or the other come consequence ofisiaie@nd
the process continues to the next milestone.

TIZ Class F

Defining TIZ with G Defining class F

Two-way
Comm

Difficult control of ACs

Simple control of ACs

y

Figure 2 —Two solutions for ,everything*

The same can be seen for the necessity to equip
aircraft with SSR (Yes, No), with the definition tie upper
limit of the class F airspace (will interfere toi|l not interfere
to E), or as the need for the introduction of &iffic advisory
service (to be implemented, not implemented).

V. THE USe oF GNSSFOR ENABLING IFR OPERATIONS

The project of implementation IFR operations at VFR
aerodrome had one main trigger, which is the dewetnt of
GNSS systems - introduction of EGNOS, improved RNFCA
concept, and pressure from the European Commissidrthe
GSA to implement GNSS applications. RNP APCH, mermtibn
in the introduction, is the best choice among #jpes of
approach for the introduction of the brand new epph to VFR
aerodromes because of zero cost to build terrestamaid
equipment. Thanks to ICAO Resolution it is also thay
logical choice, since RNP APCH will be required fot a
instrument runway ends in 2016.

RNP APCH is defined in ICAO Doc 9613
Performance-based Navigation (PBN) Manual [5], whbere
is a choice of four approach types, four chart mai(LNAV,
ENAV / VNAV, LP - unused, LPV), and at the same éirfor
each specified minima required navigation infrastuice,
obstacle clearance, controllers training, approyabcess,
requirements for aircraft and pilot and his tragirAll such
features operationally differentiate each minimeere though
the base is the same. One fundamental considerati@iso
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applied here - the more strict requirements, theefothe the right side there is safety of the procedure safdty of the
decision height could be applied. So it is alwagsassary to aerodrome. Therefore, it must be possible to toffle few
find a compromise between the requirements of D#iarcraft  hundred feet of the decision height (rising mininizt) for
equipment. With the same basis for all RNP approacheduction of the aerodrome infrastructure (to atceprse
considering implementation costs, the best praciEeto aerodrome infrastructure). Or use precise techmyoldgr
implement all three minima, thereby allowing oprnmatwith  approach (Galileo) while maintaining the decisicgight and
either simpler aircraft avionics (in the appropiatMC trade-off it for a reduction in aerodrome’s infrasture.
conditions), or very well equipped aircrafts for atler
conditions approaching ICAO CAT I limits.

The implication of this equation means that it moest
possible to design a precision approach with asttatiheight of
500 ft for VFR aerodrome with very limited infrastture and
get certification as shown in equation 2 and 3.

In the current situation is the possibility of
implementation of IFR operations at small aerodromeH.S Cat I + compatible aerodrome = LPV500 +
important step to encourage not only GA, but theolehair +compatible aerodrome 2)
transport.

VI. FUTURE CHALLENGE

ILS Cat I + Annex 14 Airport Infrastructure

The arrival of new technology in the form of the ) )
= LPV500 + Airport Infrastructurefor this approach (3)

European satellite navigation system Galileo andticaous
improvement of EGNOS will bring better signal paedens and
thus the possibility of new minima e.g. LPV200 whiare This consideration could bring huge savings for
considered by European authorities (ESA) today. &tiension aerodrome operators and efficiency in spending ipuohds.
of this may be an attempt to reduce costs of itnature. The investments into development and operation wbean
While ATC redundancy and introduction of RNP APCHbrand new satellite navigation system GALILEO wilave
dramatically reduce the necessary costs for imphtimg IFR  therefore another great employment in the entiiatian and
operations to VFR aerodromes on one hand, the furthaot only in one part. Investing in infrastructuteeagthen the
expansion of GNSS usage is still prevented by iexjst economy in European Union in consequence.
regulatory requirements that pose high initial sofir the
aerodrome at the other hand side. An example might VII. CONCLUSION
requirements for runway equipment (navaid equipmBWY  The implementation of a very dramatic change iril @viation,
marking, visual approach light system, etc.). Hosveveducing especially in GA has been introduced within thipgraIn order
these costs should not be overly difficult. Thisdds based on to bring added value in aviation from rapid teclgyl
several rules relating to aviation safety. These ar development of modern age, it is in upmost impararno
e  Standards must be followed change from the scratch rules of the air, thabased on dozens
« Standards are here to ensure quality years old basis.
* Inaviation, quality is safety The usage of GNSS as a primary navigation meankl due
From these three points it is a clear that the afse considered as such a dramatic change. The insttahiéight
GNSS depends only on safety issues. Therefore possible to rules have to be applied when using GNSS, howdesetrules
create a simplified equation of safety of approach: are not yet defined for approach phase on VFR dtif
aerodromes.
Thanks to unyielding pressure of few stakeholderthé Czech
Republic (including the consortium and the ULD) fhst step
has been done. The debate about implementing IFRoap
onto VFR aerodromes has been opened within the state
administration organisations.
We are glad, that the consortium consisting of ehre
professionally oriented entities on GNSS issueshin Czech
To adapt this general equation to our case to darth Republic (the RLP, GCE, ULD) taking its role in thigrsficant
increase the use of GNSS (EGNOS and Galileo), tinemam  Process.
decision height could be pointed out as irrelevabéneral
aviation can now use most aerodromes (84 out ofn9the
Czech Republic, or a fraction of all 4600 in Europe)VMC

Safety level of approach = safety of technology +
+ procedure + aircraft + aerodrome (1)

This equation is very important for any further
development in aviation and means that the levaladdéty must
be ensured.
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Abstract — This paper is about the performance of political
measures aiming at noise reduction. Airports expae
pressure of stakeholders to reduce noise. Theyausgmbolic
detour to noise reduction that helps simplifyingnoounication
to their stakeholders, gaining their acceptance oalby
implementing noise protection measures. The idesywibolic
policy is presented and applied to the airportsCaflogne and
Hamburg.
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INTRODUCTION

As aircraft noise is proven to have negative impact
human health the regulator, as well as all comparsiee made
responsible of taking care of this problem by apgypolicies
that reduce noise and consider its impact on tHectef
population. In addition to reducing the actual intpaf aircraft
noise, the difficulty of growing demand and reswgtincrease in
movements has to be tackled.

Chicago Convention sets standards for noise cettiicaof
aircraft representing guidelines to be transforraeddirectives
into EU law, which then are to be transformed imédional law.
It divides the so called noise chapters of airciafo four

chapters.

After chapter 3 was introduced in 1978, the needafo
more stringent class was detected and therefo2Q08 chapter
4 was introduced which classifies aircraft thataabslO dB less
noise in average than chapter 3 airctafitepwise, chapter 1
and, since 2002, also chapter 2 aircraft, suchcesng 727, are
not permitted to operate anymore in the £Based on these
chapters, many airports grant financial benefitthless noisy
aircraft® As future outlook, in 2017 a new, more stringeoisa
class shall be introduced in Annex 14. Since ICAQ iglobal
institution where all member states tries to infice the results
it can be stated that the incentive to reduce nwiaethese
classes is rather small since — at least in westetmtries —
most aircraft fulfill the norm already before itirroduced.

In 2007, ICAO certified the "Balanced Approach”
principle which should be applied in the membetestan order
to make the assessment of noise at individual @spand the
determination of suitable and cost-effective no#matement
measures more efficient. A sequence of efficiengy i

Since there is a growing pressure of the affectethcorporated in the four pillars: (1) reductionrafise at source,

population the airports have to react to reduce gressure for
future investments. Therefore, the need of effectpolicies
aiming further reduction of noise congestion isuagent target.
This paper shall provide insights into the effestigss and
efficiency of noise protection measures by anatyifrairports’

noise protection measures are of rather substasttiaymbolic

nature.

PoLiTicAL NOISE ABATEMENT MEASURES

To protect people living in the vicinity of airpert
more and more rules and regulations have beerdintesl. We
have to differentiate between global and natioegltations and
local rules set per airport.

GENERAL REGULATORYFRAMEWORK

The international framework of ICAO (International
Civil Aviation Organization) is setting standarddaguidelines
which the 189 member states are asked to ratifytlael apply.
The Committee on Aviation Environmental Protecti@AEP)
is responsible for the noise section. The ICAO Anhéof the

(2) land-use planning and management, (3) noiséeatgant
operational procedures, and (4) operating restrisfi In the
airport package of the EU of December 2012 morehasig is
laid on the Balanced Approach.

On the national level there exist regulations ciagn
noise protection zones around commercial airpoctoraing
different noise levels. Within these zones no boddicenses
are issued, or on a next level new flats may benjtterd if noise
protection elements are used. These regulationgettaat
reducing the number of noise affected people ardghadirport
without influencing directly the emitted noise.

AIRPORT ORIENTED NOISE ABATEMENT MEASURES

The liability of noise is at the airport operatosile,
whereas airlines are causing the noise. Hencaaithert has to

4 cf. Girvin (2006), p.13

5 cf. Sterzenbach, Conrady & Fichert (2009), pp. 75
6 cf. Sterzenbach, Conrady & Fichert (2009), p. 7

7 cf. ICAO (2007)
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task to control compliance with the existing setrofes and
regulations that are applicable at the specifipai® The
airport has on the one side, to guarantee capfmitthe future
growth of air travel has, on the other side to fameblic
campaigns against aircraft noise in the communéresind the
airports. Therefore, most noisy airports apply fedint set of
sound insulation measures to combat this problem.

charged per landing, per take-off or both, basedheir noise
emissions. This can be the noise emission accotdm@I TOW
in relation to the ICAO chapter, it can be the naiseording the
aircraft certificate or it can be the measured eaisthe airport
or a combination of one of these possibilities.

The other way round, airlines may get discountthen
payable charges if more quiet aircraft are operateften,

More or less, all environmental protection measureairports develop noise categories to more precigifgrentiate

come along with economic disadvantages. Eithemtbasures
directly target at reducing traffic growth, as fexample night
curfews do, or the measures indirectly reduceitragffowth as
they are combined with additional costs being adoledop of
ticket prices. Thus, they harm demand and profitgbbf
airlines and airports, as well as traffic growth.

the charges and hence improve incentive settinge. charge
has to be high enough to be considered by theneglias the
renewal of the fleet is relatively costly. But aidis will reduce
their efforts that are based on charges whenewemtarginal
cost of noise reduction exceeds the charges thaytogpay?

Those charges are used not only to set incentiues,

Luckily, not every airport is concerned in the samdo cover the cost, as the airport has to finance tioise

way. The number of affected people around airpegses
depending on the number of inhabitants in the iticiof the

abatement programs. But this information is not comicated.
A further differentiation can be made based onldneling fees,

airport. If the airport is located close to a agnter, the number namely the increase during night. The main aimhiat tthe
of affected persons will be significantly higheathat a more airlines use less noisy aircraft in the most samsiours of the
remote airport. Hence, the extent and sort of nreasas to be day or as an incentive to postpone flights withsgaircraft to

adapted on per-airport basis. This decision is alsracterized
by some sort of trade-off between economic and ogicél

advantages which should be carefully consideredorbef

applying specific measures.

Political Concepts for Traffic-Noise-Reduction
Noise-abatement-measures and Effected Spheres

— Noise-related measures

- noise surcharges

- noise budgetrestrictions

- aircraft related noise-level-limitations
— Operational measures

- curfews - airport cooperation for noise reduction

- administrative traffic-steering
- modal-split-steering

- operating quotas
- frequency capping
- aircraft size steenng

— Preliminary procedures and es for decisi
and enforcement of noise-reduction measures

- Mediation
- Incentives for providers
- Individual prosecution of noise-violations
— Measures directed to increase the noise-acceptance and to reduce
the exposure to noise
- Incentives for noise-exposed population _
- real-estate- andland-use-policy g

/ 7

1
P

Figure 1— Overview of noise mitigation measures

Noise protection can be classified into passives@oi

protections and active ones. Passive measures aethe
nuisance of emissions while leaving the actuallyttech noise
level constant, whereas active measures actuallycee noise.
Further differentiation is needed since a lot aftinments are
directly noise oriented, whereas others influef@erhovements
at the airport assuming that a reduction of the enwants will
lead to a reduction of noise. This is not obvioursce the
existing demand then will be served very probabith wigger
aircraft. Further differentiations are possible bat relevant for
this paper. Figure 1 gives an overview about thetmelevant
measures. In the next paragraphs only some of timessures
will be presented a little bit more in detail.

The most important noise-related measure
represented bynoise-related landing charges Airlines are

8 cf. Wells & Young (2003), p. 356
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less sensitive hours of the day.

Furthermore cumulative noise limits or noise quota
limit physical quantity of noise. The airport arg tregulator fix
a maximum of available noise that may be emittethiwia
season and fairly splits this among all airlineee Tamount of
noise maybe different during day and night timethas is the
case in AMSY for example. While aiming to reach a change
fleet decision, this measure may lead to other Iproétic
guestions such as the really fair distribution oise on airlines,
as well as the possibilities to avoid wasted cajescodf unused
noise at the end of the time period. Girvin foungt ¢hat
cumulative noise limits are preferred fmer-aircraft noise

n

limits.** Like all other levied charges, the polluter-pays

principle is applied, which makes the causing geHlwpay the
affected people for their economic lossé®gut this counts only
if the quota is distributed using the price systehich is not
obvious seeing the distribution of the scarce resoof slots.

Another option is the set-up ofréght curfew which
forbids any movement during the night time. Heniteakes
care of the most sensitive phase of human sleefiing. It
varies from airport to airport, firstly in terms tife time and the
terms of restrictions, as well as fines and exoeygtito the rule.
It is very useful for the residents, though theléraff for airport
and airlines at least brings along a loss of regemu addition,
passengers’ flight schedules are more restrictedle8s cargo
will be transported during night, productivity apbfitability of
the airport will decrease, and job losses are apresgly
ensured?

Furthermore, acapping of movementsonly fulfills
the aim of reducing noise if the bigger aircrafe aelatively
quieter than smaller aircraft. Absolutely the nofser noise
event might even be louder. But as noise in thi® dasnot
measured, the efficiency is not guaranteed. Sinutarstraints
apply to aircraft size steering which also only simt the

1S 9 cf. Knorr (2011), p.7

10 ¢f. Girvin (2009), p.17

1 ¢f. Girvin (2006), p. 25

12 ¢f. Knorr (2011), pp. 10-11

18 ¢f. Girvin (2009), p. 20



preferred use of increased capacity, but doeseaailyrcare for
noisiness of the used aircraft.

In order to reduce noise disturbance in the clasea
around the airport severind-use planning instrumentsare
available: Firstly, the noise protection areas tha regulated
classify the areas around the airport into severaktection
zones, e.g. two during the day, and one at night more
affected day zone 1 with equivalent sound level$%fdB is
completed by day zone two with 60 dB and the nigbtgztion
zone of noise level of 55 dB is completed duringright time
(2200 to 0600). Thus, noise protection is enharcetie most
affected areas and also building permits are aftE¢t

In addition, noise insulation programs enclose the
installment of noise insulation windows and air ditioning in
sleeping rooms of accommodation units that aretéacan a
certain noise exposure area. They are executedrdar do
protect affected people from flight or ground noisthe
effectiveness, though, is restricted to the timas which
windows are closed and people stay in the protactehs.

The implementation of an environmental managemet
system EMAS) is considered not only by airports, but alsc
other industries. Companies can certify for a prieéefstandard
of environmental management for which they havprtmf the
fulfillment of certain environmental criteria thate of concern
in their industryt® As regards aviation, those areas are mainl
covering gas and noise emissions, but also watdr veaste
management is part of the controlled criteria. Eplast
certifications according to EMAS, which is a Eurapewide
standard system, or DIN EN ISO 14001, a privatdtaaheme
of German origin. Through such a certification trasis for an
efficient environmental sustainability of the fiimcreated.

The management of complaintsis a tool of growing
importance realizing increasing problem awarengise.number
of complaints may serve as an indicator for peemtifuisance
but is no accurate means of representation, as|geagal
differently with affectedness. That means that pweryone
complains to the same extéftindeed, many people use the
possibility of complaining and therefore airportsistall
complaint management offices. Exposure of the rghg
community is rendered and problems concerning trexic of
deviations from flight paths or not permitted tadés and
landings with DFS, can be permitted to fulfill iedtions on
law.” Girvin, though, argues that this tool is no realiqy
instrument as ‘it fails to interact with the souroé noise;® like
also the insulation programs. Obviously, it is impat to gain
acceptance in public, a fact that presumes persaméldirect
communication.

14 cf. Fecker (2012), pp. 209

15 ¢f. Baumann, Schulz & Wiedenmann (2010), p. 231
16 cf. Fecker (2012), p. 14

17 cf. Girvin (2009), pp. 20-21

18 Girvin (2009), p. 28

Only efficient if extremely high, otherwise
airlines do not consider it asreason to

Low impact, therefore not
considered as efficient Proof of

Noise-related overhaul engines or fleet; incentive to reduce asymmetric information

landing noise at source for airlines. ICAO: asirports  distribution. Hint for symbolic

charges may use these charges to cover the costfor actingwhich aims atfinancing
noise relief and prevention management. Butother measures while pretending to
this information is not communicated. represent

Raise of Proof that dissonanceof

landing Does it really decrease traffic or do airlines  information. Hint for symbolic

charges not care? Charges also levied to cover acting which aims atfinancing

around night expenses for other measures other measures while pretending to

hours represent incentive for airlines

Reductionof Only works for people living in the close

ground noise
(engine test
run halls, APU
restrictions)
Land-use
planning

vicinity of an airport. Hence, benefit for very
few people of the broad public, but the
employees of the airport also profit. And it
shows action.

Rather substantial, and partly
symbolic action

Rather substantial

Minimizes the population affected

Basis for efficient Env. Management is laid, with  Rather considered astool to

Environmental certification, but once certified, no instance create positive image, which
Management objectively controls the implementation of may bring positive results, if
System measures and efficiency. Critical as itimpliesthat airport itself puts emphasis
environmental management isensured onit
- Helpful enforcement of restrictionsconcerning Efficient as noise isreally
Operating 2 2 S
S noise levels, regulation by ICAD and the national reduced, but no measure
restrictions z .
government from airport side
Reduce frequencies, which resultsin usage of Critical if really efficient.
Operational bigger aircraft types which are noisier. Measured Definitely, partly creates
capping noise decreases, but personal perception about  positive feeling that noiseis
noisier events is not changing reduced
. : : Efficient for some parts of
Housing Protect houses from noise, but not incase of P
Programs gardenusage and opened windows Heday andradenfor
winter that summer times
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Figure 2 — Overview of evaluation of some measures
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D

The above figure gives an overview about the
effectiveness of the different measures. It mightabbit one-
sided since the effectiveness is seen mainly utideviewpoint
of noise reduction, not so much about the other timeed
spheres which also have to be considered. But #irecpressure
comes only from one stakeholder, the people lithwye, their
viewpoint has to be considered preeminently.

SYMBPOLIC VS . SUBSTANTIAL POLICIES
DEFINITION AND ATTRIBUTES OF SYMBPOLIC PoLicY

Basically, the basis of solving an environmental
problem is to assess a way to a proper solutiorstl¥i the
problem has to be detected by someone, for exathelpublic.
Then, the topic has to be explored, followed byssessment of
possible risks and impacts. Based on that knowleddecision
of how to act consequently is made by the orgaioadr the
individual. There are different ways to get to aluton,
concerning the way how to act, as well as concegrrtime
efficiency of actions.

Efficiency and effectiveness of actions dependhan t
choice of the approach by the policy makers. Ong twaake is
made by substantial actions. These are charaadnizéorming
tangible changes in an organization that affect@dares and
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goals in a compan§, whereas the symbolic approach creates acontent to the address&eThis means that pieces of information

impression which forms the perception of being tatisl.

Therefore, the less substantial content is in amcthe less
efficiency is brought across by that action. Howevtkis does
not mean that the aim can’t be reached, as effautiss can still
be realized. The following illustration will exptaiways policy
making.

Substantial Policy vs. Symbolic Policy

Problem / Risk
Assessment

Policy
development

@ Action
communication

NO execution/
Execution non-efficient

Figure 3— Policy approaches to solving problems

actions

Solution
in-/ effective

Symbolic policy can be seen as a tactic which
applied by firms that are seen as environmentdhgatening
aiming at reducing public inspectiéhAdditionally it can be a
tactic of try to impress the public communicatinigatt an
environmental issue is identified and a solution bising
developed, whilst it is not intended to be appfE@he ultimate
clue of symbolic policies is that optimally, noborbalizes that
anything really happens in the background or tbtibas are not
fulfilling the promised aims: A company can creatgositive
environmental image through mere impressions. s$uiscessful
when the public simply notices that the problerst&@ted being
solved??

that would be helpful to judge policy making aretno
communicated or even communicated with distortedtest
concerning planned actions and their real outco@her
attributes includes the possibility of controllitige results by the
ones being affected. The following figures givesoamrview of
the differentiation in the attributes between sabhgal and
symbolic policies.

Attributes of policy:
Substantial vs. symbolic
High Transparency of issue Low
Information =
i Asymmetric
SIS distribution Y
Possible External control Hardly possible
High Efficiency Low
High to low Effectiveness High to low

Figure 4 — Attributes of policies

IAPPLICATION OF SYMBOLIC POLICIES

Out of a first view symbolic policy seems to bewer
near to green washing, since the companies assuawt but in
the end they don’t move. In the special case ddigvort it can
easily be a problem: do they have an interest thair
instruments work substantially? That airlines wWithder aircraft
move away, or that they come in — if this mightpmssible —
with less noisy aircraft so reducing the revenddb@airport?

But the symbolic approach does not necessarily stand
for negative results. It is possible that throutghusage certain
aims can be fulfilled. Trying to clearly differeate between

Symbolic policy can mainly be described by theSubstantial and symbolic, as for example in envirental law,

following three attributes, namelyansparency of the issue,
the information distribution by the user to the i@ddees, and
the possibility of external control of the restiliDescribing the
applicability of symbolic policy, it only works if the public
doesn't see through . Therefore, the first attribute that is
presumed is the absence of transparency of an.isEue
difficulty in measurability displays an importanactor of

is not really worth a try as symbolism is to bedga?’ Often,
symbolic actions are based on substantive acsyitiit the
extent varies to which the symbols are built infoomity with
substantive conteR®. The symbolic approach can essentially
contribute to communicating concepts that concemsh that
has to be published in order to change behavior atitide
towards a threatening issue. Assuming that theegoig hardly

hindering transparend.Data gathering is often aggravated ag€xplainable, as the scientific background is exglgm

the topics in question, such as the degree ofdiutpn due to
CO2, are often not perceivable by human senseshandfore
have to be measured with technical instruments.

Another attribute of symbolic policy is that theeus
provides information which gives anasymmetric share of

19 ¢f. Bansal & Kistruck (2006), p.166

20 Rodrigue et al. (2012), p.125

21 Karl (2000), p. 213

22 cf. Bonus and Bayer (2012), p. 16

2 cf. Matten (2003), p. 221

2 cf. Hansjlrgens and Liibbe-Wolf ( 2000), p. 26
% cf. Matten (2003), p. 221

30

complicated symbolic policies make it communicakie
everyone and reach an increase in awareiiess.

All in all, it is not easy to judge symbols as hgin
morally wrong, because the corporation’s intentiaml the
respective outcomes of the symbolic management by
extremely complex. Furthermore, environmental issare often
vague and uncertain which let the company havetaingange
of action possibilities disguising environmentahblilities as

% cf. Matten (2003), p. 221

27 ¢f. Liibbe-Wolf (2000), p. 25

28 cf. Bansal & Kistruck (2006), p. 167
2 cf. Matten (2003), p. 219
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well.3® Reversely, the negative effects of symbolic poficstly,

pose an ethical question of whether pseudo-acsnmarally
reasonable at all. Secondly, as the action onlygestg the
impression of action, it might be that the probletays
unsolved

The basic conceptual framework of howoise

protection policies arise clings together with the fact that the

airports stakeholders have social expectationsherpblluter’s
environmental protection, namely the aircraft’'ssgoiTherefore
the regulator and the airport have to show commitrrand
action. Furthermore, the addressees of the polieies the
stakeholders, who in this case are mainly the &ffecesidents,
the general public and the investors.

Concerning thetransparency of measures taken,
noise seems to be more easily perceivable and stadeable
than it really is. At the first glance, airportsiish the noise
emissions measured at the installed stations arthadairport.
Interested persons can easily look up noise andingsu of
aircraft in the internet and check those data agalagal
permits. Additionally, noise is clearly perceivallecomparison
to other emissions, such as different gas emissitherefore,
the checking on results should be easy. “But traesgg can be

to follow the development, plead to authoritiesledislation,

and claim improvements. What can mainly be checled
whether airports stick to the posed rules and edguis and
whether enforcement strategies are implemented. tDuiew

possibilities of control, the opposition has hardly chance to
discover inefficiencies.

CASE STuDY : THE AIRPORTS OF COLOGNE AND HAMBURG

Both airports Cologne (CGN) and Hamburg (HAM)
apply different operational restrictions and praged. But
those groups of measures will not be examined arthdr as a
grading would require technical background knowteddpich is
beyond the focus of this paper. CGN and HAM, both rawise
sensitive airports, located close to its’ city entnamely the
distance in CGN is around 15 km, and HAM only arod@ém,
which gives reason for noise complaints of thedmsis at both
airports. Therefore, pressure on the airports tcagses. As an
answer to this pressure, CGN and HAM have realizeral
noise measures over the years and therefore seraesaitable
example for this analysis.

The combination of analyzing these two airports
becomes especially interesting when regarding tivdrasting

a trap.® This is due to the fact that the human ear cantight operation patterns: At the one side, CGN expands its

perceive a change in a noise limit that is onlywl®ddB. Also
the accumulation of noise events is physically exely
complex. Therefore, people have to rely on pubtisineise
measurements by the airports which demands morteitad
background knowledge to be able to judge it. Funtioee, noise
measurement is underlying different applicable fdam which
need comprehensive background knowledge for uratedistg
the elements contained in the calculation. Addaln noise
can be measured in different units. This meansahaduction
in noise terms is not equal to the same reductioanother
formula is used.

Definitely, a vital interest of the airport is to

focus on express freight by FEDEX and UPS, whicmanly

forwarded during nights as nightly operation isoaecbusiness
at this location. Therefore, noise protection measuare
extremely important to protect the residents arel therefore
worth investigating as regards real efficiency. tBa other side,
HAM, since decades, has a night curfew in effet¢tese two
focuses get more obvious when looking at the cetitmg

passenger and freight numbers.

Considering the year 2012, CGN transported only 9.3
million passengers, whereas HAM transported 13.Tiomi
passengers. Concerning freight, CGN is the leadamicg 730
thousand tons of freight, whereas HAM only hasaatfon of it,

communicatewhat has been done for the benefit of neighboringamely 28 thousand toASThese different focuses enable the

residents and possibly also what is still be gdimgoe done.
Information is typically communicated in diverserrfe of
media channels varying at each airport. Thus, rspdity is
demonstrated creatingpsitive feelingwith the stakeholders.
It keeps up strengthening the ima&ge.Environmental
commitment as part of lowering the enormous presom on
stakeholders’ side is a necessary obligation gioais. \Whether
and to which extent embellishment and distortiomédrmation
takes place has to be checked in single airpordseg and
cannot be generalized.

Finally, external control of the mix of measures at an
airport is hardly controllable by an external pafys already
mentioned above, efforts towards noise reducti@ntaken by
many different actors in the aviation industry,veal as from
legislative side. So, many different factors inflae the
development of noise reduction that cannot be Idokpon
separately during evaluation, which makes this pguite
difficult. The residents’ weak power of oppositioan only try

30 ¢f, Bansal & Kistruck (2006), pp.166

31 cf. Hansjurgens & Liibbe-Wolf (2000), p. 14; Rodigget
al. (2012), p.125

32 Bansal & Kistruck (2006), p. 165

33 cf. Bansal & Kistruck (2006), p.168

reader to get insights into two altered mixes obt@ction
measures.
THE CASE oF COLOGNE

Already in the 1980s the airport CGN started to show
commitment as regards to noise protection of petypieg in
the vicinity of the airport. Noise-related landiebarges were
introduced based on a differentiation between ICA@&se
categories 2 and 3. 1996 a further differentiati@s introduced.

Today the structure of the landing charges is based
the aircrafts’ MTOW (maximum take-off weight) whicls
raised by other components, such as an emissichange and a
noise surcharge. The applicable charges manuahlebat
degression values give relative cost advantagesidoaircraftss
During recent years the development of levied noétated
landing charges for airlines is generally decreagiom 2006 to
2009. In the years to follow, the values stagnatéd 2012.

Finally, since 2009, further incentive setting vaase
on basis of separat®ise surchargeshat were charged on top
of the regular landing charges. Those charges densictual

34 cf. Albatross (2013a,b)
% Umweltbundesamt (2004), p. 97
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emitted noise of the operated aircraft as basisdtulation and
are based on 7 noise categories, implemented &r éodenable
minor differentiations between aircraft. Exemphgril an
extremely noisy Boeing B 707 is charged 560€ perifanéh
addition to the basic landing charges, whereassa isy
Boeing B 744 pays only 140€. A Cessna 150 pays orflyasQt
is least noisy. These charges apply to day timereds during
night they simply double. It shows that the noisiefass,
namely class 7, is charged with the highest penalt
Additionally, the less noisy the aircraft are, tloaver is the
levied charge.

The application obperations-related restrictions at

CGN started in 1992. The man purpose was to prote

neighboring residents during night. The operati@s forbidden
for extremely noisy aircraft, namely the ones whiahe

classified as chapter 2 aircraft and the onesatanhot even in
the classification scheme of Annex 16. Five yeatsr| in 1997,
a noise contingency was implemented that narraivedrea of
a noise contour of six night movements noisier tA&ndB(A)

for future years to the level of 1997. From 2000 @mmpliance
has to be proven on calculatory basis. From 20Q2athmon-

“Bonusliste” (similar to chapter 4) aircraft werenp&d from
night operations.

Under these above mentioned measures, a favorable

noise developmenttook place: While in the beginning of the
nineties only fewer movements took place, a lowgse level
was measured. The graph below (see figure 14), Vvenve
indicates that the noise per movement was on a lagél.
Afterwards, in the end of the nineties, noise Isw@tperience a
peak, combined with a simultaneous increase in mewnts. A
positive consequence can be recorded: After applgieveral
measures noise increases on a lower level. Hermise per
movement is reduced at that time. Nowadays, thel lefrnoise
is lower compared to the decrease in movementsioOsly, the
trend during recent years implies an inverse d@mntnt.
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Figure 5— Developments of noise and movements at CGN

Due to increased awareness,

for example, mostly the complaints reach high Ileve$ more
movements take place. In this survey, constant &ingnts are
excluded as they would distort the general directad the

insight. The graph indicates that while the leviehoise stays at
steady level of 72 dB over ten years, the numbearoaiplaints
in the early 2000s sum up to more or less 1000ceSimid

2000s, this trend gets more and more unsteady. cOblyi

complaints are not directly related to noise develent.
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Figure 6 — Developments of noise and complaints at CGN

THE CASE OF HAMBURG

The first efforts of noise reduction at HAM have
already been made in 1981 by introducingise-related
landing charges Currently, the transition times to the night
curfew are charged with higher charges for landimgrder to
reduce the planned number of flights during thosssen
sensitive hours. Therefore, the later the landakgs place, the
higher are the operational cost for the airline, &dlight that
lands between 2200 and 2259 is charged an additl@@86 of
the original noise surcharge and between 2300 ab6d 0
additional 200% are charged. Furthermore, sincel 20@oise
surcharge has been levied, for which 7 noise caegeerve as
calculation basis. As an example, an ATR42 in cthgsays
5.50€ as surcharge for emitted noise, an AirbusQAiBXlass 4
pays 55€ per movement and a B747 in class 7 is etarg
1350€%¢ Also, the German regulation on the chapter 2 poase
was completely effective from 2002 on.

Since the early 80s, at HAM a strintght curfew
from 2300 to 0559 has been realized that doesevmipfor any
scheduled flights. Furthermore, since 1998, theraijmn of
noisy aircraft has been restricted to the day hbetaieen 0800
and 2000, and landings from 0700 to 2100. About deeade
later, common efforts of HAM, airlines and DFS tadrto steer
flights to earlier landings.

Since 1999, aoise contingencyhas been effective
which is based on the area of an equivalent soewel lof 62
dB(A) measured in 43 in reference year 1997. The
contingency ensures that the area of noise doesntatge. This

CGN decided @m was successfully reached as it reduced fromka®. in

implement a complaint management system in 2002 ad@97 to 12,9km?in 2012 which the following mapudizes?’

consequently started distinct documentation. Theetlying
sums of complaints per year do not suggest takindfipre
complainants into consideration. The graph belowwshthe
relation between noise development and noise contplésee
figure 6). The number of complaints is demonstraiedyearly
basis, whereas in reality there are seasonal ckafirgsummer,
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Looking at the noise development curve of HAM, a
steady decline until 2006 can be noticed. The neiggosure
came to its lowest point in 2006. Then, in 200figher number
of movements lead to higher noise levels, but a#@d8 the

36 ¢f. Hamburg Airport (2013a)
87 ¢f. Hamburg Airport (2013b)
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noise level sank on a level of below 72 dB(A). Conoey the
noise per movement, it was higher during the nésetithen
assimilated more and more over the years. Since 206
development shows a slight drift apart, meaning tha noise
per movement overall increases again.
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Figure7 — Developments of noise and movements at HAM

The degree of transparency of aircraft noise ptistec
is rather low as there are different sources ofigatiton
available being in effect altogether at the sammtiln order to
better understand each single instrument, a lotdetailed
background knowledge is necessary on all levelsst Fif all,
noise measurement practices on airports’ side emgaomplex.
Different possibilities of calculating noise resuit varying
impressions on the quantity of noise. Secondly, ttreory of
noise nuisance on medical level is compound as eglits
harming impacts on health. Thirdly, the techniédéf aircraft
and engine manufacturing contributes highly to iowements in
noise mitigation. Hence, as sufficient transpareisayot given,
one criterion of successful application of symbgiglicies is
rendered.

The noise issue is a field numerous actors ardvedo
on various levels of policy making. Firstly, therigdictions
relating to different measures are in differenpmssibilities on
national and international levels. Furthermore, feol& variety
of institutions contributes to a sustainable depeient of
environmental noise protection, as for examplerasg, airports,
organizations, manufacturers, as well as lobby gsowhich all

At HAM, the documentation of noise complaintsinfluence the development to a certain degree.

started in 2003. The number of complaints of distdrpeople
around HAM increased up to 2007, similar to theedlepment
of noise. Afterwards, a steady downward trend cam
recognized. Apparently, from 2007 a seemingly linedation
of noise and complaint reduction is obvious. Asaoeption to
the rule, the year 2012 falls clearly out of thigrahent, as a
comparatively high number of complaints, more tH2500,

arose due to a signature campaign conducted bye nofd

opponents.
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Figure 8 — Developments of noise and complaints at HAM

DiscussIiON OF THERESULTS

First of all, when it comes to aircraft noise pag;
there is always a user and an addressee of agmiezies3® In
all regulatory cases, which comprise per airpodivitually
applied noise-related or operations-related meastine sender
of the policy is CGN or HAM airport together witthe
responsible federal government of North Rhine-Westphor
Hanseatic city of Hamburg implementing the policfes the
respective airport. The addressees are the stalexkobf the
airport CGN or HAM, mainly the airlines and hencdiractly
the travelers, as well as the residents in thegspvicinity.

38 cf. Matten (2003), p. 215

At both airports noise-related landing charges iare

beffect, based on the ICAO noise chapters which dodisplay

an incentive for most aircraft anymore as high dtads are
fulfilled within European fleets. At CGN airport éhcharges
were reduced over the last decade, which at thee Same
lowers the incentive for airlines to use less naaggraft. In
ddition, a degression factor is applied to cateutae charges
for large aircraft types, giving freight aircraftcast advantage,
giving those an advantage over smaller aircrafesyps charges
in relation are lower. Further details on the HANIs® charges
were not available. As a conclusion, those noitsead charges
do decrease the incentive on the use of quieteradtir as well
as encourage the use of bigger aircraft. Thoughctzge is
communicated to externals as noise-related, ittesean image
of reducing noise. As this effect can only be edato few
extremely noisy aircraft, the charges at both atgpare graded
as rather symbolic policies nowadays. During their
implementation they may have a bigger impact oreritige
setting as the used aircraft types were louder twedefore
categorized in more chapters than nowadays.

Furthermore,noise surchargesare effective at both
airports and are based on further differentiativeunely seven
noise classes. Whereas HAM applies a higher chdeyes,
airlines might consider operational fleet decisiarfsquieter
aircraft at HAM airport. CGN charges much lower amisy it
reaches the charges level of HAM only during nigist the
charges at CGN are doubled. Generally, levyingggsato users
of the airports is a reasonable possibility to rinédize the
external cost of flying, namely let the user paytfee noise he
makes. This is communicated as setting incentiveairines,
which is questionable in terms of long-term reéeiveness on
airlines decisive criteria on fleet renewal becaaisknes might
focus their decision on the much bigger cost faofokerosene
consumption. As the real effectiveness of thislsamge can't be
verified, the policy includes a prevailing symbationtent.

In both casesnoise contingenciesre applied. It can
be criticized that they hardly set an incentivetlsy should
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normally do. This is because the year 1997 stive® as
reference year as regards noise peaks and hagewotiojusted
to a more stringent level, although steady improsmtsin noise
reduction could be recorded. The communicatiorht gublic
though, takes place one-sidedly, considering tle flaat the
noise range is getting less disturbing. But this/drdppens by
using other incentives and measures so that teeteféness of
this measure itself is doubtful and graded as ratj@bolic.

Generally speaking, severaldvantages can arise
from theusage of symbolic policyon the airports as well as on
the stakeholders’ side. Firstly, CGN and HAM can itsé&
communicate the sophisticated noise issue to thieelsblders
while increasing awareness amongst them. In mostsctéhe
implementation of somewhat symbolic measures irelv
comparatively low investments compared to more tsuibisl
ones. This can be seen as, for example, the nigfave at HAM
is more effective on noise reduction than the ratimsubstantial
noise contingency at CGN and HAM. The cost of thghn
curfew means lost revenue during night for HAM, the cost
of a noise contingency basically implies the effifrtalculating
the area within the given noise constraint. Anotiwrantage for
the airports is that through communicating commitmée it
symbolic or substantial, the airport gains an imegpeease and
therefore competitiveness is upgraded. As a furihesitive
consequence a change in society’s reflections ahdvior can
be reached.

Today and in the future, a call for action on the

airlines’ side is required. As the restructuringtioé fleet is an
extremely high investment, airlines need a reasoact. This
pressure comes from outside and airlines are paitigady
adapting, but also seem to hesitate. This hesitgimssibly is
derived from the fact that as technological develept is never
standing still and therefore is expected to reaézen bigger
improvements, the cost of intermediate solutionsuldostill

overweigh the option of paying higher landing faedil the
aircraft would reach the end of service time.

After several noise reduction and protection messur
became effective at CGN and HAM, timeise development
could successfully be decreased, in HAM more dffedhough
than in CGN. Obviously, there are no separate c#latiof
measures and noise, however, as all are in effetieasame
time. The noise per movement in the nineties wate chigh,
then improved and nowadays it is higher again. ifbeease in
noise per movement today indicates an increasiegage size
of aircraft by the airlines. It is questionable wier this recent
trend is sustainable on reducing the impact ofeasfewer but
louder flight events might increase nuisance orghm®dring
residents more than few more movements of explictliet
emissions.

The analysis of thalevelopment of complaintsin
relation to noise at CGN and HAM offers differensults. The
development at HAM shows that the development asenand
resulting complaints is almost parallel. AlthougAM has a
night curfew, the number of complaints in the olagon
period is overall lower than CGN'’s. At CGN, complairare
varying in comparison to noise levels. The focusekpress
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freight operation at CGN leads to the fact that ntbesn 80% of
all noise complaints concern night flight movemetits

CONCLUSION

To recap, the objective of this thesis was to give
insights into a new approach to state the apprmméss and
virtue of political noise measures at airports. &nducting a
case study on CGN and HAM airport, the applicabibityd
extent of symbolic substance in the applied measwsre to be
checked and evaluated. This approach was brought to
completion with the following results:

The main finding of this research is that different
measures at airports are containing symbolic elémeiich
apply the ambivalent nature of symbolic policies @
contributing way. This is done in order to strive the aim of
sustainable noise abatement. The symbolic conteatlithree
groups of measures examined could be proven, (&¢elated
measures, as well as (2) operation-related ones(@ndther
passive noise measures.

The general applicability of symbolic policy was
rendered as the subject of noise at airports semsettiteria to
grade symbolic content in individual measures.tlyirshe topic
was found to be rather non-transparent. Seconddasore- and
noise-related information was found to be not catgy
objective as it is communicated only from airpades which
thirdly aggravates external control. Furthermote tesult of
the individual measure displayed another criteiorevaluate
the grade of symbolic content in the individual swea and to
accordingly evaluate the supposed intention.

Overall, the position of the airport in noise retic
was revealed as rather weak as no measure sodansidered
to be optimal for sustainable noise reduction. Tian role of
noise reduction is detected on the airlines sid=ubge aircraft
noise is the dominant sort of noise at airportsfa8othe mix of
political measures at airports is rather seen asiainable
interim solution until better solutions are implerted by the
industry. These achievements are essential whesidming
that further operational restrictions would havealffaffects on
the development of the aviation market.

39 ¢f. Mr. Partsch (2013)
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Abstract— This paper presents one of the possibilitieb@n to
mould the process of Air traffic Management Perfamoe
Plans creation in such a way that they reflect thedpean
Commission requirements and at the same time supffarient
service provision. It scrutinizes current benchniagk
methodology used and gives an insight into poss#silon how
this methodology could be improved in order to gimere
objective results, thus enabling more efficient agarial
decision making process.

collection of ANSPs, where ACE Benchmarking Reportfes
only on European actors and CANSO on selected iftedrs)
global actors. Further on in this paper only ACE Bemnarking
Report will be scrutinized.

Methodology used by the PRU is according to the
research performed so far, appears somehow bigsurfag
larger ANSPs or those ANSPs that are servicingelaairports
with a lot of terminal traffic [6, 7, 8, 9]. PRU behmarking is
performed by analysis of facts only, so far not iypgtoducing
any methodology that would through the so-calledmative
analysis enhance the objectivity of the resultesEhresults can

Key words — Air Traffic Management, Air Navigation Servicestherefore not adequately support the process ofrtheagerial
provision, benchmarking, ACE Benchmarking Report, codlecision making by helping the management strusturé

effectiveness.

1. INTRODUCTION

The air traffic growth is more and more limitingeth
capacity of available airspace and airports [Ln8@arts of the

airspace in particular the core European airpasschkose to or
already at the point of saturation, which lead®wer quality of

service for air passengers and higher costs fepaie users [2].

Air-carriers are exercising constant pressure omavigation

services providers (ANSPs) to enhance the qualind a

efficiency of service provision [3] in order to eff additional
capacity on ground and in the air.

particular ANSPs to discover their weak points @rfprmance
and proposing the tools and methods on how to ieffity
introduce changes that would foster more efficisetvice
provision.

1. CURRENT MODEL

Eurocontrol in 2013 issued ATM Cost-Effectiveness
(ACE) 2011 Benchmarking Report [10] that among otheesy
an overview and comparison of cost effectivenesseasfice
provision of 37 European ANSPs. It contains infatioraabout
Key Performance Indicators (KPIs) linked to the tcos
effectiveness and productivity for 2011 and prosiderecast
and trends as well for the period from 2012 un@ll@ Air
Navigation Services (ANS) gate-to-gate costs are emiirely

The only tool available for ANSPs, to measure theicomparable across the full range of European AN$Bs

own efficiency, is benchmarking. Widely
benchmarking method so far is the Eurocontrol Rerémce

Review Unit (PRU) yearly ANSPs performance assessment

publically available in the form of Air Traffic Magement
(ATM) Cost Effectiveness Benchmarking Report
Benchmarking Report) from 2002 on [4]. Similar exgechas
been so far executed also by the Civil Air Navigat®ervices
Organisation (CANSO), which has this year issued SAN
Global Air Navigation Services Performance Repoot, the
third time in the row [5].

(ACE

acceptedexample, some of the services are not necessanlided by

certain ANSPs); structure of those costs is preskint Table 1.

Simultaneously division and allocation of en-roatel
terminal costs is not uniform within Europe as wdlherefore
current model focuses on gate-to-gate operaticatseticompass
both types of services. As a basic toll for finahccost
effectiveness and productivity calculations Commodiiight
Hour (CFH) has been introduced, consisting of Enedtlight
Hours (EFH) and Instrument Flight Rules (IFR) Airpor
Movements (IAM).

Both Reports are addressing similar issues, measuring

and analysing similar factors by taking into acdogimilar
variables. The real major difference between the isvin the
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Table 1 — Division of ANS costs in current modéf [1

Gate-to-gate ANS costs [€ M] 2011 % of
Total
ATM/CNS provision costs 7.839 88,3
MET costs 424 4.8
EUROCONTROL costs 456 51
Payment for regulatory and 93 10
supervisory services ’
Payment to government authorities 65 07
and irrecoverable VAT !
Total gate-to-gate ANS costs 8.877 100

FACTORS INFLUENCING PERFORMANCE

ACE Benchmarking reports are providing quantitive

data about observed cost effectiveness and coroparsfsANSP
performance as observed by their users. Such dataot give
full insight into observed differences in performanand
consequently cannot directly serve as an objecfiideline for
implementation of performance improvement. In ortterbe
able to evaluate the differences in performanc®iimportant to
understand where do the causes for discrepancissrul
originate from. This is in particular importanttime light of the
second Single European Sky (SES2) Legislation Rpckas
well as the SES2+, which are both requesting thatANSP
performance is consistent with the quantitativgeaset.

In principle these factors can be subdivided thtee
groups [10]:

ANSP, such as:

0 organizational factors
o0 managerial and financial aspects
o operational and technical set up

endogenous factors, which can be influenced by th@‘

validate factors that could potentially be used&mnchmarking
exercises.

On the other hand certain
potentially be introduced immediately.

improvements could

1. CURRENT MODEL OPTIMIZATION

COMPOSITE FLIGHT HOURS CALCULATIONS

CFH used for benchmarking by PRU consist of EFH
and IAM weighted by an arbitral factor that refldthe relative
(monetary) importance of terminal and en-routecosthe cost
base [11]:

CFH = EFH + 0.26/AM (1)

EFH in (1) are the summation of minutes (expressed
in hours) that flights which are overflying an ared
responsibility of an ANSP, spend in that portiortted airspace.
They can be obtained directly from the EUROCONTROL
statistical data. On the other hand weight factiribaited to
IAM translates to 0,2€FH per single IFR airport movement,
regardless whether the airport is a large natiboal or a small
regional airport.

Alternatively EFH can be calculated by multiplication
of the number of flights (b) with the average overflying time
of the relevant airspacé):

To illustrate the alternative for EFH determination
five high performers (excluding MUAC as it only pides
service to the en-route traffic) in terms of ATCOwHo
Productivity (AHP) and five low performers, (havisglection
of countries as much as possible within the EUritento make
the results more objective and also to have theimed data
available) have been identified in the ATM Cost-Effeeness
CE) 2009 Benchmarking Report and average overfliiimgs
extracted in Table 2.

Table2 — Average overflying times for five top alwlv
performers

institutional factors, which can be influenced Ine t

ANSP in a limited way, such as:
0 national and international institutional anc.
governance arrangements
exogenous factors, which can not be influencechby
ANSP, such as:
legal and socio-economic conditions
operational conditions

Exogenous factors contain wide and diverse speétre
effects on ANSP performance. By default they areumquely
determinable or objectively measurable. Extensiuelies are

ANSP name Av. Overflight time
Skyguide 115
NATS 14,66
EANS 20
DFS 17,5
Austro Control 17
Aena 26
MATS 25

and will have to be carried out to be able to ettravaluate and
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ROMATSA 34 AHP
Oro Navigacija 15 2,000
1,800
Slovenia Control 10 e
1,200
Average Total 10 19,07 L000 (e v
0,800 e = =
0,600 ==== =
0,400 Ss
0,200 ==
0,000 S — — — — = =
; 80208825358 8335¢8 Ezgsesgesgitzse
Data for 2009 were used since structure of the AC SHELE R ERRR R LTS F R R EA R R R H RS S
. .. & 9z%z& & ¢ - 3¢ [ 2352332
Benchmarking Reports for 2010 and 2011 changed gignify, §273 5 § 2g 3% £ Bggs Ec
. i 3 < =z H S z (3]
omitting some data (e.g. average overflying times ANSP), - ’

needed for the analysis. Nevertheless consistehtyeoresults
has been verified also with the available data fother older
ACE Benchmarking reports.

Figure 1 — AHP of full range of ANSPs on a yearly basi

For selected ANSPg,s ranges from 10 minutes for PRU ranks the ANSPs by théiHP on a yearly basis.

the smallest ANSP to 34 minutes for the ANSP, whitts This gives 7?1 certain picture, which is po_tentiqﬂysleading.
When AHP is broken down to monthly figurest suddenly

becomes visible that low performers, even in théopeof their

highest productivity, never reach the productivify the top

performers even when they are in the period ofrtleiest
PRU methodology attributes 0,1&&H to one single productivity (Figure 2).

over flight for the smallest ANSP and on the othand 0,566

majority of the traffic running along the longestutes in the
route network. Average calculated overflying tinoe &ll 10 of
them is 19,07 minutes.

EFH for the ANSP with majority of the traffic alongehongest 1,60
routes. The difference factor is 3.4, meaning ta first ANSP 1,40 Skygide
would need to have at least 340% increase in ¢raifiorder to 120 NATS
reach the productivity of the second ANSP, thisualter the 100 EANS
condition that the number of Total ATCO-Hours (A¢mains a —Fs
the same. This is by no means possible. < ———— Austro Control
0,60
On the other hand weight factor attributed &M 040 |-t =1 hene

MATS

translates to 0,2€FH per singlelAM, regardless whether the
airport is a large national hub or a small regiaigiort.

ROMATSA

0,00

Oro Navigacija

= s iD= 2 2 L on o

Januar
Marec

Since terminal part of th€CFH is determined by
consensus, equal for all ANSPs, regardless of e of the
airports they are servicing, it might be fair teuke same logic
also for the en-route part of tt@FH, by also attributing the Figure 2 — AHP of selected ANSPs on a monthly basis
weighted factor to th&FH. Let weighted factor be the average
calculated overflying time for all the selected ANS For the

Slovenia Control

Februar
Septembe
Novembe
Decembel

ten selected ANSPs in this study, this factor 340, Results in Figure 2 imply that low performers
) ) ) obviously provide their service in an entirely wgoway, by
AHP is determined as quotient GFH andAH: being so inefficient. In practice this could notthee, since none

of the airspace users would support and pay forhsuc
inefficiency. As evidenced by quality of servicesneajority of
smaller ANSPs, they optimize their performancetf& periods
of heavy traffic load. The conclusion drawn fronistiexercise
could only be that current benchmarking methodoldggs not
provide objective results being trimmed more towarthe
ANSPs that provide service to the major airportthva lot of
terminal traffic. This statement has been testeth\aified also
by performing the same calculations with splitlased terminal
The results of (3) are summoned in Figure 1 (siiyila and en-route data.
as in the ATM Cost-Effectiveness (ACE) 2009 Benchnmayki

Report showing the rank of the ANSPs per ATCO-Hou¥ If AHP is (_:alculated as proposed, with the weighted
Productivity) actor of 0,317 attributed to theFH, the rank of the ANSPs

changes significantly. Suddenly the size of the RNSr the
amount of the terminal traffic is not so decisivey amore
(Figure 3).

AP = CFH _ EFH+(0.261AM) 3)

AH Narcos Eyear

In (3) the CFH are defined by (1); whileH are
defined as the Total number of ATCOsafibos) multiplied by
the Average ATCO-Hours on duty per ATCO per yéaey.

37



INAIR ;i i i; 2013
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Figure 3 — Adjusted AHP of selected ANSPs on a monthly
basis

Another factor that contributes to the non-objettiv
of the results is thér. Since 2007 PRU allowed that tB&H
also includes time spent in terminal manoeuvrirgparTMAS)
and therefore account for airborne holdings. Hg #nm ANSP
that produces more delays through delaying actiams
sequencing the arriving and departing aircraft,omnattically
becomes more cost effective and productive.

Calculations have shown that the reported by PRU
in the ACE Benchmarking Reports until 2009, and tbe
obtained with the reverse calculations form theadatm those
very ACE Benchmarking Reports, on average differs289%6
and as much as 96% with one ANSP. This discrepantty be
attributed to the additional times due delayindaad, distorting
the picture.

TRAFFIC VARIABILITY

Traffic variability pays significant role in the
objectivity of benchmarking results. Airspace usease
expecting that ANSPs would match the capacity efalispace
with their demand at any time of the year, monthekvor day.
ANSPs are therefore expected to enhance their itppamugh
upgrade of their technical capabilities, technaagisolutions
and constant increase in manpower. All this is @i
additional fixed costs for the ANSPs, automaticathaking
them less cost efficient.

The higher the variability, the smaller is theiagtion
of technical and human resources. Since labous éndEurope
on average add to about 60 — 65% of total ANSPscdhts
represent a significant amount of money that ieipiddlly lost if
resources are not properly utilized.

