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Abstract: The structure and properties of the web graph originating from the air traffic safety community could reveal many 

interesting relationships which exist between key organizations in the field. Therefore, an attempt is made to collect a representative 

sample of relevant web pages from different sources, by utilizing an intelligent software agent capable of recognizing the concept of 

a typical air traffic safety page. Starting from a seed set of thirty relevant pages, the agent collected nearly 200,000 on-topic pages 

and recorded the links between them. The analysis of the compiled graph detected the most relevant pages and sites, common linking 

patterns and popular keywords used for titles and links texts.  

 
Keywords: web graph, focused crawling, air traffic safety. 

 

1. Introduction 

 

World Wide Web can be represented as a graph G in which vertices correspond to web pages and edges to hyperlinks 

defined with related URLs. G is a directional graph, since a hyperlink can be followed only in one direction. 

Investigating the properties of G could lead to many interesting applications, but probably the most important 

application is related to the Page Rank algorithm (Brin and Page 1998.). Page Rank is used by Google to calculate the 

relevance of pages retrieved as answers to a user query. In (Flake et al. 2002.), Web communities are defined as 

strongly interconnected pages speaking about the same topic. Authors discuss the possibility to extract the communities 

merely using the connectivity information stored in the graph. Obviously, linking patterns can reveal interesting 

relations between different organizations that are present on the Web, and can help in finding the most appropriate 

information sources. In this paper, the author tries to analyze the Air Traffic Safety (ATS) community from its presence 

on the Web. The analysis is performed by using sophisticated machine learning techniques (Mitchell 1997.) which 

enable the recognition of an ATS page in G, and a software system capable to record the existing links between such 

pages.  

 

2. Topical web graph and focused crawling  

 

Topical web graph GT is a subgraph of G in which all nodes represent pages related to a certain topic T. In this paper, T 

represents the air traffic safety (ATS) thematic which includes aircraft operational safety, rescue and emergency 

services systems, traffic control, legal issues, R & D and others. The pages from T are distributed among different 

sources such as international and governmental bodies, professional associations, companies, educational institutions 

and blogs. In order to analyze GT, one first needs to visit as many as possible pages from T, and to record the links 

between them. The construction of GT is a very complex task for manual execution, since experts are not able to examine 

efficiently large portions of the everyday changing community. Therefore, an automatic approach is needed to 

systematically record GT at any given point in time. In this research, a system for acquiring relevant data from the Web, and 

building the related GT, is proposed and evaluated on the ATS pages. The system is based on a topic-specific automated 

crawler (Kovačević and Davidson 2008), which is capable of discovering on-topic pages, using the machine learning 

techniques. 

A crawler is a software component designed to visit web pages by using the HTTP(S) protocol, and to save them in a database 

for further analyses. It performs the task by starting from a seed set of initial addresses and, following links that connect 

neighboring pages, collects as many pages as possible. A focused crawler fetches only the pages that belong to a specified 

topic (Chakrabarti et al. 1999) by exploiting the fact that the Web is a “social network”, and that pages mostly reference 

similar pages (Davison 2000). Therefore, when a visited page is judged to be relevant, its links are followed too, otherwise not 

- see Figure 1. Focused crawlers are used in a variety of applications, such as vertical search engines (McCallum et al. 2000), 

competitive intelligence (Chen et al. 2002), and digital libraries (Pant et al. 2004; Qin et al. 2004). There are two main issues 

related to the design of a successful focused crawler: how to recognize whether a page is on topic or not, and how to reorder 

links extracted from on-topic pages in such a way that the crawler visits the more promising pages before potentially less 

relevant ones (Pant and Srinivasan 2005). 
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Fig. 1. 

Focused crawler: starting from a seed page S, crawler follows only promising links while collecting on-topic pages (+). 

Links without arrows are not followed.  

 

In the proposed system, a modification of Positive Examples Based Learning (PEBL) classifier (Yu et al. 2004) is used 

to determine if a visited page is on-topic, as it is described in the next section. Given a page p, PEBL outputs the 

probability of p belonging to the topic T. Despite the fact that relevant pages often point to other relevant pages, there 

exist situations in which one can reach the on-topic page by following a link from an off-topic page (i.e. a page from the 

air traffic community but not related to the safety issues, or a news agency page). Therefore, an approach is applied to 

take into account promising links from off-topic pages. Let l be a link contained in a page p. The proposed classifier 

outputs two probabilities: the probability of the whole p belonging to T, and the probability of the l’s anchor text and 

surrounding textual neighborhood being from T. Final decision for a link l to be followed is made after calculating the 

weighted sum of these two probabilities. Topical graph GT is constructed by recording the paths traversed in the 

crawling session.  

Focused crawlers periodically revisit already crawled places in order to detect new pages and sites in a community. 

Since the portion of the crawled Web is very small, the freshness of the acquired information is much better when 

compared to general purpose search engines like Google (Pant and Srinivasan 2005).  

 

3. Detecting on-topic pages  

 

Let + and – be the class labels assigned to all pages on the Web, such that pages from the topic T are labeled as + and 

all others as –. Suppose that there exists a function f which maps pages into the classes: f(p) →{+, –}. Machine learning 

approach tries to find the representation of f from a small set of labeled examples, consisting of pages from both classes. 

Function f is called a classifier and the set of examples constitutes a training set. In order to learn the classifier one 

needs a suitable representation of each Web page. Commonly, the example pages are parsed in order to build a list of all 

different, extracted words. Classification vocabulary V is constructed from this list after the removal of non-informative 

words such as articles or numbers. Now, all the pages from the Web can be represented as vectors of word frequencies 

with respect to the vocabulary V (Salton 1989) - see Figure. 2a.  

 

 
 

Fig. 2. 

(a) Bag-of-words model: pages are points in the n-dimensional space of words, with normalised word frequencies as 

coordinates. (b) SVM: best separating hyperplane maximizes the margin of separation. The classification function 

assigns a label for an unseen instance x according to its position with respect to the hyperplane (+1 above, or -1 

under).  
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A popular text classifier that is capable of learning the function f from the examples represented as vectors in the space 

of words, is called Support Vector Machines (SVM) (Vapnik 1995.). The essence of the basic SVM learning algorithm 

is described in Figure 2b. SVM tries to find a hyperplane which best separates the members of two different classes. 

The best separation is reached when the nearest instances from opposite classes are maximally distant (maximal margin 

of separation). There are two separating hyperplanes showed in Figure 2b. The hyperplane depicted with the gray, 

dotted line is not the appropriate one, since it lays in the middle of the very narrow margin. The best separating 

hyperplane wx + b = 0 is situated in the middle of the maximal margin. Parameters w and b can be found in the learning 

process, which is formulated as an optimization problem on the training set. SVM is able to establish only a linear 

separation between classes, but is nevertheless suitable for web page classification due to high dimensional space of 

words (tens of thousands of words), in which classes become more linearly separable. 

Original SVM is not suitable for building a focused crawler since it requires the examples from both positive (topic T) 

and negative class. While one can easily acquire certain number of pages from T, it is very difficult to model the 

negative class appropriately (everything on the Web which does not belong to T). Therefore, a Positive Examples Based 

Learning approach is applied in the proposed crawler, which utilizes the SVM algorithm, but instead of learning from 

positives and negatives, it constructs the classifier trained on a small set of positive (P) and a large set of unlabeled (U) 

examples. Unlabeled examples can be easily downloaded from the Web without the need to explicitly assign pages to 

certain classes. In this research, about 10.000 pages in English were downloaded from 15 top level categories of the 

Open Directory Project (http://www.dmoz.org).  

PEBL is an iterative algorithm which tries in each iteration to increase the number of discovered negative examples 

from the unlabeled set U. In the first iteration, a list of strong positive words is formed. A word is a strong positive 

feature if its document frequency (number of documents in which it occurs) in P is higher than the corresponding 

document frequency in U. Pages from U which do not contain none of the strong positive features are considered to be 

strong negative examples. They are added to the initially empty set N
1
 which is used, together with P, to train a classical 

two class SVM linear classifier. Such SVM is further applied on the U \ N
1 

to extract additional negative examples. In 

the k-th iteration, N
k
 is constructed by adding newly found negatives to N

k-1
, and the next SVM is trained on N

k 
and P. 

Algorithm terminates in the n-th iteration when there are no more negatives extracted from the remaining unlabeled 

pages. The decision classifier becomes the final SVM, trained on sets P and N
n
.  

The output of the classifier can be transformed into a class probability, by assuming that points located far away from 

the final SVM hyperplane have higher class probabilities than the closer ones. PEBL is sensitive to the number of 

positive examples, since more positives enable better estimates for initial, strong positive words.  

 

4. Constructing ATS web graph  

 

The proposed system for web pages acquisition and the associated topical graph construction is implemented as the 

author’s private startup project (http://semanticjuice.com). In order to analyze the web graph of the ATS community, a 

classifier based on PEBL is trained on 30 initial examples, and the focused crawler is instructed to start from the seed 

set of 33 pages (Table 1). The examples are obtained from an independent expert in the field. 