Traffic variability factors are calculated by th&®®,
but still not directly used in the determinatiordavaluation of
the KPIs. Current model defines the traffic varigpi(TV) as
the fraction of the traffic in the busiest weektbé year (W)
and the average weekly traffi€)(

TV =

ﬂ\lg

(4)
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To add to the accuracy of the results, adjustefficra
variability (TVs) might be determined as the fraction of
fictitious maximum traffic (twelve times the maximumonthly
traffic (Tmax) and actual yearly traffic (). Calculation of the
actual time that ATCO spends controlling the aiffitacan only
be done on the basis of the traffic statisticscdmparison to (4)
it is more sensible to define the variability (B)such a way that
the calculation interval is from one week expanttedne month
as this correlates to the minimum interval that ABC®De being
paid:

_ 12Tpax

TV = 22 (5)

Figure 4 also shows that by calculating the traffic
variability as defined in (5), entire range of fi@fvariability is
taken in to account whereas in current model (ryghing that
is less than average weekly traffic is lost (ligletlow area in
the Figure 4).

100%

90%

o AE
70% A
60% -

509% - HTVs
40% v
30% -

20% -

10% -

0% J

Jan Feb Mar Apr Maj Jun Jul Avg Sep Okt Nov Dec
Figure 4 — Comparison of TV and T¥/definition
In Europe, on average 25% of resources is

underutilized, meaning that they are fully paid bat rendering
any service. These underutilized resources repreten so
called unused composite flight hours (UCFH), whidgreatly
translate into loweAHP and consequently into lower financial
cost-effectiveness (FCE):

UCFH = CFH(TVs — 1) (6)

As shown in Figure 5, by introducing the traffic
variability into the calculation oAHP through (6) the rank of
the ANSP changes significantly (if compared to Fégll) .
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additional stress (increased interaction with aityy physically
not able to control the same amount of aircrafansATCO
controlling low complexity traffic. This translatdsto lower
N . amount ofCFH perAH.

-
&

H

5
o
o

To check the influence of complexity on the ANSPs
= _ . 1 rank in relation to the respectiveHP, adjustedAHP (AHPcRr)
has been introduced:

AHP rank change (TV;)

IS
A
o

i
rol &
FV

DFS
EANS

NAV Portugal

5255

1AA
ENAV
BULATSA

DCAC Cyprus

NAVIAR &
LVNL
Croatia Control

MUAC
Skyguide
NATS
ANS CR
SMATSA
PANSA
HCAA
M-NAV
UKSATSE
MoldATSA
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Belgocon

HungaroControl

AHPTCR = AHP * TCR (8)

Figure 5 — AHP rank change due T¥/ .
AHPrcr influences theAHP rank of the ANSPs

significantly (if compared to Figure 1) as preseriteFigure 7.
AIR TRAFFIC COMPLEXITY

Air traffic complexity affects theAHP and FCE §‘ 25 R?=0,1157
simultaneously but here, for a change, not in abieatent way. E i — 77 61: —— -
On one hand more complex traffic requires increaféalt of é 1% 000 1 0 — 1l 1= ! ! 0!0 =00
ATCOs or even higher number of ATCOs or additiona £ 5 i . L e ——
technical solutions, on the other hand the utilirenof existing | %15 . ] —= =
resources is increased. 25 19 L

The PRU yearly measures the traffic complexity 2gEs7 ; it 53 g ; 2 §§ i f § 54
attributed to the airspace of particular ANSP, heevet is not N :

directly used in the benchmarking exercises. Alguely it
could be normalized by the average traffic compiexif all
included ANSPs, thus creating a weighting factaat ttvould
enable the comparison of deflections of individaBISPs from Trend line is indicating thatHP calculated on the
the average complexity of the European airspaceatiRel pasis of the current model is for the ANSPs witghhtraffic

traffic complexity factor (T@) could be defined as fraction of complexity somehow undervalued, whereas it is calerd for

PRU reported traffic complexity factor (TC) and agmaraffic  the ANSPs with low traffic complexity.

complexity (TC):

Figure 7 — AHP rank change due T&

A2 THE DECISION MAKING PROCESS
rc. = T€ . In order for an ANSP to be able to assure efficjenc
R™7¢ @) performing ANS, following steps should be followed:

e First an ANSP has to, with the help of qualitatarel
objective benchmarking, evaluate the potential of
human resources and position itself in a propezepla
within the rank of the competitive ANSPs.

PRU is in their ACE Benchmarking Reports reporting
TC separately for the en-route part €& and for the gate-to-
gate operations (T&isp) (at the level of an ANSP). Results of

the TCr calculations for the en-route (k&) and at the level of *+ Thenithas to evaluate how efficient it is in teela to
an ANSP (TGans) are presented in Figure 6. specific parameters of air traffic flow (Table 3).
e Next step is to research the market and the
400 competition if technical or technological solutions
350 that would enable greater capacity with the same
3,00 I manpower, exist.
2,50 “ g « Last step is the cost-benefit analysis of potential
2,00 1N TCRansp technical and technological solutions.
1,50
1,00 + N TCRenr Table 3— Parameters for human resources efficiency etiatua
~ A A IFR
030 W‘\ verage ANSP A'\.lr%'fé EFH/ATCO Km*1000/  A/ATCO CFH/ATCO
0,00 ATCO
SLE2ESFETEEES s L eg
£32:25¢8¢368822°¢3¢6¢% PANSA 5066 2981 2141,98 3064 1040
g S 39 §$ 89 & T33 NAV
3 g B F 38 3 2 4621 2976 2221,98 7644 1627
E 5 § S Portugal
EANS 8368 2921 2200,64 4283 1628
Figure 6 — Relative traffic complexity g%ﬁs 5817 2642 2073.60 3783 2027
ANS CR 7233 2515 1801,24 903 1423
Traffic cornplexllty |nf|uence§ thé\Hl? |n. a way that éusttrol 7661 2494 169778 693 1453
an ATCO controlling high complexity traffic, is du® the 20
MUAC 6811 2440 201322 1193 2440
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LVNL 8827 2374 1119,75 853 1477
FIUTEETE 7319 2350 1801,40 1120 1301
Control

Croatia 5068 2031 1516,72 1904 870
Control

HCAA 2715 2007 1487,70 2289 992
NATA 8969 1924 1516,96 1994 977
Albania

DHM i 2145 1857 143274 2544 1162
NAVIAIR 5489 1843 1239,79 1477 1462
Finavia 3772 1778 109559 6803 903
Avinor 3032 1741 923,08 4132 1295
LFV 2711 1665 1105,09 2604 1067
Skyguide 5745 1630 1112,24 365 1377
BULATSA 4902 1629 1283,90 1466 861
IAA 3307 1608 124553 2874 1373
LGS 5369 1606 1165,69 2474 1052
DSNA 1961 1546 1058,91 726 975
MATS 3046 1477 113463 8214 875
LPS 6341 1431 1080,81 919 856
NATS 2353 1382 880,08 925 1260
SMATSA 3328 1367 1091,29 952 997
O 4770 1305 890,99 2288 642
Navigacija

Belgocontrol 6307 1296 664,59 459 942
ENAV 1838 1242 889,75 880 1081
Aena 1499 1132 796,07 1952 874
DFS 2028 991 651,58 289 1086
ROMATSA 1486 903 692,88 873 600
Sl 4487 787 545,07 377 572
Control

M-NAV 3476 586 440,07 689 364
UKSATSE 661 539 414 1360 375
MoIdATSA 1327 348 265,27 1021 262
ARMATS 1415 336 244,65 876 172

(source of data [11])

Subject to data in Table 3, the managerial staffrof
ANSP should question why is particular ANSP, witle tsame
amount of staff capable of:

¢ handling up to 8 times more overflightso(f),

¢ having up to 6 times moieFH,

e servicing up to 6 times greater distance of Kros/fi
(IFR Km*1000),

« controlling up to 9 times bigger area of respotiybi
(A,

¢ having up to 6 times moteFH.

limited period of time (usually seven years), sklonbt exceed
the total labour cost over that same period of time

Last element that can be decisive is the econoast ¢
effectiveness. Here the parameters for the decisiaking are
not specified yet, therefore the decisions havieetdaken based
on experience and also in the context of broadetitigal
solutions.

Any decision taken has to be evaluated throughscost
on one hand and through quality of service on afrottand,
where safety should never be compromised. The keiahle
for decision-making are the delays due lack of capaf an
ANSP. In other words it is about deciding how tevén the
ANSP costs at the expense of increase of othes susth as
costs of fuel, delays, aircraft resources, proditgtpf the flight
crew etc.

Since airspace users ultimately pay these costsfand
managerial staff of an ANSP uncritically evalugte bptimum
solution and invests too much in the capacity iaseg airspace
users might end up with no savings but even witmeso
additional costs. Decision makers should strivalteays stay in
the close proximity of a minimum of a economic cost
effectiveness convex function (sum of increasedaciyp costs
and costs of delay).

V. CONCLUSION

Air Traffic Management is unique and complex
business. Common economical arguments are not always
appropriate for decision-making. Air traffic is withe help of
rules, standards, recommendations and legislatiofly f
regulated globally, regionally and nationally inrmes of
operations as well as economics. On one hand ANSEs
expected to provide an absolutely safe and efficsenvice on
the other this service is expected to be as che@ossible. This
directly leads to contradiction.

Since the ATM processes are fully regulated, inputs
and outputs of these processes are at the global tearly
uniform. Differences arise only due local particitlas. Certain
impacts can be influenced, while certain have tddken into
account as granted. In another words this meansf thia ANSP
from entirely another part of our Globe would tadkeer the
services in our region, this particular ANSP wostidl have to
overcome all constraints and differences from thsticular
area, meaning that his way of service provisiorhaalgh
extremely efficient at home, might not be as eéiiti as
expected over here.

At this point it is also safe to assume that econoin
scale does not automatically translate into bgtreductivity

The amount of parameters influencing the above is &g cost effectiveness. The higher the area thadM8P is

great to be able to analyse all ANSPs with the hdlpne
uniform model. Managerial staff of an ANSP showther sort
the competition according to one parameter, picktba one
that is better and dissect it fully in technicadaechnological
sense. Next step is then to perform the cost-hienefilysis,
taking into account that if, in order to meet theménd for
increased capacity, an ANSP is introducing new rimeth
solutions instead of employing and training newfstae total
cost of acquisition and depreciation of such eqeiptrover a
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covering the greater the chances are that this AM®RId

provide service to high density and low densitffizato traffic

with high and low traffic variability and compleyietc. Taking
these arguments into account it is safe to stae ithlarger,
more efficient ANSP would take over the smallesslefficient
ANSP this might not mean that overall productiviand
efficiency would automatically increase, but wouddher mean
that the efficiency of bigger ANSP would slightheaease.
Already PRU benchmarking proves (Figure 1) that @ o
obvious that smaller ANSP will eventually ceaseexist, since
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Estonian ANSP easily compares to German or Britigle. 0 [5]
Obviously PRU benchmarking parameters somehow &t t
Estonian ANSP. Subsequently proper adjustmentsuofeist
benchmarking methodology could provide more objecti [6]
chances also to other smaller ANSP, with lessitraff

Proper benchmarking is essential for correct an[j7]

efficient decision making, therefore it has to Hgective as
much as possible. However EU performance targetonly be
achieved if airport service providers are includedhe process

as well. So far they heavily resist to any attentptdraw them

n.

[1]
(2]

(3]

[4]

(8]
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Abstract — The safety requirements arising due to expandi
capacity in civil air traffic are generating sevéranew
surveillance techniques for commercial airplanesDSAB
(Automatic Dependent Surveillance Broadcast) andW{Wide
Area Multilateration) are such techniques. They ased in all
new commercial air transport and most general aoiati
aircraft. This safety relevant signal regardinggfit information
for each individual aircraft is transmitted througtifferent data
links. The level of implementation of ADS-B and Wgblund
stations for area-wide coverage is steadily incragsi

What are the requirements to flight inspect sucladierived
from ADS-B or WAM stations in accordance to itssetérity for
flight safety during surveillance? What kind ofgfit checks
have to be performed to uphold the accuracy andgnity of
this signal?

This paper summarizes the legal background, expee® and
requirements regarding flight inspecting ADS-B akdAM
systems. It discuss general requirements for theection of the
ADS-B and WAM service. Examples of flight inspactid
existing ground stations using modern flight ingjmer systems
with ADS-B and WAM capability are presented and arpH.
By flight check it can be verified that the sunagite systems
fulfill their dedicated specification. The correspuling
procedures are examined in detail and evaluatedegpard to
accuracy and integrity.

Key words — flight inspecting, AdS-B, WAM..

INTRODUCTION

All modern commercial airplanes a equipped with§f|

capable transponders using the ADS-B transmissiothd past
three different ADS-B techniques were followed, exptl and
analyzed in regard to its advantages and disadyesita

One ADS-B technique is the transmission via & W

separate VHF data link, which requires special goed VHF
radios to fulfill the requirements according to M®ED108A.

The second technique focuses on the dedicated tdaive

Access Transceiver (UAT) working in the 978 MHz BaRach
aircraft has to be equipped with such unit whicimpbes with

RTCA DO 282B and TSO C154c. This technique is maisidu
for the lower airspace in the United States. Tl itmnethod for
transmitting ADS-B signals is the extended squikehnique in

TSO C166b. The extended squitter method is suitdslehe

nI%wer and upper airspace and used by all commeatjalanes.

WAM is a well growing pinpointing technique to
determine the position of an airborne aircraftémjanction with
ADS-B and Radar.

This paper focuses for ADS-B on the extended squitte
method and describes in regard to WAM the possisliin
flight inspection. It highlights the type of trand¢ted data and
evaluates reason for flight checking such dataniptes from
flight inspection systems, which are capable tofguer such
inspections, and their requirements are shown.

REQUIREMENTS FOR ADS-B FLIGHT |INSPECTION

The general requirement to establish an ADS-B Iink i
to have an airborne segment, which encodes andntitmthe
necessary data in a special format and a grounuesggwhich
receives the data and decodes it. The newest fiigitection
systems, like the AeroFIS©, are equipped with stdtéhe art
transponders, which are capable to transmit theined) data for
the ground station. The ground stations are noyneuipped
with ADS-B receivers to display such data to thearawt ADS-

B display operator.

2

Figure 1: AeroFIS© capable to perform ADS-B flight
inspection missions

The flight inspection system included a Rockwell
Collins TDR 94 latest revision supporting the trarssian of
elementary and enhanced surveillance and ADS-B messa
Therefore the aircraft is equipped with an add#ioh-Band

the 1090 MHz Band. It complies with RTCA DO 260B ang@ntenna for the transponder transmission. Only rkevest
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revision of this transponder complies with TSO C1@&pable
for the transmission of ADS-B.

Figure 2: Suitable ADS-B Transponder latest revision

0 operate a non primary transponder on an airbor
system special rules according to airworthinessdsteds have
to be followed. The special and advance desigmefcertified
aircraft installation has to make sure that not tamgets are
visible for the ATC controller. The airborne fligiispection
transponder is fully controlled by the flight ingpien operator,
which enables him to submit via the data-link sgletgst data.
This assures proper decoding at the ground segwneshor
allows the ground station to perform fully autonareachecks
with such specialized data. The AFIS computer isneated to
the transponder via a digital data link. The corapwubmits
automatically the necessary dataset required byrémsponder
to transmit the desired and requested ADS-B data.

The flight inspection mission of a receiving ADS-B
ground segment has to focus on three main tasks:

Coverage Checks

Interference Checks

Data Continuity and Integrity Checks

The coverage checks are performed together or
accordance with the regular radar flight inspectigssions. The
data continuity and integrity has to be monitorédha ground
segment continuously. The time stamped data rewgsdirom
the flight inspection system will be compared
automatically to those recordings from the grouegnsent. The
format of such data is customized and adaptalhtlectaledicated
ground station. During commissioning customized cide
datasets can be transferred to ease the groundityfaci
installation.

DATA TRANSMISSION

Nowadays a dataset with below listed information is

able to be transmitted via the ADS-B link.
. Time
. Selected Altitude
True Track Angle
Ground Speed
Magnetic Heading

Indicated Airspeed or Mach Number

fully

Barometric Altitude Rate or Inertial Altitude
Rate

Barometric Pressure Setting

Track Angel Rate or True Airspeed

Position (including horizontal and vertical
integrity limits with its accuracy and quality)

Velocity (including integrity limits with its
accuracy and quality)

Length and width of the aircraft

Emitter Category

GPS Antenna Offset
ne Geometric Altitude and its quality
Not all aircrafts are capably to transmit the costpl
information. This is caused on the one hand duenigsing
sensors connected to the extended squitter trabesroit on the
other hand due to an old standard of the transpoitseif.
Nowadays only a few of such transponder are fuélytified
according to TSO C166b, but of course also the alviditly of
such units is growing.

An example picture for a visualization of such
received ADS-B data at the ground station is shawigure 3.
(The mode S code and the call sign is masked srptper)

Figure 3: ADS-B information on a polar diagram receideon
ground

It is generated by a simple commercial of the shelf
ADS-B receiver connected to a commercial of thefsmienna
and controlled by Windows based PC. The informatibrhe
ADS-B link is decoded on alpha pages and can bededdor
further data evaluation.
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Cabign  |Courty  |Ahiude Vert Fate| Squank |Latiude x|
Bemany E lol ADSE Aftitude 9747 ft
|6l ADSE True Track 88.082°

[0/ ADSB Latitude 53.04673500 °
|0/ ADSB Longitude 8.78195085 °
[0 ADSB Groundspeed 150.3 mfs
o ADSB UTC TOD 380735
[0 ADSB Vertical Speed 0.01fs
[0 ADSB Velocity North-South 4.6 mis
[0 ADSB Velocity East-West 144.2 mfs

|3 Mach 0.4

6l 1A 0.0 ks
ol Tas 0.0 ks
|3 Baro Alt Rate 4.5 ftfmin
6l Gs 0.0Ks
18 True Track 88.082 °

B Magnetic Heading 92.847°

18 Roll ~0.8°

B Verttical Velocity 4.5 ftimin

Figure 4: Alpha page of the ground receiver with ADS-B
information

It is recognizable at this real data example tloatadl
information is transmitted. This can be caused bgsons
mentioned earlier in this paper or by intentiomirthe aircraft
operator.

FLIGHT INSPECTION OF ADS-B FACILITIES Figure 6: Alpha page of flight inspection system wikDS-B

] ) ] ] information
The main aspect for flight inspection nowadays of

course is to fulfill the requirement of the stipeld and
announced coverage. Interference in those regibmswerage The defined BDS codes as per definition in [1] could
has to be precluded. The full announced observemrskas to also be monitored or influenced (Figure 7).

rely on the displayed ADS-B data. This is only maage from

Raytheon Status:
the airborne segment. Interference is easily dedecby ARINC : BDS 4.0: Selected Uertical Intention
advanced flight inspection systems and can be mdited once pgg'gggeggggcggzig:;t"“f Bogaits
traced. In addition modern flight inspection systeam modify RO GG SRR 218:250 m8
the data transferred to the ground station to assorrect e e
decoding of the signal and to adjust settings durin ot o 0051 ks
. . . . . T k Angle Rat 268.407 deg/
commissioning. An example to show the flight tramk which True fir Speed 5i7u7 kes
the desired ADS-B check is monitored and recordethdsvn in BDS 6.0: Heading and Speed Report
. . . . . Magnetic Heading ~168.407 deg
Figure 5. This graphic and its alphanumeric vakrescompared Indicated nirspeed 5.750 kts
. . . lac| -
automatically to the graphics and recordings of greund Barometric Altitude Rate 16.000 Ft/min
i Inertial Uertical Uelocity -3.204 ft/min
station.
o (oo g o e B 4 Figure 7: ADS-B information as per BDS-Code
e e e e e NN
RNAV Flight Track (Threshold Coordinat
NE034 Reference Position| & 1335 i H H
re | s o ok Of course such modified ADS-B transmission has to
H @ 0972 - - '
. (/——\\\Hi be communicated with ATC and has to follow suchutations
) — of each country.
g ! €025 EDVE:R LERDI VEO28
EnE FLIGHT INSPECTION AND WIDE AREA M ULTILATERATION
-2
B WAM is often viewed as a fitting technological &
. e between surveillance radar and ADS-B. Lots of offiér
Vemmven) EvER ER) e techniques can be summarized under this term. &ever
’ ST transmitters or interrogators can be used therefore
Slider AutoX || Auoy | Print printtofile || Zoom | Close
. . ) ) ) o . SSR Transponder (Mode A/C/S)
Figure 5: Flight track of flight inspection missiorwith
monitored ADS-B information . VHF Com
. DME

An example of alpha pages modifiable by the flight
inspection operator is shown in Figure 6. For tespurposes all
values a can be set to a definable value.

Theoretically any other airborne transmitter
like RadAlt, Weather Radar etc.

The position is determined by synchronization and
correlation of different measurements of the sangmas as
shown in Figure 8.
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Position
Calculation

=7

Figure 8: WAM Position Determination

DATA EVALUATION AND BENEFITS

During all flight inspection task the position ddsa
collected and the comparison to the WAM station d@n
performed. The coverage and the importance of ndWséignal
outages are tracked continuously in parallel. ThigghE
inspection system delivers its high accurate pmsitiue to its
hybrid reference position calculation including PP&; INS,

Baro etc. Commissioning of WAM ground station is very

similar to radar commissioning in respect to thesifimn
calculation and its comparison. The main focus &ehto
determine the coverage of the signal and due twatié border.

. First developed for Ground Tracking of
Aircraft without Ground Radar (Surface Movement Guride)

. Identification of a single aircraft by unique
address possible

(Mode S, ADS-B and Mode C only)

. System work well also in mountainous
terrain
. Time synchronization of receivers is one
critical path
CONCLUSION
Taking into account the required and intended

improvements for the surveillance of aircrafts @gard to air
traffic control, and the growing capability of th&DS-B or
WAM links, it is found to be mandatory to flightdpect such
ADS-B and WAM receptions. If ATC has to rely on thedata
the coverage has to be maintained and interferamahese
stipulated areas has to be avoided or announced.

The development in future for this surveillance,
situation awareness and information technique it easily
foreseeable yet, but its growing capacity in coofiom with
possibilities for ATC improvement will definitely gaire flight
inspection of these techniques in the future.

The benefits of WAM position determination can be

summarized as follows:

. Ability to track and identify Mode A/C/S [1]

equipped aircraft at a high update rate.

. High interrogation capability and advanced[z]

target processing
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Abstract — Nowadays, LIDAR is one of the most progressivim recent years, come to the fore a new generatiawo-called

methods for spatial data acquisition. This techgglogoes
through the rapid development from its formatiohjcl brings
the quality improvement and more possibilities sfng the
data. Oldies discrete laser scanners are replaceth viull-
waveform scanners, which represent different,
sophisticated way for spatial data acquisition. Tlagicle
examines the possibility of use and the basis jpies of full-
waveform scanners.

full-waveform (FW) laser scanners. Historicallyetlirst FW
lidar system was created already in the 80s ofldabecentury
for the purpose of monitoring areas of water bathiyyn In
1999, NASA developed the first operating systemedaFW

morkVIS (Laser Vegetation Imaging Sensor). It was teddor the

purpose of mapping the vegetation cover and also ladd the
potential for monitoring ground surface located emdhe
vegetation. The first FW lidar system for commdrgiarposes
was introduced in 2004, which was associated witle
development of laser devices with narrow track hedims

Key words — LIDAR, Laser Scanning, remote sensing, Fullallows to record pulses with high sampling ratepigtslly 1

waveform

INTRODUCTION

LIDAR (Light Detection and Ranging) is an active redeno
sensing method, which finds application in varidietdds and
disciplines. It is a technology similar to radamyt ithat the
collection of information instead of radio wavesings laser
beams. LIDAR principle consists in measuring thetadise
between the laser scanner frequently placed nobaard the
aircraft and researched object. The
measurements are called. "3D point cloud" reprasgmbjects
in space.

Collecting data via LIDAR provides over other methodf
benefits. The biggest advantage is the high lefedocouracy,
where the resulting data may contain up to seveend-
referenced points per m2. Vertical accuracy of thadings
achieves + 15 cm. In addition, this technology \afiofor data
collection during the night and shoot the groundfase in

results of ethe

GHz). By now, most companies engaged in the teclyyotd
LIDAR (Riegl, Leica, Toposys, ...) provides a systdor
recording the entire course of the reflected signal

FULL -WAVEFORM LIDAR

Compared to discrete laser system, FW scanner camndréhe
whole course of the reflected signal as a funatibtime. Based
on these data can subsequently be obtained ini@dda 3D
point clouds and additional and more detailed imfation on the
structure of the scanned surface. This is the widthge) of the
reflected pulse and amplitude. Amplitude providef®rmation

S

on the intensity reflectivity of the target objecVaries
depending on the radiometric and geometric chaiatits of
the subject. Beam Echo is an indicator of inequattyd
inclination sensing surface and can be used fompia to
distinguish  vegetation from buildings. This additd
information will provide end users more control otlee process
of interpretation of measured data. Principle Fadiovych
systems following figure (Figure 1).

FULL -WAVEFORM DATA MANIPULATION

forested areas, which is a big advantage comparégd wProcessiing of FW lidar data allows users to mariaggrocess

photogrammetric methods.

The first aerial LIDAR-s systems for commercial Bqgtions
have emerged in the 90s of the last century. It svascreet
laser systems that are technologically capablapfucing either
as a discrete reflected beam or the first anddaam reflected
from the subject. Since the early 21 century betmruse
commercial lidar systems allowing capture up teffections on
the one posted pulse.
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of extraction points and makes it more efficientri€ntly, the
most widespread strategy of processing full-waveftdar data
is the decomposition of the set of components aad
characterize different objects captured by a lasam. The aim
of this approach is to extract 3D point clouds wtile greatest
density and accuracy.

One of the most common method of this type is gadss
decomposition. Allows FW lidar data as a set of €&@n

t
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functions, making it possible to determine the amgeé and
width of each echo. In various studies indicate ttsause can
lead to good results only in 98% of cases FW lii@a. There
are different implementations Gaussian decompasitiohich

vary depending on the algorithm used for transfagrthe data
to the file FW Gaussian functions.

Intensity
Outgoing
laser pulse

— ng? g NS s

Pulse
width

Beam
) w A
divergence

Return waveform

Crown
return

Discrete
records

Understory
return

Ground
return

<
Footprint 5
i Time

Figure 1 - Principle of lidar imaging
(source: www.imagingnotes.com)

Another part of the processing lidar data is tlotassification ,
at which the points are classified into severalegaties (
landscape, buildings, low vegetation, high vegetstietc. ).
Points can be classified on the basis of heigiisain the point,
according to the intensity reflectivity, dependmgthe direction
of inclination of neighboring points etc. In mosases, first
performed is automatic data classification. Theseai large
variety of classification algorithms. Their use degs on the
specific objectives of the project . Later, in tlwase of
misclassified points in the automatic classificatican be
performed manually using the correct classificatidt should
be noted that the classification process in orderathieve
higher-quality data can be time-consuming and reguia
considerable amount of supporting data. Eithes ialready on
existing data or can be obtained during the actcahning .

USE OF FULL-WAVEFORM DATA

FW LIDAR provides benefits primarily for applicatisrthat
require the detection and differentiation of veatiobjects. To
capture the whole course of the reflected beamigesvmore
detailed information on the vertical structure loé tmonitoring
area. Close the laser beam incident on the surfabelt 0.3 to

1 m at an altitude of 1 km) turn allows verticaljexis differ
from each other.

FW lidar technology finds application mainly in éstry
applications in order to provide the most detadedcription of
the structure of vegetation. There are many treatsnfor FW
data to estimate the characteristics of the fofidstir influences
range as the size of the monitored area, forest tgvel of leaf
area, etc.

Figure 2 — Typical full-waveform curve (source:
http://geo.tuwien.ac.at/)

FW Lidar is characterized by narrow beam footpant high
density of trapped points allows modeling of vetieta with
higher accuracy. However, also requires more tionarfapping
of the study area, as opposed to a wide track ld@m. FW
lidar laser beams with a narrow track can penettatgugh the
treetops and reach the ground. It is essential ¢asore the
height of trees. The ratio between the numberfdaions from
the surface and from vegetation depends on th¢ déveaf area
and the density of the cloud of points. The abitifyaser beams
penetrate the canopy LIDAR gives the possibilityntodel the
course of terrain and in wooded areas. The reguldigital
terrain model can then be used as the modelingwfamental
processes (hydrological modeling, erosion modeling)n
addition, FW LDAR is suitable to determine the widihthe
treetops, canopy structure, classification treessfgcies or to
estimate their other specific characteristics. dm@tion on
species composition and vegetation structure ane fibd as for
planning, monitoring and evaluation of the riskscbfnges in
forested areas .

When using FW lidar data in built-up areas is seidan
increase in the density of points obtained in camspa with
discrete LIDAR. Compared vegetation,
through surfaces such as roads or buildings. Meltigflections
can occur, especially at the corners of buildindse of FW
lidar in built-up areas is based mainly on the igbito
distinguish buildings from vegetation, ground soefaand
possibly other kinds of objects.

CONCLUSION

The commercial potential of full waveform lidar s is
large, as demonstrated by several studies. Thestllionly to
improve these systems, but also to the creationnei
applications, methods and software products, sd thas
possible to extract from the data obtained the Ipesisible

a7
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information. Currently these software products i#l $airly
expensive, but the prospects of the developmemarke open-
source products that will be useful for procesgngroses FW
data.

Also important is the question of storage and mansmnt of
huge amounts of data (big data), which full-wavefolidar
systems recorded during the recording process.
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Abstract — The paper analyses unnamed airline’s database

apron errors. The focus is on calculating the c@teramount of
financial consequences arising from both primargpg@ir) and
secondary (delay) costs. The calculation is baseddataset
provided by the airline (repair costs) and referenmodel

provided by EUROCONTROL (delay costs). Main processgs

contributing to most errors are denominated as widle article
identifies the most dangerous errors in the sangperation
which created the total loss of 1 289 876 Euros @i22 at
particular airport for the unnamed airline.

Key words — apron errors, financial consequences, case ,stuch

data analysis.

INTRODUCTION

As the traffic is constantly growing, apron safityan
important and up-to-date issue. Ground handlingdaots cause
huge losses as much as few billions euros to tiaes all over
the world each year. However, most of these actidane
caused by human errors and it can be very easset@pt them.
The aim of the paper is to identify the main causgshese
operational errors together with their consequendéthin this
paper, an extensive research on financial consegsesf errors
occurred at selected airport apron will be condiictdne aim is
to calculate exact primary and secondary costshef apron
errors.

CASE STUDY SUBJECT AND DATASET

In order to do that, data from unnamed airline wa

gained. As these data are commercially sensitheeairline will
be denominated as an Airline X. The Airline X bajerto the
top 5 European airlines in terms of passengergedarr

gfevotes lot of time to operational safety. Theragris collecting
errors data from daily operation by specializedspenel. Each
noticed error or procedure deviation is marked [afety
personnel to the record form and later added todttaebase.
Obtained dataset contains 784 errors that happemedhe
articular apron in 2012 together with identificati numbers
and dates of observation. As for the examined apitois the
apron of airport serving as a hub for the AirlineXist like the
airline, the airport is in the top 5 of Europearpaits as well.
Other information such as situation description,mdge,
involved equipment, location, aircraft identificati number and
number of flight, operation phase, location, caudethy and
ossible cause of incident was described and iedoas well.

CosT CALCULATION

As it was stated at the very beginning,
consequences consist of the primary (repair) comtsl
secondary (delays) costs which create the totak aafscertain
error. At first, the source of the repair costd wé explained.

The database of all repairs in 2012 was obtaineuh fr
the airline. Afterwards, the particular recordsnfrerror dataset
(described in previous chapter) was matched witktscof the
repair according to the date, type of aircraft am@mage
description. Labor costs were also involved infthal price.

As for cancelation costs, the unavailability of an
aircraft is a tough situation for an airline. Whesimage occurs
on the aircraft and the damage leads to a situatioere the
aircraft is grounded, the damaged aircraft musteptaced by
another aircraft to continue the flight. If notetfight might be
cancelled. In order to prevent such situations, tn@sdines
énaintain a stand-by aircraft to replace the grodraiecraft. The
costs to maintain a stand-by aircraft is estimasetording to
the rule of thumb, 35 000 Euros per day for oneavarbody
aircraft cancellation and 125 000 Euros per daywite body
aircraft cancellation (together with indirect cdswhile indirect

Until now, there are just few studies within thecosts are not claimed by the insurance, the cogh®repair of

European region calculating the delay costs of mpmoidents.
None of them contains the primary costs of maimeaaand

labor needed for fixing the damages. This is bezdese costs

cannot be generally estimated and the consequesfceach
particular incident are different. However, theyonlay how to
be accurate is to count primary and reactionarysctigjether.
This final number represents the total costs foaidime arising
from each particular apron incident. With this pgrbon it was
obvious that this study will focus on the particudérport apron.

Data for this research were provided from the Agli
X by the department responsible for ground serviéédine X

the damage is claimed via the insurance (diredstos

On the top of that, there are another costs arisimgn
the flight is delayed due to aircraft damage. ldeorto calculate
the costs of time, the 2011 figures approved amsded by

EUROCONTROL are presented. These are designed as a

reference model for European delay costs that wetgred by
airlines. We can split these costs into two batiges. Delay
costs can be represented as strategic (or plamostg), tactical
(operational costs) and reactionary (or networkts)osTable
below includes all the tactical, rotational and smotational
reactionary costs.
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Table 1 - At-gate base FULL delay costs in Eurasnpiaute [2]

?ﬁ:ﬂiy 5 15 30 60 ) 120 180 240 300
B733 60 360 1290 5780 15710 29730 39990 53720 71300
B734 70 400 1430 6510 17820 33670 45260 60680 80310
B735 60 330 1170 5200 14120 26740 36020 48490 64 570
B738 70 440 1580 7200 19730 37270 50050 66970 88410
B752 80 520 1900 8780 24170 45610 61150 81610 107 330
B763 150 830 3130 14510 39330 34200 119910 149510 186 220
B744 220 1230 4440 20760 56480 120940 172030 213950 265480
A319 60 370 1310 5960 16330 30880 41560 55820 74070
A320 70 410 1490 6800 18680 35280 47420 63530 84020
A321 70 470 1770 8150 22490 42460 56930 76140 100 320
AT43 30 160 520 2 160 5730 10940 15040 20900 29 020
AT72 40 190 670 2 900 7780 14800 20160 27630 37 690
operational error. This resulted in total of 60&.A45 Euros loss.
RESULTS Figure 2 below shows the errors that caused thgebtgdlamages
In 2012, there were 57 852 errors observed. Frortr? aircraft.
those, 34 610 errors are considered as safe, 1289®t safe Repair costs per error type
and 12 343 errors were not observed during operafitis ™™™ acdoorsnotcosea

before retracting bridge

Driving in a A/C pushback speed
prohibited area exceeded

this calculation just unsafe errors are considehedrigure 1 1s000000eur
below, the incident occurrence per most frequerdreypes is o000 cur
expressed. Codes for particular errors can be foanthe

Appendix 1 at the end of the paper.

A/Cimproperly

I I chocked
o o o ©
S U] <1
g SR &

50 000,00 EUR

0,00 EUR

results in approximately 19% rate for unsafe eo@urrence. In 20000000 EUR ‘

2.210

Incidents occurrence per error type
Cargo interior Beltloader operated

et while pereonnel  Equipment contacted 5 Figure 2 - Airline X apron errors repair costs

exiting bin AlC
GPU cord improperly
disconnected 200

150 As we can see from the graph, there are four tgbes
% error that created the most of the repair costsAfdine X in
2012. The biggest loss of 198 688.70 Euros wasechiny
operational personnel that did not closed the @frcloor before
deactivating auto leveler and retracting the briddmat caused
that door was sheared off. Driving in a prohibit@ea with
Figure 1 - Airline X apron incidents occurrence per i@r type loading stairs not set on the lowest level caubed s$tairs was
driven into the wing and seriously damaged aironériglet with
o ) ) loss of 116 406 Euros. Damage caused by pushbaek dvho
As it is obvious from Figure 1, the most frequentdid exceeded the allowed pushback speed creatétioadt 97

errors .are 2403 (Driving in a prohibited area) ah@07 527 Euro loss and the last serious error cause@389Euros
(Container/pallet contents not properly loaded ocused). loss, because the aircraft was not properly chocked was
However, we can see that there are extensive difées in error blown from its position

and incident occurrence.
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mm Incident frequency

Errors frequency

The most frequent incidents occurred within veryDELAY COSTS(SECONDARYCOSTSY
occasional errors. Most frequent incidents are 2.{Cargo
interior damage), 4.204 (GPU cord improperly distmsted),
2.215 (Beltloader operated while personnel exitirg) kand
2.107 (Equipment contacted aircraft). Because ther eersus
incident occurrence is a complex problem, it igHar discussed
from many aspects.

Another part of costs was created by the delays tha
arose from particular errors. In the final overviéncan be seen
that delay costs are even greater than repair doststal.
Primary (delay of one particular aircraft or otlaéncrafts on the
same leg) delays caused the loss of 115 998 Eumds a
reactionary (delay caused to the network) delaysated
additional 197 161 Euros loss to Airline X in 20Tatal delay
costs represent 52% of all the costs that wereechhg ground

In this section, the repair costs of particulaoesrare handling errors. This stands for 313 160 Eurostodke airline.
analyzed. In 2012, Airline X maintenance departmepiaired Figure 3 below shows the most serious delay cdeis were
more than 1300 aircrafts. 89 of these damages vased by caused by operational personnel errors.

REPAIR CosTS(PRIMARY COSTY
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Delay costs per error type
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Figure 3 - Airline X apron errors delay costs
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Figure 5 - Airline X apron error types consequences
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mRepair costs M Delay costs

There are three basic categories of delay costs.

Primary costs, reactionary costs and cancellatimstsc Cargo
interior damage error is obvious and the most eoedt is

created mostly by cancellation. While cancellatiepresents the
biggest part of overall delay costs, there are éwor types that
created the same or even bigger loss to Airline haut

cancellation. Operational error 1.305 (Passengeidgér
improperly positioned to the aircraft) caused 120 &uros loss
and error 4.201 (Push tug not properly repositiot@dyate)

created additional 77 966 Euros loss.

ToTAL CosTs

Total costs overview can be seen in Figure 4. irise f
chart shows the core parts of delay costs and ¢hensl one
represents repair and delay costs percentage shavtal costs
that were incurred at the examined apron for Aérli

93 628€
Repair Delay
Cancellation Ay costs costs
58% 48% 52%
N fr3801€ 577742 637470
HEE . .

Figure 4 - Airline X apron errors total costs

As we can perceive from the Figure 4, repair costs

represent just 48% of total costs (577 742 Eurdkg bigger
portion of 52% refers to the total delay costs (830 Euros).
The delay costs are divided into three main categor
Cancellation costs cover 58% (370 000 Euros), 27%overed
by reactionary costs (173 841 Euros) and 15% byamy delay
costs (93 628 Euros). Total incurred costs caubedldss of

It can be very hard to avoid cargo interiors damage
but it was already suggested to lower the time qunes that
influences the operational personnel by changirg giistem
from on-time departure to on-time arrival and not Hurry
personnel inadequately. One can also notice thabdaterior
damage costs are created mostly by delay costs.ecause
damages are not so significant but it takes afltibe to fix the
problems that occurred by improper cargo loadingfftoading.
On the other hand, error - driving in the prohibiterea and
error - doors not closed before retracting bridggated mostly
repair damages. It can be very easy to avoid thesecessary
damages by simple instructions (or training) to diperational
personnel. The situational awareness of persosimalild be
increased in order to avoid these errors from haipge Figure
6 below provides closer look at incident conseqesnc

Incidents consequences

GPU cord improperly
disconnected

Cargo
interior

250 000,00 EUR
damage

A/C
improperly
chocked

200 000,00 EUR
150 000,00 EUR
100 000,00 EUR

50 000,00 EUR

oORrNWA UGN

0,00 EUR

o~
S
bt |
I

mm ncident frequency — e====Total Incurred costs

Figure 6 - Airline X apron incidents consequences

From the graph above, we can state that the freayuen
of incidents is not the most important factor tmsider. While
some of the incidents occur quite often, like e#&t04 (GPU
cord improperly disconnected), but do not createchsu
significant damages, error 1.205 (Aircraft imprdperhocked)
occur less, but its consequences are much grdater.very
important to emphasize that this research takesaatount just

1 289 876, 45Euros. All of the costs mentioned above werdncidents which were caused by operational errocsreot other

incurred by ground operational personnel errorsone of the
top 5 European airports when handling the Airlinaikcraft in
2012.

OTHER SELECTED RESULTS

Figure 5 gives very clear view of the most dangsrou i,

error types. The chart is reordered according ® iticurred
costs and divided into two main cost categorigsaireand delay

costs. The most urgent errors that should be tueat « & f&f

immediately are 4.102 (Aircraft doors not closedfobe
retracting bridge), 2.112 (Cargo interior damagel)l @403
(Driving in a prohibited area).

causes. Figure 7 shows the errors consequencescthated in
various handling processes.

Errors consequences per process
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Figure 7 - Airline X apron errors consequences per pess

51



INAIR ;i l i; 2013

As it was predicted, the most dangerous groungarticularly alarming and numbers of accidentsfieots are yet
handling process is loading/offloading (326 297 ds)ir It is  still growing each year.
followed by pushback (224 281 Euros) and towing6(287 . . e
] i Correspondingly, various airlines’ expenses from
Euros). The next processes, with less importantorerr . o . L
. . aircraft damages and staff injuries are increasiwgh
consequences, are processes such as arrival seavide

. . continuous growth of traffic. While it is almost fimssible to
departure service (because the most of servicesuggosed to . ; - o
- . . avoid all ground accidents/incidents, there isgaificant factor
be finished during departure services).

that contributes disproportionally to accidentstieots
Figure 8 below shows the statistics of equipmentccurrence and that is the human error. In 201 there 57
which caused the damages to aircraft or other prppe 852 human errors observed at examined apron. Fneset 34
610 errors are considered as safe, 10 899 as feotusd 12 343
errors were not observed during operation. Thiaultgsin

Errors consequences per equipment involved

12 250 000,00 EUR

10 a0omoer  @pproximately 19% rate of unsafe error occurrence.
8 150 000,00 EUR
X 100 000,00 EUR Calculation in this paper further revealed that
2 sl 20 00000 LR 1289 876, 45 Euros loss was created to Airlineesdnse of
0 0,00 EUR . .
é’@iﬁ}gz@&:&&« éo\@bz:&bi&%\\% \{,i%é%%@:&b;&,}\i@@%\y humgn grrors at one apron only in ?012. The_se Mdlrgct
AR & NG q@%ﬁ&«;ﬁ o« and indirect costs such as reputation loss, impmaetir traffic
PN & P & A 3 & . . )
@:?% & o Q@::z& s i @ﬁ flow, airport operational delays, hiring of newféthecause of
SQ’ . . . . .
& injuries, repairs spare parts and labor costs.pFimeary - repair
= incidents frequency === Consequences costs represent 48% of total costs and caused &7 Euros

loss. The bigger portion of 52% refers to the sdeoy - delay

Figure 8 - Airline X apron errors consequences per gouent i
costs which caused the loss 637 470 Euros.

involved
It was found that there were extensive differenices

Previously undertaken researches recommended Lo ar?d_ |nC|Fjent occu.rr.ence. While the mqst feeguerrors
the equipment is poorly maintained or used asntenided. The were driving in a prohibited areaand container or pallet
chart 8 above can help to solve this problem. Wiiike four .cor.ltents not properly loaded or segurthe most frequent
most often incident causing equipment are belt doaGPU, |nC|deqts caused bY errors wasargo interior damage GPQ
pallet (pallet container) and ULD, the biggest dgesawere cord |mpropgrly _dlsconm_actedbeltloader operated while
incurred by following equipment: passenger boardimgige personnel exiting bimandequipment contacted aircraft
(141 978 Euros) and stairs (198 838). These arenths urgent The most dangerous ground handling process was
equipment to be maintained or better instructepetionnel. In  |pading/offloading (326 297 Euros loss). It is tolled by
Figure 9 one can also see the most often damagedfaparts pushback (224 281 Euros loss) and towing (286 8#6Eloss).
by operational errors. The next processes with less important error careseegs are
processes like arrival service and departure servic

Errors consequences per damaged aircraft parts
30 500 000,00 EUR
25 400 000,00 EUR

While the four most often incident causing equiptnen

ig swoocoooeur - were beltloader, GPU, pallet (pallet container) andD, the
200 000,00 EUR . . -
9 B womoer  Diggest damages were incurred by equipment passenge
- ] - . . .
° N N oo0EuR boarding bridge (141 978 Euros loss) and passestges (198
?}\o« 6001\ \9\\(\% & \2\0\6 &é e a»°°k bgé < Q.\\@
I O R i T & ¢ & 838 Euros loss). These are the most urgent equiptoebe
R PN o ¢ & i . . .
¢ « & v & T maintained and better instructed to the groundomeresl.
Pl
' incidents frequency = Consequences The ground service is a very complex process and

therefore just the most dangerous errors can beatiu

Figure 9 - Airline X apron errors consequences per daged immediately. In order to identify errors in Airliné operation

parts the SMS matrix could be used. The biggest advantdgais
displaying method is that it is highlighting justet errors that
CONCLUSION occurred very frequently together with very higmaficial

] ] consequences.
As the result of this study, one is able to defihe

most dangerous ground services errors of Airliné/éreover,

by pointing at them, it is possible to prevent ehesrors from

creating additional unnecessary costs for thisinairlin the [1] Dr. COOK, A. 2009.The challenge of managing airline

future. delay costs Final Research. German Aviation Research
Society and University of Belgrade, Faculty of Trams
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APPENDIX 1—ERROR CODES 2210

Error  Error Description

Code ) ) 4.213
1.102 FOD check inadequate or omitted

1.102  FOD check inadequate or omitted
4.102  AIC doors not closed before deactivating feuteler ~ 4.213

2.215

and retracting loading bridge 29215

1.105 non-FAA, GPU not in assigned space
4.102  A/C doors not closed before deactivating é&iteler 1.305

and retracting loading bridge

1.105 non-FAA, GPU not in assigned space 1.305
3.104  Access panels not secured when finished 3.304
3.104  Access panels not secured when finished 3304
2.106 Beltloader improperly positioned (e.g., haitsliaut, '

up position) when approaching A/C 2307
2.106 Beltloader improperly positioned (e.g., haitsliaut,

up position) when approaching A/C 2.307
2.107 Equipment (e.g., beltloaders, loading bridgeitacted

ANC o 2.403
2.107 Equipment (e.g., beltloaders, loading bridgeitacted

AIC , . 2.403
2.108 Beltloader(s)/container loader(s) not pladepiad

with A/C properly 2.410
2.108 Beltloader(s)/container loader(s) not pladepiad

with A/C properly 2.410

2.112  Cargo interior damage/FOD inspection not pevéal

2.112  Cargo interior damage/FOD inspection not pevéal

1.203 GPU power head improperly supported

1.203  GPU power head improperly supported

4.201  Push tug not properly repositioned to gatea ar
2.203  Equipment (e.g., beltloaders, loading bridgeitacted

AIC

4.201  Push tug not properly repositioned to gaga ar
2.203  Equipment (e.g., beltloaders, loading bridgeitacted

AIC

1.205  AJ/C improperly chocked
2.204  Beltloader(s)/container loader(s) not pladepiad

with A/C properly

1.205 AJ/C improperly chocked
2.204  Beltloader(s)/container loader(s) not pladepiad

with A/C properly

non-FAA, Bypass pin not installed
non-FAA, Bypass pin not installed

GPU cord improperly disconnected
Access panels not secured when finished
Cargo door/sills/locks check not performed
GPU cord improperly disconnected
Access panels not secured when finished
Cargo door/sills/locks check not performed
GPU cord improperly stowed

GPU cord improperly stowed

Pre-departure walkaround/FOD check inadeqrate
omitted

Pre-departure walkaround/FOD check inadeqrate
omitted

non-FAA, Platform too low under thresholdidgr
closing of cargo door

non-FAA, Platform too low under thresholdidgr
closing of cargo door

A/C pushback speed exceeded

Beltloader belt operated while personnel
entering/exiting bin
A/C pushback speed exceeded

Beltloader belt operated while personnel
entering/exiting bin

Passenger loading bridge improperly positidneA/C
door

Passenger loading bridge improperly positidneA/C
door

Equipment (e.g., beltloaders, loading bridgejtacted
AIC

Equipment (e.g., beltloaders, loading bridgejtacted
AIC

Container/pallet contents not properly loaoled
secured

Container/pallet contents not properly loaoked
secured

Driving in a prohibited area (e.g., markedhibited,
driving under wing, etc.)

Driving in a prohibited area (e.g., markeohibited,
driving under wing, etc.)

Brake stop(s) not performed

Brake stop(s) not performed
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Abstract— Air traffic controller training is a basic requireemt
for provision of air traffic control and managemetat achieve
safe, orderly and expeditious air traffic. Air tfiaf controller
training is based on the minimum requirements @efiby the
relevant regulations and provided in the certifiegining
centers. Models of air traffic controller trainirdjffer from state
to state and are usually carried out through theurse of
several months and started by the request of teesushis
paper analyzes current model of air traffic conleoleducation
which was implemented at the 3-year undergraduaidysof
aeronautics, module air traffic control at the Fitgu of
Transport and Traffic Sciences and presents a newemof
educating air traffic controllers developed in ceogtion with
Croatia Control Itd. Benefits of the new model willdeined.

Key words — air traffic control, education, model

INTRODUCTION

Air traffic is characterized with continuous growlin

the 2014 expected growth in air traffic in Europe 2.8%
compared to the previous years [1]. Air traffic @noatia also
follows the positive trend in air traffic growthn Ithe 2014
expected growth is 2.2%, and for years to comeeasely
3.5%, 3.9%, 4.1%, 3.7%, and in the 2019 3.1%. Duehe
anticipated trend of continuous growth, over thst gkecade Air
Navigation Service Providers have dealt with sigaifit traffic

growth. In the current air traffic control enviroent the key
limiting factor to increase sector capacity is tnarkload of the
air traffic controller as they provide separation- keep aircraft
at a prescribed safe distance from other airénattheir area of
responsibility and move all aircraft safely and icéntly

through their assigned sector of airspace. Depegndim the
sectorization of the airspace, meteorological sibma the
environment, airspace complexity and the equipnteey are
working on, air traffic controllers (ATCO) at thensa time deal
with a certain number of aircraft. In the yearctmne, with the
implementation of new technologies and navigatiomcepts
their job will be slightly changed and we might sajieved in
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terms of stress as they will manage air traffiecsi aircraft
routes will be predicted in advanced.

Nevertheless, whether talking about air traffic
controller or possible managers in the future, tleeg and
should be trained to maintain safe, orderly anceditjous flow
of air traffic in the global air traffic managemesystem.
Despite of increasing traffic loads, the changiature of traffic
and technological advances in equipment controBbrmild be
able to provide their objectives the best they cén.is
consequently becoming extremely important to unidads the
nature of the complex demands of air traffic coltere’ work
and also perhaps most important to understandrpertance of
proper, well-organized and efficient air traffic ntoller
training.

REGULATION ON ATCO TRAINING

Air Traffic Management (ATM) is responsible for
coordination of airspace design and traffic flonex@ding to
the traffic demand. As the traffic demand is coniyagrowing,
the airspace capacity needs to be increased. CuA&m
system, generally characterized by three componairtgraffic
services (ATS), airspace management (ASM), aifficrdfow
and capacity management (ATFCM), consists of a rigigte
structure where aircraft are constantly under gdebased
control. Together with the other European ATM staMlders it
helps to coordinate airspace design and manageineitdjng
more efficient airways over Europe. Once air routage been
planned, ATM through its ATFCM matches the flightgh the
available airspace capacity of different air nati@a service
providers (ANSPs). This is an important processibse only a
certain number of flights can be safely handledre time by
each air traffic controller. Once again, it is oegsently
becoming extremely important to understand the mgnce of
proper, well-organized and efficient air traffic ntoller
training.

Accordingly, air traffic controller must be a stgpn
communicator, confident, good at making quick decis and
solving problems, an efficient leader, alert, matidd, wholly
committed to the job, a person adaptive to the -elanging
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working hours. Also, he/she needs to have goodnizgtional

skills and a keen eye for details and to medicéily. The

selection of air traffic controller is carried doy psychologists,
physicians, experienced air traffic controllersstinctors for air
traffic controllers and other members of the pensbn
department and it consists of four modules of Efglanguage
test (writing, listening, comprehension), set ofjoitive tests
(attention, memory, producing and understandingguage,

learning, reasoning, problem solving, decision mgki ATC

work sample test (simulator simplified tasks) aretspnality

questionnaire. After the selection, candidatesreagly to start
with an air traffic controller training.

Also accordingly to specific kind of training, the
specific requirements for air traffic controlleraitning are
defined by:

1.) ICAO Annex 1 — Personnel Licensing — prescribes th
minimum requirements for the field of air traffic
controller training,

EU Regulation 805/2011 (Regulation) on

Community air traffic controller license — prescsbe
that training shall consist of theoretical
practical exercises, including simulation training,
which is needed for candidates to acquire an
maintain the skills to deliver safe and high gyalit
ATC services. This regulation defines the procesg ho
to apply for, to train and to achieve ATCO license,

2)

3)

Initial Training (Specification)

prescribes the

The person responsible for planning, management and
organization of training is head of training. Hev'lduties are to
amend and update parts of operational manual,inigaiplans
and programs in accordance with the relevant réigaks These
duties include storage and keeping the recordamdidates test,
exams and assessments so that any relevant actiitybe
traceable by the competent authority.