 

Table 1 

Parameters of the ATS crawl 

Examples Seeds 
http://www.skybrary.aero/index.php/Main_Page 

https://aviation-safety.net/ 
http://www.icao.int/safety/Pages/default.aspx 

http://www.ntsb.gov/investigations/AccidentReports/Pages/aviation.aspx 

http://www.easa.europa.eu/ 
http://www.eurocontrol.int/ 

https://www.ecac-ceac.org/safety 

http://www.jacdec.de/ 
http://www.planecrashinfo.com/ 

http://www.faa.gov/aircraft/safety/ 

http://www.faa.gov/airports/airport_safety/ 
http://www.iata.org/whatwedo/safety/pages/index.aspx 

http://www.iata.org 

http://www.flightsafety.org 
http://www.boeing.com/company/about-bca/aviation-safety.page 

http://www.airbus.com/company/aircraft-manufacture/quality-and-safety-

first/?contentId=%5B_TABLE%3Att_content%3B_FIELD%3Auid%5D%2C&
cHash=22935adfac92fcbbd4ba4e1441d13383 

http://www.caa.co.uk/ 

http://www.cast-safety.org/ 
http://www.cast-safety.org/glossary.cfm 

http://essi.easa.europa.eu/index.html 

http://essi.easa.europa.eu/ehest/ 
http://essi.easa.europa.eu/egast/ 

http://essi.easa.europa.eu/ecast/ 

http://atc-news.com/ 
http://www.airsafe.com/ 

 

Examples URLs + 
http://www.icao.int/Pages/Links.aspx 

https://en.wikipedia.org/wiki/List_of_civil_aviation_authorities 

http://www.esasi.eu/aviation-links 
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http://www.dmoz.org/
https://aviation-safety.net/
http://www.icao.int/safety/Pages/default.aspx
http://www.ntsb.gov/investigations/AccidentReports/Pages/aviation.aspx
http://www.easa.europa.eu/
http://www.eurocontrol.int/
https://www.ecac-ceac.org/safety
http://www.jacdec.de/
http://www.planecrashinfo.com/
http://www.faa.gov/aircraft/safety/
http://www.faa.gov/airports/airport_safety/
http://www.iata.org/whatwedo/safety/pages/index.aspx
http://www.iata.org/
http://www.flightsafety.org/
http://www.boeing.com/company/about-bca/aviation-safety.page
http://www.airbus.com/company/aircraft-manufacture/quality-and-safety-first/?contentId=%5B_TABLE%3Att_content%3B_FIELD%3Auid%5D%2C&cHash=22935adfac92fcbbd4ba4e1441d13383
http://www.airbus.com/company/aircraft-manufacture/quality-and-safety-first/?contentId=%5B_TABLE%3Att_content%3B_FIELD%3Auid%5D%2C&cHash=22935adfac92fcbbd4ba4e1441d13383
http://www.airbus.com/company/aircraft-manufacture/quality-and-safety-first/?contentId=%5B_TABLE%3Att_content%3B_FIELD%3Auid%5D%2C&cHash=22935adfac92fcbbd4ba4e1441d13383
http://www.caa.co.uk/
http://www.cast-safety.org/
http://www.cast-safety.org/glossary.cfm
http://essi.easa.europa.eu/index.html
http://essi.easa.europa.eu/ehest/
http://essi.easa.europa.eu/egast/
http://essi.easa.europa.eu/ecast/
http://atc-news.com/
http://www.airsafe.com/


https://ec.europa.eu/transport/modes/air/safety/safety-rules_en 

https://www.cranfield.ac.uk/courses/taught/safety-and-accident-investigation-
air-transport 

https://www.eau.ac.ae/english/courses/postgraduate-studies/msc-aviation-

safety.aspx 
http://www.aopa.org/training-and-safety/air-safety-institute 

http://www.aopa.org/training-and-safety/air-safety-institute/safety-spotlights  

 

After 24 hours of work, the system visited 1,625,453 pages and recognized 171,124 pages to be on-topic. The resulting 

ATS graph contained 171,124 vertices and 14,782,887 edges (links). There were 1,821,423 promising URLs known to 

the system, but the computing resources did not allow for further crawling (other commercial crawls were in progress). 

 

5. Estimating classifier precision 

 

After the crawling has been finished, the analysis is conducted to estimate the accuracy of the topical classifier. Since it 

is not convenient to verify whether each page p labeled as on-topic is correctly classified, a query is formulated to find 

if p contains words from two groups of keywords (airplane, aircraft, aviation, helicopter, drone, pilot, airport), and 

(safe, safety). The p is considered to be correctly classified if it contains at least one keyword from both groups. Table 2 

shows the percentage of correctly classified on-topic pages during the progress of the crawl.  

 

Table 2 

Percentage of the correctly classified pages, after n collected on-topic pages  

1,000 10,000 50,000 100,000 171,124 

77 % 63 % 63 % 57 % 53 % 

 

Slow decrease in classifier precision during the progress of the crawl can be partially explained as an effect of going 

further and further from the example pages, and slowly leaving the ATS community portion of the Web. As a final note 

on the estimated precision, the introduced verification rule is highly approximate, but appeared to be quite satisfactory 

when a random sample of 100 links is verified after the termination of the process (55 % correctly classified in the 

sample). The achieved performance of the PEBL classifier should be better if one increases the number of initial 

examples (Kovačević and Davidson 2008).  

 

6. Community analysis 

 

Due to limited space in the paper, a short, incomplete description of the ATS community graph is presented. Detailed 

properties of the graph can be found at https://www.semanticjuice.com/aviation-safety/. Please note that the reported 

analysis follows from the collected sample which is highly dependent to the initial set of examples.  

Table 3, column two, lists the most important domains in the ATS community, according to the ranking function which 

combines relevance and popularity scores. Domain relevance is calculated as the average probability of an on-topic 

page being on-topic (the probabilistic output of the PEBL classifier). Domain popularity is proportional to the number 

of other relevant domains which link to the domain under consideration. Domains which are linked the most from other 

relevant domains are listed in the next column of Table 3. In addition, the graph memorizes who links to, for example, 

domain cad.gov.rs, revealing that Civil Aviation Directorate of Republic of Serbia should work more to increase the 

public awareness of its existence (last column). Interestingly, for the same query used to test the classifier precision, 

Google outputs the aviation-safety.com as the first result too.  

 

Table 3 

Domains stats (first fifteen from the highest to the lowest rank)  

Importance  Most links from other relevant domains Most links to cad.gov.rs 
aviation-safety.net 

aviationweek.com 

nbaa.org 
casa.gov.au 

faa.gov 

nycaviation.com 
aopa.org 

airport-data.com 

jdasolutions.aero 
airfleets.net 

skybrary.aero 

askacfi.com 
universalweather.com 

handbook.aero 

aviationnews-online.com 

faa.gov 

youtube.com 

facebook.com 
osha.gov 

europa.eu 

wikipedia.org 
aopa.org 

dot.gov 

cdc.gov 
ntsb.gov 

icao.int 

nsc.org 
wordpress.com 

nhtsa.gov 

cpsc.gov 

skytamer.com 

eurocontrol.int 

aviationbrowser.com 
aviation-links.co.uk 

stackexchange.com 
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In Table 4, three different page stats from the topical graph are shown: the most referenced pages (authorities), the 

pages with the biggest number of outgoing links (hubs), and the most popular pages ranked according to the 

modification of the Google’s Page Rank (Brin and Page 1998.).  

 

Table 4 

Pages stats (first fifteen from the highest to the lowest rank)  

Authorities Hubs Page Rank 
http://aviationweek.com/ 

http://www.equipmentworld.com/safety-watch/ 
http://www.faa.gov/ 

http://www.carriermanagement.com/ 

http://theflyingengineer.com/ 
https://travel.gc.ca/ 

http://www.theaviationwriter.com/ 

http://www.bangaloreaviation.com/ 
http://www.aspireaviation.com/ 

https://www.zillow.com/refinance/fl/safety-

harbor/ 
http://aviation-safety.net/ 

http://www.safety-health-expo.co.uk/ 

http://www.aviationtoday.com/ 

http://www.airbus.com/ 

http://wordpress.org/ 

http://centreforaviation.com/profiles/airports/ 

http://products.ihs.com/Ohsis-
SEO/HEALTHSAFETYEXECUTIVE.html 

http://www.air-valid.co.uk/airlines-events/ 

http://www.skygeek.com/mcfarlane.html 
https://www.airportia.com/united-states/ 

http://www.dfwtower.com/library/ 

http://www.prokerala.com/travel/airports/unit
ed-states-of-america/ 

http://www.nrso.ntua.gr/ 

http://centreforaviation.com/profiles/airlines/ 
http://airportwebcams.net/airport-webcams-