Since Initial Training is separated into two parts
(theoretical courses and practical part with sitorlaxercises) a
certified organization may divide duties of the dhed training
on two persons Head of Theoretical Training and dHe&
Practical Training. The similar practice is definfed certified
flight training organizations where two differenésponsible
persons, among others, are recognized and responfb
similar duties: chief ground instructor for theanyd chief flying
mstructor for practice.

ATCO training organizations are certified for unit o
initial training. Only air navigation service proldr can
establish its own department to be certified foit training. On
the contrary any organization which proves that giées to the

courses

felevant regulations is able to get certificatedertified training
8rganization for Initial Training.

Many years of experience on a worldwide basis (FAA,
EUROCONTROL, ICAO) has shown that the best way of air
traffic controller training should develop in twchases First

Specification for the ATCO Common Core Contentphase is Initial Training. Currently, in the worlthete are

several ATCO Training centers that provide trainingoth or

minimum program requirements necessary to obtaione of two phases of ATC training as. It includesotly,

during the Initial Training. The Specification

practice and simulation that prepare candidateg&ming at an

requirements are prerequisites to achieve a StudeATC unit. Initial Training consists of two parts, Basand
ATCO License in accordance with Regulation andRating training:

present the minimum in

accordance with ESARR.

training requirement

ATCO TRAINING ORGANIZATION

The process of ATCO training must be provided

within certified ATCO training organization. Compete
authority as a part of National supervisory autiyodonducts
the procedure of initial certification and lateretlzontinuous
auditing of ATCO training organization. The firstepequisite
for the organization is establishing sufficient ragement
system through appointed responsible personnelceuatable
manager, quality and safety manager, head of tginAlso

training organization must demonstrate by evidethz it is

“...adequate staffed and equipped and operate in
environment suitable for the provision of the tmghnecessary
to obtain or maintain license. The basic documehtthe

organization which gathers majority of evidenceOigerations
manual.

Accountable manager is responsible
sufficient finance for the conduct of the trainiagd that all
training activities have sufficient insurance.

Quality and safety manager is responsible fo
establishment of the quality and safety managemsygstem and
procedures to control and monitor harmonization an
compliance with requirements defined in nationald an
international regulations.

to ensure

1.) Basic Training — candidates obtain fundamental
knowledge and skills necessary for progress to
specialized ATC training,

Rating Training — specialized ATC training that
provides knowledge and skills related to a job
category and appropriate to the discipline to be
pursued in the ATC environment.

2)

After finishing Initial Training a candidate obtain
Student ATCO license from competent authority ancobees
student-controller.

Second phase is Unit Training consisting of
Transitional Training, Pre-On-The-Job Training {@&T) and
a(l)nn-The-Job Training (OJT) necessary for adjustrt@mtorking
environment:

1.) Transitional Training — student air traffic contesk
develop skills through the use of site-specific
simulations,

Pre-OJT — extensive use of simulations using site-
specific facilities to enhance the development of
previously acquired routines and abilities to an
exceptionally high level of achievement,

OJT - integration of previously acquired job-rethte
routines and skills under the supervision of O-Jdte-
Training Instructor in a live traffic situation.

2)

3)

r

d
Student’s progress is monitored during each phase o

training and at the end of each phase a studees tiddeoretical

exams and practical exams on the simulator. AfitésHing Unit
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Training a student-controller obtains ATCO licensenf
competent authority.

EXAMPLES OF TRAINING ORGANIZATIONS

In the most cases Initial Training is organizedtigh
course that lasts several months. Organizationbeacertified
for Basic Training only. Duration of basic traininigpends on
the total amount of classes provided. For exampBasic
Training course in UK's Global-ATS lasts for 5 Wsesince in
Croatia, at training centre HUSK it lasts 14 weeks.

certified as HR/TOCO001 after Croatia became a full E
member. HUSK provides two different training prams:
integrated program of training provided through engaduate
study of aeronautics, air traffic control moduledaa modular
training program. The programs provide compliance are
harmonized with the requirements of EUROCONTROL's
Specifications on the ATCO Common Core Content Initial
Training for the basic part of training.

Organizational structure of HUSK is shown at the
Figure 1. Minimum entry requirements to enroll umpladuate
study of aeronautics are: passed the entrance byatime state

According to the world and European regulations tgraduation, valid medical certificate for ATCOs - AG

the minimum requirement for student ATCO licens¢aoied is
to have at least a diploma granting access to tsityeor
equivalent, or any other secondary education doatibn,
which enables to complete air traffic controllexining. He/she
must have valid medical certificate. It is obviahst it is not
prescribed for air traffic controllers to have umsity level

education. However, there are some good examples an

intentions to recruit candidates with academic degOne good
example is US’s FAA that has established air traffollegiate
training initiative program (AT-CTI). This programefines a
number of institutions in the USA that offer undaduate study
of Air Traffic Management or Air traffic control. e best
known is Embry-Riddle Aeronautical University at Daya

Beach campus that offers undergraduate study ofTaarffic

Management.
knowledge for later entry into the FAA Academy wistudents
will be given additional air traffic control traimj. In Europe
there are only few examples of similar institutioriench

ENAC offers 5 year engineering program in air faff
management (ICNA program) equivalent to Master dgérgme

degree.
employment upon successful completion of their istidn
French Civil Aviation Authority. The University of dirkoping,
Sweden, has a bachelor's degree program in Airffidrahd
Logistic, which will have 30 places reserved faiufie air traffic
controllers since this autumn. Their students \gil through
Sweden’s Air Navigation Service Provider's (LVF)ste and
attend air traffic control training center EntryiftaNorth for 1,5
year for air traffic controller training programhi® program is
established upon request of LVF. The management\#

determined that Swedish air traffic controllerdhie near future
should have an academic degree. At the Anadolu ddsity,

Turkey, at the Faculty of Aeronautics and Astroieyt
Department of Air Traffic Control provide similar dzelor’s
program for students that include practical andotéical
knowledge. At both Universities students must mmedical
criteria before enrolling in college.

CROATIAN EXAMPLE

In Croatia, on the other hand, till 2009 there wasn’

any organization certified for the provision oftiai ATCO
training. In 2009 at Faculty of Transport and Tiafsciences s
an organization named Croatian ATC Training Centre SK}))
was established as an ATCO training organizatioroaffan
Civil Aviation Authority (CCAA) as National Supervispr
authority has approved its programs and certifiet6K and as
an ATCO training organization (ATCTO/001) for thesfi part
of the Initial Training — Basic Training. From Julgt HUSK is
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The ATM curriculum provides the basic

Students have scholarship and are guadantee

category lll and passed oral test of English.

Accountable Manager(AM)

Quality and Safety
Manager (QMS)

Head of Theoretical Head of Practical Training
Training (HTT) (HPT)

SIM ADI Instructors

Theoretical -

Instructors ( development phase )
-BASIC SIM APS Instructors

TRAINING

= ( development phase
.RATING TRAINING )

SIM ACS Instructors
( development phase )

Figure 1 Organizational structure at HUSK

As presented in Figure 1, HUSK has appointed only
three responsible persons: Accountable Manager)it@uand
Safety Manager and Head of the Theoretical TrainiBigce
HUSK is only certified for provision of Basic Trairg, there
isn't a need to appoint Head of Practical Trainyeg If HUSK
would be a Rating Training provider then Head ofcpical
training had to be appointed and approved by coempet
authority first. Responsibilities of the Accountabl@nager are:
to financially ensure that training process willdmnducted and
finished in the proper manner. Quality and safegnager has to
monitor and control the process f training andaadiprovided
by Accountable Manager and Head of Theoretical rilingi
He/she supervises the implementation of ATCO trainin
standards in HUSK and compliance with the presdribe
requirements. Head of the Theoretical Trainingeasponsible
for planning, organization and provision of traiginIn
coordination with theoretical instructors prepatgriculum of
training. He/she is responsible for revisions of e@pions
Manual in accordance with prescribed requirements.

The theoretical part of the training is carried byt
professors and teachers who are full time employdethe
Department of Aeronautics at the Faculty of Tramsgaiences
and part-time associates from the industry. Allsth@ersons
must be certified by HUSK as Theoretical Instrust@and
approved by competent authority.

Courses and learning objectives that are required to
pass according to the Specification are divided idifferent
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subjects of undergraduate study which is definetl eplained - definition of the competencies of graduate students
in HUSK Operations Manual. according to the needs of CROCONTROL and job
standards

The benefits of this curriculum are that students
acquire diploma of bachelor degree in aeronautcs
certificate of successfully completed Basic ATCO fiiag.
This process of training is supervised by CCAA udents are
required to take nine subjects before involvingractical part
of training: introduction, aviation law, air traffimanagement,
meteorology, navigation, aircraft, human factorgjipment and
systems and professional environment when attenaiodular
program. Nevertheless, when attending undergraduraigram
students take many more subject and they get @uthiel box
picture. The practical part of the basic trainisgperformed on
the Micro Nav Ltd. BEST Radar ATC Simulator operatgdhe
Faculty of Transport and Traffic Sciences. Instustwho train The proposed model is shown in the Figure 2:
and lead students through practical training durprgctical
simulator training are licensed, air traffic cofiges and ATC
OJT (on-the-job) instructors, part-time associatethe Faculty
of Transport and Traffic Sciences. Using ATC simodat
students should develop skills in accordance with ATC
operational procedures and perform several skillthe same
time as required in a simple air traffic controlemise. Also,
student-controllers should execute operational stask the
workload, defined in terms of complexity, densitydaquantity Basic Training
in a basic simulator exercise, demonstrate perfoceavithin Basic Training
the designated area of responsibility on the sitouland apply Rating Training
the operational procedures in a consistent andhlelimanner.
Due to the nature of basic training, in particukar the
organization of the work position with a single g@r, the Bacc. Ing. Aeronaut.
workload should enable the student to perform thted tasks (FECECE)
without being affected by inappropriate overloatie Thumber
of aircraft in the simulator exercise will allowusients to
demonstrate basic ATC skills and to solve a maxinmumber The model includes two modes of study at the
of three separation problems, but only one probéra time. undergraduate program at the Department of Aerdgsuair
The complexity of the simulation run requires saVveluties to traffic control course. The first model has beempliagl since
be performed simultaneously. After successful passif basic 2009 at the Faculty. This university study progrhas been
training, student-controllers are being sent todtieer air traffic  certified by the Croatian Civil Aviation Authority iaccordance
control training organizations in Europe to getg@krequisites with legislative requirements specified (see inRegulation on
for student ATCO license to allow start of Unititiag in  ATCO Training). Completing the program, students @eqthe

- definition of time limits for certain levels of irdang
conduction of a simulation study of the proposed
model

- conduction of cost-benefit analysis of the proposed
training model

In the context of current European regulations,
Department of Aeronautics gained experience by essfally
providing education for civil and military pilot®if more than
20 years back. That experience has been appliedhéorair
traffic controllers training model.

State exam

A

Selection process
(CroControl)

~

Initial Training

Agreement CroControl - Facutly

Figure 2 Proposed model

Croatian Air navigation service provider. bachelor degree title (bacc.ing.aeronaut.) andrificate of the
completion of the Air Traffic Control Basic Traininghis mode
NEw MODEL OF ATCO TRAINING IN CROATIA of study is not directly related to the CROCONTROL and

Department of Aeronautics at the Faculty of Traﬁicgraduating students at the announcement for thigéiqro$or air

and Transport Sciences (FPZ), University of Zagreth Croatia tralfflct. cont;ol azpc:ytlndlt:/ |dtuhally(.:RA(;t§rO't\lh_l(_eRg Eeh:jzr :Tnd
Control Ltd. (CROCONTROL) started collaboration on pelection ot candidates by the » Sludemts w

research study in order to define the training rhémteair traffic a}twave (i(r)]mplert]e?htr:e sptec;fleg mo?ule at t.he Faoddiyc)tot ht;:]ve
controllers in Croatia. The research study shaltules all the 0 go through that part of education again, as epdo other

competencies required for the controller’s job atedirly define candidates.
learning outcomes in accordance with the European The second model is outside the university study
Qualifications Framework. In addition, the followirelements program of Aeronautics, air traffic control coursBasic
shall be defined and clearly explained in the study Training can be carried out through a public terefemounced
- Detection of trends and provision of overview o th by the CROCONTROL, but it is still organized at the Wgc
existing modelof the air traffic controllers traig through the modular training. In the past four ctmas Basic
- investigation and comparison of training modelgraining was conducted in the way of second model.

according to the valid national and European . ) L
. . . . The new model of air traffic control education is
regulations for the air traffic controllers traigin . . . .
l[])roposed according to mutual interests to ratiaratesources

- proposal of detailed elaboration model of educatio . .
that combines the needs of CROCONTROL amljnvested in the education of students. After thatestexam,
possibilities of the FPZ level of Initial Trainif@asic candidates for the admission to the university ystpabgram at

+ Rating) based on the previous analysis the Faculty, air traffic control course, have tepan additional
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test of English proficiency, as well the selectfmocess in the
responsibility of the CROCONTROL. The selection prodsss
constituent part of the criteria for the studemtsmission which

is regulated by the Croatian Agency for Higher Eadiom and is

officially announced as one of the additional céinds.

completion of the Basic Training or the appropriatedent
license.

Interested ANSP has the option of selecting the
candidates according to their own criteria and seedd their
continuous monitoring during the study and traininig

After the selection, candidates who have met thaddition, there is possibility of additionally sdaships for

criteria are register in the Information System Idfgher
Education Institutions (ISVU) and enrolled in thestf year of
study. It is important to mention that the aeroitauiodule of
the university program course is selected uponlewnat, while
the other study programs courses are chosen byirenténe
third year of study. This means that the air tcaffiontrol
students immediately begin attending professionaurses
which are also defined by the CCAA. In addition, duese of the
character of university study, students attend rotheneral
courses (mathematics, physics, electrical enginggstc.). This
subject are not related to the CCAA, as well astthffic and
transport technology subjects, such as traffic amghsport
geography, traffic, traffic engineering, transpaechnology,
logistics, etc. This makes the extra value of thiversity study
program because students provide a useful basdtme
understanding the transport processes and technofg in
addition to general and specialized courses, alfegsional
courses that make Basic Training are integratetdruniversity
study program in significantly increased hourlyersthan those
defined by regulation.

students who have demonstrated excellent resultswho are
studying at air traffic control beyond the contragth Croatia
Control. However, the most important element of pheposed
model is a timeline of 36 months in which studeatsjuire
academic education at bachelor's level and traiftin@ student
license (initial training). This timeline guaranttee systematic
adoption and logical upgrade of general and spstial
knowledge, competence and skill development neddedhe
manifestation of air traffic control operations.

Proposed model optimally meets the needs of the
ANSP's who want to ensure development orientatiod a
achieve future competitiveness as they work closeth the
academic community. So in that way the new reseanetthods
and technologies are directly implement to (alfome) sectors,
which are of the interest for the development af hkNSP's.
Furthermore, systematic air traffic control studieger the
proposed model provides a Highly educated staffsisté of
qualified individuals for the position of the aiaffic controller -
individuals who can in the future easily and simptjopt new
technology and upcoming challenges of the Singleofean

Part of Rating Training, which makes the extensibn oSky, and will be adaptable to changes in the bessiple.

Basic Training, is also integrated into the prografmstudy
through practicum (aerodrome, approach and aredraton
simulator). Practicum is conducted on the BEST R&ARC
Simulator owned by the FPZ and is located in thigdratory for
Control of Air Navigation and HUSK. Attending theagticum,
as well as all other courses students acquire ineEELTS
credits or necessary conditions for the recognitércourses
taken. Attending specialized courses within thegmm is
defined by the regulation and for a passing graddest shall
meet 75% correct answers.
documentation for a certain level of training, whis defined
by the HUSK Operational Manual and accepted byGGAA.
After such university study program for three acaiteyears,
students complete their studies with the title
bacc.ing.aeronaut. and student license. With tthe &éind the
license they are ready for on-the-job training (DJA the
CROCONTROL.

Also written exams maké

CONCLUSION

In air traffic management system, ATCO education
and training are critical for provision of safe,derly and
expeditious air traffic. A novel model of air triffcontrol
education is proposed in order to rationalize resssiinvested
in the education of students. This model is focusedhigher
education and optimally meets the needs of the AdSPalso
ensures development orientation and achieves
competitiveness as they work closely with the apade
community.
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Abstract—The paper focuses on problems and conflicts durin

the development of airports. Former practice howgestll used
in many states, to plan an airport system expangiof0-30-
year horizons — so called ‘long term’ plans — isitonted with
the experience from the Slovak Republic of airptahning for
very distant or ‘unlimited future’. The principlesf land
expropriation in public interest, definition of pidinterest and
the socio-political factors influencing the ‘idealplanning
period are discussed. Planning for ‘unlimited figucould be
practical in countries with high Human Developmentdx,
high Democracy Index, high ranking in Worldwide Goeace
Indicators and in high population density regiorResearch
results are presented.

Key words — ‘long term’ plans, expropriation, public intetes

participation of civil society in the public domaiAre current
practices different from those of post World Warol those
from the 1960-ties?

LAND USe AND COMPATIBILITY PLANNING

The most important tool for mitigation of
environmental problems caused by airport expansamalways
been land use and compatibility planning.

The basic documents for long term planning of any
large-scale projects were (depending on differeategractices)
the ‘Large Areas Development Plans’ prepared oregional’
level. The principal features of airport Masteri@lehad to be
incorporated into the Large Areas Development Pldiosvever,
the practice to plan airport system about 20 - 8ary ahead
resulted in a gradual airport growth and ‘rapprocéet’ of
airports and neighbouring communities. This wad (atill is)

Motto: Historical examples provide the best kind of proo& permanent source of conflicts.

in the empirical science. This is particularly trué the
art of war.

Ries, A. Trout, J.: Marketing Warfare, , McGraw4Hilnc.;
ISBN 0-07-052730-X; 1986

BACGROUND

Development of transport infrastructure after wams
conflicts always required radical decisions andgebplanning
which were, in those circumstances, appropriate.tHose
circumstances the improvements of road, rail andgpodt
infrastructure were highly welcomed by public. Heeg
throughout decades opinions and attitudes of puipiaciually
changed and negative image of expanding infrastreston the
communities shifted to the forefront. Air transpartd airports
became an easy target of neighbouring communitied a
pressure groups.

This leads to a question whether practices of izl
and planning of transport infrastructures and atgoin
particular changed in the Europe to reflect therdasing

Different practice was adopted in 1992 in the Skova
republic. Slovakia approved the ECAC Strategy for 1B80s -
Relieving Congestion In & Around Airports adopted the
ECAC Transport Ministers in 1992. The overall objetof this
strategy was to improve the potential throughput tbé
European airports and their surrounding airspaceilewh
maintaining safety and respecting the environméfith regard
to the airport infrastructure, Slovakia aimed a following,
sometimes neglected, objectives:

= To definethe ultimate limits (in a very distant future) for
expansion of everpublic airport respecting the future
‘environmental capacity’

= To define thebottlenecks which can limit the airport

system capacity in the future.

The created legal frame allowed long term airport
planning for so called ‘unlimited future’. Subseqtlg long
term land use plans and Master Plans were pregareithree
Slovak principal airports — Bratislava, KoSice andpfd —
Tatry.
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EXPROPRIATION AND AIRPORT DEVELOPMENT

Development of each state brings contradiction

between public and private interests [22]. The egggroblems
are usually connected with building line infrastures, which
are generally defined as motorways, railways angbets, as for
these constructions it is necessary to acquireelguigces of
land. The process of land acquiring should be quacikd
effective. The interests of the state are to misérgosts, time
and also to eliminate ‘political losses’. The im&is of the
private owner are to minimise troubles with statd possibly to
sell property but at a fair price.

Expropriation refers
property. Depending on the regime it can be palityc
motivated, it can result in forceful redistributiosf private
property and many times it can be characterizeddnfiscation
of the foreign asset, for a pittance payment [17].

Also the Constitution of the Slovak Republic [22]eth
present Civil Aviation Law [23], and the Building A¢20]
include provisions on expropriatihof land in public interest
and an Article on the ‘limitation of the proprie®rrights’.
According to this Article the rights of the propode could be
limited:

in inevitable extent

in the public interest

in line with a law

for appropriate compensation

and all conditions must be fulfilled simultaneously

¥4+ ¥+ +¥v¥

Unfortunately, unlike other types of infrastructuee
runway or an airport are not directly defined gsualic interest
infrastructure in the Slovak legislation. To usee thand
expropriation in case of airport development inecessary to
prove public interest. This could be supported byapproved
Airport Master Plan or Airport Land Use Study dugria public
hearing process as a part of a General City Plaorporated in
the Concept of a General Plan of Slovakia or Gerieegjional
Plan where airport development has a ‘public irgetriilding
activity’ status. Expropriation can take place omijen an
agreement with the proprietor could not be reaclsd
negotiation. Additionally, there is still the prebh of defining
the ‘right price’, which should be a market pridettee property
determined by an authorized expert. The whole @E®ds
usually very lengthy, as expropriation can takecglanly after
agreement between the state and the proprietonatagached.
The proprietor can also use all legal tools to gubhis rights
which, going through all levels of courts, couldeayears. In
one case in the Czech Republic, which has in pratitieesame
legislation frame on expropriation as Slovakia, dweement
between the state and a farmer who refused ttneeland for a
motorway construction was reached after 17 yed@}p [Asually,
right-wing governments are reluctant to use expadipn tool in
these cases.

Provisions on land expropriation could be foundhia
legal systems of most states. In theland it could be applied
for a so-called key infrastructure, which compriséso airport
infrastructure. There is a special system in theuRkp of

Purchase
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to confiscation of private

Ireland where it is not necessary to go through ublip

consultation, but the decision passes through depiendent
%ody (called ‘An Bord Planeala’) which rules ondisceptance.
This body measures the need, the public upheavahied and
the economics of the proposed work, and rules .ol iit rules

positively, the only way to appeal against the sieai is through
the ‘High’ Court. This speeds up whole process aersibly.

All other planning goes through the County or City Gdils

where a planner will decide on its acceptance basedhe
county / city plan. This plan is drawn up by theu@ty Manager
acting with planning specialists, architects, cilgineers etc.
[18], [11].

Public Utility and land expropriation are defineg b
the basic principles ifrrance. Public interest is defined by a
declaration from the ministry or prefect level imetform of a
decree. The declaration must precisely define dgtehich the
expropriation must be accomplished.

The proprietors can appeal against the administrati
up to two months after the decree was publishedtject
against:

,.)
,.}

the excess of the force of law

in front of the state council in case the propriatbjects
against the public contribution of the project dret
procedure was not regular [12].

For projects after the 2-nd March 2002 the
expropriation becomes effective one year the latafser
preliminary enquiry was closed. A year after thelaeation of
public interest was announced the proprietor cak te

expropriator by a formal notice to purchase hisfireperty.

The best known case of forceful expropriation ie th
Narita Airport development. In July 1966 the Japanese
government officially designated the Sanrizuka ritdaregion
of Chiba prefecture as an official site for new Toky
International Airport. The rapid postwar developmehTokyo
caused a shortage of available flat land in thet&aagion, so
the only feasible location for the airport was iural Chiba
prefecture. Eminent domain power had rarely beeed us
Japan up to that point. Traditionally, the Japargmesrnment
would offer to relocate homeowners in regions setggk for
expropriation, rather than condemn their properhd gay
compensation as provided by law. In the case oftdNairport
this type of cooperative expropriation did not accaome
residents went as far as using terror by threagetarburn down
new homes of anyone who would voluntarily move @t On
September 16, 1971 during final government drive
expropriate the land from its recalcitrant ownerhree
policemen were murdered and a many were injuraibtrrides
supported by left wing student groups [2]. Whilenmarily
revolving around the issue of the right of the gaweent to
expropriate private property, the Narita case washmmore
complex, many-sided event that for a variety osoges may be
considered historically important. During the ‘pbame’ of the
conflict between February 22 and March 25, 197agka
against each other 25 000 police corps and oveélORONarita
farmers and their allies from student activists deft-wing
political parties which formed a popular resistagoeup known

to

40 : .
In some states called Eminent Domain or CompUIsonés the Sanrizuka-Shibayama Union to Oppose theoAirp
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Although the airport did open, it opened under welleof
security unprecedented in Japan. The airfield wa®snded by
metal fencing and controlled by guard towers sthfféth riot
police. Passengers arriving at the airport wered (still are)
subject to baggage and travel document searchesebefen
entering the terminal, in an attempt to keep aifieat activists
and terrorists out of the facility. The last antpart riot,
orchestrated by left wing militants known as Chukala, took
place in 1985 [8].

| DEAL PLANNING HORIZON ?

Left wing governments might be more willing to use

different forms of eminent domain to enforce prtgeander
public interests. However, a necessary balance imeidound
between the pace of infrastructure projects coottn,
expropriation of private property, ‘fair price’ cgmnsations and
political loses. The process of airport privatisatalso raises the
question if private airport development, in paréuterminal
areas and airport ground access [21], could benektfias a
project in public interest. Private property cooéison gives a
strong signal to foreign investors who may giveopty to a
different country with a more predictable regimeiathrespects
more private property. The lawsuits related to gtevproperty
expropriations are long lasting and often streteér@a number
of generations. With this perspective land expmton in
democratic states is used as an extreme and theplésn, more
likely as a ‘threat’ to those who were reluctantgell their
property than as a real tool.

regions where fundamental changes in situationjmegor
policy may occur within a course of months.

Planning for very distant future is still not a nmoand
it is not yet recommended in any of airport plagnmanuals.
However, would it be possible to propose an optinpiamning
horizon for an airport? Engineers would love toéavformula
in the Airport Planning Manual defining optimum prang
period with unambiguously determined parameters esioimg
like:

Yi=Apax . GDP ....... X.y
Where:

Y\ is ideal planning period (years)
Apax is maximum airport throughput in millions of PAX.

Unfortunately, nothing like that is possible antie't
ideal planning period’ doesn’t exists. It dependsnamber of
variables which are unique for each state and sadpiheir
leverage can vary considerably.

The resistance again airport development will be
typically higher in states with higher standardliging where
residents usually value the quality of their livard object
airport expansion with environmental problems, ydh and
generated traffic. On the other hand, investors mm
economic benefits for the municipality and residemhay
benefit from improved air transport connections aedv jobs
creation.

To specify airport optimum planning period number o
indicators could be used. One of the best couldHboenan

Long-established practice of airport planning withPevelopment Index (HDI) an international measure of

Master Plans defining airport expansion in 20-3@rgetime
horizons, or so-called ‘long term’ development, migbe
appropriate in some states but could be a seriaundleh to
airport expansion in countries where the plannimgcess is
‘complicated’” by public hearing with active neighbimg
communities and action groups involved. For examipléook
23 years to get the final building permission foaNth Airport,
while just 7 years were needed for airport consiwacand
commencement of operations. Some airport admitistrawith
visionary architects secured the future airportaggion by
purchase of large areas in period when it was plesse.g.

Paris-Charles de Gaulle Airpditin other states further airport

growth can be blocked even by the government. Rignfor
very long period ahead should be practical in Britalhe
London Mayor’'s Thames Estuary Steering Group, whgh
chaired by Sir David King and includes two membeifs
parliament, said in a recent report: ‘It is necegda create a
vision and a framework which will inform planninglgcy and
decisions over next 30 years’ [4]. But, we are dfrahe 30
years time horizon is insufficient in UK conditiond new

development. HDI is linked with GDP per capita aitd
combines measures of life expectancy, educatioth,aadecent
standard of living, in an attempt to quantify th@ions available
to individuals within a given society [25].

The HDI is used by the United Nations Development
Programme in their Human Development Report [7]. E\zav,
the HDI does not include ecological aspects anébgsising
exclusively on national performance ranking. Newveldss,
future constraints on the airport operation andetgyment
could also have an environmental basis [24].

The level of human development is often, though not
always, related to the level of democracy, whicm dze
measured, for example, by tHeemocracy Index (DI)[5].
However, it is important to remember that a highlH&nk not
always corresponds with a high DI rank: in somentoes a
high degree of economic and human development is
accompanied by an authoritarian regime (Saudi Adabihile
on the other hand democratic principles are respeirt some
poor countries (India). DI is based on 60 indicatgrouped in

report published by the UK Government Department fofive different categories: electoral process anafgism, civil

Transport expects to delay building any new runwampsi
beyond 2050 [16]. On the other hand, it would beless to plan
an airport development for 30 years or more inaliststates or

41 Charles de Gaulle Airport extends over 32.38 kifnland.
This vast area was acquired by limited number d¢émital relocations
and expropriations and the possibility to furthepand the airport in the
future [9]. The planning of CDG and its construntlmegan in 1966.

liberties, functioning of government, political piaipation and
political culture.

Nevertheless, successful airport development depend
on many other criteria likepolitical stability, voice and
accountability, government effectiveness, regulatoguality,
rule of law and control of corruptionThose all are specified by
Worldwide Governance Indicators (WG[L0] and it is possible
to weigh them in any particular country or region.
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The last but not the least important factor is ¢oun
stability, which is usually influenced by interntdctors like
levels of violence and crime within the countryddactors in a
country's external relations, such as military exjitire and
wars [6]. This could be measured by tB&bal Peace Index
(GPI).

In general in countries with very high HDI (over

0.889) and high DI (full democracies 8 to 10) itllwie an
advantage to plan airport development to its fitiahits
(unlimited future) defined by the ‘interest areavieonmental
limitations. Similarly, the length of planning ped should be
dependent on the other two above mentioned fac®@iGt and
GPI. A higher ranking in those indices — reflectibgtter
governance and an internal and external stabiépepfulness —
should be reflected in an extension of the planniegiod.
Another significant parameter is the population gitgnin the
region, which is, however, strongly linked not omiith all the
above factors, but also with country cultural difieces.

RESEARCH

could be assumed that these respondents wouldtddijport
development planned during their life. Because @frttigh
education (more than 55 % of respondents have kacbe
master degree) they would be able to form, expaessdefend
their opinion and thus hinder airport developmelaing. This
problem, in fact, are now facing most Europeancatgp

30,00%

25,00%

20,00%

15,00% -

10,00% -

5,00% -

Percentage of respondents

0,00% -
5 10 20 30 40 50 60 70 80 90 100 150200+

Time horizont

Figure 1 — Percentage of respondents in particulane
horizons

To test the hypothesis of long term airport plagnin

necessity it was decided to conduct research aan#dtewidest
possible range of respondents. The online resdanthded a
single question (in addition to respondent’s id@stion
parameters - sex, age, nationality and the higidistation):

Imagine thatyou are attendinghe presentationf an

airport developmenplan in a locality near the place where you

live. What would be théime horizonfor the beginning of the
projectfor whichyou wouldthink: ‘ That's sofar aheadhat! do
not mindwhat is being proposed’

CONCLUSION

In countries with high levels of democracy it is
practically impossible to use eminent domain forpait
development projects, as the process would belgagthy with
uncertain results. The experience of the Slovak Bigpto plan
an airport development by definitige ultimate limits(in a very
distant future) of airport expansion and respecting future
‘environmental capacity’ is positive and we werelealio
guarantee space for most of our airports expan$dom.airport

Respondents had options to select one of thrgfanners were usually confronted with a tough ojtjposat the

answers:

A/ Tick number of years between 5 and 200+
B/ Tick answerl would always be against projects like that’
C/ Tick answefl don’t know’

RESULTS

We received almost one thousand responses to
questioner. After data cleaning it was possiblettocess 952
questioners from 52 countries. No respondent hdeactse
options B or C. We tried to find any data dependerices
between the time horizon and sex/ age/ nationality education
but there are none. For example there were no fisigni
differences between answers of respondents froralthend the
new EU member states.

The most important dependence can therefore
regarded the percentage of respondents opting dertain time
horizon (see Figure 1). The most respondents oftiedhe
‘traditional’ time horizons from 10 to 30 years {Wwiaverage
25.43 years). This may tempt us to conclude thatdirrent
planning horizon, 30 years for airports, is correct

However, what is surprising is relatively high nuamb
of responses with long time horizons i.e. 80 yead more that
go beyond the average life expectancy. Total nunatbehese
responses 6.62 % is meaningful and could not béectegl. It

62

beginning, but proposals were gradually acceptegublic and
included in long term regional urban developmerdanpl It
would not be possible to accomplish the same ®shit
planning of airport expansion step by step in ‘loeign’ stages.

On the contrary, there are states where long term
planning would be ‘unproductive’, and some wherésieven
thssibIe to build an airport without building pession.

Although the long-term airport planning could ease
future development problems it can not affect atrre
operational restrictions at big airports resultimginly from
insufficient runway capacity. Airports, which havailed to
develop adequate land reserve in the past havetedmi
opportunities for growth nowadays and if so at tafsal
financial and ‘political’ costs.

Rence an ‘ideal’ planning period doesn't exist amdst be
assessed on a case by case basis using differeist aod
indicators, sometimes with getting uncertain results Albert
Einstein said, ‘not everything that can be countednts, and
not everything that counts can be counted'.

In our future work we would like to continue our
research focusing on developing states (with notl fu
democracies) which were in our research inadequatel
represented.
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l. INTRODUCTION
MAD Group is an official name of a team of several
. ) postgraduate students formed under the Departménairo
Group team at a Department of Air Transport, CTUPiggue. transport at Faculty of Transportation Scienceshef Czech

Main domains such as Aviation Safety, Aviation 8gcu . . Lo )
CNS/ATM and GNSS are considered here. All four domair-ll—se‘:hm&?II Unlver5|ty_|n Prague. The main commonlgﬁfathe

- . . ) . group is cooperative research, knowledge sharingl an
create a synergic whole with a main goal to improve a

transoort. especially in the area of General Awati publication in various academic journals. The grasfocused

port, esp Y on four independent domains within aviation — GNS8&fety,
Research in the GNSS domain is oriented towardSecurity and CNS, however its work is integratecalizommon
implementation of the GNSS approach procedures usirigpic - the safety. The group has a wide knowleadigaviation
EGNOS and future Galileo signal, especially in apgions safety topics, keeping its research aligned wittuactrends in
with highest added-value i.e. airports without extemsiavaid the world, to stay on with a very precipitously kwag subject
equipments. New operation procedures require bett&@S A as aviation safety undeniably is. The group codpsravith
services in order to maintain equal or better spfevel. Better Czech NAA, trying to adapt modern safety challengas
ATS could be achieved either by implementing new @8t8nss national environment.
_or new operatlon. p_rocedures. Research of the new CAiBnsy . Importantly, none of the investigated areas castexi
is performed within the CNS/ATM domain. Safety domalg . . G

. . . . y itself - all complement each other. Their re@aship is
examines new procedures by safety analysis and rinepigng . .

. . depicted on Figure 1.

new performance indicators into safety assessmertegs. Last

Abstract— This article introduces some contemporary reskear
activities in the area of air transport performed la MAD

but not least security aspects of the GNSS sigratdae taken [("/\’55' as enabling technology — ]

into consideration. This is absolutely necessary wkaNSS Security

signal is being used as a primary navigation medessearch -

activities eliminating impact of jamming and spadfiare Figure 1 —Four parts of aviation to enable air transport

performed within the security domain.

Key words — GNSS, CNS/ATM, safety, security, MAD Group GNSS is enabling technology for CNS/ATM systems.
This relationship (presented by the arrow in thgurfe) must
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ensure an adequate level of safety. Finaly, evary lmas to be
treated in terms of security.

II. GNSS

The current requirement for the implementation
satellite navigation is publishing GNSS approacmeev non-
instrument aerodromes. GNSS in this case acts sring
point and therefore enables the introduction oftrimeent
approach at small aerodromes. This possible groftReneral
Aviation must be approached comprehensively froeaddto
change legislation and approach implementation.

In this process, there are several obstacles twave.
Among the major changes is the necessity for teegmce of the
ATC service at IFR airports. In the Czech Reputilis issue is
resolved by certified AFIS since mid-2013. Anothkange, which
must be done, is permit IFR flights in uncontrolspace and to
ensure their safety. For the implementation of #pigroach to VFR
aerodrome is also needed to establish cooperatbnebn the
aerodrome, supervising authority and approved ffmdihe design
of approach procedures. In the situation that saimnges in
legislation and regulations will be needed, theystnine consulted
with the competent governmental body. But, the nropbrtant is
to find a subject that will have expert knowleddehe issue and
make, negotiate and process every change neededt there is a
need of facilitator, while state authorities arermaded with work,
and therefore cannot guarantee rapid progress isshe.
TwO SOLUTIONS

For the implementation of the IFR approach it i
always possible to choose from several optionsceSithe
current airspace around VFR aerodromes, labelleATas is
small (radius 3 NM, height 4000 ft AMSL), it is ressary to
define a new airspace. This can be either usirgg dfeor the use
of Nordic design with Traffic Information Zone (TJZUsing
one or other solution depends on the agreemertakéisolders,
but it is necessary to process safety study fan bbthem.

Even when choosing the type of approach there
several options of RNP APCH minima (LNAV, LNAV /
VNAV, LPV minima), while the better approach systdm
implemented, the greater demands on aircraft asgordre
placed. By default, in the design of GNSS approagbroposed
more than one type of minima, making it possibldlyowith a
different avionics. Selecting only LPV minima, whi@nsure
the greatest accuracy through the use of EGNOS baaygood
argument for reducing the requirements for
infrastructure, primarily lighting systems.

It is therefore appropriate for each aerodrome reviite
is intended to introduce GNSS approach, to creafietys study
that will include a complete overview of the risksd determine
whether the risks are low enough as required bgleggn.

II. CNS/ATM

grouni

research that we deal with; the automatic contrblthe
maximum number of aircraft in a defined area arouhd
aerodrome and providing surveillance information&&1S0.

OMANAGEMENT OF MAXIMUM NUMBER OF AIRCRAFT

The basic idea of managing the maximum number of

aircraft in a given airspace is very primitive, ahis procedure
is carried out continuously in controlled airspacewever, if
we consider uncontrolled airspace, the situatioanges. In
uncontrolled airspace has pilot full responsibifity the aircraft,
also for maintaining separation and preventing deacts.
Management of this airspace therefore faces théadks to
incorporate a clause into the legislation that mrcantrolled
airspace can exists a system that can give comn@rdipilots
must obey.

A model situation may look like this: In the vidipiof
the aerodrome is twenty aircraft and AFISO stadshave
significant problems with their management. Anothero
aircraft approaches the ATZ with the intentionafding. When
reporting to them AFISO could say that ATZ is falhd ask
them to hold for five minutes, but the pilots dot f@mve to
respect, therefore the number of aircraft is ineeela AFISO can
no longer provide complete information about thermunding
traffic and the risk of accidents increases intolarable extent.

Given this model situation, it is clear that the
possibility of capacity management is a good safagasure,
but when output should be passed by AFISO to pilbis time

S

period required for this broadcast occupies soraestnission
time. For this reason and defined position of AFIS©
legislation it is necessary that this system oftailing the
maximum number of aircraft must work automaticallyhe
basic model is shown in Figure 3, where the inpube number
of known aircraft (reported by the radio, seen bae tradar")
and output prohibiting flights into ATZ, noise ihi$ model is
the number of unidentified aircraft.

ic

Number of Prohibited flight
aircraft known into ATZ for V
to AFISO T Yes | No
> Y E
Number ofT
aircraft unknown
to AFISO

Figure 3 —Basic model

SURVEILLANCE | NFORMATION FOR AFISO

With the continuous increase of AFIS responsihility

For small aerodrome is also necessary to solve tfiBanks to allowing IFR operations, there is an ¢ffto

question of their capacity. At present time it Im@ast certain
that the airspace around small aerodromes willl dig
uncontrolled in the future. But this includes thesgibility that
the airspace around aerodromes will get
overcrowded by planes and AFIS Officer (AFISO) witht be
able to provide accurate information about the aurding
traffic. The answer to this challenge is two are€ENS / ATM

compensate this theoretical decline in safety witbw
technologies. The best solution is the introductiarf
surveillance information for AFIS Officer, which @sl him an

increagingficcurate overview of the situation in the vicindfythe airport,

and therefore AFISO could contribute to solving afas
situations with very precise information.
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We identify multilateration in combination with ABS
B based on "low-cost" ADS-B receivers as a good ewiubr
this system. The basis is deployment of severaivecs in the
vicinity of the airport, synchronizing their timeé subsequent
evaluation of aircraft positions.

Similarly as controlling the maximum number of gaft,
the surveillance information is currently also defent on aircraft
equipment with ADS-B/Mode S transponder and willréiiore be
continuously improved with the equipping of moneraift.

V. SMS

becomes safer. Rather, we can say that it shoujfadmared for
the situations leading to the accident: company remognize

under what circumstances (bad weather, time ptiessgbsence
of the instructor) and which processes (solo fighupils with

low seeding) are more susceptible to accidentdrandents and
is able to respond appropriately to them (flightlagle

widespread land preparation).

Equally, important consequence of the introductén
safety systems in general, and thus indicatorthdsincreased
communication flow on the subject of safety andealifig
among employers that safety issues are presentheé t

The current situation in aviation safety calls fororganization and they need to be taken into accoAnt

necessity of Safety management System implementaticall
airlines, maintenance organisations and other iaviat
companies. This fact is supported by releasinge@f Annex 19,
which will be directly related to SMS and summasizine
requests on the company’s functionality of SMS.

The principle of effective functionality of the st
management system lies in the so-called closed-kafpty
processes, which is in fact ongoing hazard ideatifon, risk
assessment, implementation mitigation measuresasequent
control of the effectiveness of these measuress Tinole
process is constantly repeated. The implementatfosafety
indicators greatly helps to control the effectiveneof SMS.
Within our research activities we are inspired Iblyeo sectors,
which are referred to as high-risk sectors. As aanle,
chemical, or nuclear power plants. In these sectins
development of safety indicators is running sifteedighties.

Safety indicators allow us to evaluate and comlzee
level of safety achieved by individual organizatidhanks to the
unified methodology. Indicators should be selesigstematically
in relation to the area for which they are introgllidn some types
of aviation organizations is easy to establish siesy of reactive
indicators thanks to already established systesafety incidents
monitoring. This system exists for several yeargarious forms.
Annex 13 defines the conditions for the investmatiof air
accidents. The first form is therefore informat@maccidents and
incidents. Other forms are relating to the assessmok safety
events by organizations themselves. In the casé¢ tha
organization evaluate the safety impacts of théatisteps of the
operational processes, we move to so-called leaididigators.
The organization focuses on the initialization ibdiations which,
under certain circumstances, may lead to an intideaccident.
The system of safety indicators already providenwgs when
the number of safety events increases, what catilasarigger for
a chain of events leading up to the creation ofiredent or
accident. By monitoring of critical processes antingobanomalies
in them it is possible to evaluate these procemseto adopt such
remedial measures to prevent the establishmeieabperational
deviations when
employees differ from those for which were designed

Finally, the third form of safety indicators arerlga
warning indicators. According to the concept ofekible"
organization they are based on the monitoring & dght
contributory factors of successful crisis solution.

USAGE OF SAFETY INDICATORS IN PRACTICE

Based on the improving of safety indicator values,

whether reactive or leading, we cannot say thabthanization
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important role in this aspect plays a supervisatharity which
gives out a clear position that safety is refledtedhe whole
sector, and especially then serve as a motivataggof for
organizations inoperative on their own initiatigeitnprovement
(organizations with a low level of safety culture).

Evaluation of indicators is based on the comparison
between projected results against reality. Conafusib safety
monitoring could be even the failure to achieveséheesults.
This could serve as a feedback for the safety nwmnagd
company management. For the management this feediaac
mean a lack of coverage of risk issues and the rfeed
additional investment. Experienced safety manageuld find
simple, smart and inexpensive solutions of safatyblems.
Simple for not being overcame intentionally by eoyelrs due
to excessive delay from the primary activity
misunderstanding. Smartness is necessary for ttenzs to be
more efficient and to affect several aspects doftgadt the same
time. And finally cheap means that resources deelictn safety
was adequate, but do not jeopardize the functiomhghe
organization economically.

or

CURRENT ACTIVITIES OF THE LABORATORY OF AVIATION SAFETY
ON THE FIELD OF SAFETY INDICATORS

There are requirements for safety performance acros
the three main groups of indicators for Europeamavigation
service providers. The first is EoSM (EffectivenedsSafety
Management), which is used to evaluate the effeatigs of
implementation of processes and tools of SMS. Aeoth
indicator is the RAT (Risk Analysis Tool). Monitoringf this
indicator will give an overview of the use of riskalysis for
individual safety events. The result should be aivation for
the introduction of risk assessment and analyséswader range
of events. The third is the Just Culture indicalat assesses the
level of safety culture of an open hearing in irigegion of
safety incidents and the use of voluntary reportiAgrecent
trend in the theory of safety (bearer of the ICA@da
EUROCONTROL) is to try to eliminate the attributioh guilt

the procedures commonly performgd kand penalties in order to obtain a complete lisewbrs that

could led to a safety incident.

A working group was established to solve all issues
relating to safety indicators and the first phakéhe research -
information gathering and analysis of the curreéatesof-the-art
has been completed. Thanks to this know-how, weehav
successfully started to cooperate with the Ministhylransport
already, the Civil Aviation Authority and Air Navigan
Services of the Czech Republic.
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Based on theoretical knowledge about
indicators in nuclear power plants and chemicalntslaour
project team has presented pilot project for sttty safety
indicators in air transport at Vaclav Havel AirpoPrague
(LKPR). After subsequent
materials and data of experience, we are workirepely on the
concept of the use of safety indicators to deteemire safety
performance of the original structure of the dailiection. For
the year 2014 an analysis of safety event datatsestructure
and its optimization for easier evaluation of safedicators is
planned. Result of the optimization should be atgwaecing the
resolution level of safety indicators and thus findre detailed
context of risk realization.

Creating safety indicators for general aviation ésyv
problematic due to lack of safety data. The projezam
therefore primarily focused on establishing mecé@asi for their
collection. The primary source is the number ofidents and
incidents. Other sources such as mandatory andntasiu
reporting systems are connected with the neceskityiproving
the safety culture, which is achievable only ineca$ effective
SMS functionality, implementation of mandatory $afeargets
and compliance with accepted principles of safetlcg. SMS
for this part of aviation cannot be too robust frenprocess
point of view, structure of collected data and theraluation
must be simple and indicators should have enoufgiinmation
value. In the case of the high cost and compleityaintaining
of this system, therefore we focus on the creatiosufficiently
sensitive and variable implementation plan.

The existence of a safety campaignieiyslej
doletiS!" meant for a Czech general aviation greavise not
only in terms of accident prevention. This activityeates a
respected source of information and a tool for oiticing
advanced safety indicators that allow evaluating ribsistance
of general aviation organizations to realize safesys.

V. SECURITY

The ACARE Research Agenda identifies challenges

and goals for aviation security based on threeausill airport-,
airborne- and ATM security. Activities of our setyrresearch
are in line with ACARE Program. The program explaihe
need of abandonment of the classical (aircraftezad) aviation
security concept towards the new holistic undeditan

examination of the provided

safetpe used to enhance security issues of GNSS saféigalc

applications, e.g. 4D navigation based on GNSS a$ign
especially during final approach.

We believe that collecting large amount of data and
information, which may go beyond current percepionGNSS
security, could contribute in enhancing overalluség. In our
current project we are exploring the idea of newadsources
that could be used in DF. Precise selection of patars and
key parameters has to be done, their margins amp/ssible
values and methods for their monitoring set-upitiht be data,
that are not present in the everyday environmarttobce they
are detected and monitored, the mere data turnvialoable
information which can increase the likelihood oflgaetection
of degradation of security of applications usingSs\

Finally, as a qualitative tool assessing the peréorce
of the system using data fusion we have chosen RO@cu
which has been adapted to our needs.

VI. CONCLUSION
Continuous development and implementation of new
technologies in aviation is essential for sustalitgbof air
transport as a leading transport means in competiti
environment of other transport means (e.g. higledpailway
especially in continental Europe).

Many technologies are already developed but,
unfortunately, their implementation in civil aviati is tangled up,
very complex and time consuming. One example of-athe
GNSS and its usage for precision approach onto niraited
aerodromes. In compliance with the equation preseoh the
figure 1 we have promoted research activities énaitea of GNSS
implementation into ATM systems of small airpofthe safety
issues of such implementation and security domain o
navigational signal disturbance is being investigaAs the MAD
Group focuses its activities onto four main pillafsaviation it
covers the most significant areas of modern rekdapics.
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I. INTRODUCTION

Historical development of the information system
used that from 7 basic informtion in 1920 to afew
thousands information 2013. Number of information
change construction canbin too. From 3-5 devices in
1920, to modern airplanes used 3-6 modern devices —
display - Multifunction Display (MFD) 2013.

Il. SOLUTION OF INFORMATION SYSTEMS ON THE
AIRPLANE

The systems keep on the airplanes progres
digital processing all information and all aiplasystems
new airplanes work on the base computes. Whenaaspl
started use elektronics on the board elektric equgpm
was names Avionics.

Avionics are the electronic systems used on
aircraft, artificial satellites, and spacecraft. iénic
systems include communications, navigation, thplays
and management of multiple systems, and the huadred
of systems that are fitted to aircraft to perfondividual
functions Fig.1.

Avionics modern aiplanes makes integrated
systém with modern change informations among systém
of aiplane and systéms airplane and pilot too. Ghiss
occasion optima solve all problems on the airplane.

Using various sensors (such as GPS and INS
often backed up by radionavigation) to determine th
aircraft's position, the FMS can guide the aircedfting
the flight plan. From the cockpit, the FMS is nolima
controlled through a Control Display Unit (CDU) which
incorporates a small screen and keyboard or touebisc
The FMS sends the flight plan for display on thdEF
Navigation Display (ND) or Multifunction Display
(MFD).

lIl. PHILOSOPHY OF INFORMATION
SYSTEMS OF AIRPLANES

Basic of the information system of the new
airplane is Fligt Management Systém (FMS).
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Essentially, the FMS accepts information, procesas
information to provide two basic problems:

« Performance advisory functions

« Full flight management

In the advisory role, the system advises the flight
crew as to the optimum settings to use in ordesbt@in
the optimum performance. The flight crew must
manipulate the controls in order to maximise the
available benefits. Most early FMS units were ietgd
to this role.

In the ‘flight management’ role, the FMS is
interfaced with the engine ‘Power Management Cohtrol
(PMC) and the Automatic Flight.

This isolates the flight crew from the control loapd
allows the FMS to act in a totally integrated fashi
providing optimum control of engine power and total
flight path control.

Modern FMS units can operate in the advisory role
but are capable of providing a full fight managene
Indeed, their primary functions are to manage toasic
problems:

« Aeroplane performance
« Flight planning
« Navigation

« Three-dimensional guidance

The advisory role is a secondary function.

IV. SOFTWARE OF INFORMATION
TECHNOLOGY ON THE AIRPLANE

Avionic Systems new airplanes work on the base
computes using software. Software work on the airpl
must answer high safety.

Software for real — time operating systéme use
Standard software — systéme ARINC (Aeronautical
Radio, Incorporated). Avionics Application Standard
Software Interface series 600 to 900 they canfose
diffrend aplications.
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First basic safety requirements was published by
RTCA, Incorporated, and development was a jointreffo
with  EUROCAE, (European Organisation for Civil
Aviation Equipment) who publish the document as ED-
12B. DO-178B, Software Considerations in Airborne
Systems and Equipment Certification is a document
dealing with the safety of software used in airlgorn
systems. The FAA applies DO-178B as the document it
uses for guidance to determine if the software will
perform reliably in an airborne environment,when
specified by the Technical Standard Order (TSO) for
which certification is sought.

The Design Assurance Level (DAL) is determined from
the safety assessment process and hazard analysis b
examining the effects of a failure condition in gystem.

The failure conditions are categorized by theieetf on

the aircraft, crew, and passengers Table 1.

V. FUTURE OF INFORMATION
TECHNOLOGY ON THE AIRPLANE

Future information technology on the airplane is
Integrated Modular Avionics (IMA) and full performee
VNAV or Vertical Navigation. INA represent real inte
computer network airborne systems.

The VNAV profile that the FMC commands, if not
modified by the pilot, is a climb with climb thruat the
airspeed limit associated with the origin airporttiu
above the limit altitude, then climb at economyegpéo
the entered cruise altitude.

The IMA concept proposes an integrated architecture
with application software portable across an assewib
common hardware modules. An IMA architecture
imposes multiple requirements on the underlying
Operating System. Sophisticated aircraft, generally
airliners have full performance VNAV or Vertical
Navigation.

The purpose of VNAV is to predict and optimize the
vertical path. Guidance includes control of thelpiaxis
and control of the throttle. In order to have the
information necessary to accomplish this, the FM&tm
have a detailed flight and engine model. With this
information, the function can build a predicted tica
path along the lateral flight planof airplane.