by-airport-type/ 

http://aviation-

safety.net/database/operator/airline-

country.php?id=N 
http://www.domain-b.com/aero/reports.htm 

http://www.theafricanaviationtribune.com/se

arch/label/ACMI 
http://www.theafricanaviationtribune.com/se

arch/label/IOSA 

http://www.theafricanaviationtribune.com/20
13/07/eu-black-list-whos-hot-whos-not-

in.html 

http://www.airports-

worldwide.com/articles.html 
http://www.airports-worldwide.com/ 

http://www.wordtravels.com/Airports 

http://www.free-
photos.biz/photographs/transportation/photos_

of_aircraft 

http://www.domain-b.com/aero/reports.htm 
http://aviationweek.com/ 

http://www.airnav.com/airports/ 

http://www.airnav.com/fuel/ 
http://airlinespoon.free.fr/_Airline_List.htm 

http://www.aviongoo.com/light_sport_aircraft/ 

http://infracircle.vccircle.com/category/transpo

rtation/aviation/ 

http://www.businessair.com/calendar 
http://www.businessair.com/aviation-links 

http://www.businessair.com/aviation-jobs 

http://www.businessair.com/corporate-aviation 

 

When performing the crawl, the proposed system recorded not just the links between pages, but the page titles and texts 

associated with the links. This is very important information if one wants to analyze how the owner of a site perceives 

the other site (organization). As an example, Table 5 lists fifteen links from flightmemory.com to aviation-safety.net 

containing the word airbus in a link text. 

 

Table 5 

Fifteen pages from flightmemory.com which point to aviation-safety.net using airbus in the related link texts  

Pages pointing to aviation-safety.net With airbus in the link text 
www.flightmemory.com/encyclopedia/Airbus_A300.html 
www.flightmemory.com/encyclopedia/Airbus_A340.html 

www.flightmemory.com/encyclopedia/Asiana_Airlines.html 

www.flightmemory.com/encyclopedia/Gulf_Air.html 
www.flightmemory.com/encyclopedia/Airbus_A330.html 

www.flightmemory.com/encyclopedia/Gulf_Air.html 

www.flightmemory.com/encyclopedia/Airbus_A320.html 
www.flightmemory.com/encyclopedia/Airbus_A330.html 

www.flightmemory.com/encyclopedia/Airbus_A320.html 

www.flightmemory.com/encyclopedia/Airbus_A330.html 
www.flightmemory.com/encyclopedia/Airbus_A330.html 

www.statemaster.com/encyclopedia/Airbus-A310 

www.flightmemory.com/encyclopedia/Airbus_A330.html 
www.flightmemory.com/encyclopedia/Airbus_A300.html 

www.flightmemory.com/encyclopedia/Airbus_A300.html 

-airbus a300 
-accident description for airbus a340 313x f glzq 

-asn aircraft accident airbus a320 232 hl7762 hiroshima international airport hij 

-airbus a320 a40 ek accident record 
-asn aircraft accident description airbus a 330243 4r alf colombo bandaranayake 

international airport 

-airbus a320 a4o ek accident record graphic a40 ek flight path dervied from lat and 
long fdr parameters 

-airbus a320 occurrences 

-airbus a330 hull losses 
-airbus a320 hull loss occurrences 

-aircraft accident airbus a330 322 9m mkb kuala lumpur international airport kul 

-airbus a330 incidents 
-asn aircraft accident airbus a 310 325 s2 ade dubai airport dxb 

-airbus a330 accident statistics 

-airbus a300c4 620 9k ahg mosul airport mos 
-airbus a300b2 1c f buae montpellier frejorgues airport mpl 

  

7. Conclusion 

 

In this paper, an analysis of the web presence of key air traffic safety organizations is presented. After collecting nearly 

200,000 on-topic pages, starting from a seed set of 30 examples, the intelligent focused crawler constructed a web graph 

of the ATS community. The precision of the machine learning constructed classifier appeared to be nearly 60%, which 

can be further improved by adding more initial examples. The processing of the constructed topical graph revealed the 
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most important sites and pages in the community. Topical graph can be used to detect linking patterns between 

organizations. The complete analyses can be found on http://semanticjuice.com.  
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Abstract: This paper describes the enhancements of a novel concept of operations for future assistance systems for tower air traffic 
controllers developed by the Institute of Flight Guidance at the German Aerospace Centre (DLR). The concept envisions a wearable 
head up display that projects operational data into the air traffic controllers’ outside view. Based on a multi-dimensional adaptive 
automation model the system monitors both the operational environment and the air traffic controllers’ behaviour. The assistance 
system adapts the information presentation on the head up display accordingly following the premise to display the right (amount of) 
information at the right time. This paper presents further advancements of this concept. These are largely based on field observations 
and workshops conducted with controllers at two German air traffic control towers of mid-sized airports. The main aim of the 

workshops was to assess the importance of certain bits of information in relation to the traffic situation and environmental conditions. 
The key enhancements introduced in this paper comprise an information model determining the most relevant information for 
dynamic and static head up information presentation as well as an innovative adaptive radar label concept tailored to the current 
operational conditions in the control tower. Also several conceptual designs that were developed together with the controllers will be 
presented in this paper. As the results are based on expert opinions, the concept is close to the operational reality and promises to 
reduce the workload for air traffic controllers required for the search of information during nominal tower operations. The concept 
with its advancements serves as a base for on-going prototype implementations and simulation studies planned with air traffic 
controllers in the near future. 

 
Keywords: air traffic control, tower, augmented vision, adaptive, assistance system. 

 

1. Introduction 

 

Air traffic controllers (ATCOs) ensure a safe, orderly and economic air traffic flow. ATCOs continuously have to 

evaluate new flight information or related information, and closely coordinate and communicate their efforts with other 

air traffic control units and stakeholders such as ground handling services. Tower ATCOs are in general responsible for 

the aerodrome traffic on a controlled aerodrome. Tower air traffic control operations can be referred to Tower Control 

(TC) and Ground Control (GC). In general, TC encompasses the handling of arriving and departing airborne traffic 

within the aerodrome control zone as well as traffic on runways. GC predominantly directs aircraft to and from the 

runway via taxiways and is responsible for the control of other aircraft and vehicular movement on the airport movement 

area. Both can require the dissemination of relevant information such as traffic, weather, equipment status, flight plans, 

revisions etc. (Ruffner, 2008).  
Tower air traffic control requires a continuous monitoring and processing of numerous information sources. In view of 

today’s tower controller working positions (CWP), they are typically characterized by a high number of distributed 

information and support systems referred to as “head down” displays. Often each of these widely distributed head down 

displays provides its own human machine interface (HMI) components and interaction devices. Additionally, ATCOs 

have to mentally merge the different information sources, including the outside view, in order to obtain adequate 

situational awareness. Altogether can potentially lead to higher workload in terms of prolonged times for information 

acquisition and analysis (Gürlük, 2016). 

Apart from the head-down displays the main information source for tower ATCOs still remains the outside view referred 

to as “head up”. The outside view is essential for tower operations in order to obtain the current aircraft position and 

maintain adequate situational awareness. However, a continuous transition from head up to head down which is an 

integral part of the controllers work in a tower environment can be quite critical for tower operations if head down times 

are prolonged and thus possibly lead to hazardous incidents as for instance runway incursions (Hilburn, 2004). 
 

2. Theoretical Background and Motivation 

 

One possible option to mitigate the above mentioned “head up vs. head down” problem could be an augmented vision 

solution projecting critical flight data onto the natural outside view of the tower ATCO. The integration of augmented 

data within the tower environment has become a research interest within the last years (Reisman, 2006; Bergner and 

Schmand, 2013; Hofmann et al., 2012). These systems however showed particularly deficits in regard of display 

ergonomics and user- and context sensitive information presentation. Typically information was displayed for all aircraft 

in the view of the head up display regardless of the ATCO’s specific information needs. This causes information to 

overlap and hence to over-clutter the ATCO’s primary field of view when there are several aircraft movements. Research 

showed that it would be also of particular interest for which aircraft in the ATCO’s field of view which information has 
to be displayed that is relevant in the current situation (Schmand and Bergner, 2013). Research analysis also revealed, 
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that no work has been published on state-of-the-art wearable augmented vision display technologies that allow both 

tailored information presentation and multi-user operations for tower air traffic controllers. Also the manipulation of 

augmented data has not been investigated yet. 

In response to the described issues a novel concept for the display of augmented tower air traffic control data in 

combination with a multidimensional adaptation model was proposed by Gürlük (2016). Hereby, the information 

presentation is tailored to the ATCO’s informational needs in dependence of the current user behaviour, task, 

environmental conditions and operational constraints. The concept which serves as the basis for the envisioned assistance 
system encompasses a multi-dimensional adaptive automation model that combines operator-based and context-based 

adaptation triggers. First, the system collects data via sensors and information systems in order to assess the operational 

context and operator behaviour (see Figure 1, left). The selection of the operator-based adaptation triggers such as speech 

recognition, eye-tracking and user input is based on the premise to consider sensors that are presumably operationally 

feasible within the airport tower environment. This requires unobtrusive sensors which are not attached to the body or 

even worse impair the mobility and comfort of the operator. For the context-based adaptation triggers the following data 

sources were selected: surveillance data from aerodrome surveillance and ground radar, flight plan data, environmental 

data (weather, wind, visibility conditions, etc.), and planning information derived from air traffic control (ATC) planning 

systems.  