VI. COCLUSION

Information systems and Information technology on
the airplane with cabina with clasical instrument -
analog, analog systems was operate to the begifihg
yers last century. Start new technological methand
materials (after 70 years) evolution of pilot calaind
ergonomic cabim started evolute to the digital iegrs-
glass cocpit.
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EFIF - Electronic Flight Instrument Systems
FMS - Flight Management Systems
EADI - Electronic Attitude Director Indicator
EHSI - Electronic Horizontal Situation Indicator
TCAS - Traffic Collision Avoidance System
FADEC - Power Computation and Thrust Control
EICAS / ECAM - The Engine Instruments, Indicatiom &@rew Alerting System
AFCS - Automatic Flight Control Systém
RDs - Recording Devices, Flight (FDR), Voise(VDR)
EPS - Electric Power Systém
VOR - VHF Omnidirectional Radio range
ILS - Instrument Landing Systém
DME - Distance Measuring Equipment)
WXR - Weather radar
Fig. 1. Information technology new modern airplanes
Table 1.
Catastrophic | Hazardous Major Minor No Effect
. Failure has a large negative | Failure is significant, but . . .
Failure impact on safety or has a lesser impact than 3 ) Failure 1S Fai
may  causeé  dperformance, or reduces the| Hazardous failure (for noticeable, but has |dure has nd
crash. Error of ability of the crew to operate| example, leads to passengé@sser impact than |[dmpact on
loss of criticall the aircraft due to physical | discomfort rather than Major failure (for| safety,
function required distress or a higher workload, injuries) or significantly | example, causingaircraft
to safely fly and Of causes serious or fatal increases crew workload passenger operation, o
land aircraft. Inures among the passengefrésafety related) inconvenience or pcrew
(Safety-significant) ) .
routine  flight plan workload.
change)
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Abstract— Due to a rapid development of air transport thé
a need for assessment of real environmental pegitéged to the
aircraft operation. The main environmental riskseathe
products of incomplete combustion contained in ¢xbaust
gases. The paper presents the results of the emisssts of a
Zlin—142 M under the stationary test conditions.

general aviation covers all aircraft from ballodosprivate jet
planes or planes used in business enterpriseslafdest group
of aircraft in general aviation is small and mediptanes
propelled with piston or turbine engines. The pwdiaun of
these planes is tightly related to the market dehf&ig. 1).
Current forecasts in the production of aircraftidat:d
to general aviation indicate that within three gettie annual
production will reach that of 2006 and the shar@lahes fitted
with piston engines will reach 45%. It is also foasted that this
status quo will remain until at least 2020 andrthmber of planes

Key words — exhaust pollutants, exhaust emissions, researgianufactured annually will amount to approxima®&f00 units,

piston aircraft engine

INTRODUCTION
The problems in attempting to obtain high engin

overall efficiency and low fuel consumption alsasexn the
aviation sector. Particular attention is devotetlrbine engines
used in turbo jet, turbo fan and helicopter poveéns. For most
of these engines the applicable emission standarelsthose
included in Amendment 16 ‘Environment Protectiorf’ the
Chicago Convention, ICAO. The emission standards do n
cover piston aviation engines and turbine engirfeh® power
output up to 2 MW and thrust to 26,7 kN. This actiesulted in
a slower development of piston aviation enginethéaspect of
their negative impact on the natural environmemhe dmission
of this group of powertrains in the ecological starls resulted
in a reduction of the manufacturers’ capital expemd on the
development of new designs. An additional reasan lifde
advancement in this direction is the need of dediion of an
aviation engine, which also generates substantisiscfor the
manufacturers (turns out important in the cas@wfhumber of
manufactured units) [5-7]. This number is tigh#yated to the
number of new planes supplied to the general aviasiector.
General aviation in the world is defined as a gectonprising
all aircraft except government and commercial aimpk. Hence,

35% of which will be planes fitted with piston engs. The
statistics assume that the technical advancemggistoh aviation
engines will remain on the current level, which,thwithe

@ccumulated number of planes fitted with pistonireesy from

1994 to 2012 in the amount of approximately 30 Q@@s may
constitute a serious peril for the natural envirentn
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Figure 1 — Production of small and medium planes time
category of general aviation worldwide in the year$94-2012
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Current level of measurement technology related tdable 1 — Technical specifications Zlin—142 M [9]

the testing of exhaust emissions allows a perfoomant the
said test under real operating conditions of tseetbobjects [1—
7]. Such tests allow determining of the level ofhawst
emissions of individual exhaust components undeal re
operating conditions. Besides, they allow an assestwof the
specificity of operation of a given means of trasrpin terms of
time density of engine loads. Such information \afio
determining of the operation states of the drivetedong with
their share in the total operation time. The pabtds of usage
of portable testing devices become particularlyartgnt in the
tests of small aircraft under real operating coodg.
Unfortunately, it is not possible for all the smaltcraft cases.
The mass of the admissible load that the planeliftaand the
cargo space are decisive hefihat is why it is vital that a
testing procedure be developed for small airctedt will allow
an evaluation of the exhaust emission of aircraf istationary

Engine

Engine power
Maximum speed
Cruising speed
Minimum velocity

Propeller

test performed on the runway.

Version Zlin-142 M
Wingspan 9.16 m
Length 7.33m
Height 275m
Wing area 13.30 ™
Max. take-off weight 1090 kg
Avia M 337 AK

supercharged (M 337 C)
156 kW / 3000 rpm
230 km/h
215 km/h

102 km/h

Avia V-500A two bladed

constant speed

TESTING METHODOLOGY

For the needs of the exhaust emissions tests the
exhaust system was extended by 4 meters. This exhdhk
measurement to be realized in a spot where theurirgprobe

The exhaust emissions tests were carried out for G@uld be easily fitted (fig. 4).

Zlin-142 M (fig. 2) aircraft fitted with Avia M 337AK
supercharged (fig. 3). The Zlin—-142 M aircraft paeders have
been listed in table 1. A significant meaning fbe texhaust
emissions measurement from aircraft engines hasetiggne
design, its technological level, quality of worknship, let alone
the engine wear. The tested Zlin—142 M was fittaith & 5.970
dm?, air-cooled, flat 6-cylinder spark ignition pist@mgine -
Avia M 337 AK supercharged (M 337 C).

TESTED OBJECT

Figure 4 — The fitting location of the measuring pba

MEASUREMENT EQUIPMENT

The aim of the tests was to evaluate the exhaust
emissions from the aircraft as it was stationaryttom runway
under conditions closest to the real operating of@s the
measurement of the concentrations of the exhauspeonents a
portable analyzer SEMTECH DS by SENSOR was used5fig.

Figure 3 — The engine - Avia M 337 AK supercharged
(M 337 C) [10]
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b) Table 3—Phases distributions and weight for the test emissio
Test N/N max Ne/Ne max Test phase
phase (%] [%0] share
A 70 35 0.155
B 100 100 0.045
C 100 70 0.800
Figure 5. The view of the exhaust emission analyz&) (
and the measuring probe for mass exhaust flow (b) 5 G
100 B .
Table 2 - The characteristics of the portable anzdy - ®
SEMTECH DS % e L -
Parameter Measurement method Accuragy Z
Z 40
(ef0) NDIR — non-dispersive +3% A A 15.5@
(infrared) range 0-10% - 20 ‘
HC FID - flame ionization A B |C
+2,5% 0 ‘ ‘ -
range 0—10 000 ppm 0 20 40 60 80 100
NOx NDUV — non-dispersive M [4]
= (NO + NQ@) (ultraviolet) *3% . o . o
range 0-3000 ppm Fiure 6. Phases distributions and weight for the teshission
CO NDIR - non-dispersive
(infrared) +3%
900 15000
range 0-20% Startup Taxi Takeoff| Cruise 12000
Oz Electrochemical +1% i | 000 £
range 0-20% [ j St g
"j \ 3000 ©

—M Y/ ""\D

The analyzer measures the concentrations of exhat

components (table 2) at the same time measuringmass 8

exhaust flow. The exhaust gases are introducedliet@nalyzer _

through a probe that maintains the temperatur®afc (fig. 5) %, 1 N ]

and then they are filtered out of the particulattter (diesel © T Vi M
engines only) and the measurement of hydrocartakes tplace ™
in the flame ionizing detector. The exhaust gasesh&en cooled © o o R b =

down to the temperature of@ and the concentrations of nitric sl
oxides (non-dispersive ultraviolet — measures qitrionoxide

and nitric dioxide), carbon monoxide, carbon diexi¢hon-

dispersive infrared) and oxygen (electrochemicallymer) are Figure 7. — The measurement of CO during the test
measured [1-4, 8-10]. To the central processing ohithe

analyzer we can connect data links from the OBD @RB

systems, which, however, was not necessary in dsst 200
presented in this paper. Startup Taxi Takeoff | Cruise.
150
THE RESULTS OF THE MEASUREMENTS f"\ 100 g
I

\'-._._ _‘}I *I 50

The measurements of the exhaust emissions from t
Avia M 337 AK supercharged (M 337 C) engine fitteddlin—
142 M were performed at an airport in a statiortast. In the 3000
standard course of the flight of the aircraft we chistinguish 000
several phases. These are: taxi, takeoff, climbadst flight \ L.
phase, approach to landing, landing and taxi. Deipgnon the diis =

HC [ppm]

performed task the time share of individual fligitases in the 0 s
flight differs. For the realization of the tests time stationary 0 100 200 300 400 500
conditions three test phases were selected: Artuptaaxi, B — tis)

takeoff, C — cruise/steady flight (the settings oé £ngine and
propellers were as under real flight operating dtork) (fig. 6
and table 3). Additionally, the exhaust emissionsrdy engine
startup were measured. The obtained results hasreresented
on graphs (fig. 7 — 11) and table 4.

Figure 8.— The measurement of HC during the test
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180
Startup Taxi Takeoff | Cruise NOX [ppm] 26.6 34.0 216 337
| —
k "\\_.l 120 § | Co%l 4.65 5.24 7.14 10.5
\ m g Emissions [g]
i 0 CO 169 560 352 258
400 HC 16.42 7.94 4.82 2.87
E
g ™ NOx 024 | 083 | 300 | 603
o
= . COz 353 1115 768 1539
0 100 200 300 400 ” 500 Hourly
Figure 9. —The measurement of NQ@luring the test [er}wr:]ssmns
g
- (60) 7622 8405 24374 11923
Startup Taxi Takeoff] Cruise
S HC 739 119 334 133
e 18000 £
00 g" NOx 10.9 12.4 207 278
/ 5000 CO. 15901 | 16728 | 53144 | 71031
0
2 o The assessment of the exhaust emissions from the
= 9 F——J'/ Zlin-142M aircraft can be performed based on theppsed test.
g s —y Il The analysis was carried out based on the contemsaof the
3 - exhaust components in the exhaust gases, recotatied) dlight
0 trials and the average hourly emissions determiimedhe
0 100 200 300 400 500 predefined operation phases. The comparison ofettf@ust
tel emissions from engines of different design pararsets
. B . possible with the use of the measured quantitibsequently
Figure 10. —The measurement of G@uring the test related to the engine power output. Hence, the epative
quantity adopted for the validation of the testtige unit
emissions of the individual exhaust components esg&d in
= - - g/kWh. The operation phases ‘startup’ and ‘taxié awithin
_ o —8 S category A of the test phase. Hence, the valuethethourly
5 e b BNOK exhaust emissions from the phases were averagedthand
Lo: - , mCO2/100 obtained value was ascribed to phase A. Knowing the
2 characteristics of the Avia M 337 AK engine thewed of the
= 400 — engine power output were determined in the indiaidtest
% 300 |1 phases. In the next step, based on the power oaggtibed to a
8 s L given phase and the value of the hourly emissionthef
individual exhaust components unit Emission wazmeined
100 - (tab. 5).
& . ) L
S el L S Table 5- Results of the hourly and unit exhaustssiois
ERAbEhase measurements from the Zlin-142 M engine
Figure 11.— The average hourly emissions of the exba Test phase
components Parameter
A B C
Engine lEJower 65 185 130
Table 4 - The The measurement results of the extaysQUtPut (kW]
emissions from the Avia M 337 AK supercharged (M 337 C)
; Hourly
engine o
Flight phase FTA]SS'On
g
Parameter Startup Taxi Takeoff Cruise
CO 11824 24374 11923
Speed [rpm] - 1200 2600 2400
HC 798 334 133
Duration [s] 80 240 52 78
NOx 17.1 207 278
Average C 24265 53144 71031
concentration O
CO [%] 3.20 4.21 5.50 2.57 Unit emission
[g/kwh]
HC [ppm] 3897 1144 2116 524
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obtained results indicates a serious issue of ameased
co 182 132 91.7 concentration of carbon monoxide and hydrocarbanshie
whole range of the engine operation. These reshitald be
HC 123 181 1.02 correlated with the results obtained for the aftood the same
NOx 0.26 1.12 2.14 type but fitted with an engine of a newer generatio
The obtained information could be used to develop
Co 373 287 546 and validate testing procedures for small aircthéit do not

have sufficient cargo capacity to be fitted witteciplized, full-
sized measuring devices. Eventually, the realinatibthis type

The obtained values of the unit emissions in th@f tests could help develop universal testing pdaces for the

individual test phases were multiplied by the coafhts of
phase share in the test as given in the formula:

=2 (eji mi)
where:

g — unit emission in the individual test phase [g{W
ui — coefficient of phase share in the test [-];

[g/kwh] @)

(1]

(2]

thus, obtaining the unit emission in the proposstl tab. 6).

Table 6- The values of the unit exhaust emissiams f[3)
the Zlin-142M aircraft in the proposed exhaust €siuns tests

Test phase area A B C
Ne/Ne max[%0] 35 100 70
Aircraft
Testphase | 115 | o045 | o800 [
share
Unit emission determined based on the test [g/k\Vh]
(5]
co 100
Zlin- HC 2.31
142M NOx 1.79

The realization of the exhaust emissions test aiegr
to a preset procedure may be used for the evatuatiothe
aircraft condition and its exhaust emissions.

(7]

CONCLUSIONS

The performed investigations and the analysis ef th[8]
obtained results confirm the significant influenoé many
parameters related to the ideas of fuelling of guistircraft
engines on the exhaust emissions. The paper iegiogiteat
dependence of the concentrations of the exhauspa@oemts on
the operating conditions of the engine, which &hbtly related
to the operating conditions of the plane, realizplhne
trajectory, pilot's driving style, his skills andagicularly the
appropriate selection of the fuel air mixture. Toenposition of
the air fuel mixture significantly affects the exisaemissions as
it directly influences the course of combustionttie cylinder,
thus generating mutual relations between the eomssf
hydrocarbons and nitric oxides. These relationsparéicularly
visible on the example of emissions of these coraptmin the
takeoff and cruise phases.

The performed investigations are to be treated
preliminary of an explorative nature. The analysis the

(9]

measurement of the emission level of small aircaaftl their
impact on the natural environment.
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DESIGN OF AN AB-INITIO PILOT SELECTION PROCESS
WITH REDUCED CULTURAL AND LANGUAGE BIAS

(*AB-INITIO PILOT= TRAINING PILOTS FROM THE BEGINNING FLYING HOUR$

Karina Mesarosova MSc, BSc (Hons), MBPsS, MIEHF, MAP
KM Flight Research and Training
km@flightresearch.eu

Abstract— With the rapid globalization of aviation manynao
European airlines are sending their nationals fligHt training

based on European designed selection processesmiitimal

scientific validation (for different cultures) odapted for those
with English as a second language (ESL). There ized to
ensure that the Airline selects candidates who llheability to

succeed with minimum training risk; to achieve thim, the
fairness and effectiveness of the selection processt be
proven and this leads to major questions from theidly

expanding aviation markets of the Middle East asihA

To address the cultural & language differences,tipgrants of
different nationalities (EU & Arabic) and languagégnglish,
other than English within EU & Arabic) were identdie
Language barriers were addressed
undergoing mathematics and physics testing in Ehgknd
Arabic, the pilot aptitude assessment (PILAPT®) aided with
a Gulf Arabic translation brochure.

The effect of language was very evident in bothPH&PT®

IP task, with a significant positive correlation witBnglish

language ability (IELTS) listening score (r=.408;.p5) and the
significant improved results in the mathematics ahgisics test
that was conducted in their native language (Arabi€he

cultural difference was identified in the PILAPT®ngoarison
between nationalities; Gulf participants achievét tlowest
scores, this was consistent throughout the PILAPEBtst
(2D,3D,IP and SA) indicating that the raw score frEthAPT®

testing using European based norms is not a redigivedictor
for ab-initio pilot potential. This study idensfi a cultural
correction to the raw PILAPT® data of 2 units fdret Gulf

candidates. Considering the risk, cost and time lva@ in the
training of ab-initio pilots (circa 100 000 Euro peilot), it is

crucial to make sure that the selection processffisctive, fair
and rigorous.

the airlines, the reduction in defence spending suttsequent
smaller pool of ex-military pilots entering the cowrcial
aviation market is driving a need to change (Caratid Ree,
2003). In 1997 pilots with a military backgroundcaanted for
75% of the new hire in commercial aviation (Hanaed Oster,
1997). At the predicted expansion of the worldwigieline
business, it is expected that 498,000 new piloishgineeded in
the next 20 years (e.g. Boeing Commercial Outlo®4,32, this
demand cannot be met by experienced pilots duertmge of
factors, e.g. fewer pilots entering from militargdamandatory
retirement age (e.g. Suarez et al, 1994, Hunt&8 E& cited in
Carretta and Ree, 2003). Flight International’s Davddrmount
(2010) sums this up as followthe golden days in which the
airlines could rely upon a supply of virtually fréegh-level

through participantpiloting skills have gone forever”

The military pilot selection process is aimed atung
individuals with no previous flying experienceabfinitio)
(Martinussen and Hunter, 2009), andb-initio (“from
beginning) training has become a growing requirement for
commercial aviation, but is far from popular wit carriers as

it is associated with a high cost (Carretta and R@@3).

Ab-initio flight training is a comprehensive step by stepcpss
— the selection process starts with a large amoftiapplicants
that have passed the baseline criteria, i.e. heafttividuals
with a medical certificate, clean police recordt education
requirement (includes maths & physics). These appts are
tested with range of psychological tests and motensive
medical examinations; in most cases only 10 % efabplicants
are accepted into the training programme (Martiensand
Hunter, 2009). Thus the success of the selectiamtess is
dependent on correctly identifying and deploying thght
method to determine the skills and abilities neettedbe a
successful professional pilot.

Key words — selection process, ab-initio cadets, languag®Ap PEOPLE IN A GOOD SYSTEMOR GOOD PEOPLE IN A BAD

culture
INTRODUCTION

PILOT SELECTION IN THE COMMERCIAL SECTOR

The Commercial aviation sector had relied on a eomstupply
of well trained and proven ex-military pilots; thtigere was felt
to be no need for a selection process as an etaryipilot had
already undergone a robust military selection pgsec&adly for
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SYSTEM

As aircraft design and reliability improved, combihwith the
major leaps in ergonomic cockpit design and statigation of
instrumentation, safety was clearly seen to impmweitk a major
reduction in the number of accidents, this trendtionied to the
early 1990’'s. Unfortunately, this improvement tsiagnated;
there has been no improvement in the number of datadents
since the year 2000. Further accidents in the 2088 clearly
highlighted that the flight crew failed to manageiations that
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was expected to be within the normal skills level a

professional pilot and “Major airlines worldwide Jea also
begun to appreciate that flight crew who meet lepgdbt

licensing minima with little or nothing in resereee not good
enough to be able to cope reliably with high woskls
generated by anything from system failures to agges in
marginal weather conditions” (Learmount, 2010).lotPPerror

(human error) to a layman suggests that the pildbiblame,
however this view is simplistic, after an accidemth the

benefit of hindsight, most errors seems prevent@dikker et
al, 2007), we are left to wonder how we can copth whe

marked unreliability of the human factor. On thber side is
the system, greater automation and system compligite in

turn led to new areas of risk, pilot confusion att@ problem of
automation deficit; systems are not safe by themsebut are
vulnerable to operator efficiency. Operators (gsijaf complex
systems learn about the vulnerabilities of the esyseind the
aircraft they fly, they are trained to cope witihess and the
challenges of modern aviation and thus investigatoan either
blame the system or the operator; 70% of recentlacts are
identified as human error (Wiegmann and Shap@eD3). The
demands of the global market and the changes midtvear

have led to a reduction in the supply of ex-militailots into

the airline market, further most European airlihese stopped
funding ab-initio pilot training, despite this tmeed for pilots
worldwide has increased and this has led to thatiore of a
self-selected and funded professional pilot wherofis trained
to the minimum legal standard.

How to measure cadets handling skills, spatial &bdi
situational awareness and workload capacity?

PILAPT® is a computer based assessment for
selecting military and civilian pilots (selectiorfi ab-initio and
experienced pilots). PILAPT® - covers handling Iskfl.e. basic
pilot aptitude) and human factor (HF) competenci{esy.
situational awareness (SA) and capacity). It aimprovide a
comprehensive assessment of key skills; Co-ordinatio
information processing, spatial ability, workloaapacity.

PILAPT® does not require any prior knowledge of
flying, however it identifies key pilot performandactors and
the design allows for differences in candidates these with
greater experience in video games (Kokorian andéfal006),
as prior “hands-on” flight experience and compugaming
experience alters performance measure in psychorests and
even may explain a 27% of variance in test perfooeale.g.
Lang-Ree and Martinussen, 2008, Martinussen andjussen,
2004). PILAPT® has been validate across a rangdifférent
languages (Italian, Portuguese, English and Spprasi in
different locations (Chile, Italy Portugal, Unitedingdom)
(Kokorian,Valser,Tobair and Ribeiro, 2004), althoutghdate
only a small set of norms has been gathered frasanaple of
Arabian Gulf nations and testing was conductedrigligh.

Does the Western style of ab-initio selection pssce
disadvantage the Gulf ab-initio cadets?

Language and validity of a Selection Process

The western style approach to ab-initio selectiay m
have affect upon the results, as it omits two irtgudr factors
language and cultural differences. With the growthaviation
training worldwide and the need for selection psses to be
exported internationally, a demand for tests vadidaand

The most obvious answer would be to utilise amonstructed in one language and the need to useithanother

aircraft simulator, however this is not feasiblethwab-initio
pilots for numerous reasons (need training to tshigh cost
per hour). There are several computer-based institsn(e.g.

language (and possibly culture) has grown. Factioas may
alter selection scoring include; culture and langyatandard of
education, wealth, standard of living and motivatiacross

PILAPT®, CogScreen, Compass) that can assess infiemmat national groups (Hambleton and Patsula, 1998). ‘&fiire

processing and psychomotor function. These haveeprdo
have an acceptable validity and offer substantalngs to the
simulator option.

Computer Based Pilot Testing Batteries.

language abilities to develop the ability for nettatical
reasoning, language competencies are necessasydoess in
mathematics (Cambel, Adams and Davies, 2007) edpetor

students with English as second language (ESLYh&snother
tongue acts as a mediator between the mathematicalture

The development of computer based testing from thand the mental processes and experience and cotioegfore

late 1980’s allowed incorporation of the old stylencil and
paper tests, complex psychomotor testing with nesighed
testing that took advantage of the capabilities maters
brought, such as latency (time to respond) andathity to
record inappropriate responses. The military qyickbok
advantage of this and a variety of systems wereldped such
as; MICROPAT (MICRO computerised Personnel Aptitud
Tester) used by the British Military (Army & NavyJ,BAS
(Test of Basic Aviation Skills) used by the USAF ma@ of
psychomotor and cognitive skills and PILAPT (Pikgttitude)
widely used by military forces world-wide. The cept that all
of these systems use is very similar, PILAPT iatre¢ly unique
in that it is one of the few systems that has bmedified and
adopted as a standard for civil pilot selection d@nd based on
job analysis survey results framework design byishlman
(Kokorian, 2004).

PILAPT®.

a certain linguistic competency is required to makigansition
between languages and subsequently mathematiceg¢gsnand
meanings. ESL deal with multiple language factdrha same
time when attempting a mathematical problem leadmgan
increased cognitive demand (Cambel et al, 2007).

eCulture and the selection process

The globalisation of the aviation industry combined
with an increase in demand for pilots worldwide hed to a
greater interest in human factors and cultural chp@he new
multi-cultural flight decks has led to greater hunfactor issues
and have been identified by aviation psychologistsa threat.
Aircrew that come from countries recognised for irthe
individualistic culture (e.g. Great Britain) will spond
differently to a given situation in comparison tarember of
highly collectivistic culture (e.g. Saudi Arabiayljos, 2004).
This concept is important because it extends beytna
traditional research and shows a much wider scdpfaabors
that are implicated in human factors related amisl or

7
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incidents and thatthe active failure of a crew may be aSchmidt and Hunter (1998), this method has a higldity

symptom rather than a causéMjos, 2004). ‘The national
cultures arise largely out of shared values; orgational
cultures are shaped mainly by shared practiq®eason 1997,
as cited in Mjos, 2004).

To see a person as a whole we must consider their b

psychological characteristics (the very foundatiohbehaviour,
emotions, and mental processes) and also theirrepathe
software that is acquired during their first yeafdife as well as
education and their life experience.

Human factors are determined by the bio-psycholddeatures
i.e. spatial ability, visual capacity, body rhythamd general
fitness. Soeters and Boer (2000) have related tbasabilities
as the hardware of human factors, but for theséumstion
properly we need the software (the mind), this lsarrelated to
the individuals culture, their very own tool kit ekills, which
gives us the basic abilities to construct strategieaction. This
software is regarded as an indicator of culturesrgwulture
bestows a certain degree of influence on how tHwigual will
function in different situations (e.g. social adsjun, leadership
or followership).

Aviation training-performance prediction.

(Figure 05). Another method to predict performaigéhrough

using psychological tests (ability and personatidgts), are
most readily (often) used in aviation selection gesses
primarily for pilots and air traffic controllerssahey have been
developed particularly with these groups in mindatvhussen
and Hunter, 2009).

Pilot Selection, the Cost Rationale.

Pilot selection is driven by cost; today the tréarel
wants to fly at lower cost, this can be seen wiih growth in
low cost carriers (LCC), Ryanair, Easyjet, Wizzaiitr Arabia,
Jazeera Airways etc. The first conclusion woulddeachieve a
reduction through cutting selection and trainifgg teality is for
an airline to save in the long term, pilot selectend training
must be strengthened. The old clicli€you think training is
expensive, try an accidénis a recurring comment in the
industry (Daly, 2009), the Spanair crash in MadridAugust
2009, was a Human Factors (HF) related accittait'cost SAS
the parent company between $50-60 milliohhus pilot ability
and competence have long term consequences bdhend
selection process, ab-initio training, type ratangd line flying
are costly for the company but at the end, anynaintecruiting
that does not aim for a pilot that can safely flin all

Selection procedures are mainly derived from theircumstances is making an error that may provéycds$ there

predictive validation approach where performancerasked
over the whole period of the flight training ande timnitial
selection test results are compared with actuaghtfli
performance and ground school results; establislsuch a
predictive relationship is the basis for selectigystem
development (Duke, 1994). In 1994 a Pilot Candi&skection
Method (PCSM) score was used to predict the numbflyiog
hours required by United States Air Force (USAF)iratio
cadet pilots (Duke, 1994). A sample of 1082 cadetgaled a
correlation between the PCSM score and extra fligimgrs(over
syllabus), the higher the candidate’s PCMS scoselted in
fewer extra training hours to complete training. isTh
demonstrated the empirical relationship of PCSM #yithg
training hours, allowing estimation of future traig costs based
on initial selection results. The ability to drauch conclusions
has major implications for the airline recruitmesystem as it
may lead to considerable savings; average traicsg incurred
as a result of failure during ab-initio training svastimated at
50 000 Euro in 2004 (Goeters and Maschke, 2004).

The interest in future performance is mainly basedhe future
cost that the employer will encounter with cadetd their long
term performance within the airline, both in traigi and
operating safely on the line (normal passengemdyi The
interview is a selection method that is considerery poor in
predictive validity, especially in unstructuredeantiews. Such
interviews are considered more beneficial for thmpligant
rather than the interviewer, as the applicant etsk questions
about the company from the
(Martinussen and Hunter 2009). Much better resulte
recorded with structured interviews where the daastare not
random, these are more costly to construct butansiderably
more valid (Schmidt and Hunter, 1998). Yet anottygre of
predictor is the work sample test, where candidatesequired
to perform a task similar to a task that would ket pf their job.
There is usually a standardized scoring systemaandrding to
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representatives themselv

was any uncertainty over either the need for actiele process
before training, or the argument that it will bearavident
during training if the person is suitable or noGogters and
Maschke, 2004) clearly shows a lack of awarenessen€ost of
training.

An effective selection process offers several athgas for the
organization (Goeters and Maschke, 2004):

» Decreased rate of failure

» Low rate of additional training

» Improved reliability of planning long term
employment

» Improved safety standard
And also for the individual:

» Minimizing the risk of false personal investment
(time, effort, money)

» Increase in socio economic status with prospective

long term employment
Aims and objective of the study

The major focus of this study was to provide afGul
National major airline with a new selection procésat would
reduce the failure rate during training and prettiet amount of
extra training required to reach the required stahdThus from
the review of the literature as discussed, a reviselection
process can be designed based on assessment b$hEng
language ability, graded on the International Bfglianguage
Testing System (IELTS), this is necessary to idetiie level of
English of the candidates in relation to the indtional
requirements for aviation training and thereforeais essential
tool in the selection process. The job task amalyas identified
the significance of these abilities, assessment spéech
recognition and written comprehension that furtivederline its
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importance for ESL cadets. Written tests in math@saand

physics that consider the language barrier andirtbeease in
information processing required for students witBLEFinley

and Neal, 2008), lead to the need to develop tepens that
measure mathematics and physics performance insBnghd

Arabic. Further identified by the pilot job analysi
psychomotor, sensory and cognitive abilities ttrat rrecessary
for a pilot must be assessed, this assessmentntost be
correctly based on the requirements for normainainbilots and
be suitably predictive of the potential to aid tdine in cost
versus training risk and the future risk to thdirsé: Previous
research indicated the psychomotor test (PCSM)ioaktiip

with the requirement for extra flying hours (Duki€94), thus
the commercial version of the PILAPT battery testsvehosen
to establish the relationship of PILAPT ® and théra flying

training hours on two types of aircraft, normallyed in ab-
initio flying training; the Piper Seneca twin-engiaircraft and
Piper Warrior single-engine aircraft, with the abm set an
objective cut-off in the selection process for tient airline.

A structured panel interview to identify motivatiorime

management, leadership/followship, communicatiatss&nd if

the candidate fits the airline’s “image”.

The proposed adjusted selection process for thé &ea
selection of ab-initio pilots

» English testing (reading comprehension, Iistenin%
comprehension, grammar, speaking and writing

ability.
» Mathematics, physics (in Arabic and English)

» Aptitude test-PILAPT® (with Arabic translation
booklet)

» Interview (structured interview).

Further, this research concentrated on the cultiféérences
that could lead to candidate bias, establishingtiérethere are
differences in selection criteria compared to thieopean based
selection processes, Arabian Gulf nationals andratebanese
Arab nationals. To date there is limited literatweferring

specifically to cultural differences in the pilalection process,
but there are some “red flags” to the differences.

Method
Design
Experimental design: mixed design.

To address the cultural & language differenceshin gelection
process results, participants of different natitiesl (EU &

Arabic) and languages (English, other than Englighin EU &

Arabic) are identified. Language barriers in temwhsion-native
English speakers are addressed in mathematicshasite tests,
participants perform the tests in English and Agabnd in
PILAPT® assessment aided with an Arabic translabimthure.

In the first task the comparison of Gulf cadetstlfwi subject
design) performance in mathematics and physics itestvo
condition English version of the test and Arabicsien of the
test is tested. The dependent measure was the acbieved
from the tests.

Second task the Gulf cadets were split into twodd@ns,
cadets who performed better in the Arabic versidnthe

mathematical and physical test and cadets who peefd better
in the English version of the mathematical and maystest
(between participant design). Their IELTS scorenfrdghe
listening test was compared with their informatiprocessing
(IP) PILAPT® score.

In the third task the cadets were split into founditions
(between subject design) EU-English first languadsg)-
English second language, Lebanese and Gulf caedidtteir
PILAPT® scores(2D,3D,IS,SA and overall PILAPT®) ass
the test were compared. The dependant measureheasdres
achieved by the cadets in the PILAPT® test.

Fourthly, all EU and Lebanese cadets and five PILA®R
conditions (2D, 3D, IP, SA and overall PILAPT ®coses were
tested. The dependant measure was the overfly lnougeneca
and Warrior.

Participants

Comprised of 44 Gulf candidates with average ag20qfl9.93)
(range from 17-25 years of age).

The second sample consisted of participants frormagor
European flying training organization (that wases&d to
conduct the successful Gulf candidates trainingat thad
successfully completed flight training, with an eaxge age of 24
range 18-39 years old). The data was suppliedrawaformat,
e-identified by the organization itself (221 cajet

Results

Q1: Does the Arabic version of Math and Physics impve
cadet's performance in mathematics and physics test
results?

The effect of language on the mathematics and psiysst was
compared using related T-test (repeated measurégnjles
Candidates achieved significantly better results time
mathematics and physics test (Figure 01) that waslucted in
their native language (Arabic) (M = 54.25, SE 20.16
comparison to the math and physics test in Enghsk 50.86,
SE = 21.51) t(43) = 17.85; p< 0.05, with a laeffect size r =
0.93.

Math & Physics Test

-

Figure 01: Comparison of math and physics test resulif the
test conducted in English & Arabic (Gulf candidates)

Q2: Does a higher IELTS listening score result in beér
performance in PILAPT® Information Processing?

Three correlations were used to investigate theewmégnce
between listening and information processing (IP)APT®
score achieved by Gulf candidates as follows, dvékE44),
for the group who performed best in Arabic mathéesaand
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physics tests (N=20) and the group who performest fre
English Mathematics and Physics tests.

The IELTS score for listening significantly corredd with IP
r=.408, p<.05 for the all candidate group. The IBLIistening
score also significantly correlated with IP for ty@up with the
best results in maths and physics in Arabic r=.588,05.
However, for the candidate group who scored besthm
Mathematics & Physics test in English the resulid dot
correlate r=.132, p>.05.

Q3: Are there differences in PILAPT® score among the
different nationalities?

The difference in results in the PILAPT® score texw EU
(English first language and English second languagbanese
and Gulf candidates (Figure 2 )was compared usk@WA.

The best results in 2D tracking were achieved bycBhididates
with English as second language (M=5.58,SE =1.fsllpwed
by EU candidates English as first language(M=5.E8573),
then by Lebanese candidates results in 2D trgdRibAPT®
test was (M =4.30, SE = 2.13), followed by Gulf datates
results in 2D PILAPT® test (M= 3.25, SE = 1.53)e tbverall
difference was significanF (3,261) = 5.15, p< .00 with a
medium effect sizer = .45

In 3D tracking the best results were achieved leyEb English
first language candidates (M =6.76, SE = 1.42)ofeéd by EU
English as second language candidates (M =6.117 SHS5),
then Lebanese candidates results (M =5.2, SE 5 a33 with
the lowest test score, the Gulf candidates (M= ASH = 1.55).
The overall difference was significant F (3, 2612%£59, p<
0.05 with a large effect size r = .58.

In Information Processing the best results wereeoagain
achieved by the EU English first language candelété =6.62,
SE = 2.00), followed by EU candidates with Englashsecond
language (M =6.53, SE = 2.29),
candidates (M =6.03, SE = 1.92) and with the loveestre the
Gulf candidates (M= 3.18, SE = 1.35). The diffeenvas
significant F (3, 261) = 43.64, p< 0.05 with a lameffect size r
= .55.

In Selective Attention the best results were agaihieved by
the EU English first language candidates (M =638B,= 1.87),
followed by EU English as second language candsdké
=6.53, SE = 1.50), the Lebanese candidates (M #5B£=
1.77) and with the lowest test score, the Gulf adetds (M=
3.66, SE = 1.68). The difference was significan{3F261) =
37.72, p< 0.05 with a large effect size r = .55.

In the Overall PILAPT® test the best results wechieved by
the EU English first language candidates (M =63R,= 1.50),
followed by EU English as second language candsd#ké
=6.42, SE = 1.26), followed by Lebanese candid@#s5.15,
SE = 1.40) and finally Gulf candidates (M= 3.18, SH.26);
the difference was significant F (3, 261) = 3844,0.05 with a
large effect size r = .70
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PILAPT RESULTS
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Figure 02: Comparison of PILAPT® score across differe
nationalities

Q4: Does PILAPT® score correlate with the overfly hots
on Seneca and Warrior aircraft?

A simple correlation was used to indicate whetherRILAPT®
score correlates with the overfly hours on Senexh \Warrior
aircraft. There was a significant negative relaglup of the
PILAPT ®score and the overfly hours on the WARRIOR-r=
.190, p<.01 and a significant negative relationslip the
PILAPT® score and the overfly hours on SENECA r=252
p<.01l. This indicates that the lower the PILAPT®rscthe
more over fly hours are necessary.

Q5:  Which specific PILAPT ®predictors are best in
identifying the Warrior and Seneca overfly?

To establish the factors most indicative of therflyehours on
the Seneca and Warrior aircraft a multiple regmessias used.

Five predictors in overfly hours were used (PILARRT®
individual contributors): 2D, 3D, Information Pr@sing,
Situational awareness, Overall PILAPT® score

followed by I‘eba‘nese\/ARRIORS (single engine) overfly predictors:

Multiple regression, sample size 221, with 5 prexi; overall
the model accounts for only 6.8% of the varianceowerfly
hours on Warrior single engine aircraft but it isignificant fit
(F=(5,215) = 3.12,$0.01).

Overfly on the Warrior was significantly (p < 0.03)edicted by
2D PILAPT ® results, it is a negative relationshilicating
that the higher score on 2D PILAPT ® the lower dlyenours
required.

SENECA (single engine) overfly predictors:

Multiple regressions, sample size 221, with 5 prieds, overall
the model accounts for only 7.5% of the varianceowerfly
hours on Seneca twin engine aircraft, however itnig a
significant fit (F= (5,215) = 3.50, p>0.01).

Overfly for the Seneca was not significantly (p05). predicted
by any of the PILAPT ® score results. However th2 &nd
Overall PILAPT® indicates a negative relationshagivkeen the
score and overfly hours.

None of the PILAPT® predictors seems to signifitapredict
the Seneca overfly.
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Figure 03: Overall PILAPT® score and Warrior and Sena
overfly

Q6: Which specific PILAPT ®predictors are best in
identifying the Warrior and Seneca overfly for EU ard non
EU cadets?

To establish the factors most indicative of therflyehours on
the Seneca and Warrior aircraft for the NON EU tada
multiple regression was used.

EU cadets -SENECA (single engine) overfly predstor

Multiple regressions, sample size 181, with 5 prieds, overall
the model accounts for only 7.4% of the varianceowerfly
hours on Seneca twin engine aircraft, however & $gnificant
fit (F= (5,175) =2.8, p<0.05).

Overfly for the Seneca was not significantly (p08). predicted

by any of the PILAPT ® parts (2D, 3D, IP, SA). Howee the
Overall PILAPT® score was found to have a negative
relationship with the overfly hours, the higher tB® and
PILAPT® overall scores resulted in a reduction g€y on
Seneca.

Discussion

The focus of this study was to develop a culturally
robust selection process by developing and adaptimg
selection process validated in a European based fpdining
facility. The discussion about language bias andturi
robustness in the selection process, formed theakgyment
“can we use the same selection process and techmigitbin
Gulf ab-initio pilot selectiot? The findings would clearly seem
to support major differences between EU cadet pitotd the
Gulf candidates and this would seem to be due th baltural

Five predictors in overfly hours were used (PILART® and language driven bias.

individual contributors): 2D, 3D, Information Prasing,
Situational awareness, Overall PILAPT® score

NON EU cadets
predictors:

Multiple regression, sample size 40, with 5 preatit overall
the model accounts for 25.2% of the variance inrfovdours
for the Warrior single engine aircraft and it ist na significant
fit (F= (5,34) = 2.29, p> 0.01).

Overfly on the Warrior was not significantly (p <.08)
predicted by any of the PILAPT ® factors (2D,303R,
overall), however the negative relationship betwte 2D,3D
and overall PILAPT® indicates that the higher score 2D,
overall PILAPT® the lower overfly hours required.

NON EU cadets -SENECA (single engine) overfly pramti

Multiple regressions, sample size 40, with 5 pras; overall
the model accounts for only 9.8% of the varianceouerfly
hours on Seneca twin engine aircraft, however itnig a
significant fit (F= (5,34) =.73, p>0.01).

Overfly for the Seneca was not significantly (p0S). predicted
by any of the PILAPT® tests (2D, 3D, IP, SA). Howe the
Overall PILAPT® score had a negative relationshihwhe
overfly hours.

EU cadets -WARRIORS (single engine) overfly predictors

Multiple regression, sample size 181, with 5 prexdi overall
the model accounts for 3.1% of the variance in fbyéours on
Warrior single engine aircraft and it is not a ffigant fit (F=
(5,175) = 1.10, p> 0.01).

Overfly on the Warrior was not significantly (p <.08)
predicted by any of the PILAPT ® test results, boer the
negative relationship between the 2D,3D and ov&®&IAPT®
and overfly indicates that the higher score on 2Da8d overall
PILAPT® the lower overfly hours required.

Language is a major factor identified in the sétectprocess
results; the mathematics and physics testing gletdwed that

-WARRIORS (single engine) overflycandidates performed better in their native languédrabic).

However, it needs to be noted that there were abeurof
candidates that performed better in tests in thgli§inlanguage.
This anomaly, upon closer examination is explaitgdthe
effect of the candidate’s educational exposure,sehahat
attended International schools with all lesson&mglish. This
finding is in line with other research findings, dzet et al
2007 highlighted thé&increased cognitive demands for students
of English as a second languagethis increased cognitive
loading is clearly indicated in the difference ierfermance
between the English and Arabic mathematics and iphys
testing.

Although there is an argument that a certain stahdz
mathematics (and physics) should be achieved idigEngrior
to selection, whilst this holds true, considerirtatt many
candidates have experienced limited exposure tonitog
processing biased to English, if they are ableasspan Arabic
based mathematics test to the required standaed futther
English and foundation in both mathematics and igky§in
English) would reconcile the language differenceBhus the
main reason for adapting testing to both Englistt e native
language is to give a fair and equal opportunitgltcandidates
(Hambleton and Patsula, 1998).

The effect of language was very evident in the RI® IP
task, with a significant positive correlation witBLTS score;
this is to be expected as the IP task requirescémelidate to
process audio information as part of the task, tthes Gulf
candidates would be at a major disadvantage in steofn
cognitive workload as previously identified andsthiandicap
must be addressed by the application of an asgificorrection
to the raw score.

A comparison of the Gulf candidates and Lebanedgetsavas
made, purely on account of the perceived commoguage of
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Arabic, in general the written forms are classicalfic (the
language of the Quran), Modern Standard Arabic |{pléd

books), these are not spoken, the day to day Arabithe

colloquial form and varies markedly between regi¢Hsles,

2004), the differences can be so great as to beuait
incomprehensible between each other. Further, thieahese
cadets completed the selection process entiretyhenEnglish
language; compare to the gulf candidates who hedefrom

the mixed design (Arabic and English). The reswitsboth

groups PILAPT® were compared and surprisingly tebdnese
cadets performed significantly better in all te@@$LAPT: 2D,

3D, information processing, situational awarenasjpite the
alleged language disadvantage. This may be anatutiof an
underlying cultural bias, in general it was notduhtt the
Lebanese cadets performance was closer to thahetoEt)

cadets, perhaps this is related to the long histdntrade,
migration etc. between the Levant and Europe withdenn

Lebanese society and life being closer to Eurofédastyle,

education and business approach than the more reatise

Gulf Nations. Finlay & Neal (2008), highlighted hotine

conservative “ root of Arab power” (Ali, 1995) imked to the
skills for desert survival leading to the typicalh€ikocracy

with power devolved to one person and shared byilitdm
association, this leads to success through commectather than
via qualification or ability. In comparison, Lebanchas a
“European” approach (Finlay & Neal, 2008) and thi&y be the
hidden cultural bias leading the Lebanese cadetfbpnance to
be similar to the EU cadets, thus the relative pmformance
of the Gulf candidates.

Such results raise questions not just about theoitapce of
language (and translation), whilst the Lebaneseetsadhad
successfully completed their training (professiditance issue)
the true progress and success of the Gulf cadétomliy be
revealed upon completion of the 18 month trainimggpam
(English, foundation and the Frozen ATPL coursd)ust
revealing the full implications that this compansmay have on
their results.

Martinussen and Hunter (2009), hypotheses of tliditias of

the selection process for professional pilots may e valid

between different ethnic groups with educationatiiational

experience and motivation the major factors. Thésceived
cultural variance in mean overall PILAPT® scorewen the
Lebanese (5.15) and Gulf (3.18) nationals of 2gyrias been
taken and added to the selection process modetemtec an
adjusted PILAPT® result to create a fairer selectgstem and
address the cultural bias.

Further comparison of the regression model of Vearoverfly
and PILAPT® predictors for the EU cadets and nondadets,
revealed for the EU cadets (N=181) a negative ioziship
between 2D, 3D and overall PILAPT® scores and therfty
hours despite being non significant. The model N®@N EU
cadets (accounted for 25.5% of variance) and ag&inand
overall PILAPT® scores show a negative
nevertheless it was not significant.

The model of Seneca overfly and PILAPT® predictfonsthe
EU cadets (model valid predictive validity = 7.49%)so
indicates a negative relationship between the 3B awerall
PILAPT® scores and Seneca overfly, once again whis not
significant. The model for non EU cadets and Sermeafly
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(accounted for 9.8% of variance) and in this moalely the
overall PILAPT® score had a negative relationshifhwverfly
although it was not significant. Despite the ladkstatistical
significance in these results for the model forbBt and NON
EU cadets, they revealed a common aspect and sh#tei
overall PILAPT® score is a predictor with a constangative
relationship for overfly on both the Warrior ane t8eneca. For
the Warrior overfly the negative relationship iglicated by the
2D predictor and that is common for both the EU and EU
cadets. The overall PILAPT® score was predictivagiession
model) of the overfly of EU and non EU cadets (N£Rfilots
cadets, the lower overall PILAPT® score the morerofly
hours that are necessary ( e.g. as in Duke, 19%4y.was true
for both types of aircraft, the single engine Warand the twin
engine Seneca, (which is more complex to fly). Hesve a
closer investigation of the PILAPT® predictors (rebdalid,
but low predictive validity = 6.8%) and the overfipurs on the
Warrior, only the 2D PILAPT® was a significant pietdr of
the Warrior overfly. This supports the hypothekiattthe higher
PILAPT® score the lower overfly hours required ght was
also true for the IP and Overall score, howevds tas not a
significant result.

These results are not surprising considering theridfais a
simple, single engine aircraft, used for the maasid stages of
training where the 2D capability of the studenbpiould play
a significant role. The Seneca overfly (model validw
predictive validity 7.5%), did not achieve signéitce for any of
the PILAPT® test predictors, despite the lack adtistical
significance we should highlight the identified gaéve
relationship between the Seneca overfly and 3Des(oz. the
higher the 3D score the lower overfly requiredgoafor the
Seneca overfly and overall PILAPT® score. As tlemea is
considered a more complex aircraft (two enginesabée pitch
propellers, retractable undercarriage and highesed)p in
comparison to the Warrior, is used at the lategestaof the
training involving more complex tasks (Instrumerlyirfg,
airways etc.), that add a greater cognitive loadh® student
pilot, the 3D PILAPT® test should afford a more @ate
identifier of potential performance.

The Arabic booklet that was used as an aid in PIL&P
screening, where possible language confounds cdgd
expected for the Gulf participants did not seeniniprove the
PILAPT® test results. Overall the score for Gulfrtipants

was lower on every PILAPT® predictor (2D, 3D, IPA &nd

overall PILAPT®) in comparison to Lebanese cadetse (
difference was between 1 to 2.85). This requirethér research
to identify what level of language ability is reced to

effectively undergo PILAPT® testing.

Prior to this work, the airline sponsor had notsidared the use
of any pilot aptitude test, thus an important drthis research
was to meaningfully validate the use of such tesfor Gulf
nationals. The data indicates that an overall |0MAPT® score

relationshipis associated with higher overfly hours. The 2Dresgion

model is a significant predictive factor for the iNar overfly,
whilst the 3D result shows a significant correlatiwith the
Seneca overfly. A simple prediction table was dithbd to
enable the sponsor to set the maximum extra spendverfly
and thus set the minimum required standard for axnitio
airline pilot selection for their airline. The mddwill be
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continued to be adjusted with time as the firsthatrogress and
graduate from the flight training, to ensure thhae tairline
achieve the best initial selection process forrthational cadet
pilots.

To validate the conclusions currently made andujgpsrt the
decisions taken in the selection process will negibllowing
the participants progress through flying trainimgl &omparing
the actual overfly against the predictive modelktifrer, to gain a
more rapid insight into the validity for selectioof Gulf
nationals it is planned to take a small number jneb the
selected candidates and carry out Elementary Fi@gtading
(EFG), this is a modification of the UK Royal Air e
programme and will involve seven hours of flyinganNarrior
aircraft per candidate. EFG is an assessment fachioability;
it involves no actual flight training but rathercftses on a
candidate being able to repeat an exercise deratedtby a
trained EFG assessor. The actual assessment g fhatential
will
confirmation that the selection was made on a Vajipothesis.

Further comparisons need to be expanded to mord Gu

countries to increase the numbers involved in tieisearch.
Most Gulf nations are small with a relatively smpdipulation

highlights the need for both airlines and trainjprgviders to
adapt the selection criteria, being cultural séresiif they wish
to succeed in the new global training market.
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RUNWAY SAFETY - EVERYONE'S RESPONSIBILITY
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Abstract — This paper deals with runway safety. Runwa
incursions are a serious safety concern. Becausethef
considerable number of runway incursions acrossBheopean
region and worldwide, including actual collisions with
significant loss of life, it is considered necegsdo focus
attention on this issue. It is also needed to wodether on a
series of concrete measures to minimize the riskeumway
incursions, runway excursions and other events elinko
runway safety by establishing, promoting and enhanenulti-
disciplinary runway safety teams at individual airfso

runway incursions through incident reports. Theiltds that the

ajority of contributory and causal factors are camed with
communication breakdown, ground navigation errove do
inadequate or ambiguous signs, markings and refevan
information needed in the cockpit. Frankly, comneation is
again a priority for runway incursion preventionjthwnew
emphasis on visibility and tracking of traffic.

OPERATIONAL AND HUMAN FACTORS INVOLVED IN RUNWAY
INCURSIONS

Approximately three runway incursions occur each
day at towered airports. The potential that thesabers present

Key words — runway safety, runway incursions, vehicle for a catastrophic accident is unacceptable. Adogrdo the

pedestrian deviations, FOD strikes.

INTRODUCTION

ICAO, a runway incursion isAny occurrence at an aerodrome
involving the incorrect presence of an aircrafthige or person
on the protected area of a surface designated lier landing
and take-off of aircraft.”

Runway Safety is a significant challenge and a top

priority for everyone in aviation. Accordingly, IGAhas been
called upon by the international civil aviation aoomity to

exercise leadership in the effort to reduce thelremof runway-
related accidents and incidents worldwide.

Both runway incursions and excursions have man

casual or contributing factors and reducing th& nis/olves a
concerted effort from the aviation industry. Flightew, Air
Traffic Controllers and aerodrome operations persbean all
play a part in helping to reduce the human factements that
contribute to an accident. By developing runway tyati&ining
and outreach initiatives, hundreds of thousandspebple
working in air travel can develop good work pragsicfor
maintaining an extraordinary level of safety. Alongth
continued situational awareness, these practickavitinue to
reduce the rate and severity of runway incursions.

Major progress has been made recently in the drea
runway safety. In 2012, there was a significantuotidn in
runway safety-related accidents, with a decreas@10f6. In
addition, the global accident rate involving scHedu
commercial operations for 2012 decreased signifigao 3.2
accidents per million departures. [1]

RUNWAY INCURSION OVERVIEW

The risk of a runway incursion event that could kil
hundreds of people in a single accident is seripiablem.
Fortunately, this problem has been exhaustivelydistu by
dozens of experts, and mitigations have been dduisat can
greatly lessen the risk inherent with ground openattoday.

Many operational staff have experienced a runwa
incursion and have contributed to the future préwen of

On the other hand, statistics show that most runway
incursions occur in visual meteorological condi§oduring
daylight hours; however, most accidents occur im ldsibility
or at night. All runway incursions should be repdrtand
analysed, whether or not another aircraft or vehiglpresent at

e time of the occurrence. [4]

Other common factors that cause runway incursions
are shown irFigure 1.

Air Traffic Control
factors

Aerodrome design
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Runway Incursion
,&

|

Breakdown in

s Airside vehicle
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Figure 1 — The diagram of common factors that caukenway

Incursion
y
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Nowadays, we categorize incursions as one of typess: Table 2 — Accident statistics 2011 time period
1. Vehicle/pedestrian deviation (V/PB)when a vehicle Accidents
or person causes the incursion S Nombe Rt eatar
. . rathic umber e ata
2. Operational error (OE}- a mistake by ATC and RECON (thousands) accidents
3. Pilot deviation (PD)- when the pilot is at fault. Africa 891 7 7.9 3
. . . Asia 7,561 22 2.9 3
For instanceTable 1 shows breakdown of runway incursions ; o s o5 i
. . . . . urope > B
during 2011-2012 time period according to mentiotypes.
Latin America and the 2,625 15 5.7 4
Caribbean
Table 1 — Runway Incursions Total in 2009-2012 tregods North America 10,979 33 3.5 0
Oceania 855 4 4.7 2
YEAR 7
P e et — ey World 30,053 126 4.2 16
A 9 4 5 7 i X X .
B 3 2 2 1 Anyway, a lot of serious incidents we can see enghst, and for
= 399 345 861 a9 instance, analysis of data from 71 runway-incursioourrences
D 595 574 586 640 . . . .
E . = = = (aircraft-aircraft) worldwide shows the following:
Total 951 966 954 1150 1. 70 % involved crew deviations from standard
Operationaleviaton 39 29 27 15 operating procedures adé % involved failureby an
Operational Incident 114 127 151 211 . .
Pilot Deviation 599 629 593 722 ATC to prOVIde Separatlon
Vehicle /Pedestrian 199 181 183 200 . . ) )
Deviation 2. 34 % occurred indarkness or twilight, implying a

risk 2-times higher than conditions of daylight (26

. . . of occurrences
The FAA further categorizes runway incursion events )

by severity, as shown beldiFigure 2). 3. 23 % of occurrences were in visibilityess than
reported runway visual range 200 ft.[6]

I ’ Tj Runway incursion occurrences happened most
frequently in the scenarios shownFigure 3.

% Aircraft surface movement where TKW
crossed a RWY - 33%
Little or no chance of Separation decreasesbut | ' Separation decreases and | Separation decreases and

Simultaneous take-off and landing %
operations on the same RWY a
collision but megts the there is ample time and there s asignificant participants take extreme

definition of arunvway distanceto avoida potentialforcollision, | action tonamowly avoid a Takinpifor oty SIS Mleg S 13%
incursion. potential collson, collsion, orthe event RWY or lining up for take-off on the wrong

results ina collision. parallel RWY

) . ) ) " Take-off and landing occurring
Figure 2 — lllustration of runway incursion severiéis simultanaously on intariacting RV 13%

Runway incursions are not new. In fact, the worst
disaster in aviation history happened on the growiten 583 Figure 3 — lllustration of most following scenariosunway
people died in the collision of 2 Boeing 747s on island of incursions
Tenerife in 1977 (2 aircrafts, 1 runway). The tygdappened
when the captain of a KLM B747 initiated take-offthdut a 4 -\ ook ACCIDENT OCCURRENCE CATEGORIES

clearance and collided head-on with a Pan Am 74R-texiing
on the same runway. Runway incursions are the consequence of multiple

) ] _operational and/or environmental factors. One major
The growth in volume of commercial scheduled flght ¢ontinyting factor for runway incursions is thewr lack of

seen in 2010 continued in 2011 at the rate of 3, B% number gy ational awareness during airport surface ojmerst induced
of accidents grew by 4.1% and the global accidets for 2011 by weather considerations, by complex airport fector by
remains unchanged at approximately four accideetsmpllion .o\ technique itself.

departures. Moreover, the number of fatalities dexeased by

41.4%, making 2011 the safest year with regardatalifies Based on an analysis of accident data covering the
since 2004. Improved runway safety was a key eléroerthis  2006-2011 time periods, ICAO identified 3 high-riskcidents
decrease with no fatal runway safety accidents mioguin  OCcurrence categories:

2011, as can be seenTiable 2 [10]
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1. Runway safety-related even{sclude abnormal scheduled commercial operations for 2012 has dsedea
RWY contact, Bird Strikes, Ground Collision, significantly to 3.2 accidents per million depaesir Compared
Ground Handling, Runway Incursion/Excursion,to 2011, the number of fatalities decreased by 10néking
Loss of Control on Ground, Collision with 2012 the safest year with regard to fatalitiesesi®@04. [1] [2]

Obstacle)
2. Loss of control in-flight
3. Controlled flight into terrain

As indicated in the first chart below, these 3 gatees

represented 63 % of the total number of accidé&g@s% of the

total number of accidents, 69 % of fatal accideartd 66 % of
all facilities in period 2006-2011. (The orangeaol represents
High-risk categories, the blue others).

Fatalities 66% 34%

Fatal Accidents

31%

!

37%

Accidents

| LLUSTRATION OF RUNWAY SAFETY AT SELECTED AIRPORT

Runway Safety is a vital component of aviation safet
as a whole: with the expected growth of air traffgsheer
numbers of incidents are bound to rise, unless imettheck by
pragmatic, sensible solutions. On the other hand,can never
anticipate all the ways even the simplest actiangmwrong. It
is indispensable that improvements come from atiento
detail. That's why, we will look at example of aimp that has a
complex of runway system and it makes many dangespats.

At Zurich airport runway 10/28 crosses runway 16/34
The location of runway 28, between the north andtsaprons,
is also critical, as we can seeFggure 5. This layout means that
taxiing aircraft often cross runways. The fact thaiton control
is divided into north and south sectors also mélaaisfrequency

In 2012, high-risk accident categories accountad fcchanges are common. Thus, anyone operating a getticl

less than 50 % of accidents, fatal accidents araditfas.

Fatalities 45% 55%
Fatal Accidents 44% 56%
Accidents 47% 53%

Besides, the percentage of runway safety-relateifletts was
reduced significantly(Year 2012), representing 43 % of all
accidents, accounting for onbl % of all fatal accidents,and

1 % of all related fatalities. It shows us a major decrease from

the 2006-2011 baseline periods. The percentagé at@dents
is shown inFigure 4.[10]

Percentage of all Accidents: 2006-2011

Controlled flight into terrain
| |
Loss of control in-flight S ' |
Runway safety related =

0% 10% 20% 0% 40% 50% 60% 0%
Percentage of all Accidents: 2012
L | | |
Controlled flight into terrain | _. ] ]
1
|
- |
Loss of control in-flight I
|
| 18 L
Runway safety related |
0% 10% 20% 30% 40% 50%

Figure 4 — lllustration of All Accidents in 2006-201&me
periods

Anyway, the number of accidents (as defined in ICA@nex
13) decreased by 21 % and the global accidentimatsving

Zurich Airport must therefore always be on thetaler

Figure 5 — lllustration of Zurich airport runways

For instance, let's take look at an example of an
accident that happened in 2002. Flight XY receithed
clearance to taxi from the “G-Stands” via taxiw&yand A to
the holding point RWY 28. On its way to RWY 28 theceaft
XY crossed RWY 28 on taxiway E without clearance tred
crew realised this only once they were crossingRWeY. As
one can expect the investigation revealed a cHaémrors and
several contributing factors. Nevertheless, attiossing of
taxiway E and RWY 28 a “RED STOP BAR ,;is installed and
was activated. This should have been a last lirdefénce and
considered by the crew of XY as a wall of concrgfg.

The nextrigure 6 shows runway incursions (2008-
2010) by type. Anyway, in view of the vital impantze of
clarifying the reasons for every runway incursidmici occurs,
it must be concluded that the number of vehicle geakstrian
deviation runway incursions has increased at Zukicport in
the past three years.

87



INAIR ;i \ i; 2013

ESRA Runway Incursions 2000-2007
B Pilot Deviation
m Vehicle/Pedestrian

Deviation

® Operational Deviation

¥ Pilot Deviation

mVehicle/Pedestrian
Deviation

© Operational Deviation

Figure 6 — Runway incursions occurred at LSZH by type

As Figure 6 shows, the incident data for the past three years

show a clear increase in the numbervehicle and pedestrian
deviationrunway incursions at Zurich Airport. The individeal
involved in the vehicle and pedestrian deviatiomway

incursions reported are varied, and range fromiedrf

maintenance staff to airport authority and planngegsonnel,
employees from an outside company and emergencycesr
personnel. [7]

MAJOR CAUSES RELATED TO RUNWAY INCIDENTS AND ACCIDHTS

To prevent large accidents and to drive continued
improvements in aviation safety, one needs to luatlat the
accidents themselves, but at the myriad much snaié less
consequential precursor to those accidents. Runafayys
cannot be understood without addressing FOD.

Foreign Object Debris (FOD)is a term used to
describe all of loose bits and pieces that carobed lying
around any airport operating surface, however maisis debris
is harmless. The most expensive parts to repaiergmes, with
even very minor engine imbalances can lead to nedfimiency
losses. Engines operating blades with uncorrecethde may
suffer a 1, 5 % fuel efficiency loss, costing u$td8 per flight.
Of course, this drives airline fuel consumption andrtime
costs mount. In addition to engine damage, FOD damaeans
tires need to be replaced at the airport due s tpanctures or
gouges. On top of those active replacements, fudhy of tires
that seemed to be in otherwise good conditiorréattead due
to embedded FODOGoodyeardata suggest that the cost of
embedded FOD come to $7.350 per aircraft per yeaa f
typical wide body jet. [3]

Let’s take a look at th€oncorde aircraft It had been
the safest working passenger airliner in the waddording to
passenger deaths per distance travelled. In addit®crash at
Charles de Gaulle International Airport on 25 JUY@ was
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caused by FOD; in this case a piece of titaniuntiden the
runway which had been part of a thrust reversechvfell off
from a DC 10 that had taken off about 4 minutesezarhll 100
passengers and 9 crew on board the flight, asasell people on
the ground, were killed. [5]

Tyre hits metal strip and ¢

Figure 7 — lllustration of the Concorde crash

A second important categoryh&d strikes. Like
FOD, most bird strikes are innocuous. A large airpaffers
one bird strike every 3 days. Most strikes (92 #)se no
damage, but the average cost still comes to $22@n &trike.
Although birds are usually thought of as an inproblem, data
shows that a bit less than half (41 %) of all ksindkes occur on
the runway. Of these, up to 50 % are caused by ictually
sitting on runway rather than simply flying past.

FOD strikes

rr I | ’

4.0 FOD strikes per 10K
movements

Bird strikes

l

2.1 bird strikes per 10K
movements

$32.333 per 10K
movements

Cost per 10K
movements is $46.699

- L. -
: .Y r h
50% of strikes occur on 41 % of strikes occuron
the RWY the RWY
~— _ L

Figure 8 — lllustration of the data related to FOD ahBird
strikes

Anyway, looking specifically at Runway fatalitieiet
already low numbers are cut even further, for maoyntries by
about 80%. The particular combination of circumsen
required to cause a large scale fatal crash orutheay calls for
such an unlikely combination of factors that acoideare all but
impossible to predict. The lesson is that the past become a
poor predictor of the future. This is why everyafatccident
always seems to come as a “surprise”. It also mawmishasing
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future safety policy on past accidents is non-potiga. Finally,
we have to realize that the future is not abouhdjyg money,
but about saving money to save lives by predictiogjdents. [3]

IDENTIFICATION OF HOT SPOTS —KEY ROLE IN RUNWAY SAFETY

A hot spot is defined as a location on an airpo
movement area with a history of potential risk oflision or
runway incursion, and where heightened attentiompilnts and
drivers is necessary. By identifying hot spotsisiteasier for
users of an airport to plan the safest possible patmovement.
Hot spots also call attention to potentially coiiriigs airport
areas so pilots can exercise extra care. (See ptis $Figure
9).

|:u:v|
&0 | —
Lol

ELOZT AV 20 € £LOZT HdW #0 "E-MS
SW-3, 04 APR 2013 to 02 MAY 2013

Figure 9 — Airport Diagram Hot Spots

Of course, the runway incursion problem is difftcial
solve. One of the important challenges is thattpibnd drivers
on a runway without a valid ATC clearance believeytinave
permission to be there. Communication is again aripyifor
runway incursion prevention, with new emphasis @ibility
and tracking of traffic. Anyway, runway safety ispaiority,
because safe flying starts and ends on the grdarttis case it
is necessary to cooperate with airports and remdatThe

Figure 12 shows the ways of reducing runway incursion risks

9]

Mitigating Wildlife Hazards

New RWY Safety Technologies and
NOTAMS

Mitigating Excursions-Paved Surfaces
(EMAS, Lighting, Signage, Ground
Markings, ADS-B)

Figure 12 — Diagram of the ways reducing RWY incursi

Constantly reducing the likelihood of airplanes
colliding with obstructions on airport runways — aether they
are other aircraft, vehicles, individuals, or wilel — is the
primary objective of the Runway Safety. To accontiptiss, we
must focus our limited resources on the causabfaowith the
highest risk of contributing to the likelihood dfisificant safety

rt
events.

CONCLUSIONS

Runway safety is a major concern for the aviation
industry. The reduction in runway incursion incitderepresents
an opportunity to enhance runway safety. To movéhéonext
level of safety, the safety metrics and analysfabdities must
continue to evolve and provide predictive indicatoof
potentially adverse situations, and it must corgirto work
aggressively to correct problems and mitigate Mé&reover, in
high-reliability industries such as air transpadiat safety risk
and safety performance cannot be solely measuredhby
absence of fatalities or by traditional methodst thely on
counting the numbers of observed precursor incélent

It is clear that aircraft and flight crews operate
complex airport environments every day. They flalhtypes of
adverse weather and often in limited visibility ditions. They
complete the demanding tasks of safe landing akeld# over
and over. We have to realize that all of these staddmand
vigilance and high situational awareness. It idlydanportant,
because the risk for runway incursions in aviai®eonstantly
increasing, although many of the initiatives impésnied are
already providing a positive impact on runway safet

Briefly, runway safety is an ongoing effort and we a
committed to finding ways of making a safe systemnesafer.
In addition to current runway safety initiativeetfollowing
efforts will further the progress of increasing way safety over
the next several years - because safety is makiaegy gourney
better.
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Abstract — The current article deals with the problem o
assessing the practical capacity of an airport nefworhis
problem is approached using simulation techniqudsnt into
account not only the variables that currently lirthie capacity
but also other ones that affect the capacity sistha stochastic
behaviour of the system, the current traffic mixyimnmental
limitations and the interrelationships among thepaits that
compose the system. The article put focus on thth Ntwlland
region which is a good example of a system thaggtas for
allocating the growing traffic in the coming years.

Key words — Simulation, airport network, capacity

INTRODUCTION

f

individual airports, but also an integrated viewAdtM systems
for the different airports that participate in gyestem.

MULTI-AIRPORT SYSTEMS

A multi-airport system is the set of significantpairts
that serve commercial transport in a metropolitagian,
without regard to ownership or political controltbg individual
airports [2]. The main characteristics of thesedkaf systems
are:

They focus on commercial aviation.

They focus in a metropolitan region rather
than a city.

They are market-oriented thus they leave
aside the ownership of the airports.
Normally there is one main airport with
secondary ones that relieve traffic from it.

Nowadays the main airports throughout the world are

suffering because their capacity are getting ckossaturation
due to the air traffic which is still increasing sides the
economic and oil prices. These levels of high sditom can be
perceived as more and more aircrafts put in holtliagctories,

lack of gates when they have landed and incread@igys in

airside or terminal sections in the airport. Sevepions appear
for alleviating the congestion problem in the aitp@f the main
capitals of the world. The traditional approacljuist increasing
the facilities which means the investment of impottquantities
of money. When the physical, economic or politiesdtrictions

impede the expansion of the facilities differenpaaches have
to be considered by the airport managers. Thisrtsfftange

from optimizing current facilities using simulatiorand

optimization techniques [4][5]to the developmenhokel ways

to manage the incoming and outgoing traffic throuiie

development of systems of airports [3].

In order to increase the transport capacity within
region, it is necessary to consider holistic visighat evaluate
not only the efficient management of current resesr of

The case of London, New York, San Francisco aresome of
examples of regions that use airport systems faragiag the
air traffic. Other European capitals such as Andster is
struggling nowadays for changing the managementeinioom
a single airport to a system of airports in ordeatcommodate
hub-related and non-hub related growth of aviationthe
Netherlands [7].

SCHIPHOL AND THE DUTCH REGION

The case of Schiphol Airport is of special interest
because it not only serves a region which compmrheome of
the most important urban and technological cenireshe
Netherlands but also because is one of the mairs lHuBurope,
mainly operated by AF/KLM. The KLM hub provides the
Netherlands with crucial connectivity for the Dutebonomy to
many destinations worldwide [7].

Schiphol currently performs 423,000 operations Wwhic
corresponds to an 83% of saturation consideringdindared
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capacity of 510,000 ATM. Table 1 presents the imfation from the region Schiphol is servicing it would lmsidered that
concerning the number of passengers transported thad the value of these cargo has increased.

number of operations performed in 2012 by Schiptioke put
focus on this information it is important to notitteat Schiphol
is getting to a level of saturation where a smaltugption would

cause a chain effect in the whole system which o Cargo (tonnS)
translated in delays and queues not only in thaited airspace

sector but also in the airfield (taxiways,runwalysad runways | 2000000
etc.).
1000000 0l
Table 1- Key figures Schiphol Airport 2012 (souS8thiphol 0 .
traffic data) O O O O = M1~ & =
S O 00 O ©O O O O O o
Airport Name Schiphol Airport 322 2 8 8 8 8 8 8
ATM 510,000 i
Figure 3- Cargo Growth
Current ATM 423,407
Saturation Level  83% The case of air trafic movements (ATM) which
Millions of | 50,976 sometimes is the one that illustrates in the best the level of
Passengers saturation of an airport shows that the currenMAdperations
(2012) (423k) are growing towards the declared capacitypb®,000
Originating 30,101 ATM. In the coming y.ears thg satgrgtion a.nd theseguences
Passengers of it already are and will remain a big issue ia Butch agenda.
Transfer 20,875
Passengers
Operating 24 ATM
Hours
Airside 5 RWY - Deicing - 600 000
Infrastructure RFFS Cat 10 1 400 000 - o Bl o
cargo facilities

200000

These delays would impact in the whole system at 0 -

different levels, not only at the quality of semiprovided but W q@
also at the economy in the actors that participatihe system
(airlines, airports, passengers, business in tjiemeetc.)

Figure 4- ATM growth in Schiphol
On the other hand the growth rate in terms of pugss

transported is expected to continue during the ngmyears.
Figure 2 illustrates this situation, it can be sé¢leat the only
perceived reductions in the number of passengers dering
S11 and during the economic crisis of 2008 [6].

For all these reasons the national government is
interested in developing a system of airports Heave for the
purpose of the region [7]. The airports involved the
forthcoming project are Schiphol (as the main oRRgtterdam
(already saturated with business, VFR and chartaffidy,
Pax (*1000) Eindhoven which currently has only some low-costiess and
Lelystad which currently is not serving any commnedrones.

60000 . . Lo
40000 Figure 5 illustrates the level of saturation in the
i different airports in the region of The Netherlankisthe case of
20000 Lelystad it illustrates its current capacity whishcalculated for
0 - the general aviation.
QS O O O N O S & O N
2 07 B D L7 L L7 O L &N
TR RDT AR AR A AR AT A

Figure 2- Growth rate of passengers in Schiphol

In the case of cargo operations the behaviour i® qu
similar. As it can be appreciated in Figure 3 theant of tons
has been stable during this and the previous dedaatedue to
the developments and the type of products transgdd and

92



INAIR 2013

o™

-

\ l@weee
N\ M ATI: 48,524
 \Pax: 2200007

| it
i

Figure 5- The map of North Holland Region

As it has been previously mentioned, Schiphol has a l

level of saturation of 83%:; this level of saturatieflects the
problem Europe is facing nowadays as it has beatedstby

SIMULATION METHODOLOGY

Simulation is very-well known technique which has
been used traditionally to evaluate systems pedona through
a series of experiments with the developed modigurE 6
presents the traditional methodology for the sitiataapproach

(1.

Define the
Objective

L

Modelling scope
and Level of Detalil

!

Conceptual
Design

)

Data
Collection

Historical
Data/Field
Study

Model

Compiuter
Development

Software

EUROCONTROL [8]. The Dutch politicians have estimated J

that with proper investment in Lelystad and Eindfrothe level
of operations of Schiphol (implementing the airpsystem)
could be increased to 580,000 ATM. The previousnade

Verification

v

might be achieved through the management of théictra NO T
between Schiphol as the main airport serving aedutte of 3 [ves
secondary ones, in this case the question thagsaiss which D S
type of traffic should be diverted to which airpgbrA secondary valdaton e
question is what the impact of the new airportaysts on the l
use of the airport capacity of the other secondary tertiary NO
airports in the Netherlands (inclusive the bordegion with e
Germany and Belgium). It is important to assess kdredr not ) YES
current GA-traffic at Lelystad and Eindhoven candbeerted to EXFEJeg:?genmaI
other regional airports (a knock on effect of thewnairport l
system). "
Analysis
Montreal, San Francisco among others are examples o !

failed efforts for developing this airport systef8$ Therefore
planning experts have identified that in order éwelop a self-
sustained airport system it is necessary to havdeadt a
minimum of 14 million of originating passengers walhiin the
case of Schiphol this number has been reachedtlorgago.
Based on the information presented it seems thahigoort
system for the Netherlands looks attractive andrisoption
which should be evaluated from different scopes asihg
diverse techniques.

REQUIREMENTS FOR A SIMULATION MODEL

In this section the methodology and requirements fo

assessing the performance and the assumptionsef@laping
the airport system will be presented.

Implementation

Figure 6- Simulation Methodology

This general flowchart presents the different stbjps
must be followed in order to analyse, validate getla deeper
understanding of the system under study. Theresanee key
steps which must be performed properly in ordenawee useful
and valid conclusions for the system.

The first step (objective definition) is very impamnt
because it will lead the remaining ones. Once thjeabive of
the study is set up then it is relatively easydéirg: the required
level of abstraction for the developed model. Theeel of

The evaluation of the airport network for theabstraction will depend on the pursued level oiginsabout the

Netherlands will be performed through the developnut a set
of scenarios which will take into account the diffiet

characteristics of the airports that are involvadthie system,
namely Schiphol, Eindhoven and Lelystad. As a seétap the
knock on effects on the other airports in the regwill be

evaluated. The second step will take into accouatipact on
general aviation and special services for Dutchoregthat are
served by regional airports.

system under study. Sometimes simulation modelgedan
analytical or empirical rules are sufficient forettobjective
pursued while in other occasions a very high-lexfetietalil is
needed for understanding the dynamics involveténsiystem.

The conceptual design is a step where the modeller
should have the first approach for the model armthduhat step
the initial requirements for the data collectior defined.
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Data collection should be performed accordinght® t Table 2-Requirements for a simulation model

previous step, this phase is also very importantabse
depending the quality of the data will be the ouoteoof the
developed model.

The following step (model developing) is normally
performed using of-the-shelf tools or developedh® modeller
through a general-purpose language such as C++,\Vd& Baw.

After the model has been developed a cycle f
verification is performed, in this phase it is exsked that the
developed model behaves in accordance with the epinal
model. At this step the model cannot be considehed it
represents properly the system under study theréfonakes no
sense to experiment with it until the next stepagormed.

Validation
developed model represent reality with sufficieevel of
reliability. There are several quantitative andlyial tests that
can be performed in order to determine the levaetasffidence
that can be put in the model [1]. The remainingsiare straight
forward; in the experimental design, the differeanfigurations
are evaluated and some simulation runs are pertbimerder
to obtain information for the research question.

Once the analysis of the experiments is performe
some conclusions can be taken based on the infomal
provided by the work with the model. At this phaaé the
previous steps come together in order to proposeesd
improvements to the system under study, if all steps have
been properly performed then the conclusions makeesad the
decision maker can take some actions over thenaligiystem
based on the study performed with the model.

METHODOLOGY FOR THE SIMULATION OF AN AIRPORT SYSTEM

The following subsection proposes a methodology f
the assessment of the future performance of amraigystem
using simulation techniques.

Traditional simulation techniques have beg
developed for the analysis of dynamic systems wheee is a
reasonable number of elements that interleaveclaaa way. On
the other hand it is typical to perform a bottomagproach or
top-down for the development of the model. Depegdin the
kind of approach the limits of the model must bealelsshed.
The modelling and simulation of an airport systemespnt a lot
of characteristics and dependencies that make gtielabment
of a proper model a particular challenge to be dacthe
following table presents some of the most importameés that
must be taken into account for the development sifraulation
model.

94

is the process of verifying that the

REQUIRED DATA

DESCRIPTION

Schiphol Current ang
Future Operatior
Capacity

Mill. Passengers, Ops./hour. Thi

information will be used for

validation purposes.

Environmental
Restrictions

r

These and other restrictions w
impose the Ilimit for the futurg
operations of the network.

Ultimate Capacity

The simulation models will be dig
to assess the practical capacity
Schiphol and foreseen the one f
the future network.

Current Level of
Service, Delay
I thresholds

The current level of service (leve
usage) and delay information is
key issue in order to determine t
practical capacity of the networ
and the future capacity of each o
of the airports that participate in th
system. To be extended in seco
step with regional airports.

Causes of Delay

d,

In order to propose n
configurations and manageri
schemas it is necessary to ident
the causes of the delay which is t
one that determines the practig

capacity of the individual airpornt

and it will be in the future system.

Ew
Al
fy
he
al

Runway Configuration

In the case of the main Airpdtrt
will be useful to understand th
current configuration and th
different options that could sery
for a future re-configuration o
commercial transport.

® D o

f

OfAircraft Mix
(commercial Flights)

This variable is also a ver
important one due to the restrictio
imposed depending od the type
aircraft using the runway.

y
ns

of

NATM policy
Netherlands

in the

This restriction might affect th
actual and future capacity of th
system.

D

Breakdown of IFR o
VFR operations

This information will be useful fo
validation purposes and it wi
determine the distributions g

=

operations throughout the year.
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ASSUMPTIONS ANDLIMITATIONS

of a two-layer approach. Layer A will be a top amleich will
take into account identified dependencies and leghat
relationships resulting from the interaction of thimulation
models at a lower-level. Layer B will be composédiifferent
models, mainly the different models of the thregpaits that
compose the system. Figure 7
representation of the simulation model. The nesp still be to
define the layers for the regional airports tha¢ amvolved
because of the knock on effects due to the formahghe
Airport System.

Layer A. Metamodel \./

— —+ AMS

RTM LEY

’ Layer B: Airport System EIN

Figure 7 — Two-layered approach for the simulatior an
Airport System

CONCLUSIONS

illustrates the ribedr

region that involves the main airport in Hollanddathree
secondary airports, two currently in operation ofvdcost

. . ) . carriers and another one which currently is usedgeneral
The simulation model will be performed making use . . . . . . .
aviation. Simulation approach is considered a blétane for

these kinds of problems. Furthermore the model wilbble
decision makers evaluate beforehand the problerhgeactical
capacity of the future network.
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(5]

The simulation of an airport system is a challeggin [6]

process that has not been addressed performingpaoaeh that
uses simulation models at different abstractiorelevin this
article the initial approach for a simulation mod# these
characteristics is presented. This model will beettgped for
the evaluation of a problem of general concernhi@a Dutch

(7]
(8]
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Abstract — This paper describes the consistent preview ef th

testing and measuring parameters interference of &Ni§nal
with vertical guidance. The Global Navigation SatellBystem
(GNSS), as a source of position
worldwide is considered as a key enabler to futunagetion.
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INTRODUCTION

The potential for interference exists to variouseak
in all radio navigation bands. As with any navigatsystem, the

users of GNSS signals must be protected from hadrmfu

interference resulting in the degradation of achibwavigation
performance. Current satellite navigation systenowige weak
received signal power — meaning that an interfexesignal can
cause loss of service at a lower receiver powegl lthan with
current terrestrial navigation systems. Interfeeenexist
wherever the GNSS signal is authorized for use. &NS
however, more resistant to misleading navigatiomrsrfrom
interference signals than current terrestrial radavigation
systems. [1]

Spectrum allocations Both current core satellite
constellations, GPS, Galileo and GLONASS, operafaguthe
radio frequency (RF) spectrum allocated by the ha#tonal
Telecommunications Union (ITU). States authorizi@PS,
Galileo or GLONASS based operations have an oliigato
ensure that their national frequency allocationd assignments
in the 1559-1610 MHz band do not cause interferenc&PS,
Galileo or GLONASS aviation users. Similarly, sees

It is expected that States authorizing GNSS opmrati
endeavor to ensure that existing and future frequen
assignments in the 1559-1610 MHz band with the riiatieto

information avadablinterfere with the GNSS operations be moved torditeguency

bands.

Out-of-band sources. The potential sources of
interference from services operating in bands dat#ie 1559-
1610 MHz band include harmonics and spurious eomssbf
aeronautical VHF transmitters, VHF and UHF digilkvision
(TV) broadcast stations, and other high-power sesir©ut-of-
band noise, discrete spurious products and intewratidn
products (IMP) from radio services operating nds 1559-
1610 MHz band can also cause interference problems.

Studies have shown that commercial VHF
transmissions do not pose an operationally sigaifichreat to
GNSS users. However, further consideration shoalditen to
this threat for specific VHF transmit antennas tedain the
vicinity of a runway and approach areas. The didekvision
stations do pose a threat to GNSS. Given curremtatfions on
out-of-band emissions from the TV transmitterss fieasible for
a transmitter operating within specifications todiste
significant power into the GPS L1 band. Future tdigiTVv
systems or LTE network such as High Definition TWEG-4
or 3G cellular networks may be capable of causiggificant
interference to GNSS receivers. Therefore, thera ieed for
mitigation strategies to prevent operational impatct GNSS
aviation users operating in the airport vicinitys e spurious
emission characteristics of digital TV transmittetsange over
time (due to maintenance, weather conditions, #tere will be
a need for an on-going interference mitigationtetg on the
behalf of the affected air traffic service provider

operating in the adjacent bands should not gendratmful 5 - 5 2. ™ B
interference to GPS, Galileo or GLONASS. GPS, @aliand e e s s e AN
GLONASS operate using spectrum allocated to theraertical /0 /”\ N 16 A

radio navigation service (ARNS) and radio navigatiatellite W /f\\/ /

services (RNSS). GPS, Galileo, GLONASS and SBAS opera \( | f

in segments of the 1559-1610 MHz frequency barstated to \\ \ \5 \ \ \\\\N\ \\ s% M s
ARNS and RNSS. The GBAS operates in the 108-117.93 M - \\ | Qw N\ o W
band allocated to ARNS o N e

SOURCES OF | NTERFERENCE

In-band sources A potential source of in-band
harmful interference is that of fixed-service opiena in certain
States. There are primary or secondary allocatiorike fixed-
service for point-to-point microwave links in centeStates in
the frequency band used by GPS, Galileo and GLONASS
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Figure 8. The navigation signals from Galileo satigdls.
(Source:www.easa.int[7]
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On-board sources. The potential for harmful examination may result in planning efforts to irtigeste a need
interference to GNSS on an aircraft depends onntliwidual  for airborne and ground-based systems for detectnd
aircraft, its size, and what transmitting equipmeninstalled. localizing potential sources of RF interference (RE) the
The GNSS antenna location should take into accdbet GNSS signals.
possibility of on-board interference — mainly entamg from
satellite communication equipment.

In order to quickly identify and mitigate GNSS
interference, a suite of systems may be requiredrre@u

On large aircraft sufficient isolation between atechnology provides RFI direction finding (DF) amddlization
transmitting antenna and a GNSS receiving anteanausually capabilities available in four main platforms ofterest —
be obtained to mitigate an interference probleran¥mitters of aircraft, land fixed (e.g., airport), land mobiku(face vehicle),
particular interest are the satellite communicai@guipment and handheld. Cooperative efforts between the resiiplen
and VHF transmitters. The possible generation afegulatory organizations within a State, utiliziegch a suite of
intermodulation products on the aircraft from omansmitter systems, will provide the capability to locate aimitiate
with multiple carriers or multiple transmittersdentrolled by a measures to terminate sources of interference.
combination of trar?smltter filtering and frequemognagement. . The extent of development a particular State may
Some on-board interference could be due to harmeonic . . .

. . desire to implement should be predicated on thengxbf
generated by weathered joints and connections. slt . . ) PR
. . operational services provided by GNSS and requiredability

recommended that air operators and State regulatghorities .

. for those services.
take action to control such occurrences.

Interference is of primary concern for the approach
and landing operations. States (CAA) and ATS pragideve
an obligation to validate the interference envirentmas part of
the flight inspection of the approach operationisTban be
carried out by a spectrum analysis of the frequeanges of

The combination of appropriately shielded GNSSGPS, Galileo and GLONASS (and their respective argation
antenna cabling, separation of antennas and calaed, signals). In this way it is possible to identifyyannintentional
transmitter filters can solve most interferencelpems on-board interference that has the potential to disrupt apphn operations.
small aircraft. Transmit equipment should be fétwithin its
own box or as close to the transmit-antenna ponpassible.
Additionally, some personal electronic devices eapable of
generating sufficient in-band energy to interferghwavionics
when used on-board an aircraft.

Avionics must be installed in accordance with indus
standards to ensure that the equipment operateenyoThese
standards require testing for interference with bpdther on-
board systems.

GNSS receivers for approach operations, develaped i
accordance with guidance material in the SARPsreaaired to
achieve a minimum level of performance in the pneseof both
continuous wave (CW) and pulsed interference. 3sess the
potential impact of received signals, a comparisnthe

Malicious interference. Intentional malicious received spectrum with the interference masks §pdcin the
interference (jamming) to GNSS is also a possibdis it is to SARPs is recommended. If no incursion of the CW fatence
all radio navigation systems. Such unauthorizedriatence is is detected, the environment can be regarded &sfastory.
illegal and should be dealt with by the appropriatate Since the interference masks are only valid formttest harmful
authorities (TU SR). Spoofing of GNSS receivers barmade CW interference, further (post-processing) analysfs the
extremely difficult with proper design of the reesmi spectrum is necessary if broadband or pulsed signaleed the
autonomous integrity monitoring (RAIM) and faulttdetion interference mask.
and exclusion (FDE) algorithms resident in aviati@teiver

. To achieve the required measurement sensitivity, a
equipment. [3,4] a y

suitable preamplifier and a resolution bandwidth16fkHz or
less are required. It is desirable to analyse thguency ranges
of GPS (1575 + 20 MHz), Galileo (1575 * 30 MHz)dan
Protection of the aeronautical radio navigatioresaf GLONASS (1598 - 20 MHz to 1604.25+20 MHz). It is
services spectrum is of paramount importance. hat@nal recommended to use a digital signal processing JD&ceiver
regulations state that the aeronautical radio raigig service is rather than a spectrum analyser since only DSRHwerseallow
afforded special protection. The ITU Radio RegulafleR) 953 a satisfactory sweep rate.
states: "Members recognize that the safety aspefttsadio
navigation and other safety services require spewéasures to
ensure their freedom from harmful interferencesinecessary
therefore to take this factor into account in tissignment and
use of frequencies." Each State wishing to implen@NSS in
support of air traffic services should ensure tlegulations are
in place to protect the aeronautical radio navayatspectrum
allocated satellite navigation.

REQUIREMENTS

Extensive interference of the Galileo consideration
took place in E5a/E5b concerning Distance Measuring
Equipment (DME), the Tactical Air Navigation System
(TACAN) and the Galileo overlay on GPS L5; in E6cerning
the mutual interference to/from radars and in E2H11
frequencies with regard to the Galileo overlay d"S3_1.

Interference detection, flight inspection and ground
monitoring. Reliance on GNSS will require a State to re
examine their respective capabilities to detectalige and
identify interference sources in order to minimipetential
service disruptions in their flight information fegs. This
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Figure 9. Measuring and analysing GPS Signal with PXI
5661 Signal analyser.

If the primary aim is just to detect interferenaeGPS
or GPS/Galileo/GLONASS antenna with an appropriate-
amplifier can be used. If a location of the intezfece source is
to determined, a direction finding antenna or atrallannel
DSP receiver with direction finding capability shale used.
The extent of the required interference monitoregipment
depends on the extent of operational services geovby GNSS
and the required availability for those services.afkports with
very high traffic that rely on GNSS as the navigatmeans for
approach, it may be desirable to deploy a permantarference
monitoring station. In this way a timely notificati to ATC of
the threat of interference can be performed. Evigh a flight

inspection there is no full guarantee that all iieteence sources
have been identified. For example, some sources by 1]

intermittent transmitters or may come from mobinsmitters.

Therefore it is recommended aircraft are equipped

with interference sensors (GNSS receivers with riatence
detection capability producing automatic reports).this way
the ATC operator can collect and analyse reportohitain
information on the spatial distribution of intedece events.

In addition to the analysis of the spectrum, a GNSS

receiver should be used to determine the impadattefference
to the GNSS data.

CONCLUSION

The interference from unintentional or intentional

sources can present a risk to the safe use of GN&Beably
for precision approach and landing operations. Edle to the
fact that GNSS signals are of a low power wheniveceby a
user receiver. However, there are many steps tHrate taken
to overcome the influence of interference — techhic
institutionally and operationally. From a technigedrspective,
judicious sitting of the aircraft GNSS antenna waiNay from
satellite communications antennas and other hidgectafe
radiated power systems will provide mitigation fram-board
interference sources. At the same time, consiaerathould be
given to sitting the antenna to optimize airfrarhéekling from
ground-based interference. Adaptive antennas, rfidters and
INS coupling all provide increasing levels of pmten from
interference effectively negating the threat altbge

Flight inspection of GNSS approaches for interfeeen

combined with the use of ground-based monitoring #me
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provision of timely status information to ATC wiltato protect
the users of GNSS. At an institutional level, bATFS providers
and States must take all necessary steps to pratect of radio
navigation satellite services by ensuring propdicjpg of the
GNSS spectrum and strict application of the ITU Radi
Regulations.
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INTRODUCTION

Air Law is a very specific system of law and thatst
or some international organization has the legalgudo control
observance of it. Air law is firmly entrenched hetprinciple of
sovereignty of states; a state may lay claims gbtsi over the
airspace above its territory. [1] The legal andlgsaphical
bases of space law are the antithesis of thosécapf# to air
law in that space law is grounded on the principlat outer
space is the common heritage of the mankind. Thkian® that,
while the implementation of air law is heavily iméinced by
municipal law, space law is solely grounded on ligganciples
binding on the community of nations. In terms afgprudence,
space law represents the Idealist school which atpp
community interest over national interest, whiler daw
represents the Realist school which advocates thtbnal
interests are pre-eminent considerations for ajppses. [2]

AIR LAW VERSUS SPACE LAW

Space law is one of the most recent additions t

international jurisprudence. It pertains to oneha&f most highly
technology-intensive activities is an incontrouvasdi fact and
was made evident with the successful launch oépiaee shuttle
Columbia on the 12-th of April 1981, when the woeldtered a
new age of space exploitation, leaving behind tkeod of

space exploration which seemingly started in 195th the

launch of the Russian Sputnik. The emergent philloisap

problem posed by space law, in its offer to mankafich new
dimension of transport law and property law. [2]

The basic principle of space law is the common

interest principle which emerged as a result offitst specific
resolution on space law of the United Nations Galnéssembly
in 1958. [3] The common
incorporated in subsequent multilateral treatiestigularly the
Outer Space Treaty of 1967. [4] The next very ingutr treaty
is The Moon Agreement of 1979 provides that,

interest principle has bee

exploration and use of the moon, states partiedl shke
measures inter alia to avoid harmfully affecting #mvironment
of the Earth through the introduction of extra-¢stral matter or
otherwise. [5]

Air law is in different position. In this way theitical
role is played by air traffic management which & regulated
by international convention owing to the permeatinfiuence
of the principles of state sovereignty. Therefasponsibility of
states for their air traffic management rests Hgawon the
concept of sovereignty upon which air law has buit
formation. Air law is based entirely on the concetstate
sovereignty in air space and is essentially relatethnd. The
concept dates back to early Roman times when :Stitesed,
held, and in fact exercised sovereignty in thespiace above
their national territories...and therefore the redtign of an
existing territorial airspace of States by Paris @mion of
1919 was well founded in law and history. [2] [6]

The civil aviation is mainly international and theare
development trends to consolidation / unificatioriiere is very
strong relation between international air law, o air law
and EU law, but sometimes someone declares thalairAir
law is fundamental only for pilots, it covers theigins of
aviation law and the practical elements of the guté air,
personnel licensing, and operational aspects olLAw as they
affect the Airline Transport Pilot. [7]

SOURCES OFAIR LAW IN THE EU

o The development of European ideals and the
government of the problems of contemporary Europe a
realized almost exclusive through EU law. After doeession to
the convention of EU is EU law for our country vemyportant
and we have to implement EU legislation to our oral
legislation and the same case with the Air law.

Most EU law-making is carried out within the
community pillar. Central types of legal instrumein
Community law are: regulations, directives, decisjon
recommendations and opinions. Regulations shall lganeral
application. It shall be binding in its entirety dardirectly
applicable in all Member States, they are mosthtradizing of
all Community instruments and are used whereveretligera
rr]1eed for uniformity. From the date they are autdcady
Incorporated into domestic legal order of each nemskate and
require no further transposition. Directives aneding as to the
result to be achieved. It leaves the choice asoton fand

in the
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methods used to implement it to the discretion oénider
States. Usually 18 or 24 months after publicatioly-which
Member States must transpose its obligations iatmmnal law.
Decisions shall be binding in its entirety uponsdo whom it
is addressed. Recommendations and opinions sha# hav
binding force. [8]

The most important European civil aviation
organization is EASA - European Aviation Safety Agg It is
the centerpiece of the European Union's strategyat@ation
safety. Our mission is to promote the highest comstandards
of safety and environmental protection in civil a&idn. Air
transport is one of the safest forms of travel. s traffic
continues to grow a common initiative is needethatEuropean
level to keep air transport safe and sustainable Agency
develops common safety and environmental rules hat t
European level.

"aircraft register"), which are temporarily outsitdhe territory of
the Slovak Republic. Slovakia has complete and skau
sovereignty over its airspace.

The authorization for Ministry of Transport,
Construction and Regional Development of the SlovabuRkc
is issued by law and by the national standards. bEo&ground
of Act No. 143/1998Coll., on the civil aviation is the Chicago
Convention. The Convention on International Civil Aida,
also known as the Chicago Convention, establishedQAO in
1944. ICAO standards and other provisions are dpeelan the
following forms: Standards and Recommended Practices
collectively referred to as SARPs; Procedures forr Ai
Navigation Services - called PANS; Regional Suppleagy
Procedures - referred to as SUPPs; and Guidancerislain
several formats.

In 1998 was established by Ministry of Transpos th

It monitors the implementation of standards througl€ivil Aviation Authority of Slovak republic. Desciijpn of its

inspections in the Member States and provides #wessary
technical expertise, training and research. Thendgeworks
hand in hand with the national authorities, whidntmue to
carry out many operational tasks, such as cettifina of
individual aircraft or licensing of pilots.

It is interesting to compare of two legal systemshie
field of Air Law. At this moment in the year whentered into
force on accession treaty between the Republic oatizr@and
EU we can simply compare application of internatioand EU
principles of Air law of two states of EU: CroatiadaSlovakia.

Slovak Republic is a member state of the Internation
Civil Aviation Organization- ICAO since 1993, only ®ryear
after Croatia, which means that both countries aelying
international regulations and standards for appnasely twenty
years. Both of the countries are members of EU. &liavhas

function is given on the official website of Civilviation
authority as: "The Aviation Authority is an orgaaiion that
provides for execution of the State administratiprafessional
state supervision in the civil aviation and thdiflahent of other
tasks in civil aviation arising from the Aviationcf other
generally binding legal regulations of the Slovakp&dic, of
legally binding acts of the European Union, as we$
international treaties by which the Slovak Repuldidound.”
[9] CAAis led by general director.

The next important institution in the field of divi
aviation is the Aviation and Maritime Investigatidwthority,
which is an accident and incident investigationhatity of
Slovak republic for aviation and nautical mattels.is an
independent part of the Ministry of Transport, Camgtion, and
Regional Development of SR.

been a member since 2004 and Croatia became a mamber

summer 2013. At this moment there are still chaggiome

regulations in aviation. For example, some changesl to be
done related to pilot and staff certification. Thagans there are
still some differences between these two countries.

SOURCES OFAIR LAW IN THE SLOVAK REPUBLIC

In the Slovak Republic (SR) there are legislative

which powers the National Slovak Council, the Goweent, the
Ministry, and the Councils of self-governing regions

Act No. 143/1998Coll. on the civil aviation and on
amendment and supplement of some other legisldatothe
basic Slovak civil aviation legal act.

This Act regulates civil aviation, the operations o
civil aircraft in the airspace of the Slovak Repaptiompetence
and certification of aviation personnel of aircrafhd other
aeronautical products, the register of aircrafstafiation and
operation of airports and aviation ground equipmeahduct of
air transport, aerial work and other businessesiviih aviation,
civil aviation, the competence of state adminigrat and
penalties. This Act also applies to the operatiboiwal aircraft
registered in the register of the Slovak Republétefired to as

100

SOURCES OFAIR LAW IN THE REPUBLIC OF CROATIA

In Croatia, organizations in charge of civil aviatiare
Ministry of traffic, Croatian Civil Aviation Agencyral Agency
for accident investigation. Croatia became a merabBCAO in
1992. The air traffic act NN 69/09,84/11 is a groop
regulations determined by Croatian parliament. Cawilation
agency and Agency for accident investigations nalmy that
act. The next important part of national legislati

= Regulations on the conditions and methods
of providing air navigation services

= Regulation on the provision of ground
handling services

= Regulation of airports

= Regulations on airports on the water

= Regulations on heliports

= Regulation on rescue-fire protection at the
airport

= Rules on emergency medical services at the
airport

= Airports Act

The air traffic act consists of these basic prawisi
and scopes:
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airspace of the Republic of Croatia

to aircraft registered in the Republic of Croatia.

including foreign aircraft,

The provisions of this Act shall apply to all civil again. President and vice president of the coameichosen and
aviation activities carried out in the territorydan appointed by government.

Council members cannot be

employees of the agency.

The provisions of this Act shall also apply outside

the territory and airspace of the Republic of Croati N . . e
y P P ?nvestlgatlon of accidents and serious incidenss,well as

. . . . .. activities of interest of
Unless this Act provides otherwise, its provisions

shall apply to all aircraft used by Croatian airspac
in accordance with

international agreements binding on the Republic of

Croatia.

and the Croatian territorial waters.

The Croatian air space is the space above the land

all

aviation agency,
founded by Republic of Croatia. [10]

Agency for accident investigation performs
Republic of Croatia. Same Civil

Agency for accident investigationss

CONCLUSION

Both of countries are members of EU and must apply
rules and regulations that EU requires, so wan'tvbe

Activities in civil aviation to be performed in the focused on these laws. The same principles in daocae with

territory and airspace of the Republic of Croatia irEASA regulations are applied in Croatia as in Slévaid legal
accordance with the provisions of this Act, theinstitutions are similar.
Convention on International Civil Aviation (referred

to as the Chicago Convention), with all the extras of
a multilateral agreement on the establishment of
European Common Aviation Area ( referred to as
the ECAA Agreement) and other international

agreements binding on the Republic of Croatia.

meets the requirements of this Act, regulationsenac

under this Act and in accordance with the relevar »%

regulations of the European Union (referred tohas t X

relevant EU regulations).

airfields and civil aircraft as provided in thist

Ministry of traffic is in charge of civil aviation
politics, future development, representing Croatia
international organizations like ECAA, signing cauts and
agreements with other countries or organizatiorspgsing hew
laws and regulations, ensuring application of ateinational
agreements, supervision of civil aviation agencg agency for
accident investigation, and providing strategicisieas in air
traffic, except security decisions.

Civil aviation agency was established by Republic
Croatia in 2007. This decision was made by the gaeint.
Agency should perform all tasks in accordance witional and
international law. In charge of the work of AgerisyCroatian
government. Agency's activities include work refat® air
safety, especially certification, supervision amspiection to
ensure continued compliance with the requirements tfie
performance of air transportation and other airndpert
services.

The agency, as part of its activities, in collaliora
with the Ministry, is participating in internatiohactivities,
including negotiating processes at the conclusionf
international agreements, meetings organized by
International Civil Aviation Organization (ICAO) andther
international organizations and institutions in tedd of air
transport, taking part in the work of their professl bodies
and working groups, and works with internationadies in
charge of civil aviation. There is a council prduigl leadership
for agency. Agency Council consists of five membbtembers
are recommended by minister, and appointed by dkergment
for the term of four years. After that they could appointed

The provisions of this Act shall apply to military
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(4]

of

(5]

(6]
(7]
(8]
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Abstract — This paper provides overview of historical fligh When the world war came, a necessity arose to teach
simulation training device (FSTD) visual systemseftgpment, to fly as much people as possible in the shortessiple time.
actual levels of FSTD under FAA and EASA regulatorBecause of this there was a strong growth of actidate,
framework and discusses the possibility to constaughiversal leading to tests of coordination and reaction times

full flight simulator certifiable under both regutay system

. . In these times it was believed that the vestibular
from image generator perspective.

system works in the air the same as on the grousgr it vas
recognized that it is not true. On the basis of #riowledge a
new device was constructed in 1917, called Rug0igsntator.
This device consisted of a seat mounted in a gisbaige
which enabled rotation of the student in all thases.

Key words — flight simulation, image generators, training.

INTRODUCTION

Air Transport Department of the University of Zéin
cooperates with Virtual Reality Media, a.s. companyproject
" The research on virtual reality elements appiicat the
significant  improvement  of simulator  performance
characteristics " (CODE: 26220220167).

In scope of this project Air Transport Departmeiit w
engage bachelors and masters degree students dtitities
connected with real world helicopter data collatti@and
identification of flight model parameters usingtseire.

In addition to these activities, students will mgaged
in studies of the necessary standards and reguafar flight
simulation with an emphasis on visual systems amthér
processing of such information. Based on the prevanalyses,
image generator requirements will be set, togethgth
measurement methodologies. Influence of new imagemtors
parameters on human factor will be also assessedvedl as
experimentally verified.

This paper will publish initial outcomes of the jact
concerning full flight simulator regulatory requinents in the
field of image generators, accompanied by historica
background of visual systems evolution. o

Figure 1 — Amelia Earhart ridindRuggles Orientatofl)

HISTORICAL BACKGROUND OF IMAGE GENERATORS EVOLUTION The next step in ﬂlght simulation evolution was th

One of the first simulators was constructed in 1840 -Link trainer”, called also ,Blue Box, which was cdnscted in
the Sanders Teacher. It was a modified aircraft mtemion a Years 1927 to 1929. It was a device used for tegati flight in
hinge connected to the ground. The students leahued to reduced visibility and bad meteorological condigonThis
manipulate the controls and to maintain equilibriuioy device was widely used mainly during the Second laVgvar
balancing in strong winds. by nations of both sides.
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Link trainer was at first a device without visuale

system. Later models were upgraded by inclusioa e€enery
painted on walls of the training room where the idewas
positioned. In 1939 Link created a simulator feiaiyira dome
with depiction of stars. The stars could be poséib according
to given time and aircraft position. This deviceswesed mainly
for night flight training.

The first visual systems are dated to late 50smalls
physical model of terrain was used. This terrairs Waand a
camera moved above the terrain according to theement of
aircraft. The terrain was limited to the vicinity one or more
airfields. The extent of terrain was enlarged inlitemy
applications in order to simulate low level flighasd attacks.
These models were later substituted by digital Engenerators

Viewing angle — a disadvantage of all these digpis
too narrow viewing angle. This posed no problerthé device
is a single pilot simulator, but for multi pilotnsulators if one
pilot looked into the second pilots display, he seny distorted
image. Because of this phenomenon, it was necessdegvelop
a system providing much greater field of view iderto enable
a clear sight without distortion to both pilots.

A breakthrough came in 1982, when a British
company Rediffusion company of Crawley introduced &Vid
angle Infinity Display Equipment system.

This system used a big, curved mirror in order to
observe reflected image on a homogenous surfadmfarpilots
sitting side by side. The image was projected drigascreen
situated above the cockpit. Image from this screms then

In 1948 Curtiss-Wright developed the first cockpitreflected thru the glass mirror. In order not t@ Ueavy and

simulator for Boeing 377 Stratocruiser of Pan Anamiairlines.
It was also the first type-specific cockpit fligetmulator. It
didn’t contain any visual or motion system, butvis able to
simulate operational procedures on exact copy ef dbckpit
layout.

brittle glass, a light reflexive material on a mykheet was
utilized.

This principle is used in majority of full flight
simulators of Levels C and D. Originally, the crassckpit
system consisted of three projectors providingZwontal field of

The occurrence of digital computers in 1960s led teiew of 150 degrees and vertical field of view 6f @egrees. By

digital visual models, providing much greater dgir. In 1972

extension to five projectors, the horizontal fietdf view

Singer-Link company created a display accommodatinigicreased to 240 degrees.

collimating lences, providing the possibility to temd focal
length to any distance.

The first systems able to generate image wer:

developed by General Electric Company for space aisége

first versions produced so called ,ground planedtdr systems

incorporated the third dimension even without aefireed 3d
model of the terrain.

The next step by E&S company was a complex

simulation system for military as well as commeraigage.
This system encompassed simulation in the air,henground
and in the water. It was up to the costumer whskstavere
trained on these devices.

In 1980s Defence Advanced Research Projects

Agency started with development of a network ofagjrextent
called SIMNET. This network was designed so thatdreds of
simulators (tanks, airplanes, etc.) could sendr tipeisition,
health or other attributes in a mutual simulatediremment. It
was used for example by US army when training &ployment
in Persian gulf in 1991.

Figure 2 — Cross-Cockpit Collimated display syst&h

HELICOPTER FLIGHT SIMULATORS REGULATORY
REQUIREMENTS

Performing standards and regulations analyseseat th
Air Transport Department we aimed at establishment

As the image generators evolved, there were twemofOmmon requirements of EASA and FAA. This shoulatllén

major problems to solve:

. Restricted display design - Singer-Link displaysifro
1972 had horizontal visual field of view only arau®8 degrees.

In 1976 a series of new models with greater fidldiew was

future to the possibility to construct flight simtors certifiable
under both regulatory systems at the same time.