The assessment of the operational context and ATCO behaviour can then be used, in isolation or combination, to trigger 

the decision of which adaptations to select. The envisioned assistance system currently is limited to adaptations of the 

information content and interaction mode. Adaptation to information content is straightforward: the dynamic decluttering 
adaptations based on operator and/or context-based adaption rules are used to help the ATCO focus on only the most 

relevant information for the task at hand. When modifying the content, it is crucial to provide the ATCO with the 

information needed to successfully accomplish the work. The other adaptation, modification of interaction, comprises 

adaptations to the interaction style and interface features, e.g. visual or auditive information augmentation to direct the 

attention. As the ATCO represents the final decision authority, the ATCO can intervene and adapt the information 

according to his needs via user input whenever the display content needs to be updated, is not available, incomplete or 

not desired. This is why the proposed concept incorporates also the manipulation of augmented data (see figure 1, bottom 

right) and synchronization with head-down devices such as electronic flight strips (Gürlük, 2016). If the ATCO for 

example inputs given clearances into the electronic flight strips system, the clearance appears within the augmented 

labels as well. Particularly in early design phases the synchronization with head-down devices such as electronic flight 

strips must be provided to enable a smooth transition from status-quo systems towards new HMI concepts on one hand 
and also to help the ATCO to maintain adequate situational awareness in a user-accepted system (Ohneiser, 2016) on the 

other hand. The concept foresees also browsing through augmented data by means of interaction devices in order to 

select a specific target (see figure 1, bottom right). Finally the adaptive changes are then executed by the adaptive system 

if accepted by the ATCO or by user input via the human-machine interface. The control loop is closed by continuous 

monitoring of the trigger values described above by the automation for a continuous adaptation.  

 

  
Fig. 1. 

Simplified framework of the concept proposed by Gürlük (2016). The adaptive information management is based on 

information systems and sensors (left). Augmented traffic data is displayed on a wearable (right). Augmented data 

manipulation is enabled by interaction devices (bottom right) 
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The expected benefit of the described concept is an information presentation tailored to the individual ATCO 

informational needs and the specific operational context, hence resulting in a reduction of clutter and informational 

workload. The ATCOs can also spend more time working head up, thus benefits are also expected in the reduction of 

search times for information normally presented head down, increased runway safety and situational awareness 

(Gürlük, 2016). 

The work presented in this paper is part of the DLR project Adaptive Controller Support Components (AdCoSCo), 

which investigates broadly the application of adaptive automation in combination with augmented vision and selected 
interaction technologies, e.g. automatic speech recognition for the support of air traffic controllers. In order to enrich 

the proposed concept two sites of the German air navigation service provider Deutsche Flugsicherung (DFS) have been 

visited. Task Analyses, field observations as well as structured interviews and workshops with tower ATCO have been 

conducted. The main results of these activities, an information model and adaptive radar label concept, are presented in 

this paper. The conceptual advancements in this paper focus mainly on context-based adaptation.  

 

3. Method 

 

In order to closely relate the concept with its multi-dimensional adaption model to the requirements of today's 

operation, a review of controller tasks was performed and interviews with ATCOs were conducted to determine their 

operational practices and their use of information systems. From these interviews, a model of information requirement 

(see section 4.1) in relation to the operational environment was derived which is the basis for an advanced concept 
design, in particular the adaptive radar label concept (see section 4.2).  

 

3.1. Task Analyses 
 

The task analyses were based on the manuals of operation for tower control in Germany. The manual (DFS, 2015) 

define high level and more concrete tasks for tower air traffic controllers: 

 Control of flights operating under visual flight rules (VFR) that fly inside, leave or enter the control zone 

(CTR) unless under control of the approach control unit, 

 Departing and arriving aircraft both under visual and instrument flight rules (IFR), 

 Aircraft on ground in the vicinity of the runways. 

 
The tasks are further detailed as follows: 

 Observation of all aircraft, vehicle and personnel on the movement areas, 

 Issuance of all necessary air traffic control clearances and instructions via radio telephony: 

o Clearance to enter the ctr, 

o Clearance to leave/cross the ctr, 

o Instructions to create a landing and departure sequence, 

o Instructions to line-up on the runway, 

o Take-off and landing clearances. 