On the US side the regulatory requirements are

established by 14 CFR Part 60. From this regulatioese parts

introduced. The field of view reached values ofdefrees and deal with helicopter flight simulators:

the new units were called WAC Windows (Wide Angle

Collimated Windows). Several of these devices hadbéo
installed into the simulator in order to achievéiedd of view
sufficient for the pilot in training. Single pilsimulators usually
consisted of three units (left, centre and rightpviding a field
of view of 100 degrees horizontally and 25 to 3@rdes
vertically.

e Appendix C to Part 60 - Qualification Performance
Standards for Helicopter Full Flight Simulators
e Appendix D to Part 60 - Qualification Performance
Standards for Helicopter Flight Training Devices

On the EU side the regulatory requirements are
established by EASA CS-FSTD (H) - Certification
Specifications for Helicopter Flight Simulation Timg
Devices. This regulation replaced in 2012 obsol&R-STD
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1H dealing with FFS, JAR-STD 2H dealing with FTDdalAR-
STD 3H dealing with FNPT. This action unified tregulatory
requirements of the three parts and
provisions.

| this paper we will deal with all three categorafsof
devices defined in CS-FSTD (H), i.e. FTD, FNPT aRr®&F14
CFR Part 60 doesn't contain FNPT at all, howevereftnés
more levels of FTD, from which some have charasties close
to FNPT. CS-FSTD (H) defines FTD levels 1 to 3contrast
with 14 CFR Part 60, which defines levels 4 to 7.dlev to 3
were excluded from this regulation due to coverhgeother
regulations. Apart from FFS the levels between FA EASA
are not identical. The following table shows conaée levels
of FTD and FNPT s with similar regulatory requiemts.

Table 1 —FNPT and FTD levels comparison

FAA FTD1 | FTD2 FTD3 | FTD4 FTD5/6

EASA | FNPTI| ENPTII| FNPTIII | FTD 1 FTD 2

This inconsistent levels definition does not faatk
the situation regarding establishment
requirements on image generators, as the allocditan the
previous table is not exact. In reality, the regoients are often
totally different or the regulated parameters areomparable
between the two regulations. In spite of this itpsssible to
design a device that could suffice requirements both
regulatory systems, as is the custom in the inguémne type of
device may be modified in compliance with customeeds.

FFS REQUIREMENTS

According to EASA CS — FSTD (H), a Level A FFs Simulator

shall have a visual system capable of providindeast a 45
degree horizontal and 30 degree vertical field aéw
simultaneously for each pilot, increasing theseieslto 75 and
40 degrees respectively for Level B. Levels C anch@llhave
“Continuous”, cross-cockpit, minimum visual field ofiew

providing each pilot with 150 degrees (level C) 80 degrees
(level D) horizontal and 40 degrees (level C) or d#jrees
(level D) vertical.

In comparison, according to 14 CFR part 60 a Level

simulator must provide a continuous field-of-viefvab least 75°
horizontally and 30° vertically per pilot seat, wieoth pilot
seat visual systems must be operable simultaneousty
alevel C simulator these values are
horizontally and 36° vertically per pilot seat. $his further
increased to 176° horizontally and 56° vertically & Level D
FFS

The 14 CFR part 60 does not define requirements f¢4.]

Level A FFS, as there no Level A helicopter fuligfit

simulators under FAA regulations. It can be seeat tthe

requirements for particular levels are quite similaiis clearly

possible to construct with ease a simulator sulfci
requirements of both regulation systems.

of common e cor

FAA regulation doesn't have an equivalent EASA nemment
and vice versa. This also provides an easy poigibid

removed duelicaconstruct a unified simulator.

One of common requirements from both systems is
complexity of scene content resolution, where atiogr to
EASA CS-FSTD (H) for a Level C, the FFS has to previd
scene content comparable in detail with that preduay 4,000
polygons for daylight and 5000 visible light poirfiés night and
dusk scenes for the entire visual system. For L&ehese
figures are increased to 6000 and 7000 respectively

According to 14 CFR part 60, for both Level C and
Level D full flight simulators, total scene contentust be
comparable in detail to that produced by 10,00bMgextured
surfaces and 6,000 visible lights with sufficiepstem capacity
to display 16 simultaneously moving objects.

The requirement for number of polygons is much
higher on the US side, with requirement for numbfkevisible
lights falls in between the two FFS levels on EASde.

CONCLUSION

When combining these two regulations, we have to
take the stricter criteria from both systems, megrén FFS
providing 10000 visible polygons and 7000 visilights may be
certified as either C or D level FFS in both regutptsystems.
Designing of such visual system may mean more tetiod
resources given into the development, but provigesater
flexibility of certification and availability to cstomer.

This paper is published as one of the scientific
outputs of the project: , The research on virtual reality
elements application: the significant improvement b

performance characteristics”, CODE:
26220220167.
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Abstract — The objective of this paper is first to identthe
conditions robustness and resilience of the aing@ort system.
Therefore, in-depth analysis on air transport maosieecific
disruptions and their consequences for the ovesgtem’s
performance are elaborated. In addition, a concaptiefinition
of the conditions robustness and resilience withm air traffic

within the air traffic management (ATM) frameworlased on
Gluchshenko [10] is developed in section Il. Thiveg a
distinct differentiation and a solid basis to defirulnerability of
the ATM system with respect to severe weather evemt
section IlIl. In the following section 1V, measur&s cope with
this vulnerability and impacts on the traffic floave analyzed

management (ATM) framework based on Gluchshenko if10] for selected examples and allocated to eitheretim tobustness

developed aiming for a distinct differentiation aadolid basis
for performance measurements. This paper aims tougea

holistic approach on how to define the interactidrrabustness
and resilience in the context of vulnerability metATM system
in consideration of existing practices such assbering method

of the weather algorithm developed by the ATM airpor

performance (ATMAP) group [13]. Thus, this papeteids to
deliver the basis for future developments thatvalla more
objective evaluation of actions to enhance prepaesd against
disrupting weather events of the air traffic systenorder to
reduce vulnerability.

Key words — climate change, aviation industry, vulnerabijlity

resilience.

INTRODUCTION

Of all modes of transport, aviation in particulaash
shown high vulnerability in terms of weather pheroi which
will fostered by the climate change. Climate chalegels to an
increase in extreme weather events resulting inenfiquent
and also severe disruptions in air traffic [11]. eDto the
imprecise nature of climate change forecasts, asihgn
preparedness against such events is difficult. Asresequence,
maintaining standards in service delivery is a gellenge
and may even overcome airports capabilities as ise@tal shut

down at London Heathrow or Paris Charles de Gaulle i

December 2010 due to heavy snow falls.

In most cases, the disruptions due to severe weathe

events are less serious. The severity of disrupti@aries from
small deviations in flight plans up to cancellagaof flights for
a whole region as e.g. during the volcanic eruptioh
Eyjafjallajokull from 14 April 2010. The airspacelosures
resulting from the eruption led to the disruptidrsome 100.000
flights and 10 million passenger journeys [15] [B].order to
allow an estimation of the impact of such disrupsiofirst a
conceptual definition of the conditions robustnasd resilience

or resilience depending on the system’s reactionttmse
phenomena and the actions taken.

The long-term development due to climate change of
the analyzed severe weather phenomena is invesfigat
section V, followed by proposals in section VI oowhto
monitor and evaluate the vulnerability of the ATys&m with
respect to these weather events in order to lesom fthe
ordinary as well as occasional disruptive event.

RESILIENCE AND ROBUSTNESS

Resilience is considered as a system’s ability to
recover from disruptions within a given time int@nand return
to the initial state. Within the ATM framework baseon
Gluchshenko [10]disturbanceis defined as a factor or a
phenomenon that may case stress within a systemrdtative
to the specified reference state and can be catedoiby
parameters such as type, frequency or intenStyvival or
lethal stressare possible reactions of a system caused by a
disturbance. The framework identifies four propertiof the
ATM system:

« Robustnessis described as a system’s ability to
absorb disruptions. Doing so, a system does not
experience any stress since a disturbance hasredcur
Changing the dedicated runway operations due to
shifts in the wind direction during the day migle &n
example for the system’s robustness.

« Resilience by “transient perturbation” indicates the
system’s ability to respond on a disturbance within
defined time horizon and return to the referenatest

*  “New reference state of system'tlefines a state with
.permanent perturbation” meaning that the deviation
becomes fixed over time and a new state of thesyst
being different from the reference state is esshieli.
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«  “Modification of system* is caused by the system'’s

reaction ,lethal stress” (see Figure 1). The systam
or should not respond on a disturbance.

Uncertainties:
1. type, frequency, intensity,
duration and time of occurrence

2. type of stress

3. type of perturbation

_1

4

( disturbance
] 1 Robusteness
AV of system

an ATM System |

I

lethal stress

g e\ :
survival stress ) < no stress )

\ —

L permanent perturbation l

L transient perturbation ]

Modification
of system

New reference
state of system

Resilience of system

Figure 1 — State of ATM System from [10]

In the paper by Gluchshenko [10] an airport with a

throughput capacity defined by its runway systerdafined as
the reference state and a winter season as theldisce. If the
airport manages to keep the reference state owerwihter

VULNERABILITY WITH RESPECT TO SEVERE WEATHER EVENTS

Definition: Vulnerability of a person, a social group,
an object, or a system in view of existent hazardgs, crisis,

period, robustness in terms of the ability to absgiress caused stress, shocks, or damaging events that alreadyrrect

by disruptions is demonstrated. This situationxsneplary for
those airports operating below their nominal cagadi the
throughput is increased and the airport is hitdipdl stress in
consequence it has to be modified by e.g. suhsgfulight

movements by trains or adapting the equipment te tt’h

challenges ahead.

Usually, damage in this context denotes a reductioreven
inoperability of important functions [7].

The scoring method developed by the ATM Airport
Performance (ATMAP) Group at the request of thddPerance
eview Commission (PRC) aims to support a uniform
measurement of airport airside performance acras®ean

Performance values of great importance in the ATMirports. Thereby, differences in airports” infrasture and

system are amongst other the airside capacity dirgjutake-
offs and landings as well as the total amount ofenwents per
time unit. Flight data such as the “OOOI data” (Bifick, Off-

wheel, On-wheel, In-block) are taken as referencimtp for

flight status. Delay assessments for average dglaystake-
off/landing (in minutes) for the off- to in-blockepod can be
performed by comparing scheduled and actual
Differences reflect the performance of an airparbfi the air

transport system (en-route). Additional values sthehaverage
delay of a single flight or the percentage of dethyake-off and
landings at a defined airport are given in the repby Central
Office for Delay Analysis (CODA). Air Traffic Flow
Management (ATFM) delays result from

equipment needs to be considered when evaluatimy th
performance in bad weather conditions. But evenrgsienilar
requirements differences in their performance megun The
aim of the ATMAP weather algorithm is the sepanatid ,bad
weather days” that are used to evaluate the impédbad
weather conditions on the airport’s performancein®ao, it

timeassigns severity coefficients to different weathegasses.

Providing regular preconditions such as e.g. anddfiseparation
of aircraft in the airspace analysis are based ®@TAR data
being recorded every 30 minutes from 06.00am Wh&Ppm
METAR is a message containing all safety critical
meteorological observations for flight operatioms a given

regulationsirport and nearby airspace (up to 16 km from thzod).

measurement by the Central Flow Management Unit (CFMU

due to capacity shortages in the en-route sectat airports. In
consequence, affected aircraft are not allowedake-bff and
stay on ground at the airport of origin.
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*  "Weather class" is a group of weather phenomeea, i.
single meteorological elements. The following
weather classes are to be differentiated:

0 "Ceiling & Visibility",
o "Wind",
o "Precipitations",

0 ‘“Freezing conditions" and
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o “Dangerous phenomena"

In consequence, conclusions made up based on |gdstiam

are limited:

"Coefficient" is a number of points being not
necessarily linear to the severity of a weathesscla

Coefficients of the weather classes are merged @ on

score for every META massage. An average of allexof a
day within a time interval of 16 hours is deternairia order to
be compared with a threshold value for a “bad werattay”
with R >=1,5.

Table 1

— Elements/Parameters of ATMAP - weathessela

with high coefficients

Weather
class

Description Condition Coe.

Ceiling and

visibility

“Low visibility“- | Approach 4-5
operations; ILS| CAT 1l -
separation minima are CAT Il
increased leading to
more complexity in
the aviation system,
Constraints for take
offs under CAT Il
conditions.

Wind

Increasing impact of Wind
the wind on the > 30kt
aircraft speed ove
ground and in
consequence on the
airport’s performancel.
Threshold value fo
cross-wind

component might be
reached.

speed| 4

Precipi-
tations

Heavy precipitations
require substantial
equipment and
complex procedures
in order to provide
safe take-off ang
landing procedures on
runways.

FZxx,(+)SN 3

Freezing

conditions

T > 3°C and| 4
(+)(SH)SN,
FZxxx

OR

T <= -15°C
with  visible
moisture

Heavy frost

conditions even for
airports in

Scandinavia

Dangerous
phenomena

These weather TCU,CB and
phenomena are Cloud cover
dangerous for the

safety of aircraft E%ﬂaCBC:\?;
operations. However), and (£)SHxx

their impact is not
GS, FC, DS,| 18-

predictable.

SS, VA, SA,| 24
GR, PL, TS,
+TS

3-12

4-24

As the algorithm describes the impact of extreme

weather events on the actual airport operatiomsetls no claim

to provid

e forecasts about the future performarfab® airport.

The position of the bad weather phenomena in oglati
to the runway system is of great importance in germ
of evaluating its impact on the airport’'s operation
performance. In the algorithm’s recent stage, this
parameter is included.

The time of the day at which the weather phenomenon
occurs is not considered in the algorithm. However,
this phenomenon may occur in both high traffic and
low traffic phases over the day. As the traffic deah
varies, this leads to different disruption patterns

Traffic within the night hours (10pm until 05.59am)
are not considered but still can have an effecthen
airport operations during the day. E.g. nightly wno
falls can lead to heavy disruptions during the day
even to runway closures.

In order to assess the impact of these even rare
L.dangerous phenomena“ on the performance of airport
operations, a description taking into account
geographical position, duration, intensity and
expansion would be necessary. However, their impact
can be hardly foreseen as every phenomenon has its
own characteristics.

Another problem is the scoring method as the scores

determined do not offer any information about theganing.
Does a score of e.g. 30 mean that the runway syistaimout to
be closed due to heavy disruptions or that courdasmres need
to be taken in order to overcome possible disragffo

REACTIONS TO SEVERE WEATHER EVENTS

The impact of (extreme) weather phenomena on the

performance in the air transport system can be ifsgc
depending on the demand and supply ratio as waheadype,
duration and intensity of the disruptions as fobow

(Under visual meteorological conditions Pilots take
responsibility for separation between aircratt.)

Intervention of air traffic controller on the traff
situation without any severe consequences on the
performance, e.g. changing the dedicated runway
operations due to shifts in the wind direction. sThi
may lead to a temporary peak in the traffic demand
with the overall demand being on a low level.

Changes in the runway usage, e.g. prioritization of
arrivals on a certain runway during fog conditions.

Runway capacity is either reduced if weather
conditions (wind, visibility) degrade or even tudn®
“zero rates" (temporary shutdown of a runway). In
case of thunderstorms the complete runway system
might be temporarily closed.

In case of demand exceeding supply delay (ATFM,
holdings) results in different characteristics (being
from temporarily in- and outbound delay, start-up
delay to extensive reactionary delays).
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Aircraft rerouting.
Cancellations.

Long-lasting effects over the day or with possible
impact on the performance at the following day.

Disruptions in airport related functional areashsas
apron or baggage handling facilities.

Other Impacts (e.g. on other modes of transport).
Full-time closure of the airport.

A qualitative analysis of weather related events ha

been carried out based on recent reports and d#exted by
the Association of European Airlines (AEA) from dany 2007
until March 2009 as well [2] [3] [4] [5]. Differercin the impact
of these weather events can be classified in thewimg three
groups [14]:
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Weather phenomena such as fog, wind, rain andsther
primarily cause disturbances at congested intemnati
and European hub airports. As a consequence of thes
weather events separation of aircraft has to be
increased and, in terms of heavy rain falls, runway
conditions as well as braking power are decreased
leading to reduced runway capacity and different
forms of delays or even cancellations. Changeseén th
runway traffic assignments (Istanbul International
Airport) or runway closures when tail wind
components are exceeded (Runway 18 at Frankfurt
International Airport) result from these events. At
London Heathrow International Airport approximately
700 flights over the period of three days were
cancelled at Christmas time 2006 due to foggy
conditions. Some of the 40.000 passengers were
rebooked on flights from not affected airports or o

were suffering from delays, cancellations, and ydail
punctuality values below 30 %. An example about the
disruptions happening at Frankfurt International
Airport in May 2008 due to thunderstorms and an
assessment of the recovery times are given in Eigur
3. Concerning events with heavy falls the airports”
preparedness to react on these events are of great
importance. Vienna Schwechat International Airport
was hit by 40 cm snow on Januaryl@ading to
single runway operations from 1lam to 8pm and a
cancellation rate of approximately 65% of all
scheduled flights for this day. Madrid Barajas
International Airport was closed on Januafydiie to
snow fall with a recovery time of several days to
return to regular operations (reference state).aAs
consequence, airport operations can initially be
performed in a reduced mode only even though
weather conditions have completely improved (“New
reference state”, “Modification of system®).

Weather phenomena such as strong winds at high
altitudes or large-scale cumulonimbi (CB) may lead to
re-routings (information provided by
EUROCONTROL Area Control Center) and longer
travel times.

Large-scale weather related disruptions are oftgrea

importance for the aviation industry as the proldem
occurring at the relevant hub airports may evenehan
impact on airports that have not been affected Hese
weather events so far. Especially the airline netwaver
central Europe with its high density of important
international hub airports seems to be prone tgelacale
weather related events in particular (see Table 2).

e Table 2 - Distances to Frankfurt International Admp

other modes of transport (busses, trains). In many
cases, disturbances occur due to “overlapping tsffec

such as weather related impacts as well as disngpti

in operations. At Munich International Airport low
visibility combined with freezing fog and inversion

lead to 232 aircraft being delayed and 24 bein

cancelled in December 2007. However, returning bag
to the reference point within the same day is fdasf

the weather events are just short-lasting (resi#gn

Long-lasting weather events such as snow falls ¢
freezing conditions may lead to great disturbarates

any airport including its complete shutdown. Mukip

runway systems need to be removed from sno

Brussels Airport (BRU) 164 NM
Hamburg Airport (HAM) 223 NM
Munich Airport (MUC) 162 NM
Y Berlin Tegel Airport (TXL) 235 NM
) London Heathrow Airport (LHR) 354 NM
Amsterdam Schiphol Airport (AMS) 198 NM
' Paris Charles-de-Gaulle Airport (CDG) 242 NM
Vienna Schwechat Airport (VIE) 337 NM
NZurich Airport (ZRH) 154 NM

alternately. Freezing conditions at Frankfurt
International Airport lead on a first step to maesi
delays for departing aircraft due to de-icing
procedures and afterwards to a complete shutdown of
the airport from 10:45pm for four hours (December
21t 2009). In total, 90 movements were cancelled
with approximately 8000 passengers being stranded.
Heavy winds or even hurricanes over a period of
several days may cause disturbances affecting
numerous airport related functional areas. Due to
storms such as “Kyrill’ (Januaryst1of 2007 or
+LEmma” March ® 2008) some European hub airports

Figure 2 shows the distribution of wind intensity a
selected airport over 16 years. It can be seerttieat is a
high divergence especially for very strong windab
20kt between airports.
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Figure 2 — Distribution of wind intensity at selected Eurapeairports, winter season 1997-2012, 05:00 — 22600

resulting in in- and outbound as well as reactignar

In the lists of the AEA there are numerous refeesnc
delays.

on large-scale weather related disruptions with irthe
consequences on the aviation industry being justiafig Furthermore, even large-scale weather related
described. These large-scale weather related disnsp(e.g. disruptions outside of Europe have negative effaatsthe
Kyrill as one example for partially active eventsan be performance at European airports. Heavy snow fall feeezing
classified in regional limited ones or even thoseering central conditions at the east cost of the United Statad te significant
Europe. reactionary delays for those aircraft bound for nkfart
International Airport. Moreover, heavy winds ovletAtlantic

cean on June 182007 lead to massive delays of all flights
bound for the US.

Some more severe large-scale weather conditio
resulting in delays and/or flight cancellations aigst others are
as follows [2] [3] [4] [5]:

¢ Low temperatures lead to disruptions in European ai SEVERE WEATHER EVENTS AND CLIMATE CHANGE

transport on Januar®009. Air traffic is considered to be very sensitive teather

+ Heavy snow falls over western Europe (Janudfy 5disruptions. This is also documented by the montaports of
20009). the European Organisation for the Safety of Air iyation

) ) EUROCONTROL [9]. Depending on time of the year and
Heavy wind and rain over the north of Eumpephenomena, weather is among the main contributorsidlay.
(November 10 and 11 2008). Snow falls and strong the Eyropean Aviation Safety Agency (EASA) register
winds at high altitudes at leading European aigort eather as contributing but not as causal factoirfcidents or
such as Lo_ndo_n, Helsmk_l, Dusse!dorf or. Vienna Iea(c:!\c:cidents [8]. The reason for these facts can piieed by the
to a massive increase in the Air Traffic Flow anchqp gafety standards in aviation, which come imiatedy into
Capacity Management (ATFCM) delay. action when weather phenomena with hazard poteagipkar.

- airports such as London, Helsinki, Dusseldorf offhey initiate changes in operational proceduresichviinally
Vienna lead to a massive increase in the Air Teaffilead to the above mentioned delays.

Flow and Capacity Management (ATFCM) delay Topology of aviation is characterized by single tsno

«  Heavy rain showers over Great Britain (July"20 (airports) and not like road or rail by networksiefefore, long
2007) lead to massive disturbances in the baggaé%rm or large-scale disruptions are quite rare estrdction of
handling system infrastructure facilities occurs only punctual. Bewen weak

weather phenomena can have an immediate impatteotaffic

+ Central and southern parts of England were hit bjow and therefore, the delay situation at airpoBsie to the
extensive flooding in July 2007 resulting incomplex airline networks this disruption can leadatiditional
interruptions in the road and rail system. delays at further airports. Apart from airport distions also en-

route traffic can be affected. Thunderstorms witmalonimbus

cause a lateral variation of trajectories. Additity long term
effects of climate change are expected. A riseeaflsvel may
have impact on existing or planned airport facti

« Low visibility and strong winds at high altitudes i
England in April 2007 lead to restrictions in ttre\aal
flow rate for up to 163 hours within 29 days ofsthi
month

e« Great parts of Germany and the north of Italy on
September ©® 2008 were hit by thunderstorms
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Consequences and possible protection

. d
The European research project EWENT (Extremea

weather impacts on transport systems) registereditinificant
phenomena for aviation together with their thredbdlL1]. The
following phenomena are most relevant for centnaolpe and
can result depending on characteristic and magaitim
operational disruptions and additionally in dedtinrc of
infrastructure facilities. Possible protective antifor the North
American continent are collected in a report of ffransport
Research Boards (TRB) [1].

Strong precipitation at an airport results in diversion
and delay as rain can reduce the friction of theway and
consequently leads to changes in the operatiomalegures. In
extreme situations with more than 30mm precipitatigthin an
hour, visual restrictions can reduce the situatiawareness,
which may provoke incidents or even accidents. figh safety
standard can be retained by adapting the operatiegalations
for these kinds of weather phenomena. But this neayl Ito
additional delay. In case of long lasting rain,ofiing and
washouts can destruct infrastructure facilities.thWproper
layout of additional facilities like drain systertieese risks can
be mitigated.

buildings additional measures like an apron roof euce the
mage.

Wind is still one of the most important factors in
aviation. Knowledge about its characteristic ancergith is
essential for an exact flight planning to calculéiel saving
(with a high tail wind component) and on time tcaggies. But
wind has also impact on the configuration (landiirgction and
runway utilisation) of an airport, because operaishould have
a minimal tail wind component. Crosswind is alsoitéd. For
these reasons, quite low wind speeds can have ativeg
influence on airport operations.

Fogis a local weather phenomenon, which has a great
impact on aviation due to the limited outside vievich can be
accompanied by loss of situational awareness. Aispare
equipped with an instrument landing system to misérthis
impact for aircraft, which are equipped with an @&gsystem to
perform an exact approach under bad viewing canuti

High temperatures have only a small impact on air
traffic operations. On the one hand, the payloatkizeased, but
on the other hand an increase of average tempesatuil
reduce the need for de-icing procedures in winBart high
temperatures may result in higher cost for air @wmng and

Snow has quite similar consequences like strongan also result in destruction of infrastructurée3e impacts

precipitation. But additional snow clearing of thaffic area is
necessary to maintain the flight operations. Thiscess may
disrupt the operational procedures, depending @n dinport
layout and cleaning capacity as runways have toclbesed
during that period. Therefore, only by provision sffficient
cleaning capacity the effects of strong snowfatl ba reduced.

Hail reduces similar to strong precipitation the owsidsize and number

view and therefore, results in the same problemsaddition
large hailstones have a high potential for damadpch affects
aircraft and airports. Especially airborne aircraftist not fly
into hail to avoid accidents. In future exacter thea prognosis
can help to lower the risk [12]. For aircraft aetground and
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can be reduced by the use of appropriate materials.

Thunder storms are one of the most significant
weather phenomena in aviation. They have impactiguort
approach and departure operations (see Figure ®ekss on
en-route operations. Airports cancel operationsnduan acute
thunder storm situation for safety reasons. Depgndn airport
of movements unavoidable delay and
cancellation may occur. In addition en-route taff affected
by cumulonimbus, which has to be flown by. Aparbnfr
increasing flight distance and —time and the cpoesding
higher fuel burn, alternative routeing areas caroberloaded,
resulting in additional delay or cancellations.
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Figure 3 —Disruption due to thunderstorm and recoygphase, comparison of planned and
operated flow (FRA, May 2008)

18 days is defined with a daily punctuality ratdexfs
than 10 %. Overall punctuality rate is at 56 %.

Assessing the impact of severe weather events@n th
European ATM system parameters of importance asiglée the
duration, type and intensity of the events the comemts of the Table 3- Punctualities for arrivals on daily basis

PERSPECTIVES

ATM system. Bottlenecks of the recent ATM system are Punciualities for arrivals on daily basis [%]
especially congested airports operating on or beytreir =0 0] 15 50 1 85 | >=00 | Punciual
airside capacity. This can be seen at the intemati and _ R - %
European hub airports rather than at secondary. diesn 15 | 20 85 | 90
minor weather events can lead to disruptions inftigat plan. 01 6 2 61 .1 23] 9 3 70
Severe weather events at these congested airpifirtesult in T T T T 10 4 68
limitations in the airside capacity, delays or ogtings due to | 10 9 3 7 . 19| 26 3 73
increased separation minima and decreased runwealjtcms. 11 ] 21 3 3 .. | 34| 20 2 80
) o 12 6 0 3 12| 19 1 85

Special attention is given to extreme weather evenf 737 13 3 7 25| 10 4 56
such as long-lasting snow fall, freezing rain aurttierstorms.
All airports independent of any size can be hittlgse events
that may both disrupt connections to other modesasfsport These analyses are complemented using statistics
and lead to partially or completely shutdown ofénport. about the amount of daily movements at definedoaisp re-

Another important aspect of the vulnerability dealdoutings as well as flight cancellations and METARtistics
with the size of the area that is affected by thesgeme according to the ATMAP algorithm. In addition, ATM
weather events. Central European airspace seemseto Sakeholder should be encouraged to document nexaents
vulnerable against large-scale weather eventsriicpkar. that are taken and the status the system is inh@gstem

) ) failures, runway conditions, long-lasting effects).
Concerning the assessment of an airports performance

in times of extreme weather events, a first stefirfternational Jointly thinking about if and how an airport caiure
and European hub airports should include an arsalygdi to a defined minimum state after extreme weathenevis one
scheduled and actual take-offs and landings in deofntheir ~ Of the great research needs in future work. In ¢evhresilience,
punctuality. These analyses should offer informmatibout the & guestion of importance could be as follows: Here a chance
severity of disruptions beyond their impact on jose single 1o return to the reference state after a definedvery time?”
airport.
) ) CONCLUSION
Following Table 3 gives an example about the

statistics of analyzed punctualities for arrivalsairtual airport Concluding, this paper offers an overview of the
[14]. In the winter season of the year 2013 a total impact of extreme weather events on the performaricthe

aviation industry. Furthermore, it gives a defimiti of the
conditions robustness and resilience within the taaffic
management framework making up a solid basis feisbfor
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performance measurements. Taking into account tecdd] AEA Consumer Report — Summer 2008 (05 December
practices (ATMAP weather algorithm) this paper offean 2008), Brussels, Association of European Airlines.
enhanced objective approach in terms of evaluataiiyities in  [5] AEA Consumer Report — Winter 2008/9 (18 June 2009),
order to enhance the preparedness and to reduce the Brussels, Association of European Airlines.

vulnerability and increase the resilience of thetiaffic system [6] Budd, L. et al., (2011). A Fiasco of Volcanic Prapms?
against disruptive weather events. Eyjafjallajokull and the Closure of European Airspac
Mobilities, 6:1, 31-40

Birkner, H.-J., (2010). Vulnerabilitdt und Resilierz

Results show that large scale weather events m:f.y]
result in a strong disturbance of the air transpysgtem. But

each airport has its own scale of vulnerability: Forschungsstand und sozialwissenschatftiiche
Untersuchungsperspektiven. Working Paper, Erkner,
« The ratio between demand and airside Leibniz-Institut far Regionalentwicklung und
capacity is characteristic for each airport. Strukturplanung 2010.
«  Airports have their own metrological profile, [8] European Aviation Safety Agency (EASA), Annual $afe
as shown in Figure 2. Review 2011, European Aviation Safety Agency, Cologne
« Individual runway configurations with their 2012
own dedicated operations, but also thd9] EUROCONTROL, CODA Publications,

integration of airports with different obstacle http://www.eurocontrol.int/articles/coda-publicat®
structures and further special conditiong10] Gluchshenko, O. (2012). Definitions of Disturbance,
define also the mode of operation of an Resilience and Robustness in ATM Context. DLR Report
airport. IB 112-2012/28, Braunschweig.

_[11] Levidkangas, P. et al., (2011). Review on extremativex
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using the proposed weather classification of thé/AP group. [12] Nurmi, V. et al., Economic value of weather fordsasn
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DEVELOPMENT OF THE GLOBAL AIR NAVIGATION SYSTEM

THE IMPLEMENTATION PROCESSES OF STRATEGIC PLANS

Ing. Filip Skultéty
Air transport department, University of Zilina, Skia
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Abstract — Global interoperability and harmonization are
essential to making the seamless Air Navigationi&s\ANS)
system. In fact, most improvements can only be rttadeigh
recognition of the need to cooperate at a globalele This
requires a broader more inclusive vision, a widearpling
perspective and planning for implementation of lfaes and

services oveindividual regions. This paper deals with the main
its

regional initiatives, both NextGen and SESAR and
development. It is aimed to illuminate their roagrmaprocesses
and relationships. In addition it provides outconfes further
analysis.

Key words — interoperability, harmonization, NextGen, SESARplan.

INTRODUCTION

JAviation is the ultimate global enterprise”(MicHae
Standar, SJU). Air transport is a truly internatibbusiness so
global interoperability and harmonisation are e8aén
prerequisites for this sector.

Interoperability is the capability of two or more
networks, systems, components or applications tchange
information and to use the information exchangedtéahnical
or operational purposes, so enabling them to opafiectively
together. It relies on the application of uniformingiples and
common reference standards. It is important to tidé global
interoperability does not mean that the same systamt be
implemented everywhere — it should allow adaptabtalable
and regional solutions to be deployed in the fraoréwof a
globally interoperable aviation ANS system. [1] Téfere are
created a variety approaches that will lead to $es8n
operations.As the most important initiatives for establishthe
global air navigation system we can consider amtres of the
European Union and the USA. Further paragraph adécdted
to FAA’'s NextGen and European SESAR.

NEXT GEN

Federal Aviation Administratioa (FAA) initiative for
ANS modernisation is The Next Generation Air Trasrsgtion
System (NextGen). NextGen proposes to transform rivais
air traffic control system from an aging ground-dxhsystem to
a satellite-based system in stages between 2012G2& GPS
technology will be used to shorten routes, save tand fuel,
reduce traffic delays, increase capacity, and feraritrollers to

monitor and manage aircraft with greater safetyginar [2]
Planes will be able to fly closer together, takererdirect routes
and avoid delays caused by airport “stacking” an@$s wait for
an open runway. To implement this the FAA will urtdke a
wide-ranging transformation of the entire Unitedat8¢ air
transportation system. This transformation has #wm of
reducing gridlock, both in the sky and at the aitpo

In 2003, the U.S. Congress established the Joint
Planning and Development Office (JPDO) to plan and
coordinate the development of the Next Generatiom A
Transportation System. FAA's Enterprise Architeetus the
view of NextGen over 15 years. The first ten yeafrghat is
brought into sharper focus through the NextGen émgntation
Tremendous consideration is given to linkitige
collaboration with SESAR to other countries. Thigwédent in

the work with ICAO and other bilateral agreementghw
international partners. [4]

The FAA estimates that increasing congestion in the
air transportation system of the United Statesjnéddressed,
would cost the American economy $22 billion annuatl lost
economic activity by 2022. [5] It also estimatesattiy 2018,
NextGen will reduce aviation fuel consumption by hillion
gallons, reduce emissions by 14 million tons andes$23
billion in costs. Each mile in the air costs ardiaér about $0.10-
$0.15 per seat in operating expenses like flightvcand fuel.
[5] Flying directly from one airport to the next cameducing
congestion around airports can reduce the timenaifes spent
in the air for the same trip.

KEY ELEMENTS
NextGen consists of five elements:

= Automatic dependent surveillance-broadcasf{ADS-B).
ADS-B will use GPS satellite signals to provide taaffic
controllers and pilots with much more accurate rimfation
that will help to keep aircraft safely separatedthie sky
and on runways. Aircraft transponders receive GBats
and use them to determine the aircraft's preciséipn in
the sky. These and other data are then broadcazthéw
aircraft and air traffic control. Once fully establed, both
pilots and air traffic controllers will, for therfit time, see
the same real-time display of air traffic, substht
improving safety. The FAA will mandate the avionics
necessary for implementing ADS-B.
Next Generation Data Communications Current
communications between aircrew and air traffic ooint
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and between air traffic controllers, are largelylimed Ky ELEMENTS
through voice communications. Initially, the intcadion
of data communications will provide an additionatans
of two-way communication for air traffic control
clearances, instructions, advisories, flight creguests and
reports. With the majority of aircraft data linkuégped, the
exchange of routine controller-pilot messages an(_j
clearances via data link will enable controllershindle
more traffic. This will improve air traffic contrigr
productivity, enhancing capacity and safety.

= Next Generation Network Enabled Weather (NNEW)
Seventy percent of NAS delays are attributed tothera
every year. The goal of NNEW is to cut weatheriszla
delays at least in half. Tens of thousands of dleleather
observations and sensor reports from ground-, @0
and space-based sources will fuse into a singl®met
weather information system, updated in real timslEW/
will provide a common weather picture across thional
airspace system, and enable better air transportati
decision making. The implementation of SESAR will have required

= System Wide Information Management (SWIM) SWIM  several stages. Given the differences between #nieus air
will provide a single infrastructure and informatio traffic control systems in Europe and the diverature of the
management system to deliver data to many users afielet currently in service, a transitional perio@swvnecessary.
applications. By reducing the number and types ofhe implementation of SESAR therefore is being edrout in
interfaces and systems, SWIM will reduce data rddooy three phases:
and better facilitate multi-user information shariSWIM
will also enable new modes of decision making as
information is more easily accessed.

= National Airspace System’s voice switch (NVS)There
are currently seventeen different voice switchipgtems in
the NAS, some in use for more than twenty yearsSNV
will replace these systems with a single air/growamdi
ground/ground voice communications system.

The network operation plan, a dynamic rolling plan for
continuous operations that ensures a common vietheof
network situation;

Full integration of airport operations as part of ATM and
the planning process;

Trajectory management reducing the constraints of
airspace organisation to a minimum;

New aircraft separation modes allowing increased
safety, capacity and efficiency;

SWIM, securely connecting all the ATM stakeholders
which will share the same data;

Humans as the central decision-makerscontrollers and
pilots will be assisted by new automated functiomease
their workload and handle complex decision-making
processes. [6]

IMPLEMENTATION TIMING

Definition phase (2005-2008), in which the air traffic
modernisation plan - the SESAR ATM Master Plan has
been developed, establishing the different techgicéd
stages, priorities and timetables;
Development phasg2008-2013) will make it possible to
develop the basic technologies which will undethig new
generation of systems;
= Deployment phase(2014-2020 and beyond), which will
| MPLEMENTATION TIMING sge the Iargg-scale insta}llation of the new sysm$the
widespread implementation of the related functidsjs.

In 2009, The FAA is pursuing a NextGen
implementation plan and has established a NextGavisAry
Committee to aid in that implementation. In June ®01 The transport ministers of the EU countries adgpted
European and American authorities reached a pmdirpi on 9 October 2008 in Luxembourg, a resolution affig
agreement on interoperability between their futape traffic  approving the launch of the SESAR development pHasthe
management systems, SESAR and NextGen. In March #43 view of the European Commission, the new SESAR Byste

FAA released the latest version of its implementaplan. should triple capacity in comparison to the currsittiation,
with safety increased tenfold and unitary operatoogts far
SESAR lower than current levels.
EU initiative for ANS modernisation is the Single Interesting ishat EUROCONTROL, which is a major

European Sky ATM Research (SESAR). The SESAR projepartner in SESAR, has a different time focus. EUROCRNT
formerly known as SESAME aims at developing the nevs focused on the next five years, while SESAR cu$ed on the
generation air traffic management system capablensfiring mid - and long term.

the safety and fluidity of air transport worldwideer the next

30 years.

The European Council identified the project in 2685 COMPARISON OF THE OPERATIONAL ENVIRONMENTS
one of the "projects of common interest” for infrasture to be
implemented. SESAR is the technological elemenhefSingle
European Sky, adopted in March 2004, which laysrdavelear
organisation and establishes cross-border blocksinspace.
With these blocks, routes and airspace structur@sa longer
defined in accordance with borders but in accordanith the
operational traffic needs.

Comparedsystemare similarin geographiccoverage,
but other characteristics are differertiowever, the FAA
controls approximately 67% more flights and handles
significantly more Visual Flight Rules (VFR) traffigith some
13% fewer controllers and fewer en route facilitiekhe
fragmentation of European ANS with 38 en route ANS®
certainly a driver behind such difference. All ceteristicsare
expressedh the following table
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Table 1 — Comparison of the operational environm§8its

Europe USA USA/EU

Area (mil. km?) 11,5 10,4 ~ -10%
ANSPs 39 1 fragmentation

ATCO 16 700 14 600 ~ -13%

Total Staff | 58 000 35000 ~ -38%

IFR flights (mil.) 9,5 15,9 ~ +67%

Controlled hours 13,8 23,4 ~ +70%

(mil.)

Av. length of flight = 557 NM = 493 NM ~ -11%

ACCs 63 20 ~ -68%

Controlled A/d 450 509 ~ +13%

TRANSATLANTIC INTEROPERABILITY

Management (SWIM) as well as on satellite-basedrair
procedures such as Area navigation (RNAV) and Reduir
navigation procedures (RNP), which enable airdafily more
directly from origin to destination, saving time darfuel.
Harmonizing international standards will also miékeasier for
countries to share information.

BENEFITS OF TRANSATLANTIC INTEROPERABILITY

The FAA’'s Assistant Administrator for NextGen,
Victoria Cox, said ,We're already seeing the besefif
interoperability over the Atlantic and the pacifigvith our
European partners in the Atlantic interoperabilititiative to
Reduce Emissions we've already successfully testext®én
technology and procedures on commercial revenughtfli
We've done the same with our partners in the pacifa the
Asia and pacific initiative to Reduce Emissions. Sidlights
have shown a 1-4% reduction in fuel per flight treamendous
savings over many flights.” [4]

CONCLUSION

NextGen and SESAR have different operating
environments. There are many States encompass&ES}R,

Both SESAR and NextGen have invested to a largghile USA borders only with two other states. Thésean

extent in the preparatory work of the technicalteah of the
ICAO vision through technical teams, thus ensuriegianal

intense commitment on both sides to work togethed the
biggest hurdle has already been cleared.

input for the maximum reuse of completed and ongoin

developments in the global context. SESAR and Next@e at
the forefront of this modernization and change toaae holistic
and system-of-systems approach for the aviatiorasifucture.
The traditional focus on airspace and infrastrietwill move
towards a focus on the business/mission needs| afvil and
military flights and for the provision of the mosfficient
services to meet those needs.

To support this approach, the EU agreedEanUS
Memorandum of Cooperatiorwith the US to cater for
identifying and finding solutions for the interopéility issues

ACKNOWLEDGEMENT

This paper is published as one of the scientifipots
of the project supported by EU:" Centre of Excellerior Air
Transport” ITMS 26220120065.

o : X e,
x =||!g||III . *
e TS VVD) ) * g %
*x x * Eurépska tnia

between the two programmes. Common standards will be

identified and proposed to support the next stade
developments in a coherent and harmonised way. [7]
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I. INTRODUCTION

Safety in aviation is an essential part of whichbislt
functioning and operation of existing organizatiapproved for
commercial air (AOC) activities and also for prowigiflight
training organization (ATO).

1. UNDERSTANDING OF SAFETY IN AVIATION

Objective of the safety

Safety of airport operations is understood as a dofet
measures (legislativs, organizational) and waysntégrating
human resources (personnel selection and processed)
material resources (technology) designed to miremass of
property and health of people working in the aitfmcause of
its own operation.

The basic objective of civil aviation is safetytbk crew,
airline ground personnel and the general public.

Basic documents and provisions governing the safitiye
aviation security legislation:

¢ National documents

« National security programs

«  Documents issued by international organizations.

Aviation Safety

Safety in aviation also seen as the integraticsafdty and
security protection:

Security .

Aviation Safety = Safety + Security = 2S

Understanding 2S:

System  Aviatiosafety understood as a set:

«  Prevention of accidents and incidents (technicdl an
human factor)

* Improving the working environment

Reduction of the impact on health.

Security is understood as a set:

*  Prevention of abuse
*  Prevention of terrorism
*  Protection of the population.

lll. AVIATION ORGANIZATION

All organizations requesting approval for the ofierahas
achieved compliance with EU regulations and reqoénats, it is
necessary to develop operational documentation, chwhi
performs Regulation (EU) 965/2012 (EU) 1178/2011 enthe
case of organizations providing management ancepraton of
Airworthiness (EC) 2042/2003.

Operating documentation of the organization applyifor
approval must consist of the Operations Manual, ctvhis
prepared in accordance with the requirements of Cssaiom
Regulation (EU) No 1178/2012 and is organized iroetance
with the requirements of AMC ORA.ATO.230 1 (b). For
organizations AOC Operating Manual must be prepared
accordance with the requirements of Commission Réguola
(EU) No 965/2012 and The applicable licenses (AMC -
Acceptable Means of Compliance).

The operating manuals, the new version of the alnewtioned
provisions, must be a monitoring program compliarecel
safety management program. This schema can berbdiken

into separate manuals (which in the case of complex
organizations of course).

This consultative document is folded to provide eyah advice
and principles for the implementation of a safetgnagement
system (SMS), which is coupled with the requiremént
implement compliance monitoring system (CMS) is pdrthe
requirement ORO.GEN.200 management system (MS) Annex
Il (Part- ORO) to Commission Regulation (EU) No 28BL2.

117



INAIR ;i l i; 2013

IV. AVIATION ORGANIZATION MANAGEMENT
SYSTEM

Management System Aviation Organization

An operator shall establish, implement and maintain
management system that includes:

1. Clearly defined sequence of duties and respongisilit
across the organization operator,
executive responsible for security.

. Description of the overall philosophies and prihesp
operators in regard to safety, the safety policy.

. Detection / identification of hazards which haveaalverse
impact on aviation safety, and which carry the apen,
evaluation and management of the associated
including the implementation of measures to mitgdiose
risks, and verify their effectiveness.

. Maintenance of trained and qualified personneldadgrm
their duties.

including processes to ensure that staff is awdrétso
responsibilities and procedures for making chartgethe
documentation.

. The compliance monitoring to ensure compliance \tlith
relevant requirements of the operator.

including a direc ¢

Subject CRM

Creation and adoption
Delegation of duties
Communication
Cooperation

Management Systems Aviation Organization:
1. Sets of activities, processes and procedureagare the
organization's ability to fulfill Goals:

Quality management

Security Management

Management of environmental impact

2. Ingrated Management System

risks,

Management System — Requirements

Changing legislation - ORO.GEN.200 requirement regdabe
requirement EU-OPS/JAR-OPS 1/3.035, which covers th

. Documentation of all key management system prosgssejuality system and the requirement EU-OPS/JAR-ORB937,

which relates to the accident prevention and fligiafety
The current program of accident prevention ancfligafety of
the operator, which focuses on the re-active safetyagement,
and only in the area of air traffic is replacedabsequirement to

Compliancenplement a safety management system (SMS), whdcn i

monitoring shall include a feedback system to theontrast to the prevention of accidents and sdfigfiyts aimed,

accountable manager for ensuring that, where nageshe
findings of effective implementation of corrective
measures.

. Any additional requirements set out in the mindhis part
or other applicable parts.

The basic idea of driving safety airlines

The ingredients in aviation organizations involved the
operation and therefore safety Picture 1:

Air Traffic Control — ATC
Pilots

Cabin crew

Passengers

Operator

Civil Aviation Authority — CAA
Aerospace manufacturer
Maintenance

Airport

All components are bound by their missions. All ljemn we
can also be divided by location:

security solutions on the ground Ground
Safety — GM

security solutions for flight 3SCRM

Optimization activities

Flight crew (Cockpit Resource Management)
Air Crew (Crew Resource Management)
Companies (Company Resource Management)

"The effective use of all available resources crelardware,
software and LiveWare - to achieve safe and effidervice"

John Lauber, 1984

in addition to re-active safety management, paaity pro-

active safety management. In accordance with ICA®@SS
should be implemented across the entire organizatovice in
the fields of flight operations, ground operatioosw training
and continuing airworthiness of aircraft, includimgintenance.

As mentioned above, SMS should be logically impleted
(realized) and maintained throughout the orgaromatof a
commercial air transport, including the Organizatifor the
continuing airworthiness management.

For an organization to achieve maximum productigield)
requires each of the operator's commercial aifficrafontrol
many processes within their business / businesgiani One of

the main management processes is the function airige

management and compliance monitoring.

The responsible manager (director, president, Qaactor, etc.)
and senior management of the operator should heaaind that
security management and compliance monitoring ta&es
equally important function in the operation of asimess, such
as financial
relating to maximize the production and profit oration.
Organizational
management and monitoring of compliance at theesponding
operators, including the allocation of sufficiergspecially
human resources, depending on the size of the topethe
nature, scale and complexity of its operations.

management, business and other mattes

structure of the department of

gafet

V. SAFETY MANAGEMENT SYSTEM

Safety management system in the aircraft devide thoy
activities.

The safety management system are:

System
Pro-active
Explicit.

System (methodical and plannedjhe activities of the safety
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plan and are applied in a consistent and principtezhner CONCLUSION
across the organization.

If we look at the concept of security, in terms hogtorical
Pro-active - active approach to safety management thajevelopment, we find that the individual factorgemiated
emphasizes continuous and constant hazard ideditfic depending on the trend in technology, human fagctarsd
assessment and mitigation of security risk becatiiee danger currently we are in a time of organizational preess and

before it became an event that could adverselyctaafety. quality improvement (quality) of body function - our case -
Active approach includes strategic planning, maii@ ajr traffic.

security risk under constant control operator.

o o o It is therefore necessary to continue increasing lgvel of
Explicit - all activities within the safety management areafety which is inherently accompanied, even diect
properly documented, visible and therefore defdasib dependent, increasing quality levels.

How do we know in practice, few staff who woulddiko hear
VI. SAFETY MANAGEMENT SYSTEM -SMS the "accusation" to your address. Just as it iicdif to
overcome the fear of self-criticism and report éwbat | made
myself. Probably every fact remains silent questidoes not
SMS is a system that ensures the safe operatiaiavéft using €valuate to leading such a breach of disciplinés?al matter of
the effective management of security risks. Thistesy is aimed trust between workers, as well as between the emeplo
at continuous improvement of safety survey / hazartMmanagement company) and individual employees. @ntg
identification, collection and analysis of secunitgta (data) and Wil tell if this new model and work environment ofutual trust
continuous (constant) evaluation of security risi@afety in the organizations are able to grow.
management system pro-actively control or mitigeties before
they result, or until the cause of the accideninordent. It is a REFERENCES
system that is commensurate with the duties ofoiherator to o
comply with regulations and commensurate with igectives [1] Volner, R.: Safety management in Airplane, Ostrad@g2

to achieve and maintain an acceptable level otgideels. ISBN 978-80-248-1918-1
[2] Drobnik, T.: Educatio program , Safety management i
SMS is an essential part of every organization viateon to Airplane part of flight*, DP VSB TUO, 2011

detect / identify hazards and manage safety ris&isdre part of [3] ICAO, ICAO Doc 9859: Safety Management Manual

any business in providing products or services. SMSst (SMM), 2. vydani, Canada: ICAO, 2009, 264, ISBN 978-
include such key elements that are necessary fa th 92 923’1 2'9\2/4 ' ) ' ' '

identification / hazard identification and safeigkrmanagement

and to ensure that: [4] FSF, Cabin Safety Commpediurfonline], 28.11.2001,
«  Are the necessary and required security information http://flightsafety.org/files/cabin_safety compeumipdf
«  Are appropriate tools are available that can maee u[5] CCOM — Critical prosesse®strava: CCA, 2010. 118 s.
of the operator [6] http://www.skybrary.aero/index.php/File:GAS.jpg

» Tools are appropriate to the tasks and activitteth® [7] VOLNER, R.MARTINEC, F.. Safety management in
operator _ Airplane, Monografi. Catolic Univerzity of Ruzomberok
e Tools are commensurate with the needs and 2013

constraints of the organization = -
. Make decisions aregbased on careful consideration [)8] STOLPA, K.: Safet.y Management _Systgm, PO““_C of
safety issues. management Safet;v/ in organization with aicraft hess.
Ra¢nikova praca, VSB TU Ostrava 2013.
Devide of Safety managemet system by the identifigan of [9] Instruction of commity and Council (EU) 1178/2011
the risks [10] Instruction of commity (EU) 965/2012

o ] [11] Information bulletin CAA-UCL
The safety management system can be divided inio f°[12] Instruction of commity (ES) 2042/2003

groups:

- Identification of the risk analysis process (pracesntrol - [*31 AMC a GM k (EU) 1178/2011, (EU) 965/2012, (ES)
Process Management-PM) 2042/2003

+ Risk assessment of each risk (development risk xnatri [14] EHEST ~ SAFETY ~ MANAGEMENT  MANUAL
matrix risk - MR) TEMPLATE 2013

«  Determining an acceptable level of safety (ALOS)
e Mitigation measures appropriate to the minimum
achievable level (ALARP).
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Abstract— Performance scheme is the basis of Single Europe# the main reasons for the slow traffic growtradverse events

Sky for achieving the main efficiency related otijes. It also
contributes to the sustainable development of @ngport by
improving the overall efficiency of air navigatisarvices within
four key performance areas: safety, environmernpaciy and

cost-efficiency.

The Performance scheme should provide indicatotstanding

targets of key areas with condition of achievemennt keeping
the necessary safety level, allowing thereby settargets in

other key areas. Implementation of the performaiag itself is

carried out during the reference period in whicle tbbjectives
are set at EU level, as well at national and funeéibairspace
block level. The first reference period includes time between
2012 and 2014, while the second period will incluitee

between 2015 and 2019.

Purpose of this paper is to investigate the levetfficiency of
providing air navigation services in key area Sgféh terms of
the European transport development during the esfee period

in 2010 - strikes, the impact of volcanic ashes amther,
which led to stagnation.

Decrease in air traffic by -1.3 percent with anrage
annual increase of +1.0 percent based on mediumfteecasts
of traffic during the 2012 has been anticipated fmriod
between 2011 and 2014. Descending path of airdraffused
by the continuity of economic crisis in Europe da@ seen
comparing forecast from 2012 with the previous dhshould
be noted that development of air transport is unetieat
depends on the size of the air transport markenade, the
economic development of a States, etc...

European air traffic management system serves more
than 26.000 flights on a daily basis and despigedtisis it is
predicted that air traffic will increase twofold B¥20. Costs of
European air traffic management services annuathouant

between 2012 and 2014, through the analysis of kajetween 2 and 3 billion €. [1]

performance indicators.

Key words — air transport, air
performance scheme, key performance areas, kegrpexhce
indicators, safety

INTRODUCTION

The service offer level of air navigation service

providers doesn’t accompany the increase of traffimand in
European airspace. Air navigation services can bsemwed
from several points of view. Primary objective @f mavigation

service providers is to serve as many aircraft himirt own

airspace, meeting the required level of safety,levircraft

operators look at the provision of services throtighfinancial

aspect (reduced costs) and the quality aspect whictflected
in the delay of the carrier itself. Due to requisgrhequalization
of all stakeholders in air transport, the Perforoeascheme of
air navigation service providers has been implestnt

European air traffic growth has a variable nature

According to statistics, during the 2011, IFR tiafjrew by an
average of 3.1 percent (which is below the trafficrease
numbers before economic crisis during the 20072008). One

120

navigation services,

The above mentioned facts have led to need for
harmonization of air traffic growth with the possiy of
reducing costs and increasing the overall perfoo@an

In order to make the harmonization of air traffic
possible, the idea of functional airspace blocks#shment
has been developed. Functional airspace blocksased on
operational requirements and regardless the Statedaries, to
improve cooperation between different air navigatgervice
providers. There are currently nine FAB's estalelish

Formulation of rules and procedures at Europeagl lev
was needed for their organization, leading to dgwalent of
initiative Single European Sky (SES). The main ofiye of
initiative is to meet future capacity and the nseeg level of
safety through legislation or regulatory packages.

Regulatory package related to improving
efficiency of air navigation services is second utatpry
package — SES II. The ultimate objective of SEIS tb increase
the economic, financial and environmental efficign€ services
provided in Europe. It represents the amendmentheffirst
regulatory package, which set the foundations Herfollowing
areas: Performance scheme, Functional airspaceksploc
Network management and Common charging scheme.

the
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PERFORMANCE SCHEME

Performance scheme is the basis of Single European

Sky for achieving the main objectives related tficefncy and
also contributes to the sustainable developmerairofransport
by improving the overall efficiency of air navigati services
within four key performance areas:

« safety,

e environment,

e capacity, and
« cost efficiency.

The Plan should provide indicators and bindingetsg
of key areas with condition of achievement and kegphe
necessary safety level, allowing thereby settimgetis in other
key areas. Implementation of the Plan itself isiedrout during
the reference period in which the objectives ateas&U level,
as well at national and functional airspace blaskel. The first
reference period includes the time between 2012 2014,
while the second period will include time betweeBil2 and
2019. [2]

The first reference period is considered to be
transitional period.

Key environment-related objective is to maintain &

constant amount of emissions caused by servicadingvin the
period from 2009 to 2014.

Table 1- Targets for the first reference period

States must monitor and notify a

SAFETY series of key safety indicators

Reduce extension of en-route
flights by 0.75% compared to 2009
Determine the unit rate at 53.92 €
till 2014

Reduce annual average en-route
delays to 0.5 min per flight ftill
2014

ENVIRONMENT

CAPACITY

COST EFFICIENCY

National supervisory authorities have an important
role in the Performance scheme implementation db agein
efficiency and certain objectives monitoring.

KEY PERFORMANCE AREA SAFETY AND
INDICATORS ANALYSIS

Performance indicators are used for setting tarigets
particular key performance areas.

In key area safety the following key performance
H1dicators are identified:

« safety management effectiveness,
application of RAT method,
e the level of voluntary reporting — Just culture.

Although the targets for increasing safety aresttup

Cost efficiency-related objectives, along with thegyring the first reference period, three afore-ricered key

charging regime of service provision, will seek @¢asure a
constant unit rates, in spite of predicted trafficrease of 16,7%
by the end of 2014.

Finally, regarding capacity, aircraft delays wile b
reduced to the lowest level so as to ensure flixiluif airspace
capacity to unexpected large increase in air traffi

Contribution of individual air traffic management ,

indicators until the 2014 as the end of the fieference period
is shown on the Figure 1.
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Figure 1 - Objectives for achieving efficiency at EU level

Source: Performance Review Commission: PerformanueRe
Report 2011, EUROCONTROL, Brussels, 2012.

Example of specific targets is shown in Table 1.

safety indicators will be considered. Same will bged for
identification and analysis of main safety violaticauses, as
well as finding solutions for risk reduction.

SAFETY MANAGEMENT EFFECTIVENESS
Efficiency in this area can be measured in two ways

through the number and severity of accidents anidlémts
(passive indicators),

e through the efficiency of all barriers set to pnewve
occurrences of accidents and incidents (activecatdis).

Therefore, detailed reviews and analysis of previou
incidents as well as the total performance of awigation
service provision are needed for accident and émtid
prevention in future.

Safety management represents an essential efficienc
element in this key area. Each State, as a pai$ &tate safety
programme must implement a safety management system
Safety management system is a systematic approach t
managing safety, including the necessary orgaoizali
structure, responsibilities, policies and procedultewill:

« identify potential hazards,
ensure the implementation of corrective measures,
necessary to maintain satisfactory level of safety,

e ensure continuous monitoring and regular
performance assessment,

e aim at continuous improving of safety management
systems' feasibility. [3]

Safety management effectiveness measures through
the SMS implementation level and the main enabfethcs

safety
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system — safety culture. Air navigation serviceviter's safety Netherlands with 4.8 percent and Austria with tical 41.9

management system, expect the foregoing, includstepor: percent efficiency achieved should work on improgeatrof the
¢ responsibilities, overall safety management effectiveness (Figure 2).
e SMS organizational structure,
« safety planning (in the context of establishingéds to 1000%

increase efficiency), _—— e BT
¢ measuring and monitoring safety performance, é ) a '
e questionnaires on the safety level, é
e reporting and investigation of incidents, §
« documentation, gz
e continuous safety improvement. [4] g

Questionnaires at State and ANSP level are beiad us g §§§:§§ E Eéf E E’g g;ﬁ ;:‘:f § §'§ ;é: %‘E S"E -;‘ET § gg :5 B

for the purpose of measuring the total safety meammmt AACgERETgTES THE faTagas 23
effectiveness. Answer to each question should atdia certain & ol B

implementation degree of safety management systestyibing

N, aEy ; Figure 2. Safety management effectiveness by States
the efficiency of every individual provider. Degseeare

specified by the letters A to E, whereat: Sourcehttp://prudata.webfactional.com/Dashboard/eur_view_2
012.html
« Arefers to ,start” — processes are usually ,ad‘hoand
chaotic,
« B refers to ,planning/appliance start* — where dtitig, Safety management effectiveness by individual air
processes and services are defined, navigation service providers (for 2012) is shownFigure 3.

« C refers to the ,mplementation® — where standard‘PParently, NAVIAIR (Denmark) with 89.0 percent, DFS
(Germany) with 85.5 percent, NATS NERLS (UK) witd.8

percent, HungaroControl (Hungary) with 83.6 percemd
ORONAVIGACIA (Lithuania) with 82.9 percent have achée
the best efficiency.

management processes are defined,
« D refers to ,management and measuring” — targetse a
used as a means of process control and overallesfély is

measured,
*  Erefers to ,continuous improvement” — continuouscess Air navigation service providers, which need to
and efficiency improvement. enhance and improve their safety management systeen,

Another method to determine the efficiency in this HANSP (Greece) with 42.1 percent, ANA (Luxembouvg)h
. 43.1 percent, LGS (Latvia) with 57.3 percent, NAROb(tugal)
area is based on the following equation:

with 60.0 percent and CYATS (Cyprus) with 60.1 petcen

n
S, = 100 Zk%l}rkf Wk; 1), efficiency achieved.
43w o
wherein: — P mSme gax sax
»  §;is the final result of safety management effextss of :§ s0.0% 7%
a State, % 2%
° Ty is numerical value of the State’s response tstgrek é o | | I | I |||
within the analysed area j (value from O to 4), % 20.0%
. wk}.is the weight of an answer k within the analysezhar 0.0% | A1 | ANEEC
+  m; refers to number of questions within the analyseea j gzégggéég%%%éé%§§%§§§%%§§§%§§%
for which there is no answer with value 0. [5] *f:: a7 ;;n > gk Té E& E
% @

Final questionnaire result (final estimate) can be

expressed in two forms: Figure 3— Safety management effectiveness by ANSP

Sourcehttp://prudata.webfactional.com/Dashboard/eur_view_2
012.html

e with numbers 0 — 4 as a result of pre-defined éqnat
* with percentage that indicates the position of bjext in
the interval from 0 (0%) to 4 (100%). [5]

EUROCONTROL and EASA conduct initiatives to

assist providers in managing safety risks. Durihg first

reference period until the end of 2014, EUROCONTROE ha

set objective for itself to help and support 22vi&er providers

in order to improve and enhance safety managemesiem

within the organization.

Safety management effectiveness by particular State
(for 2012) is shown in Figure 2. It is evident tlsaime certain
extent in the same field has been made in Irelaittd 84.7
percent, the UK with 83.7 percent, Italy with 7§&rcent, Malta
with 74.2 percent and France with 71.5 percentciefficy
achieved.

On the other hand Luxembourg with 28.7 percent,
Czech Republic with 38.3 percent, Greece with 40r2gmg, the
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This objective will be accomplished through: 375 2000

¢ development of guidelines for the best air traffic 300 NS — L 1500
management practice,

e structured approach to identification of key safeigk
areas,

« gathering information on operational safety,

e« coherent approach to safety management within th
functional airspace blocks. [6]

225 +

r 1000
150 -

Number of SMI

r 500
75

2008 2009 2010 2011 2012 2013 2014

— SMI ("A") [ SMI("B"}
©— SMI reports (states) —®— Under investigation
RlSK ANALYSIS TOOL =@ Totalnumberofreported SMI
Risk is a factor that exists in every human actjvity Figure 4 - Separation minima infringements

including operations related to aircraft (no maifeoperations

- . . Sourcehttp://prudata.webfactional.com/Dashboard/eur_view_2
are carried out in the air or on the ground). Langenbers of

ANSP’s and national supervisory authorities havguibewith 042.htm|

the RAT method application. It allows coordinategharing

about severity assessments of events that leadotation of Serious incidents (severity level A) increased he t
safety: total number from 16 to 35. Major incidents (setyelevel B)

. L increased in the total number from 178 to 217 (F&di). [8]
e separation minima infringements,

*  runway incursions, 100
«  ATM specific technical events. [7]

Risk analysis method enables further development ¢| £ 3% 7
these indicators during the second reference pepad 2019. 2

5 200

Air navigation service providers use the following | &
categories of severity when registering and repgrif risk 5 100
occurrences:
e serious incidents, 0 -
. major incidents, B Severity kevel "A"  H Severity lkevel "B”

¢ significant incidents,

¢ no impact on safety,

¢ has not been defined due to insufficient availabl
information or dubious evidences.

Figure 5— Number of reported high-risk RI

L§ource: Performance Review Commission: Performanue®e
Report 2012, EUROCONTROL, Brussels, 2013.

Risk analysis tool method is applicable to eachmgive Runway incursion refers to unauthorized entry and
event. movement of aircraft, vehicles or people on thevay Values

Level of reported high-risk separation minimafor RI are described in the text below and in Figbire

infringements in Europe (severity A and B) is shawrFigure Significant growth in total number of reported ruayw
4. In comparison to previous year, in 2009 a sigaift decline jncursions from 1.093 to 1.377 (+12 percent) hamheccurred
of SMI occurred of even 42 percent, while in 20'19 fsame has in 2010. Such increase Corresponds with reportiygem
increased by 26 percent. improving, particularly in the Member States. It ymalso
level of reporte'@dicate on the existence of a real Rl increasealsg at some

Despite the mentioned increase, -
unapproved entrances onto the runway, severity kv B.

separation minima infringements was still below el from
2008. Total number of reported occurrences hasased by Number of reported events in 2011 grew by 1 percent
only 3 percent - from 1.418 to 1.458. As far as ##1, from 1.377 to 1.384 (Figure 6). Unauthorized entry the
compared to the previous year, the number of redort ynway severity level A has risen from 22 to 26jleviseverity
occurrences has increased by 12 percent as wetleasumber |evel B decreased from 77 to 61. For 2012, mora fitapercent

of serious and major incidents. of unauthorized movements are still under invetitiga[8]
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Figure 6 — Runway incursion

Sourcehttp://prudata.webfactional.com/Dashboard/eur_view 2

012.html

awareness and safety risks enhances and informexicimange
about the same is induced. [9]

The third key safety indicator concerns to reparii
incidents by Member States and their providers ufo
questionnaires  determined in accordance with the
EUROCONTROL regulations, which measure the level of
existence or lack of just culture. Just culture capt has
originally been intended for development of orgatianal
safety culture based on trust and information emghaOver the
past decade, just culture has been developed withope of
overcoming relation investigation legal conse@esn
Actualization of this concept still remains a pebl for most
States. Attitude alteration to implement just crdtis a slow
process, especially if this change involves theaegmpn of
safety culture stands. States with difficulties stbow down the
implementation process for a while, distinctively the

In 2009, 2010 and 2011 there were altogether 12.206rganizational culture considerably differs frontiomal norms.

15.668 and 14.576 specific technical events refdpraspective.

During the 2012 figures of the highest risk catégorhave

remained the same as those in 2010 or have habtlglig
decreased:

¢ AA — complete inability to provide ATM services 81
events reported as in 2010,

< A -—aserious inability to provide services — refmmt 50
events in 2010, 49 in 2011,

e B - partial inability to provide services — decrehsdrom
809 in 2010 to 799 in 2011 (Figure 7). [8]
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Figure 7. Number of reported ATM specific technical events

Source: Performance Review Commission: Performanue®e
Report 2012, EUROCONTROL, Brussels, 2013.

JUST CULTURE

Just culture is only being observed during thet firs
reference period. EUROCONTROL in cooperation with
European Commission and EASA works on defining iatdics
and alert mechanisms to be considered for evalaifojust
culture implementation level. In defining these igadors,
guestionnaires that examine following specific arage being
used:

e policy and its implementation,
e jurisdiction and incident reporting,
e investigation.

Questions are answered positive or negative to tletec
obstacles in each of these three areas. Measursmard
carried out based on questionnaires at national ISP level.
Distributed over three examination areas, 21 questi are
composed for States and 24 questions are compasedirf
navigation service providers (Table 2). [10]

Table 2— Questions segmentation for just culture measguri

Policy/its Jurisdiction/reportin Investigatiol
implementation
National leve 10 8 3
ANSP leve 13 3 8

Based on questionnaire results, following figuresvsh
just culture implementation at State and ANSP le®al the best

The last key performance indicator in safety aea iway of full implementation of this concept are Cygrireland

just culture. Just culture applies to voluntaryartipg of events
(mistakes) that led to risk, but without punishthg responsible
person.

and UK, while Luxembourg is far away and needs niwael
work to catch up with other European countries.

Work environment where every mistake is punished

leads to distrust and reluctance for reporting rerror other
flaws and risks. This kind of environment disablesper
decision making and informing about the real risker this
reason, just culture has been developed as an gle@sof trust

in which people are encouraged and even rewarded fo

providing needful information, with a clear line atceptable
and unacceptable behaviour. Hence, this way, thed &f safety

124



INAIR 2013

providers is developed to obligate Member StatethefSingle

European Sky to achieve the ultimate targets d¢ifiinie during

the reference period. It will also try to accomplibalance

between all users and providers needs within anganespace. In

order to assure implementation of the performaramgets,

EUROCONTROL has been designated as a Performance

Review Body, responsible for collecting, analyzingalaating

and providing information, which will enable theh&mvement

of adequate performance levels. The same roleeahdtional

level have national supervisory authorities, whifdrward

information collected within a State to PerformariReview

Body in order to increasing the efficiency of a whaktwork.
Figure 8 — Level of just culture implementation by States Binding targets are set by the end of the reference

Sourcehttp:/prudata.webfactional.com/Dashboard/eur_view_2Period to maximize efficiency within European aasp, but in

012.html order to achieve those targets certain measuresbauaken.

One part of the solution lies in the full estabtisnt

Level of implementation
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Denmark
Estonia
Finland
France
Germany —
Greeoe |
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Czeoh Republio

EYES ®NO

For a more detailed analysis, precisely at ANSRIJev
AustroControl (Austria), ORONAVIGACIA (Lithuania) and ©f functional airspace blocks that will lead to aeity
SKYGUIDE (Switzerland) have achieved the bes€hlargement and bettering of air traffic flows, edgf cost
implementation of just culture. HungaroControl (Hang and reduction and increasing the overall efficiencytigh enhanced
AENA (Spain) are at a crossroads, which indicatesrteed for ©rganization of airspace and cooperation betwedfereint
restructuring in some fields in order to accomplihe Service providers.

appropriate application of just culture concepy(Fé 9). Another part of the solution refers to the flexihise
of airspace requiring civil-military coordination ithin the

airspace and through air traffic management.

REFERENCES

[1] Performance Review Commission: Performance Review
Report 2011, EUROCONTROL, Brussels, 2012

[2] Commission Regulation (EC) No 691/2010: Performance
scheme for Air Navigation Services and Network Fioms

Level of implementation

§§§§§§§§§§%§§§§§§§§§%§§§§§§§§ in Europe, 2010
g %5 < = H g Se2 ni 2 [3] Safety Management Manual (SMM), Doc 9859, Second
= & é "3 # Edition, ICAO, Montreal, 2009
°© [4] SKYBRARY: Safety Management System, 2013
"ES =ro http://www.skybrary.aero/index.php/Safety Manageimen
Figure 9 — Level of just culture implementation by ANSP System

2[5] Performance Review Unit: Effectiveness of Safety
Management, EUROCONTROL, Brussels, 2013
http://prudata.webfactional.com/wiki/index.php/Efieene
ss_of_safety management

CONCLUSION [6] Network Management Board: NM Performance Plan

(NMPP), EUROCONTROL, Brussels, 2011

Safety Regulation Commission: Annual Safety Report

2011, EUROCONTROL, Brussels, 2012

[8] Performance Review Commission: Performance Review

Report 2012, EUROCONTROL, Brussels, 2013

[9] SKYBRARY: Just Culture, 2013

http://www.skybrary.aero/index.php/Just_Culture

[10] Performance Review Unit: Reporting of Just Culture,

EUROCONTROL, Brussels, 2013
http://prudata.webfactional.com/wiki/index.php/Repay_
of Just Culture

Sourcehttp://prudata.webfactional.com/Dashboard/eur_view .
012.html

European airspace is one of the most congest?;/j]
airspaces in the world with over 26.000 flightstie peak day.
For this reason and for the purpose of Europeanvamkt
coherence, as well as air traffic and network mansnt based
on safety and efficiency, concept of the Singledpean Sky
has been developed. Main objectives of the SEtivie are
restructuring of European airspace, creating amltthii capacity
and increasing the overall efficiency.

Air traffic is increasing every day and with asciergd
traffic unavoidable costs, severe delays and enmiental
pollution appear. Performance scheme of air naxgagervice
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Since 1970, the commercial air transport has gratvn

Abstract — The paper describes the airline planning, remarkaply steady annual rate of 5%, in termRefenue

process, analyzes the demand of transatlantic sowaed

establishes a methodology on how to plan new treavsttl

routes from Europe to United States with Prague éviras a

hub. A few of the most used airports in Europe d@sen and
flight data in 2011 from these airports to the WaitStates was
analyzed. In addition, demographic, traffic and iseconomic
data of selected airports are collected. A demfmdeasting

model is developed in steps using correlation asiglymultiple

linear regression analysis and doubly constraina\gty model

that calculates the number of passengers betweeraingorts

in relation to the productivity and attractiveness these
airport-pairs. The results are compared with avalabata. The
purpose of the gravity model is to predict the dedhaf

transatlantic flights between defined airports inré&poe and

United States by a simple method. The suggestdibduogy

and findings of this study can be helpful for défe airlines to

forecast demand and plan new transatlantic routes.

Passenger Kilometer (Boeing 2012).” But, the airlimdtustry is
very dynamic. “There are many events that creasitipe and
negative impacts, which always affect profitabilitgnd
commercial development of airlines and airporteuighout the
world.” For example, the merging of airlines, tectugical

development, development of infrastructure and Araffic

Management (ATM) changes can be viewed as posititernal
factors. In contrast, capacity limits, airport cestion, oil crisis,
global airline deregulation, the terrorist attacksd political
instability can negatively influence air transptica.

Transatlantic long-haul routes have been an impbrta
part of air transportation since the beginning ommercial
aviation in 1939, when the flights were reguladgwin from
Europe to North America, South America, Africa, tha East
and Australia, and vice versa.

Route forecasting is one of the numerous decisions
made by airlines and it represents a critical par profitable
network planning. Especially, the identificationdaforecast of
new market and revenue can potentially lead tonarease in

Key words — air transportation, airline schedule planningprofit for the airline. This could lead to incredspassenger

demand forecasting, gravity model, long-haul routéaclav
Havel Airport Prague, route development, transétdlights.

INTRODUCTION

Today, commercial air
important role in connecting people and businessése world.
The aviation industry needs to be improved, not jossafety
and security, but in the planning and services t®w,that

operations can be more efficient and profitablesseagers are

demanding airlines to operate on the most direatesy with
more comfortable aircrafts and inexpensive tick&te airlines
should follow these trends and try to enhance pagsts
experience and accomplish high level of passeraefaction.”
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demand from the new market. Airline route decisaan be
made by an individual's judgment based on expeégihaeit it
becomes more challenging when the number of raandssize
of the airline increase. Then, the right model d$thdne chosen to
forecast demand and plan new routes.

transportation plays arOBJECTIVE

The aim of this research is to develop a trans@étlan
air passengers forecasting model for airlines tan ptlirect
flights from Prague to selected U.S. cities.

The paper will describe the possibilities of cdtieg
historical and existing data, analysis methodologijch can
help to identify the main factors that influences thassenger
demand of the transatlantic route network. This ehathould
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help airlines operating at Prague Airport to plairect
transatlantic long-haul routes to U.S. cities. Aligh this model
describes the solution for Prague Airport and UrBute
network, it should be general enough for planningtes in
similar environment with similar conditions (e.§rfom airports
in central and eastern Europe to U.S.) and bring ideas for
the modelling of long-haul routes.

PROBLEM STATEMENT

This paper focuses on the transatlantic flightamfro
Prague to the United States (U.S.). Prague Airizoa modern
airport with a strategic position in the middle Exdirope. It has
the potential to be one of Europe’s internationiahabs for its
location and the contemporary equipment. It has lzepart of
the joint stock company, Czech Aeroholding, sincel2®Prague
Airport is already an important hub for Central aBdstern
Europe, and serves almost 12 million passengersaiignlt is
also the biggest airport among the new EU memiagest with
the current capacity of 15.5 million passengers year. The
airport has a catchment area with 2.5 million peoliing
within 60 minutes and 8 million people living withi120
minutes. This adds to the possibility of attractimgore
passengers (Prague Airport 2013b: Prague Airpdr820

For the purposes of this paper the term transatlant
flights are defined as flights connecting countesboth sides
of the Atlantic, typically between EU countries dndb.

Airline scheduling is a difficult problem that castrbe
represented simultaneously and solved as a singldgm but
has to be divided into sub-problems and be solvedtéps,
because many decisions in airline schedule planpimgess
have traditionally been classified and optimizedaisequential
manner (Grosche 2009; Lohatepanont & Barnhart 2004&
scheduling methodology also depends on airline sine
network structure. Big airlines companies usuallg special
software systems for schedule planning.

DEMAND FORECASTING

In general, demand forecasting is the main tool fo
airlines to predict the future behavior of potentiassengers so
that it can be ready to offer service in the markietre it will be
needed and profitable. It is usually quantified terms of
currency (revenue) or in revenue passenger milesP@Nh a
defined period of time (Wensveen 2007).

Based on the demand forecast, airlines can mal
decisions about opening new routes or optimizatddnthe
existing routes. There exist several demand fotiecpas
techniques, but in practice these different tedhesq are
combined or compared with each other because rglesome
can guarantee high accuracy (Grosche et al. 2007).

Forecasting techniques can be divided into two mai
groups: qualitative and quantitative. The choicefarécasting
techniques should be based on several factors,wleat the
forecast is going to be used to for, availabilifydata and its
quality and accuracy, possible data processing nigabs
(Wensveen 2007).

The biggest airport and airlines do not always thee
most sophisticated methods.

Moreover, complex methods do not always result in
better forecasts (TRB 2007). For forecasting, one msg
causal models that are based on a statisticailmesdip between
the dependent (forecasted) variable and independent
(explanatory) variables, or judgmental methods sinatbased on
assessment of experts (Wensveen 2007).

The most common casual model in air transportation
forecasting is the gravity model (Chang 2011).

METHODOLOGY OF DEVELOPMENT DEMAND

FORECASTINGMODEL

Route development is a difficult problem that cannot
be solved as a single problem, but it has to bédeid into
sub-problems and be solved in following steps slibwe
Figure 1: Problem Identification, Current Methods alysis,
Parameters definition, Data Collection, Data Redugctio
Demand Estimation, Modeling, Verification of the dRés,
Implementation and Final Suggestions.

THE OF

£
S e > Overview of the
g m'::ﬁ'::n o8 current situation
£ - > Historical
é F background
Analysis of
current
Y Y
Forecasting Airline schedule
planning
—" e —"
1.C / L 2. i i 1. Route I 2. Schedule
Judgement Methods >Schedule Design
>Market >Fleet Assignment
L >Aircraft Rotating
™ £ X
os Selection of Selection of
9 g city pairs variables
w E ‘ T
< h y
o [ Data collection ]
-]
[72] T
w5 A &
- ] Reduction of data
g § >based on availability and sources
ne T
L]
[ Correlation analysis ]
c
]
© g Y
o I:, [ Stepwise Regression ]
3 =
wz
E Significant
) variables
(1
~2 [ Gravity Model /]
23
(-]
- o
n = Evaluation
of the model
3 Y
=
S Results
% 3 z Number of passengers travelled from /
S EU tothe U.S. on selected routes /
S T
g A 4
o3 Technical and Business Model
oz Possibilities and decision making of airport and
s £ aircraft based on the results of the previous model
(781
£ )
— 3]
- g Route and schedule
- development
] £l Suggestion to operate a new
wna route

Figure 1 — Sequence of steps to develop model fogtbaul
routes
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AIRPORT SELECTION

Table 3 — Defined variables

The process of selecting airports for futuliBlE sl EaERERIEST o) Description

development of demand forecasting methodology v
conducted by qualitative method. First, the judgraemethod
was used to investigate the six airports in the: UNgw York

as

Number, one-way from Europe
to U.S. airports

n

Number of passengers  PAX

Description |

. L Independent variables Code
(JFK), Boston (BOS), Chicago (ORD), Miami (MIA), Log -~ :
Angeles (LAX), and San Francisco (SFO) followed dyew | Population POP Number, in 2011
airports in Europe that have competing flights vittague and| ynemployment rate UER %, in 2011
passengers from Prague usually take connectintslifrom oi b ected
Prague via these cities to the U.S.: Vienna, FramkfParis, | Distance DIS Ciltisetznicneairr?]ti\llézen two - selecq
London, Amsterdam, Copenhagen, and Zurich, suppdste '
market analysis from Prague Airport, worldwide istats and ;‘:ﬂiﬁf‘;fe“gers of  TPAX  Total passengers handled in 2011
current situation of PRG.
National income NIPC US$ (per capita) of the destination
city in 2011

. . . : Total number of companies in the
Table 1 — Final selection of U.S. airports Business BUS  estination city in 2007
U.S. Airport: IATA code
Logan International Airpo BOS
JohnF. Kennedy International Airpc JFK Data CoLLEGTION
Los Angeles International Airpc LAX Thee types of data have been collected:
Miami International Airpol MIA = Demand data
Chicago O'Hare International Airp ORD *  Supply data (_alrllne scheduleg) o

] ] ] = Geo-economical data (available statistics

San Francisco International Airp SFC and databases)

Table 2 — Final selection of European airports

EuropearAirports IATA code

Amsterdam Airport Schiph AMS
Budapest Liszt Ferenc Inter. Airp BUS
Charles De Gaulle Airpc CDG
Frankfurt am Main Airpo FRA
Heathrow Airpor LHR
Vaclav Havel Airport Pragt PRC
Vienna International Airpol VIE

Zurich Airport ZRH

VARIABLES SELECTION

Collected data

]
Y
Type of
aircraft

]
¥

[ [
Y i ]
( Day ) ( Time ) CAirIines) (Op,ef""‘Ed) (
airline
Frequency / day

)|

Capacity of the
aircraft

l Load Factor ‘

Estimation of
PAX / day / airline

Figure 2 — Part of the process of estimation of seamger
demand from the supply data

Data was mainly collected from available sources on
the Internet, such as US DOT, U.S. Department of i@eroe,
Airports Council International or ACI, Boeing, ICAO, TA
and so on. The rest had to be estimated basedeostdtistics,

Identification of variables is an important stepr fo Predictions and by indexing.

causal modeling. In general, there are two typesanifables:
dependent and independent. Dependent variablesypilly
the number of passengers (passenger trips) onrpartapair
route during a set period. Independent variables ratated
mainly to two factors (Srinidhi 2009):

Geographical factors describing location impacts.

Demand data were obtained, in terms of total number
of passengers travelling from Prague Airport tohsous U.S.
airports in 2011, geo-economical data as well. Bupata were
collected to fill up the missing demand data tharevnot
possible to get, especially for trips originatimgri European

Geo-economical factors describing economic activity &irports other than Prague Airport. For the purposethis

research, the supply data of the direct flights vee®rded from
Expedia (2013) and collected in two distinct pesiodirlines’

Based on availability of historical data and presiou symmer timetable (August 2012) and winter timetaiarch

research (Chang, 2011) ten variables are statigtis@nificant
in determining passenger flows between airportspdihe final
selection of variables is shown in Table 3.
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2013). For each flight between a defined airporir,pthe
following data were collected on daily basis (foeoveek in the
defined period): operated airlines, co-shared reidj operated
aircraft and investigated their capacity basedanfiguration of
the seats.
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The biggest challenge of this research was th&he last strongly related is unemployment of origiER and

collection and estimation of the annual passengerathd from
the detected European airports to the selected dirjsorts. All

existing scheduled flights between defined airpaits had to
be collected from available flight databases, facheairports-
pair the extra sheet in Excel was created and basedtie load
factors, used operated aircraft and frequenciessepaer
demand was estimated. After completing databasedaté

needed, index methods was used to core databasputfdata
for further simulation. Additionally, the neededatsitics data
such as population, unemployment rate, total anpas$engers
of the origin and destination airports, nationalame, number
of companies was collected for future modeling a®dnand

estimation.

DATA LIMITATION

Data was mainly collected from available sources o

the Internet, such as US DOT, U.S. Department of iGeroe,

Airports Council International or AGCIBoeing, ICAO, IATA

and so on. The rest had to be estimated basedeostdtistics,
predictions and by indexing.

The sample of the passengers demand data from

Prague Airport to U.S. through the biggest hub&imope and
U.S. was obtained from Prague Airport. This is that actual
demand for direct flights from Prague Airport taSJ.

DEVELOPMENT OF DEMAND FORECASTING MODEL

First, correlation analysis was modelled to identife
degree of relationship between variables. Values eight
independent variables (population of origin, popata of
destination, unemployment of origin,
destination, total passengers of the origin airpddtal
passengers of the destination airport, nationalorme of
destination and business of destination) were asdiby the
CORREL function in Excel. Additionally, distance beeme
airport pairs was evaluated.

Table 4 — Correlation analysis no need to show ladings
(DISTD)
UERi  TPAXi PO UER]  TPAXi  NIPC]  BUS|
-0,64343  0,72013 -0,05898  0,01715 -0,05044  -0,02486  -D,05235
064343 1 -0,57971  -0,09146 -0,00346 -0,04017 -0,02307 -0,08633
0,72013 057971 1 -0,10822  0,04641 -0,07919 002221 -0,08592
-0,05898 -0,09146 -0,10822 1 0,03021 0,36366 -0,129 0,99586
0,01715 -0,00346  0,04641 0,03021 1 -0,87789  0,3639 0,05942
-0,05044  -0,04017 -0,07919 0,36366 087789 1 -0,2938 0,32617
-0,02486  -0,02307 002221  -0129 0,3639 -0,2938 P -0,12749
-0,05235 -0,08633 -0,09992 0,99586 0,05942 032617 -0,12749 1
POPI ERI TPAXI POPJ ERJ TPAX! NIPC) BUS)
DISTij 0,15255 -0,20062 0,12987 0,25441 0,44866 -0,32615  -0,2054 0,21201
DISTD
ST 1

From Table X it is obvious that strongly relatedrpa
of variables are business of destinati®ld§ and population of
destinationPOR.

The other strong related variables are total pagssn
of the airport of originTPAX and population of origirPOR.

population of origin.

Second, stepwise regression modeling (linear model,
forward selection) was conducted to relate the depet
variable PAX; with other independent variables. The stepwise
regression was modeled in NLogit 4.0. to selects ltest
combination of independent variables that best iptedthe
dependent variable.

Table 5 — Final selection of European airports

-

hnalysis of Variance for the Current Regression
7.5 - TR 1. 1= Eum of squares Moan Eguare 3
Regresaion 2 16EA7I000TE99, 12300 =eeddvbbidddies L -1
Restdual 1B 1386715 TS51, 00800 *8tsdddiiidssddd

Tokal a0 JOS04BFILSTEDL G100 =evdddddbbaraedd

va B DElntad =

bans | eguation <+esetsssss
+e F 3
s + S R W I W ——
Variable! Co t=ratic [BL!Ti*t]| ¥ean of X|
Fans hmm nmnn E . amsifama b o +
FOPL LG2385833 BO6413952 4.624  .0O01 . 55979E0+07
BUET LAE1ZTI1E L12360318 3,732 .G00%  340722.419
Conntant|  -GI9ES.3444 85224.3587 1,159 L2564

Stepwise regression model contains, as a resadt, th
independent variableBOR, BUS with p values of 0.001 and
0.009 respectively. These two variables are sicpuifi variables
and will be used as input for gravity model in tiber section.

GRAVITY MODEL

For modeling of demand the gravity model was
chosen. Gravity model calculates the number of gagrs
between two airports in relation to the producgiviand

unemploymenf oattractiveness of these airport-pairs.

Based on the output of stepwise regression, foritgrav
modelingPOR andBUS are used as the variables that describe
the trip generation rates of the origimnd the attractiveness of
destinationj respectively.Then, the distanceD(S;) is used as
the impedance of travel betweeénandj. The data set was
adjusted due to results from previous steps.

The number of passenger-trips between two airports
T;; is calculated by following gravity model equatiaocording
to Cheu (2012):

POPBUS
"~ =ab — 1
1 a1 ] DlSX
! @
where:
a; is an airport specific trip production constant
(to be calibrated)
b; is an airport specific trip attraction constant
(to be calibrated)
POR is population of origin airport
BUS is business of destination airport

DIS;; is destination between the airport of origin
and destinatior is calibration parameter
(exponential coefficient)
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Production constant; and attraction constarlf; is
calibrated as:

Assume all@d =1,

Calculate allbj usingbj =

-1
|_ n aiPORD
o |
[ n

Calculate alld usingg, =[] | bJB—UXSI
l_jj=1 DISlj
F’OF?BUSJ

D|Sﬁ(

)

jl
£ 3

Calculate T; = a,.bj for all andj

ana_--

Repeat steps (2)-(4) until alla1- bj i

converges

The result of the application of a gravity modelais
demand matrixij.

The gravity model with variabléd8OR andBUS was
tested in Matlab first. Model was tested wiks1l and for
different number of iteration&=5, k=50, and k=2000. The
results showed that after the second iterafipmlo not change
significantly. The matrix of average absolute riglaerrors does
not change significantly either.

The gravity model is also tested in Excel runniong f
the first 10 iterations to see how the gravity medehave.

Modification of the Gravity model

The model requests modification of data to baldhee
trips from all origins and all destinations. Thenswf the
number of passenger-trips in a row should equahéonumber
of passenger-trips emanating from that airport; shm of the
number of passenger-trips in a column correspoadhke total
trips attracted to that airport (Bruno & Improta 8p0

These conditions can be written as:

Y PAX;; = ¥9_, POP,

i_pax

4

Y PAX;; = X%_, BUS (5)

j_pax

been found with the smallest values of the errart @f this
range the results were not acceptable.

Based on this observation and modelling later on the
gravity model was finally tested witt+0.8 for iteration k=2 and
k=3.

Table 6 — Part of Gravity model

Znd iteration (k=2}
T. . BOS g LAX MIA ORD SFO Pop,
AMs [ 7305 07TRE d6IDR &7 25023 0740) 1R609E
COG | 109621 1449138 AT3ZI0 74208 JIISS  14I77S JRM114
ool | T 1009t £66A 624 TIEM 1304 152350
FRA | 6346  S409D  4D15H 434 2WE B4Dl 1657484
LHE | 130500 183556F  R43EM 01T 4H2ZI0  §7E0M40 3ET21E3
FRU | 3sRE 47457 22635 466 12603 477 91524
Bi | 0000013 00m014 0000020 0O0K017 0000012 000020 T0HITI
POE| 267180 3324111 1833650 174TI0 LISTIOL 144335
Ind iternfion (lo=3)

L. ©§OS ITK LAX MIA ORD SFD e PO,
ame [ 7307 oTmes a1l &7 25065 0741 | 12136 | 186278
CDG | 109369 1448433 BT2TES 74166 169T4S 141680 | 10415 | 2216258
CoH [ Eas 1631 TTH4 TIO IE04SE 1606 | 220004 | 232071
FRA | 6343 2d0s2 1 4311 20900 B4ES | 12617 | 165047
LIR | 139441 1834765 K43205 02061  467E00 177030 | 20258 | 3ssezmm
FRU | 3RS 47434 22620 2465 1725 4774 | 33168 | omin:
i | 0ooonoy 0000008 0000011 000X 000007 000071 099979
POPE| 2671R0 3TDAIND 622650 TMTIL 11ETI0L 144225 | JosesTe

Error Matrix of the gravity model

The error matrix expresses the average absolute
percentage error between each airport pair. Incise the errors
are quite big. The most accurate results are inctimes of
airport pairs involving Paris (CDG) and London (LH&) the
origins. As a destination, San Francisco (SFO) tiaas pairs
with errors smaller than 0.20.

CASE STUDY— PRAGUE AIRPORT

Based on the evaluation of the average absolute
percentage error matrixes in the previous chapter, most
suitable gravity model was selected to forecastpassenger
demand between selected European airports andalpSrts.

From the previous results, the gravity wik0.8,
attraction variableBUS and three value o& (minimum a;,
average ofa, and maximuma) was identified as the most
suitable for application for passenger demand fstcg
between Prague Airport and U.S. airports. Conchlgjvthe
result based on minimurai and the smallest error in error

Passenger trips are summed and this sum (709997trix were generated in Table 7.

passenger trips/year) is used to try to keep miotlebalance by
utilization of coefficient 3.7574.

Modeling

Two variables of destination were testé&)B and
BUS, which represent the attractions at U.S. airpoRsr each
variable,x was varied and all the coefficienés and bj were
calibrated. The accuracy of the gravity model yaged based
on the absolute average percentage error betweepréliction
(Tij) and observed datRAX;).

Different values of calibration parametewere tested.
After testing various values of the range 0k=0.8 to 1.2 has
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Table 7 — Results of estimated demand from Pragperd

712 13605 6850 1285 2787 1606

PRG 4 9 5 8 5 7

The results are compared with available data from
Prague Airport.
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Figure 2 — Comparison of the result of the gravity model amailable MIDT data
http://www.boeing.com/assets/pdf/commercial/pdffusiical
CONCLUSION trends.pdf>. [Accessed: 24 March 2013 ].

This study introduces a correlation-regression-gyav
model sequential methodology to estimate the pagsen
demand based on qualitative and quantitative methofl
demand forecasting. This research demonstratestteodwdogy
of performing demand forecast for transatlantighits with the
lack of historical commercially sensitive data. eTinethodology
demonstrates the possibilities of gathering pupliavailable
data from various sources, the methods to prodess and a
simple technique to forecast the passenger demanthe
defined market. The actual results of the gravigdei in this
study may not be accurate enough for eventual idesison
route development. The errors of the gravity maidel be due
to:

The estimated data are not precise enough, alththegh
value was close to the historical demands of indifleghts
from Prague Airport to the selected airports in.U.S

destinations. More variables should be explorethdfre
data is available. The impedance function mayh®the
best as well.

forecasting with the defined variables used in th&earch,
because of large magnitude of errors

FUTURE RESEARCH

Based on the list of limitations, there are manySrinidhi,

possibilities on how to improve the gravity modet, to use
other models. One of the options is to validate ehooly
collecting more data or try to use more accurata.danother
option is to use different variables.
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Abstract — Air Traffic Controllers play a crucial role in Ai
Traffic Control, which is considered the most visibhd flexible
part of the Air Traffic Management (ATM) systehll.decisions
made by controllers are influenced by a huge nunafféactors,
both objective and subjective. Some studies haableshed a
model of the risks in ATM, but none have combirtatistics
and modeling principles in a Bayesian approadine study is
based on a wide retrospective analysis of the aaffitr
occurrences where controllers were
presented in this article comprise 981 air traffcontrol-
involved occurrences records covering the year9020@012 in
the Czech Republic, Great Britain, Canada and thetddn

INTRODUCTION

Human Factors have been defined briefly as “fitting
the task to the man“ (Grandjean 1981), and as gdésj for
human use” (Sanders and McCormick, 1992), and more
lengthily as “aiming to design appliances, techindgyatems, and
tasks in such a way as to improve human safetytrhemmfort
and performance” (Dul and Weerdmaster, 1993). Aplitit

involved. The datiburth and operationally interesting definition (i which

controllers might concur) is “give us the tools amel will finish
the job” (Oborne, 1992). Clearly, Human Factorshisw giving
the human operator an efficient working environmeamd tools

States of AmericalVe analyzed the individual roles of all knownthat account for human strengths and limitationsg, ibis also

factors contributing to the occurrences. Occurrenceere
classified as air accidents and incidents of sesjomajor,
significant or no safety effects. The most sigaific and
correlating variables were used for the discreté msodel.Our
results did not confirm the impact of adverse nretiegical
conditions or high air traffic intensity on the nher of ATC
involved occurrences. On the contrary, the majooityeported
accidents occurred in ideal weather and in low-dngiaffic.
Most occurrences were recorded in the vicinity & #irports,
during aircraft approach maneuvers and landing. Tim®st
critical time for the occurrences is between 04:06] &7:59
a.m. Our discrete risk model suggests the comlminaif time of
day, meteorological conditions, type of flight amdrcraft
(vortex) category as the most relevant.

about selecting the most suitable operators andgithem the
required skills. In this way, Human Factors seakoptimize
Human Performance and thus system performancegihoat
to the detriment of the health (physical and psiatioal) of the
humans in the system. Human Factors can thereforgaia to
be “work-focused”, though it also demands “healtiwgrk.

Human Factors has its roots in applied psycholagy b
has had substantial inputs over the years fronddiels diverse
as medicine (e.g., to understand the psychologiffaicts of
work systems on humans), physics (e.g., to undeista
perception), engineering and design. In fact, peepbrking in
Human Factors themselves come from a range of bagkds
such as psychology and engineering, and it is densdl a
hybrid discipline.

In contrast to the way automation has been embraced

Key words — Season, day, time of day, workload, trafficoy a range of other industries, Air Traffic Manageth(ATM)

aircraft category, type of flight, flight rules, ear of the
occurrence, phase of flight.
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in practice at the time remained very human-focuseith
relatively little automation support. Neverthelessith the
evolution of computer-based systems, the Human Mach
Interface (HMI) became an item of central intettesthe ATM
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community, as it was seen as desirable to repléder oadar
screens with systems that could superimpose mdoemation
for the controller, to enable more efficient penf@ance.
Legibility and contrast, as well as font size arebign, were
subsequently the subject of research for quiteng kime. In
parallel, the controllers’ workload evolved as atcal issue for
successful system design, arguing that appropdiesegn of the
human-machine interface could help to reduce operat
workload, thus contributing to overall safety atfficeency. The
aim was to increase “capacity” (volume of traffic)response to
more public demand and to increase the accesgibiliflight-
based travel. It became obvious to many that Huffactors
could be a key enabler in increasing capacity aedcé the
growth of the industry as a whole. The human elénerhe
ATM systems, still the key element, should therefoeceive
support to improve performance.

The Air Traffic Controllers play a crucial role inirA
Traffic Control, which is the most visible and flblé part of

These records are mostly complex and containra-tbcation
information, occurrence description, controller'sorioad,
weather information and occurrence category. OtHata
(especially from the USA and Canada) were receigedriten
reports containing almost the same details butowithincident
category. This classification was assessed basedthen
description (distances between the aircraft, thed@ading,
consequences), according to EAM2/GUI3 Mapping Betwibe
EUROCONTROL Severity Classification Scheme & the ICAO
Airprox Severity Scheme. Some databases contaorniation
concerning time on duty, time after break and ailers’ age.

The initial normality test of the data test was
successful (data show a normal distribution). IBBPSS
Statistics Base, ver. 21 software was used for stti
constructions. Tested data were linearly corre|asedhmarized
and analyzed. The risk model philosophy is basetheasuring
of non-symmetric difference between two probability
distributionsx andy; in other words, the similarity of data is

Air Traffic Management (ATM) system. ATM comprises measured by the Kullback-Leibler divergence. MatD7b

airborne and ground-based functions (air traffiavises,
airspace management and air traffic flow managenergnsure
the safe and efficient movement of aircraft duridigphases of
flight operations. Despite all the automated preessand tools
for controllers’ decision-making support of thesgiace and air
traffic control, problem-solving will remain in thbands of
controllers. No automated system is 100% reliahl &curate,
and no one can replace all human-provided actiokk.
decisions made by controllers are influenced bymsiderable
number of factors. Their impact on each person egari
individually, and it is usually impossible to detene which
factor had the most significant impact on flightesg and which
were less important. On the other hand, researchiiman
Factors and Human Performance is very complex, iamdll
extend far into the future because the issue isyrbtclosed.
Despite advances in technology, ATM s still cally
dependent on the day-to-day performance of higlkiyled
front-line personnel, such as controllers, engisiesupervisors
and other operational staff. Operational persorgaéély and
efficiently handle millions of flights, and effeeé human
performance at the front line makes this possitle.

METHODS

This study is based on a wide retrospective armbysi

software was used for the construction of the model

RESULTS
SCOPE OF THE RESEARCH

The research was focused on
involving Air Traffic Control (ATC) that led to accahts or
incidents in air traffic. The level of ATC involveme was
divided into two subtypes: occurrences in which toater
activity was the main contribution (cause) and ¢éhimswhich it
played a secondary role (factor). The occurrence® wivided
into nine categories; each category was qualitigtidescribed
as a certain severity risk according to ESSAR2 — Rigygpand
Assessment of Safety Occurrences in ATM. The stalyers
Accidents, Serious, Major and Significant Incide(@ategory
A, B, C) and No Safety Effect Incidents (E). Not Datmed
Incidents (Category D) were omitted. [2]. These om@mces
covered the entire spectrum of flights, i.e., conmuia
(scheduled and noschedule)l general aviation, military,
instructional and special flights (e.g., aero-mabisightseeing,
positioning etc.). Occurrences by types and numbenes
presented in Table 1.

Table 1 — Occurrence Types and Categories

the air traffic occurrences in which controllersravenvolved

(ATC Involved Occurrences). For
interpretation and classification, the authorshi$ paper asked

the wunity of datp

for assistance in this matter from the majorityEmiropean and

overseas investigation institutions and Air NavigatServices

Providers (ANSPs). Several organizations were m@trésted in
the study, and some refused to provide the datausecof its

sensitivity. Thanks to the positive responses ot fof the
queried bodies, it was possible to summarize aradya@ 981

accidents and incidents between 2000 and 2012enCtech

Republic (Air Navigation Services of the Czech Repybli
Armed Forces of the Czech Republic), Great Britain i(Ci

Aviation Authority), Canada (Royal Canadian Air For@ae)d

the United States of America (National TranspootatSafety
Board). The data were extracted from the nationtdhdeses in

their respective format and content styles. The Bz&NSP

Occurrence Type Frequency | Percentage
Separation Minima Infringement 629 64.1
Controlled Flight Into Terrain 43 4.4
Mid-Air Collision 27 2.8
Ground Collision 30 3.1
Airspace Infringement 101 10.3
Another Aircraft Interference 21 2.1
Runway Incursion 100 10.2
Aircraft Mis-ldentification 23 2.3
Mis-Communication 1 0.7
Total 981 100.0

(civil) data were collected directly from their émbal database.
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the occurrences
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The accident ratio (Controlled Flight Into Terrain WEATHER AND FLIGHT RULES

(CFIT), Mid-Air Collision (MAC) and Ground Collision
(GCOL) is 10.3 %. All of the accidents occurred lie tUSA,;

there were 75 fatalities, 6 people suffered seripjusies and 3
people suffered minor injuries. Additional factorsere

analyzed, including time of day and season, aiffi¢raype,

aircraft movement phase, meteorological conditiongon

phases, flight-rules conditions and air traffic eimsity in

particular airspace.

THE ROLE OF INDIVIDUAL FACTORS

SEASON, DAY AND TIME OF DAY

Weather plays a very important role in aviation.t No
only can adverse meteorological conditions infleemptanned
aircraft routes (vertical and horizontal), their enpected
changes can lead to dangerous situations in flighe basic
weather characteristics are visibility, cloud cwili sky coverage
by clouds, wind direction and speed, temperatucesigmificant
weather phenomena (storm, rain, snow...). The antidcident
reports were frequently reluctant to specify allatter details.
When the weather contributed to an occurrencehdulsl be
mentioned in the report, but sometimes the infolonat
concerning weather conditions is absent. Therefdie
meteorologically significant information was integfed in three

The density of air traffic does not remain constantmain groups (1 — weather was ideal, i.e., visipititore than 7

during the year but varies with the seasons. The&dy yearly
distribution of air traffic can be characterized agontinuous
increase over the first seven months (January y) Jollowed

by a continuous decrease in the latter period efyisar. The
peak in air traffic occurs in summer and is cone@ctith

holidays and travel by a significant proportiortloé population.
The highest number of accidents and incidents doégall in

the summer months, when the density of air trafficat its

highest, but coincides with the spring months. timeo words, a
higher number of aircraft in the airspace doesautbmatically
imply higher numbers of accidents or incidents. Tinenber of
aircraft is not a single, isolated factor. Instetite number of
incidents is related to the clustering of aircrafe., with the
density of air traffic in individual parts of thérgpace — the
sectors. This factor better represents the workfufaair traffic

controllers.

Another important factor was the distribution of ai
traffic movements during the week. The amount ofraiffic on
Mondays, Tuesdays and Wednesdays is almost idertich
approaches 14 % of the weekly total amount on dagh There
is a typical sharp rise of air traffic on Thursddgearly 15 %)
and this trend is followed by another increase abdy % on
Fridays. Saturdays are characterized by a deciease traffic,
and Sundays (13.5 %) on the contrary by an increasdove
the first three weekdays (Mon-Wed). [3].
occurrences distribution was in line with the disition of air
traffic. The peak of all incident categories wasseatved on
Thursdays, when air traffic typically increasesg tlowest
numbers were documented during weekends.
accidents on Thursdays are rare.

km, ceiling above 5 km, cloud coverage to 2/8, mgmificant
wind); 2 — weather had no impact on the occurrdntevas not
ideal, i.e., visibility 4 — 7 km, ceiling 3 — 5 kroloud coverage
3/8 — 5/8, no significant wind; 3 — weather hadn#igant
impact on the occurrence and was observed at lessh
dangerous meteorological condition (strong windy asibility
or ceiling etc.). Correlation between the weathet aocurrence
categories was significant at the 99 % confidergell

The highest number of occurrences was documented

in meteorological conditions described as “normalather”.

The lowest number of all occurrences was reportadng

adverse weather. On the contrary, the highest nunafe
accidents was observed when the weather was ide=alyithout
dangerous meteorological phenomena. These daiataresting
because it is probable that controllers are rehidia admit the
possibility of safety problems in ideal weather. @ other
hand, during adverse meteorological conditionsy ttaad air-
crews as well) are more able to take into accdumseverity of
the situation, and the number of incidents sigaiiity

decreases. Flight rules (visual or instrument) hadignificant
impact on the probability or category of and ocence. Types
of flight were also analyzed, but none showed eawee of
special significance for the rising number of ocences.

The weeklyCONTROLLER WORKLOAD

Workload is an important focus because errors @n b

induced if mental task demands exceed the capabilif the
human operators. In this way, the consequenceleskterrors

However,,

might be critical and detrimental to safety. Woddo might
simply be defined as the demand required from thengm

Furthermore, the hourly distribution of occurrenceoperator. This definition, however, is overly limg because it

and the appearance of incidents and accidentsamaigzed. Of
course, the amount of air traffic during a dayasiable, and its
typical distribution is characterized by a peaknzsn 08:00 and
12:00 local time [3]. This is followed by the higltenumber of
incidents in all severity categories except forideats. A

significant proportion of the more severe occurempcsuch as
accidents, fall into the period of 04:00 - 07:5%® Although

this time is not an air traffic peak, it encompasse sharp
increase in activity after the minimal traffic bet®n midnight
and 03:59, and it leads to a large number of antidas well as
the highest number of serious incidents (Category i)
comparison with the rest of the periods of a day.
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only includes the requirements generated by extesoarces
(e.g., task difficulty). To address workload contelg, it is also
necessary to consider demands generated intethatlgompete
for an operator’s resources. Therefore, an appmtgptHuman
Factors definition of workload is as follows: Waokld is the
demand placed on an operator's mental resourced fose
attention, perception, reasonable decision-makind action.

(4].

The controller's workload is a subjective sensation
Condtolle

(impression) and has no accurate measures.
workload level was assessed in the occurrence tepar the
level of the air traffic they controlled (1 — lowovkload, 4 —
highest workload). Task demands are not the omhpfahat can
affect the effort required by a task. The time $pmma given
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task demand will also affect the performance as waslthe

workload of the operator. The workload increasesa &snction

of time, even if the task load is stable. Afteramiable threshold
of time, resources are exhausted, and an increas®ikload

and a breakdown in performance are likely to occline

operator gives up or “sheds” the least significpatts of the
task to make the workload more manageable.Thgre are two
extremes, very light traffic (low workload) and yentensive

traffic (high workload). These extremes are conegetith very

low numbers of occurrences; the number of accidests
practically zero. Logically, serious incidents wibdccur most
frequently during high controller workloads. Alamgly, the

highest frequency of accidents and incidents otafkgories is
in positive conditions, when workload/traffic fedither normal

or closer to low. This is because of an unintenkdecering of

controllers’ awareness and their feeling that “itghcould

happen” in these good conditions.

PHASE OF FLIGHT AND AREA OF THE OCCURRENCE

More occurrences happen at airports than en route.

This is reflected in the phases of flights involhirdaccidents or
incidents. Most occurrences are connected with rafirc
approach and descent prior to landing. Those plaigbs flight

are, from a controllers’ perspective, the most lelngiing, due to
the number of aircraft, their different headindtfades, vortex-
categories and speeds. The right aircraft sequegnimn this

maneuver is crucial, and the probability of coriend’ or pilots’

error rises. The safest phase of aircraft movenenaxiing.

Despite these assumptions, occurrences connectid tiaat

phase of flight (especially ground collisions andway/taxiway
incursions) are more frequent than en-route coatinigs,

though their consequences are not severe.

TYPE OF FLIGHT AND AIRCRAFT CATEGORY

The majority of occurrences involved scheduled

flights of medium vortex category aircraft (i.e.~7136 tons).
This connection seems obvious when consideringrdtie of
flights in a representative period of time and thenufactured
aircraft around the world. The scheduled flightgrchas the
highest representation of all categories of indsebut the
lowest proportion of accidents. The highest nundfexccidents
was recorded within general aviation flights, sfieaily in the
light aircraft category (less than 7 tons). Theosekc highest
number of incidents occurred in military aviatidollowed by
training flights (both civil and military).

THE RISKS MODEL

The risks model is based on computing the Kullback-

Leibler divergence between data measured in differe
occurrence situations. Occurrences in air traffantmol are
modeled in dependence on other measured variabseswed in
the particular occurrence. The aim is to identifyiables with
significant impact on the occurrences and to idgntvhich
values imply the presence of critical situationghia air traffic
control. According to descriptive statistical reasulthere were
four most significant variables entering the mauglitime (),
type of flight (), weather (%) and aircraft category £¥, and
controllers’ workload. These variables were dividedfollows:
time (6 blocks of 4 hours), type of flight (6 cabeigs) weather

(3 categories) and aircraft category (3 categaridddeled
output y is the classification of the occurrence. For mougl
purposes, the occurrences are categorized intafiogroups:
group 1 represents accidents and serious incidgntaip 2
represents major and significant incidents and prodi
represents incidents with no safety effect. Théiahidata set
included 981 records. A training group of secondaputs was
divided into x clusters (1, 2 or 3, in line with output). We
observed differences among the inputs in eachqopiati cluster.

For discrete probability distributions y and x, the
Kullback-Leibler divergence is defined to be

f
KL=YfIn "
2 fin g

wheref andg are distributions of data for different occurrences

All inputs are discrete therefore their distribuatsowill
be characterized by normed histograms (see Figure 1

cluster 1 Accidents and Serious Incidents cluster 2 Major and Significant Incidents cluster 3 No Safety Effect Incidents.

200

TIME

]

100

12 3 4 5 6

200

100

TYPE OF FLIGHT

12 3 4 5 6

200

WEATHER

200

A/C CATEGORY

0

Figure 1 — Figure description figure description figure
description

Legend:
Time 1: 00:00 — 03:59
2: 04:00 — 07:59
3: 08:00 - 11:59
4: 12:00 — 15:59
5: 16:00 — 19:59
6: 20:00 — 23:59
All times are local times.
Type of flight 1: scheduled
2: general aviation
3: military
4: special
5: non-scheduled
6: training
Weather 1: clouds and visibility OK

(CAVOK), no dangerous
meteorological phenomena

2: visibility 4 — 7 km,

ceiling 3 — 5 km, clouds coverage
3/8 — 5/8, no dangerous
meteorological phenomena

3: visibility less than 4 km,
ceiling below 3 km, clouds
coverage more than 6/8, dangerous
meteorological phenomena
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Aircraft Category 1: light (up to 7 tons)
2: medium (7 — 136 tons)
3: heavy (more than 136 tons)

observed at airports and in their vicinity duririgal approach
and landing. This phase of flight is the most caiti for
controllers as well as for pilots. The time of yéad no impact
on the incident rate. Higher workload did not inelue higher
rate of incidents. Most incidents occurred duringrmal

. . operational workloads. Proper arousal (i.e., no ewmndor
The purpose of this study was to examine thep P (

. L . . . overload) is vital to fulfill all controllers’ task at requested
particular role of each individual factor listeddadescribed in . . S .
. . quality. Flight rules had no significant impact the occurrence
the occurrence reports. Time of day was evaluased eritical

. . . o e of accidents or incidents; the distribution wasiiteal for visual
factor. Time is an essential characteristic ofteaffic control . : . .
o o . and instrumental flight rules. The mathematicakgismodel
(ATC) as well as the principal constraint in the #iaffic

s . . ) - . considers the most critical factors for Major anign8icant
controller’'s job, which routinely involves dividingttention

DISCUSSION

h . . o incidents to be time of day, meteorological comdifi, type of
among multiple sources of information and perfogninultiple

tasks nearly simultaneously under, at times, sevare
pressure. Attention and switching attention requiime
(Hopkin, 1995), as does performing control acti¢sp The
majority of occurrences were observed between 0400
15:59, with the largest fraction between 08:00 &adb9. This
fact corresponds with the air traffic peak in thénto late
morning. However, the majority of accidents occdria a

flight and aircraft category. No significant impaaft the other
analyzed variables was discovered.
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negative impact on the number of occurrences. Taprnity of

occurrences (in all classifications) were reportedring

“normal” meteorological conditions. Moreover, theghest

number of accidents was observed in “ideal” weathére

occurrence of Accidents and Incidents under comnfitiof easier
decision-making ability is therefore strongly coateel with the
downgrading of situational awareness in these ¢immdi

(1]

(2]

Interpretation of the histograms leads to thesaltes
The largest values of divergence within time of ¢ay and type
of flight (x2) were observed between clusters 1 — 2 and 2 — 3;
within weather X3) and aircraft categoryx{), there were
significant divergences between clusters 1 — 2 hrd3. For [3]
accidents and serious incidents (the most danged an
unacceptable occurrences), the highest typicalfaskight and
medium aircraft on general aviation and militaigltits is in the
combination of time of day (04:00 — 07:59 a.m.)hwitormal or
ideal meteorological conditions. Major and sigrafit incidents
for medium aircraft on scheduled flights are, adewg to our
model, characterized by the critical combinatiortiofe of day
(08:00 — 11:59 a.m.) and normal meteorological d@wrts. No
safety effect incidents for medium aircraft on stiled flights
and for military aircraft were most common betwd@n00 noon
and 15:59, with normal meteorological conditions.

(4]

(5]
(6]

CONCLUSION

The air traffic density on particular days of theek
and in particular time periods (peaks and saddfgcts the
frequency of occurrences. The majority of occuresnevere
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Abstract — The evolution of low-cost carriers has in recent

decade uncovered the trend in which mainly low-castiers

operate from secondary airports rather than fronowded
primary airports. This has caused the rapid deveiept of
many secondary airports that were previously ndyfat at all

utilized. Aim of this paper is to identify theseparts as well as
to give an insight into their main characteristies well as
problems and challenges they face and pose to atmeiers in

the region.

Key words — Low-cost Airports, Low-Cost Carriers, Secondary

Airports, Terminal.

INTRODUCTION

The new commercial formula for
companies relies on short-haul flights, fast stgpsl simplified
air traffic, which result in transit network condigations that
operate through multi-nodal, point-to-point trag@@s rather
than centralized, congested interchange hubs. Theess of
these new structures has been bolstered by sulbditareduced
fares. Once an elite experience, air transportleasme a mass
phenomenon. It is a constantly evolving flow: in120the two
main low-cost airlines — Ryanair and Easyjet — s$gorted
according to the data from corresponding annuarteplmost
130 million passengers in Europe. In only a fewrggedhis
economic phenomenon created the emergence of amebtl
secondary airports that are less congested and (oaver
landing fees in comparison to traditional hubs.

97"

low-cost airports

Figure 10Map of European low cost airports (1997)

The majority of these secondary airports were diyea

low-cost air present in non-primary European territories befbeeadvent of

airline deregulation. These structures were mogilyerited
from previous military bases and from city airpolsilt to
promote regional development. Previously they effeprivate
flights, rescue flights, and charter flights to rietidestinations,
and from time to time international services fogiomal air
companies that had small aircraft, high fares anuller
capacity. More often, these airports provided cactiors to
national hubs in cooperation with flagship compani&lthough
they offered these specific services, small andsizdd airports
were often operated at an economic loss, subsidiydtie state
to promote regional development in proximity to gmnrban
centres.

If today secondary airport terminals have become

These two terms — ‘airports’ and ‘low-cost’ — are successful and sometimes seem overcrowded, ordgadd ago

not susceptible to any existing interpretation peledently.
These airfields, which can be regional or ultraiesral
airports but also secondary hubs, are difficultlassify by type
and size. Similarly, a variety of economic and spanodels
correspond to the definition of low-cost carri¢seif.

EMERGENCE OF LOW COST AIRPORTS

Although the definition of ‘low-cost airports’ imi
itself ambiguous, it clearly identifies a phenomerthat has
become part of our common vocabulary and imagedayo
Ryanair's commercial strategy relies on a systencagfillary
networks throughout Europe that consists almosiusiely of
over 150 secondary or regional airports (figure 2).

these places would have felt vacant, abandonedertdds
Before the advent of airline deregulation in Eurgie traffic
would converge at the principal airports of theb'tand spoke'
network: the hubs being centres where the majaityraffic
would converge to be directed to other destinatithmes 'spokes.
The role of the spokes was only to support the hiihg was
purely a role of connection or liaison, with somadigional
services such as small planes with high rates @andrlcapacity.
As Castells states, the hub was the true core yst@rm where
national airlines operated within an uncompetitivearket
environment. 'Some places are exchangers, comntiomdaubs
playing the role of coordination for the smootheiatction of all
the elements integrated into the network [1].'
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Figure 11 — Map of European low cost airports (2013)

Before deregulation, the system left the majorityhef
secondary airports empty and underutilized from rt@ment
that the national airlines distributed passengemincipal hubs.
If initially there was no interest in developingete airports, the
situation rapidly changed with market deregulatiand the
development of a transport network focused on snatlwns.
Passengers began to use the new structures,tagrfzesuraged
by low rates, and thereafter by a number of featuieat
improved the travel experience: fast check-in hiligunctuality,
and the simplicity of organization and constructioh the
terminals [2].

affairs. There was always a clear airside and ldedso you
were never in any doubt where you were.'

According to data, secondary airports are less
expensive when compared to hub airports. Seconaiapprts
are strengthened by a point-to-point traffic systand by an
effective cost containment program, while hubs rienarily
managed by traditional airlines, whose luggage isesy
complex flight connections, security lines, surfa@amsport, and
terminal magnificence lead to a considerable irszén cost. If
originally the binomial secondary airports/low-c@stlines are
the product of a contingency, due to the inadequé@yailable
slots for new air carriers at hub airports, thegrsdeveloped a
low-cost culture with an all-inclusive characterm@le interior
volumes and clarity of distribution contrast to tt@mplexity of
large international hubs, where the long labyrim¢hwalkways,
delays in flight connections, and long lines at athim and
security desks are part of a consolidated routine.

The golden age of airport buildings from the non-
competitive era is being replaced by low-cost bodd with
essential features and simple volumes, such asfararHahn
or the low-cost airport in Marseille, where impaoitahanges in
spatial organization were deployed.

Figure 12 — Low Cost terminal at Bordeaux Airport

The number of check-in desks has been reduced sinc

I addition to underutilized secondary airportsgeat assignments are no longer necessary. Themoamore

whether military or civil terminals, low-cost amis also employ
a number of medium-to-large international airportghere

airport taxes and the number of available timesske not a
barrier. Airports located in Eastern Europe, susiBeatislava,
Slovakia, but also underutilized facilities such kendon

Stansted, have become models of another strategysttoeing
consolidated over the years.

business lounges or air bridges. No more internafase
transport. No more shuttles or buses. Alone, in pleta
autonomy, travellers weigh their luggage, and headfoot
towards the airplane.

Airports and airlines have reduced air inactivitgrh
75 to 25 minutes, making quick turnarounds to haeee daily
flights with a single aircraft that spends moredtim the air than

The case of Stansted is exemplary in many wayg the ground. Outside, the aircraft are parkegeuaticular to

Oversized according to the traffic forecasts of @@, it was
initially listed as one of the most striking comiat failures in
airport development. The airport was designed bynim
Foster as the third London airport after Heathrowd &atwick.
Despite the extravagance of its construction teldgyp and the

the terminal, not parallel. This simple spatialatgy saves
about 20 minutes in boarding time. That is to gagllows the
plane to make one additional return trip per day.

Ticket purchasing is completed only online via

substantial investment by the managing British Aitpo internet or in some cases by phone reservatiorts,pagment

Authority (BAA), the airport was deserted since @pening
because of its distance from London. It would be-tmst
airlines, attracted by low prices and high traffiapacity that
would transform Stansted into an efficient operaidase. The
‘calm, clarity, and convenience' [3] formula, thespirational
guiding principle of the building design, becamedimance and
necessity the constructive prototype of a new gsiar of low-
cost airports. As Sir Norman Foster says, 'We drespiration
from the early days of flying when airfields werery simple
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via the Internet. Without making use of travel ages and,
therefore, without increasing costs. E-mail idecditfion,
personal data and credit card information, as asllpersonal
preferences, constitute a virtual community of pagers and a
data bank that low-cost carriers use to bettemdefind orient
our choices and their services.

No-frill flights, increased personnel productivity,
ticket purchase via the web, elimination of traweency
procedures, and negotiation of discounts with r@rlsuppliers
are only some of the cost reduction strategiesaddition, the
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airports themselves need to be involved in cosefiepolicies

since new airlines foster competition among airpaot provide

further discounts in services. A famous example \las

competition between Rimini and Ancona airports fdwe t
Stansted route, or between the Kerry and Shanmports for

the Hahn route. Airports seek advantageous
agreements with new airports since every new rputeuces a
consistent volume of passengers, parking, car Issmstaurant
services and commercial areas, proportionally B&ire

revenues.

It is a winning strategy that is also fostered tayesaid
to those airports which are located in less devadagreas. This
goal is also pursued by the European Community gdhogi
funding for the development of small airport fa@#. Airports,
in fact, come to play a major role in the integratof peripheral
regions, fostering not only economic activities lalgo social
and territorial cohesion. Due to renewed utilizatighe new
airport goes from an entity in loss to a real ecnital resource
for the region.

Accessibility to airport
changed. Although the ground transport system dusyet
have coherent characteristics, it is more flexibled more
suitable for the new consumer typology. The newsgager
prefers the freedom offered by individual transpottius
bringing about increased business volume in the reatal
sector. In secondary airports accessibility to tegitory is
easier while traffic, infrastructural crowding apdrking costs
are reduced. In addition to automobile use, whiomidates,
there is a limited public transport service thaarguntees a bus
connection in correspondence to individual flights.

New airports have, as defined in technical terms,

specific 'catchment areas' for a new customer lprofn the

traditional system of airports, the passengerterion of choice
was the most convenient airport in spatial termghWhe low-

cost system we instead talk about the ‘concentratiodel' [4]

where customer preference refers to the carrieh &itmore
advantageous rate but not necessarily the nedrpstta Space
and time are not the relevant variables in assgssinessibility.

In the low-cost 'space of flows' [5] travel, costlie determinant
variable.

If Heathrow airport in the London system
advantageous for Oxford. Stansted is convenienthfercity of

Cambridge and London's financial centre. Cambriddes t

renowned centre of culture and technology, findekandon an
European network accessible to entrepreneurs, tstgenand
scholars who can avoid 'wasting time' in the mamgicated
Heathrow system.

If at first the new airport seemed to be locatedrfam
urban centres — even hubs to be honest — we havensider
that major economic activities have also been fearexi to the
metropolitan hinterland. Studies done by some hirpods
show that downtown is the origin and destinatianafoelatively
small number of passengers.

One of the significant aspects connected with
transport deregulation deals with network change ttie

lormg-te

the passenger the possibility to arrive immediattdy the
favoured destination, without being confined in ta@olitical,
a-spatial, a-temporal hub limbo.

It is important to highlight that in the last fevears,
with the increase of routes and airports served,lahnger low-
cost carriers have progressively substituted padntpoint
configurations with a hybrid polycentric network. Feries of
airports spread over the European territory aregdated as
'‘bases’ or 'centres' from where the diverse démhsaradiate.
Stansted. Dublin, Frankfurt Hahn, Stockholm Skav&erona.
Bergamo Orio al Serio and Rome Ciampino are Ryanaeda
that are joined complementary to other secondargods.
Easyjet has also taken on a similar strategy, ioffecentres of
greater activity such as Luton, Prague, Berlin, Ganend
Dortmund.

r

The creation of new bases is, in fact, a technical

necessity for these companies to expand their ogtaarks.
The use of an aerial fleet which is essentially stituted by
Boeing 737-800 or Airbus A319 and A320 family jeteans

infrastructure has alsoperforming short-distance flights, where the averdiight is

about 1,000 km. Therefore, route and airline exjipgnean only
be polycentric so that aircraft can be maintaimethe bases in
the evening and the personnel can be assemblec:mienty.

The low-cost nomad is changeable, hybrid, and cexagtom

the tourist to the city-user, from the commuterthe business
traveller, from the student to the legal immigra¥ibung, less
than 40 years old, and with a university level edian, the new
traveller is on the move mainly for tourism with ai@m-to-long

stays of four to seven days, travelling by choiseopposed to
obligation.

The low-cost space of flows is no longer reservedaf
minority of people as it was ten years ago. Ité&ssumed such a
degree of familiarity as to become a place of edayylife, and
travelling by airplane a daily practice, since dwags greater
portion of the population frequents these transpsbmictures
with a monthly or weekly cadence.

This is why the collective imagery of airports has
changed: the paradigms of the city-airport, of'tlum-places' [6]
of modernity — well detected by Marc Augé more than
years ago and which promoted an intense debateganrdits

is— seem to be obsolete. They have been replacedvirgdst

airports'.
DEVELOPMENT OF LOW COST AIRPORTS

Low-cow airlines have been major drivers of the
development of low-cost airports. Ryanair has pramntly been
the impetus behind the development of Barcelonaffairo
Brussels/Charleroi, Frankfurt/Hahn, London/Stanstedd a
others. Likewise, EasyJet has led the businesslajguent of
Manchester/Liverpool and the growth of London/Lutém the

United States, the phenomenon has been known as the

“Southwest effect”, as that airline has energizee doubling
and tripling of traffic at airports such as BostomMhester,

aiBoston/Providence and Miami/Fort Lauderdale. In Ad\aia

Air has been promoting Manila/Clark and Jetstar usttalia

structural and spatial configurations. Low-costrieas and has created Melbourne/Avalon from virtually nothifigable 1
charter companies tend to organize their own nédsvor provides details. Overall, the low-cost airlinesvénacatalyzed
according to 'point to point' routes. This struetuepresents for the widespread development of multi-airport systems
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metropolitan areas. These used to be confined toopwitan
areas with over 10 million departing passengergax y7], but
now these are a feature of many smaller areas k &si€Oslo,
Stockholm and other metropolitan regions.

Table 1 — Secondary airports of major Europearesiti

Metropolitan
Region

Barcelona

Secondary
Airport

Girona

Low-cost
Airline

Ryanair

Brussels Charleroi Ryanair
Copenhagen Malmo, Sweden Ryanair
Frankfurt Hahn Ryanair
Glasgow Prestwick Ryanair
Hamburg Lubeck Ryanair
London Stansted Ryanair
London Luton easyJet
Manchester Liverpool easyJet
Milan Orio al Serio Ryanair
Oslo Torp Ryanair
Paris Beauvais Ryanair
Rome Ciampino Ryanair, easyJet
Stockholm Skavsta Ryanair
Venice Treviso Ryanair

It is worth noting that the cost of developing loast
airports has been minimal — in contrast to thataofiew or
expanded traditional major airport (such as Ma@adajas,
Miami/International, Paris/de Gaulle, Tokyo/Naritetc.) that
cost several billions of euros. Low-cost airporesvén almost
been free, due to the fact that obsolete or abadonilitary
and other airfields are plentiful. These have pieui the
runways and basic facilities for almost all thepaits listed in
Table 1. In any case, regional authorities havenbglad to
supply the modest supplemental facilities neededcé&ssenger
services, in exchange for the jobs created by the-cost
airlines and the passengers they bring to theitgcaind the
possibilities are far from exhausted.

Low-cost carriers like to use low-cost, secondary

airports for two reasons. Most obviously, they @pate the
low charges. Perhaps more importantly however, theythe
smaller airports because these are relatively uyesied and
thus free from ground and air traffic control delags Warnock-
Smith and Potter have documented [8]. This lackarfgestion,
together with work rules that permit fast turn-ardduimes at the
gate, enables low-cost airlines to increase thiedlytime and
thus the productivity of their aircraft, and thuswer their
operating costs significantly. Low-cost airlines omote
secondary airports because they are generallyraitég their
efficiency.
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COMPETITION WITH HUB AIRPORTS

Most obviously, low-cost secondary airports in
a metropolitan area compete with the traditionainnperts. As
the low-cost carriers expand along with these lost@irports,
they reduce the market share of these legacy &rpdable 2
illustrates this obvious point. The impact of th@@mpetition on
the specific routes served by low-cost carriers banmuch
stronger (such as Dublin-Brussels served by Ryaf@irMore
subtly, the low-cost airlines and innovative fraigtarriers are
establishing parallel networks that by-pass thditicmal main
airports [10]. This is strikingly evident in Eumpwhere both
Ryanair and EasyJet make a point of serving magtrapolitan
areas through secondary airports. Thus the Ryaretivonk
comprises London/Stansted, Barcelona/Girona,
Brussels/Charleroi, Frankfurt/Hahn, Rome/Ciampino,
Stockholm/Skvasta, and so on. The situation inLthiged States
is similar as Southwest serves Boston/ProvidenedlaflLove,
Houston/Hobby, Miami/Fort Lauderdale,
Washington/Baltimore.

Table 1 — Example of market share drops for primairports
associated with rise of low-cost carriers [sourceta drawn
from various reports]

Market share (%) in

Metropolitan
Region

Primary
Airport

1994 2004

Boston Logan

Brussels International 99 90
London Heathrow 65 53
Miami International 69 56
Rome Fiumicino 99 91
International 68 58

Moreover, the low-cost carriers compete with thénma
airports when they fly directly from major metrojjah areas
(such as London) to secondary airports, thus bypaske hub
airports that have traditionally provided conneasio to
secondary areas. Thus when Ryanair serves Carcasdaent
from London, it not only competes with flights thaight go
direct from London/Heathrow, but also those thaghmiprovide
service through Paris.

Overall, we are witnessing the development of pelral
air transport networks. On the one hand there lageldégacy
carriers, largely attached to their hub or legacgaats. On the
other hand, there are the low-cost carriers, witialie been
promoting the definition of low-cost airports. Thisw-cost
network has been complemented in North America bgtevork

of FedEx and UPS low-cost, secondary airports sash
Chicago/Rockford, Los  Angeles/Ontario, and San
Francisco/Oakland.

BUSINESSMODEL FOR LOW-COSTAIRPORTS

The business model of the low-cost airlines geheral
aims to cut frills. Low-cost airlines simply do niotend to pay
for architectural showcases and gateway projects the
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associated high airport charges, to the extentttiegt can avoid amortization and operation will be on the order&0 per
them. passenger. This kind of burden is one that low-eathes will
. . . . . not tolerate, and such expenses are avoided whepaasible
According to an interview with the head of Ryanair, i p - .
. . . by going to the low-cost airports. As low-cost iaiels continue
their top three airport requirements are: S
. to expand at the expense of the legacy carriersjilsthe low-
e low airport charges, . )
cost airports at the expense of the legacy airports

» fast turn-around times, and
«  single-story airport terminals [9]. CONCLUSION

Thus the Ryanair wing of the London/Stansted atrpor It is apparent that low-cost airlines will have loast
is a one-storey structure that passengers walkntsharp airport facilities. This seems inescapable. Whaunglear is
contrast to the expensive multi-level buildingssigaed by a whether these low-cost airport facilities will conte to be
signature architect (Sir Norman Foster), that ttave on other distinctfrom the legacy airports. Indeed, it is possiblat tio the
airlines have to access using a special-purpose tra extent that low-cost carriers drive the legacy iessr out of

business, they will supplant them at major airpontsich as

. When the '°W'°,9?t carriers ha.ve the opportu.nlty t%outhwest hataken over Chicago/Midway, replaced US Air at
define the passenger facilities they are simplespadse, with a Baltimore/Washington

minimum of commercial facilities. This is thus tpattern, for
example, at the Ryanair terminal at Frankfurt/Hahe; EasyJet In face of these facts, airport planners, investansi
facility at Manchester/Liverpool; the JetBlue teralimat Los managers need to develop strategies that will endigm both
Angeles/Long Beach, the Jetstar sheds at MelboAwvatin, to avoid over commitments that are financially yiskand
and the Air Asia low-cost terminal at Kuala Lumpukt position them to take advantage of opportunitieshey may
Singapore, an airport known for its excellent shingp develop. To achieve this, they need to adopt a fiexible
opportunities, it is remarkable that the designtref low-cost approach to airport analysis and design, possiblygathe lines
terminal has essentially no shops. Specificallg thw-cost indicated.

airlines apply design standards that can be dedffgrent from

those that have been and are generally appliedatitional REFERENCES
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Abstract — The aviation sector worldwide has undergone a

fundamental transformation over the last 20 yeafthe

liberalization of the European and US skies pattcly lead

into the emergence of competitive, innovative logt@irlines,

which created a new aviation market defined by efficy,

productivity and competitive practices. Regionalpaits are

regarded as drivers for an economical boost in oegitoday. It
is believed that a functioning regional airportimmportant for

providing new jobs and attracting direct, indireabtcainduced
industries to settle in the vicinity of the airpowrhich means
that an airport is seen as a job motor. Airportscluding the
regional ones, were originally considered natural mapolies,
but today they are very much an integral part oflime

business, with all its vagaries and uncertaintiesfdgtunately,
only limited attention is being paid to certain asps of how
small regional airports are affected by the changeshis new
institutional environment, especially how far thegncadapt
themselves to the new, competitive market conditmalshow
they can deal with purely commercial threats. Highigbile

airlines, especially low-cost, are very aggressie their

demands, namely as regards to airport costs ansiany cases
small regional airports do have just little barg#éig power or
limited options how to deal with such, usually dominairline

flying there. Ultimately, they end up in the uncorable

position of having to balance very divergent regquients from
its stakeholders and at the same time, to compélteathers, to
cope with the market volatility, to fulfill all le¢aand

administrative requirements and finally, simplystavive in the
market.

Key words — regional airport, low cost airlines, liberalizeat,
competitive market, bargaining power

INTRODUCTION

transportation within the last years. Over last wexades, the
air travel became accessible to more travelers évan before
and more millions of tons of goods were carriedhst same
time. Looking ahead, the industry professional bedsuch as
IATA or ACI predict that in 2050 aviation will flyraund 16
billion passengers and 400 million tons of cargbjcly means
there will be an on-going demand to effectively andtainably
manage the entire industry value chain.

Airports have no other option but to mirror thefshf
the industry and to reflect it in their activitieBherefore, it is
not surprising that they are forced to operate odifferent
economic and operational mode then twenty or ewush ten
years ago. As a part of the industry value champoas had to
implement a lot of new practices and proceduresrifter to
reflect the increasing demand especially by theiajom
customers — the airlines, asking on one hand fquroned
efficiency and quality of services provided and the other
hand decrease of charges or at least their status q

Small regional airports are an integral part ofuistdy
value chain. It is widely accepted that these aigpare of vital
social and economic importance for the nation’saraj, rural
and remote communities. Given that they do opdrate fully
liberalized environment, it is evident that thegpats shall be
facing the same issues as the bigger or even higyess:
competition, operations, regulatory or environmeigsues. On
top of it, they are more exposed to stronger coitipetby other
means of transport, volatility of passenger demamdhulences
in economy, lack of available funds and limited iklality of
experienced workforce. Finally yet importantly, i the
relationship with airlines, which concerns them nmatily
because in most cases the airline serving smaltbmabairport
would be in monopoly or near monopoly situation.

In the following sections, this paper discusses esom
important consequences of this situation, namehly halines
tend to do business and “cooperate” with smallaegi airports
and what are the risks of current flexibility ofpesially low

As the popular and widely used old saying goes;ost airlines to switch their operations from origpat to
change is the only constant in any industry. Thileed means another. Using practical examples, it will demoastrhow the

that the aviation industry would hardly be an exicepand we
all know it is not. The on-going liberalization aitline, airport,
ground handlers and other suppliers markets, tdobival
progress or the establishment of new business madeljust a
few examples that illustrate the dynamic developgnmahair

airlines could abuse their monopolistic or dominantl why
airport managements and stakeholders should bangefor it.
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SITUATION OF AIRPORTS IN EUROPE —BRIEF SUMMARY

. o m
Changes in the European aviation industry and market

liberalization in particular brought a fierce cortipen not only
between airlines but do have a natural reflectiso & airport
sector. Political and economic changes particularlyformer
Eastern Europe at the end of nineties and conseqasitive
development of international relations have haddtireflection
in the increased demand for air travel. Demandréorel further
boosted in connection with the expansion of Europegaion.
All these changes were first reflected in the egolent of new
air carriers, especially low cost airlines, henemilable seat
capacity that had to be complemented by developnuént
available airport capacity. Consequently, numbers nefv
civilian airports were put in operations within 25 years of
which partially were newly constructed and paryiabnverted
from former military airfields. Currently there aapproximately
650 airports in Europe with scheduled traffic, riaggfrom
megahubs such as Heathrow, Paris CDG, Frankfurt
Amsterdam to tiny regional or local airports, hamgllicouple of
thousands passengers a year.

Both airline competition for passengers and increéas

number of available airport capacity, in particutar regional
airports has implications for those airports. Amggomust now
compete with each other for both passengers atidesir which
have significantly more choice than in the past.

future, depending on how fast will decrease thditanf the
ajor airport to satisfy the demand due to lacktapacity..

NATURE OF BUSINESS ONSMALL REGIONAL AIRPORT

The ownership and governance of airports in Europe
in general has been transformed over the last feeades and
this certainly applies to small regional airport®o.t
Approximately 80% of Europe’'s airports have been
corporatized. Most publicly owned regional airpont®w
operate as commercial entities at arms-length fgorernment
(either central or local), they are now more conuiadly
focused. This massive undertaking has resulteditirat®n,
when small regional airports should be more cortipetiand
efficient — operating with lower costs and fewerpéoyees and
working closely with their partners — communities, carriers,
gl["ld employees.

Running a regional airport that is commercially
successful poses major challenges to local govermhme
operators. The most crucial in this context is é&fk the right

ﬁevel of balance between the financial costs amdsibcial and

economic benefits airports bring at a regional llevehe

difficulty is that in many cases the local govermtauthorities
are not honest as far as the potential of thepoairand/or do
have difficulties in understanding the airport Imesis in general.

Apart from the competition there are other factordhis could lead into ineffective investments toilfdes and

affecting the performance of European regional catep The
initial months of 2013 saw passenger traffic sigaiftly
weakening as a large part of Europe experiencedinceu

spending significant amount of money for direct indirect
subsidizing of airlines. If the market is not beisigbstantially
developed or the conditions of cooperation withirees are not

recession and growing unemployment. The situatiaas h properly set up, there is a big risk of losing thaffic when the

especially deteriorated in the EU, where passertgsfiic
receded by -2%. Regional airports are showing fesgience
than hubs, as they are more dependent upon intgpEan
traffic and more exposed to airline capacity cyftiAt present
48% of Europe’s airports are losing passengeridrafid 42.5%
of European airports remain loss making, down frd®86 in
2009. Many of these are smaller regional airportschv are
structurally unviable and which require targetedbljpufunding
to maintain their contribution to local, regionahdanational
economies. Airlines aggressive capacity cuts (lofreguencies
& dropped routes) are heavily affecting regionalpaits in
particular resulting in more pressure on aeronalt&venues as
airports struggle to retain traffic.

There are many reports, analyses or studies deali

with current market situation of airports in Europe these
there are widely discussed especially aspects asgchirport
competition, commercialization of operations, eco
regulation, ownership issues and environmental anpaf
airport operations. Unfortunately, these papersmadly deal
with medium to large airports, including most imamt hub
airports. Unfortunately, much less of attentionpaid to the
situation of small and very small regional airpofsom the
passenger volume perspective, these airports argidaved to
have just limited regional importance, i. e. they seemed to be
important just for the particular region, wherettege located.
However, the overall importance is a bit underratedess such
airport is located in densely populated area. Ia tlase and if
the airport is located in relatively close distaricem a major
airport within the same area, its importance migtttw in the
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financial stream has to be reduced for whatevesorea

There should be no investment without first weighin
up the risks as well as the potential benefits.algovernments
have limited funds to support the development efrthirports,
however it is still quite often to see the appro&shild it and
they will come”. This approach could turn into rdadancial
disaster and there are examples of nicely buildoais across
Europe having no traffic. Over expectations of gatieg profit
within just few years are still quite common ancerth are
projects across Europe, which are currently bemgbped and
financed based on such unrealistic expectations.

On the other hand, there is also no guarantee of
r?chieving the commercial success by doing thingsother way
agound — invariably investing a lot of hard workarpromotion
and securing opportunities before making significan
investments. Both activities need to be rightly beéd and
amended, as situation requires. Airport ownersraadagement
firstly need to ask what is operationally criticavestment
(meaning both investments into infrastructure amaubsidise
loss-making operation), in other words, what hagpé&nwe do
not invest in this. Will the airline cease to offee connection?
Is this connection essential for the community2Till indeed
vary between airports: in the most remote placesne few
days without use of the airport causes major lagikt social
and economic detriment; at other places, the socio@mic
impact might be less. If the investment isn't esisén
operationally, what will the increase in revenueasea result of
its implementation? This is a much tougher onerswer, as
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there are so many unknowns. Raising user chargesver the
cost is often prohibitive, so one has to be rdaliabout the
increase in usage that can be achieved.

The reason is that unlike airlines, many of whos

assets are movable, the airport industry is prignarbusiness of
fixed assets - terminals, parking garages, runwagsns. This
means when an airline decides to cease or redsiopdrations
to a particular airport, the airport still has tover the cost of
operating these assets, pay its employees or atstanding
debt service.

Airports can generate revenue in two ways — through

fees paid by airlines and aircraft operators amdutgh income
from parking, car rentals, concessions, advertisipgce sales,
rentals of commercial space and royalties. If alinai threatens
the airport with the possibility of elimination dfights, if it
merges or even files for bankruptcy, i. e. if theart faces a
real likelihood of losing flights, both types ofvenue may be
reduced. To deal with a drop in revenue, airporéstaking a
number of steps, including personnel reductions defdrral of
nonessential projects. They also may be forcedise prices for
services at the airport but for obvious reasons ihinormally
the last option in most cases. In order to rethia traffic,
airports hand in hand with their owners and stalddre had to
implement incentive schemes, targeted investmehirazreased
marketing spend in order to differentiate theirdarcts so as to
cater for new or different airline types.

AIRPORT —AIRLINE BUSINESS

people not having believed they could afford flyiswgd visit so
many countries. This development is mainly tharksnarket
liberalization and evolvement of so-called low castines. The
heart of their business is simple operations, iistion and fleet
%ut above all, direct and measurable relationsleipvéen cost
and revenues, i. e. they manage their costs amd dbeprices
accordingly. Low cost airlines operate using défar business
models, ranging from pure or strict low cost opemst such as
Ryanair or Wizzair to number of hybrid airlinesitry more or
less successfully to combine the advantages of dost and
traditional airlines.

The unquestionable market leader is Ryanair, who
mostly serves secondary airports at relatively foeguencies
and focuses on new leisure markets with no direntpetition.
The Ryanair model focuses on costs rather than arkets,
which includes to persuade strongly suppliers aimplogs to
reduce charges. Wizzair uses the same business, tatile
other low cost airlines, like EasyJet or Air Berlggrve primary
high costs airports at high frequencies and focusexisting
business and leisure markets, accepting competifiom
incumbent carriers.

Low cost operators such as Ryanair or Wizzair are i
general very good in stimulating demand and inéngashe
number of passengers, which means more businessrfarts.
More passengers however do not increase the cbstisports
that much because of the presence of economiecadd sit
airports. With a large share of fixed costs airporan only
benefit from every additional passenger. Nevergle
significant reductions and discounts in aviatiomeraie often
provided to low cost airlines might not always biéset by

The liberalization of aviation industry is directly increases in the non-aviation revenues and thist nies

linked with two factors. The first one is the lowst revolution;

the second is the mushrooming of regional airpdudsh factors
clearly related to the massive expansion of newtesu
However, airlines of any business model are esjhediaday

seeking to improve their financial margins anduialto operate
a route with sustainable profit normally resulttinlecision to
cut or shift the services. This on one-hand leadis improved

load factors on airlines side, on the other hamd, iewly found
flexibility targets the airport-associated coststtipg more

airports in the difficult position.

considered when entering into agreement with a st
operator. It is hard to prove that low fare passengpend more
at airports compared to other passengers usingtidral
carriers, despite the fact that some sources testtdss this.

Unfortunately, quite often it is being overlookduht
the decision by low cost airline to operate to selemy airport is
motivated not only by customer demand. Low costinais
demand many start-up deals such as reduced larfdisy
handling charges or so-called marketing contrimgidrom
airports For example, Ryanair pays at airports t@kvbperates

It is obvious that due to the nature of the aviatioin average just some € 3.50 per departing passefgayjet

business in Europe it would rather be the low airiine, which

will operate as dominant airline to a small regioaaport.

However, it is important to stress that there assland less
differences between low cost and traditional aédinvhen in
comes to the means of cooperation with regionapoair

Difficulties in airport-airline relations are noiniited just to

cooperation of small regional airports with low taslines. The
same difficulties could be and are experienced vdoaperating
with so-called traditional or full service airline©nce the
airline, regardless of its business model, become®minant
airline operating to the airport, there is alwayssé of abusing
this dominant position and the situation for thgoait becomes
very vulnerable.

Low COSTAIRLINE AND REGIONAL AIRPORT

As mentioned earlier, during the last decade nuraber
flights had amazingly increased, opening travelsfimlties for

who normally flies to main airports, pays approxieha€ 11.00
per departing passenger. Officially, discountsraeallowed as
long as they constitute a disadvantage for otherpatitors and
are discriminative. Indeed, if an airline becomanaopoly or
dominant operator at the airport, this would not e issue.
However, by entering into cooperation with powerpdrtner
such as Ryanair or Wizzair and enabling them to imeco
dominant operator, the airport risks ending up 8itaation that
they usually have very limited or even null bargainpower for
future negotiations. New operational principles drabits of
principal industry stakeholders — airlines and @it have in
fact reversed their relations and it is now thérer which plays
the dominant role in business relations especiaitihh small
regional airport. The strong competitive pressuer@sed by
airlines results in continued restraint as regdatus level of
airport charges, reducing airport’s ability to péissough costs
incurred in providing necessary infrastructure aaxvices.
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MoNoPOLY ORNEAR MONOPOLYAIRLINE AT REGIONAL AIRPORT

Ryanair or Wizzair are in a monopoly or near

monopoly situation in a lot of the airports theyrvee
Historically, these airlines developed traffic aunmber of
airports and became a backbone of the successesrfioats
achieved. Often they were the first airlines to fagbng airports
desperately needing the traffic to their full exteh lot of those
airports and surrounding areas have benefitted frmow cost
airlines philosophy.

However, the industry development,
increasing number of available regional airportd aheir
competition (as well as competition of regions) Hed to
problems in some places. Low cost airlines more anate
move into an airport due to their lower cost basd affered
subsidies. Consequent ability of low cost airline®offer lower
fares resulted in other airlines moving out. Attthreoment, the
low cost airline starts pushing for lower chargesl af the
airport could not afford to give lower charges, thiline
responds by cutting frequencies and then reduatforoutes,
number of based fleet or even complete withdrawainfthe
market. This leads into situation that more and ensmall
regional airports will find themselves in situatithmat they will
not be able to sustain service over the long term.

CASE STUDY1 — RYANAIR

The central of Ryanair's philosophy is flexibility.
They reserve the right to move aircraft around &etveen
bases, the right to move people around betweershasd they
intend to do so, should the conditions at airpans overall
income are not favorable for them.

have decided either to stop providing of such gliesi
Klagenfurt or not to prolong the contract (Santiad&vhile for

Santiago, there are no exact financial data availaxcording
to Austrian papers it is expected that the Caringfuaernment
spend over € 1,000,000.00 supporting three wedigts from

Klagenfurt to London-Stansted. Since Klagenfuripait also
announced that they could not afford to providesalibs to the
airline, the reaction by Ryanair was immediate afidflights

will be cease as of early November 2013.

mainly still CASE STUDY2 — BANKRUPTCY OF ANAIRLINE

Regional airport in former Easter Europe with quite
reasonable mix of traffic: 60% low cost, 25% chadperations,
15% traditional airlines. At a certain moment, dinem the
volume perspective top low cost airlines at theair filed for a
bankruptcy and ceased the operations, causing Mfss
approximately 40% of the traffic. The remaining lovost
operator immediately approached the airport managérand
demanded significant reduction of airport chargegxchange
for the increase of capacity at this airport. Thkne demanded
reduction of airport charges from approximately £0D per
departing passenger to approximately € 5.50 perartiag
passenger. The airport counterproposal was todot® the
discounts gradually in order to reflect the inchegssolume of
flight. After long negotiations, the volume basedscdunt
scheme was agreed and if the airline would reaelvémage 20+
daily frequencies departing from this particulaipart, the cost
per departing passenger would be approximately0€8.0

CASE sTUDY3 —NEW LOW LOSTAIRLINE WILLING TO ENTER THE
MARKET

Most recently, this has been reflected in number of The same airport as in Case study 2. Following the
cases when the carrier announced new routes ore cefis bankruptcy of major airline operator at the airpdine airport
operations. As an example, the following cases ccoé was approach by low cost airline, willing to maksewf this

highlighted:

New openings were announced in Poland, where t

carrier moved back to new Modlin airport, followingpe
finalized runway reconstruction. The carrier widrnefit from its
monopoly position here since Wizzair, the otherlirar
originally targeted by the airport management, diedito stay at
main Warsaw Okecie airport. Ryanair plans to opgefadth
domestic and international routes from Modlin.

At the same time, the airline
commencement of operation to Lisbon, Portugal fitevhasis
Brussels, London, Frankfurt-Hahn and Paris-Beauysthis
decision, Lisbon becomes the third Ryanair destinatin
Portugal and it is expected this new routes witbdiahe traffic
at the airport by approximately 400 000 passengers.

he

announce

situation, enter the market and overtake some ef rihutes
originally operated by the bankrupt airline. Sindbe
negotiations with this particular airline startearler then the
bankruptcy happened, the change in attitude andredes
capitalize on this situation could be nicely dentmated.

Originally, the negotiations discussed the avenagre
passenger charge from approximately € 15.00 - 601tr 2-3
frequencies per day to approximately € 7.40 — © thecase the

dnumber of daily frequencies reaches 21 and moreeier, just

next day after the bankruptcy case the airline stibth
“revised” offer, stating:

Quote

“The situation has now changed with Airline XX no
longer in business. We tried many times to agreth vai

At the same time, the airline recently announceaharging structure prior to today with no luck. \&fe not want

closure of operation in Klagenfurt and significaotvnsizing of
operations in Santiago di Compostela, where only et
routes will remain in operations. In both cases, decision to
cease the flights is directly linked to the dedaisitb stop
providing marketing subsidies to the airlines. bttbcases, the
regional administration concluded agreements wittaigine to
provide financial support (to subsidize, in othesrds) to the
airline. Now, because of the economic downturns thecame
widely criticized by the public and both regionavernments
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to end up uncompetitive against other airlines fandhis reason
we cannot accept your counter-proposal. Given tlesv n
environment, we could only agree to the followitigisture”.

Unquote

The new by airline then proposed charging, which
ranged from € 9.60 in case of 1 — 4 flights to ®05n case the
number of daily flights reached or exceeds 18. @ndf it, a
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marketing support to promote the airline on the kefwas
required, further reducing the proposed income.

Besides the financial requirements, the airline dtke
include additional, in fact very unusual conditionsf
cooperation to the contract. The most special reqent was
that the airport will be fully responsible and li@tfor any bird
strike cases, that would happen not only within #igoort
territory, but anywhere, if the plane was up to AO@ne
thousand) feet on take-off and up to 500 (five hadjl feet on
landing.

The agreement with the airline has not been reached

CASE STUDY4 — REVENUE SHARING

The most recent initiative, at least in Europeglated
to the demand by airlines that airports should esltheir retail
revenues, such as share of royalties from duty &eeps.
Airports are bending over backwards to find (legagans to
attract airlines with minimal charges, shared miinke costs,
and PSO deals etc. However, it seems for airlinés still not
enough and they feel that airports are missingahpessibility
enhanced cooperation — to share airport retail mese As
discussed during the ACI Trading conference in Hamplihis
year, airlines of completely opposite business nwdee in this
case of same opinion. This could be potentiallg®y Wangerous
development and yet another was how airlines cterdfy the
airports and for airlines like Ryanair to get acdesa new way
of squeezing money out of them. This is in comptetetrary to
what have been demanded over long period by alrabst
airlines and low costs in particular, i. e. to reglwirect airport
charges and to recover this missing revenue frdrarattreams,
such as retail or parking. Moreover, based on refiedings it
seems that revenue sharing is being traded fowittelrawal of
“one bag policy” at certain Ryanair airports. RyaisaiGarry
Walsh, Director of Commercial Development: “We ha&0
airports in the network and countless others knaglon the
door to get a Ryanair route — yet in two years\uehhad only
three vague approaches to consider retail coopafatiThis
statement very clearly defines the next approacHoly cost
airlines and Ryanair in particular. One should hoaverot be
surprised that the same approach is being revieasad by
traditional airlines.

CASE STUDY 5— NEGOTIATIONS WITH AIRLINES

Regional airport, that is served by single airlire o
there is a dominant operator desperately triesntb ddditional
customers, both airline and passengers, in ordeedace the
risk of losing majority if not all traffic shouldosnething goes
wrong in cooperation with existing operator. Howeweven this
could be quite difficult. There are in fact two pltems. First, it
is quite often that if one airline closes a roittés quite difficult
to replace it by equivalent service. The fact that airline
decided to cease the particular route sends ainegagnal to
the market and all other airlines are quite cawtitiovertake
the route. And even there is a new provider, it il
negatively impact the airport economy due to numbér
reasons, such as use of smaller aircraft, lesudrazies and
others. Should there is not replacement of ceasedcss, the
airport faces further decline in traffic and sesquroblems.

Second, even in case the airport management activel

promotes the airport and communicates with numbairtines,
the success in obtaining new airline is still qioestble,
especially should the airport is served by onewkdow cost
operators. The airline route managers from othdinas and
airlines in general are not willing to enter inicedt competition
with those low cost airlines, despite the airpdfers the same
business conditions. The reason is that in most teescost base
of such airline is much higher and therefore thagnot offer
competitive prices.

CONCLUSION

Trends in the airline industry directly affect algte
trend in the airport industry — focus on minimizirapst,
developing new commercial activities, shifting théiusiness
and operations model from public service to busin@sented
entities. Such a basic change in company struchaiees a lot
of airports rethinking their marketing concept ahdir revenue
strategy. Airports must
aeronautical revenues from retail concessions. Witle
emergence of low cost airlines in the European starthe
relationship between airports and airlines changeeh more,
directly impacting airport business in general.gbrally it was
assumed that the profitability of airlines is lowdaairlines are
often “condemned to make losses”, while airportseffie from
continued financial health. Unfortunately, nothimguld be
further from the truth, especially at regional amg. The
relationship between airlines and airports changjgdificantly
in the environment of low cost carriers and oneutthde
prepared that nowadays there is no significantedsfice
between traditional and low cost airline when itmes to
negotiations with regional airports or requiremefas risk
sharing, new routes subsidies, discounts on chaetesThe
classical economic relation between airports antines has
been rewritten by airports paying airlines to operastead of
the conventional model. Low cost airlines operatadhieve a
profit and regions that intend to attract new lavstcoperations
need to keep this in mind and be prepared to inveggnificant
amount of money into such operations. Secondapods and
regional tourism will become dependent on the dgwekent of
low cost operations, especially if they adapt thefier and
infrastructure in order to meet the needs of areim&ing number
of passengers. However, nobody can assure howf dne low
cost market will develop in the future. Airportsipert owners
and regional administration should always balaheegrowth of
passenger numbers and local employment with reledsts, be
it deficits because of reduced airport charges ossible
financial commitments. If possible, airports angio@al tourism
providers should not rely solely on low cost aavil. Low cost
airlines can act as a trigger, but cannot be argemearre for
economic problems at airports or in regions or emernltimate
solution for regional development in general.
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place more emphasis on non-
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support for the project should be disclosed. Examples of potential conflicts of interest which should be
disclosed include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Potential conflicts of interest should be disclosed at
the earliest stage possible.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s
obligation to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct
the paper. If the editor or the publisher learns from a third party that a published work contains a significant
error, it is the obligation of the author to promptly retract or correct the paper or provide evidence to the
editor of the correctness of the original paper.



Duties of editors

(These guidelines are based on existing Elsevier policies and COPE*s Best Practice Guidelines for Journal
Editors.)

Publication decisions

The editor of a peer-reviewed journal INAIR is responsible for deciding which of the articles submitted to
the journal should be published, often working in conjunction with the relevant society (for society-owned
or sponsored journals). The validation of the work in question and its importance to researchers and readers
must always drive such decisions. The editor may be guided by the policies of the journal's editorial board
and constrained by such legal requirements as shall then be in force regarding libel, copyright infringement
and plagiarism. The editor may confer with other editors or reviewers (or society officers) in making this
decision.

Fair play

An editor should evaluate manuscripts for their intellectual content without regard to race, gender, sexual
orientation, religious belief, ethnic origin, citizenship, or political philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any information about a submitted manuscript to anyone
other than the corresponding author, reviewers, potential reviewers, other editorial advisers, and the
publisher, as appropriate.

Disclosure and conflicts of interest

Unpublished materials disclosed in a submitted manuscript must not be used in an editor's own research
without the express written consent of the author. Privileged information or ideas obtained through peer
review must be kept confidential and not used for personal advantage. Editors should recuse themselves (i.e.
should ask a co-editor, associate editor or other member of the editorial board instead to review and consider)
from considering manuscripts in which they have conflicts of interest resulting from competitive,
collaborative, or other relationships or connections with any of the authors, companies, or (possibly)
institutions connected to the papers. Editors should require all contributors to disclose relevant competing
interests and publish corrections if competing interests are revealed after publication. If needed, other
appropriate action should be taken, such as the publication of a retraction or expression of concern.

Involvement and cooperation in investigations

An editor should take reasonably responsive measures when ethical complaints have been presented
concerning a submitted manuscript or published paper, in conjunction with the publisher (or society). Such
measures will generally include contacting the author of the manuscript or paper and giving due consideration
of the respective complaint or claims made, but may also include further communications to the relevant
institutions and research bodies, and if the complaint is upheld, the publication of a correction, retraction,
expression of concern, or other note, as may be relevant. Every reported act of unethical publishing behavior
must be looked into, even if it is discovered years after publication.

Duties of reviewers

(These guidelines are based on existing Elsevier policies and COPE*s Best Practice Guidelines for Journal
Editors.)

Contribution to editorial decisions



Peer review assists the editor of INAIR in making editorial decisions and through the editorial
communications with the author may also assist the author in improving the paper. Peer review is an essential
component of formal scholarly communication, and lies at the heart of the scientific method. INAIR shares
the view of many that all scholars who wish to contribute to publications have an obligation to do a fair share
of reviewing.

Promptness

Any selected referee who feels unqualified to review the research reported in a manuscript or knows that its
prompt review will be impossible should notify the editor and excuse himself from the review process.

Confidentiality

Any manuscripts received for review must be treated as confidential documents. They must not be shown to
or discussed with others except as authorized by the editor.

Standards of objectivity

Reviews should be conducted objectively. Personal criticism of the author is inappropriate. Referees should
express their views clearly with supporting arguments.

Acknowledgement of sources

Reviewers should identify relevant published work that has not been cited by the authors. Any statement that
an observation, derivation, or argument had been previously reported should be accompanied by the relevant
citation. A reviewer should also call to the editor's attention any substantial similarity or overlap between the
manuscript under consideration and any other published paper of which they have personal knowledge.

Disclosure and conflict of interest

Unpublished materials disclosed in a submitted manuscript must not be used in a reviewer’s own research
without the express written consent of the author. Privileged information or ideas obtained through peer
review must be kept confidential and not used for personal advantage. Reviewers should not consider
manuscripts in which they have conflicts of interest resulting from competitive, collaborative, or other
relationships or connections with any of the authors, companies, or institutions connected to the papers.
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