 Issuance of information for safe, orderly and expeditious operations: 

o Relevant local traffic information, 

o Relevant information about the aerodrome state, 
o Weather information. 

 

Based on those pre-defined high-level tasks, semi-structured interviews were conducted with seven ATCOs at two 

tower facilities of the DFS. The interviews are helpful in order to better understand the information requirements for the 

completion of their tasks as well as the relative importance of the different sources of information and the timing of 

information presentation. As the time for the controller interview was limited, only the following five cardinal tasks for 

tower controllers were chosen for the interview guideline: 

1. Surveillance of movement areas and the airspace (control zone), 

2. Determination and control of the take-off sequence, 

3. Determination and control of the landing sequence, 

4. Take-off clearances, 

5. Landing clearances. 
 

For each of these five tasks, the following questions were discussed: 

 Which information is required to perform the task? 

 During which periods of time before and after the clearance is the information required? 

 Is coordination required to perform this task? 

 Which instructions have to be issued? 

 Is there a difference between daytime and during night time operations? 

 Is there a difference between high and during low visibility conditions? 

 Do you see a potential to transfer the information to a head up display? 
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 Do you have any ideas how this situation can be displayed head up and how it can be supported by adaptive 

automation? 

 

3.2. Field Observations 

 

Parts of the on-site workshops were performed in the cab of the control towers located at the respective facilities. This 

allowed for an overview over the consoles with the different head down systems as well as a deeper insight into the 
work of the controllers. Questions and observations could be discussed on site with off-duty controllers, which allowed 

for an in-depth investigation of the work environment and information requirements of the controllers.  

 

4. Results 

 

In general, the interviews with the ATCOs revealed that the concept of the augmented vision assistance system with 

adaptive information management (Gürlük, 2016) could be beneficial for tower operations. According to the ATCOs 

opinion the amount of data and its adaptive information presentation must be carefully designed in order to avoid over-

cluttering or produce even more severe problems that could affect operations. The controllers uttered many ideas in 

which augmented vision based adaptive automation could support them in their work. Their ideas are also reflected in 

the information model and adaptive label concept, which are presented subsequently.  

 

4.1. Information Model 

 

As a prerequisite for the overall concept design, particularly for the augmented adaptive labels, a model of information 

requirements for air traffic controllers was derived from the interviews and field observations. The model aims to 

describe the nature of the different pieces of information controllers require for their work in order to derive whether a 

piece of information should or should not be displayed in the head up display. The information required by air traffic 

controllers can be segmented into time critical, non-time critical information and general information.  

 

4.1.1. Time-Critical Information 

 

The first is only required during limited time windows, yet have to be accurate in this time window as they may be 
dynamically changing. Outside of these time windows, the information is not required. This information includes, but is 

not limited to: 

 Wind direction, speed and gust values, 

 Runway visual range (rvr) values (in reduced visibility conditions), 

 Distance to go and ground speed for inbound aircraft. 

 

This information is required irrespective of whether the movement is departing, arriving or flying locally.  

 

4.1.2. Non-Time-Critical Information 

 

The non-time-critical information usually pertains to certain flights. In a sense, it stays constant for the flight, yet is 
dynamic insofar as the flight progresses through the airport. Additionally, the controller has to track several flights at 

any given time and has to correctly attribute the information to each flight. This information includes, but is not limited 

to 

 Callsign, 

 Aircraft type, 

 Slot times (for departures), 

 Departure and destination aerodrome (for departures), 

 Planned route (for departures), 

 Altitude. 

 

4.1.3. General Information 
 

General information does only vary rarely or not at all. Controllers require this type of information to build and 

maintain their mental model, however once the information is received and acknowledged, it is not of immediate 

importance. These information includes, but is not limited to 

 runway and airspace configuration 

 layout and restrictions on departure procedures 

 standing agreements with other air traffic control positions and units 
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For the design of an adaptive augmented vision system, it seems hence preferable to only display the data that is used 

the most frequently and/or data that changes dynamically. It was thus decided to choose information from the time- 

critical and non-time-critical category for the adaptive label concept.   

 

4.2. Adaptive Label Concept  

 

To support the controller, information shall be displayed in the head up display which can be grouped into two 
categories: information pertaining to individual aircraft or vehicles (e.g. position, callsign) and information valid for the 

entire airport (e.g. weather data). At the core of the concept are labels that are attached to aircraft in the outside view 

that convey additional data about the flight. The label type data representation was chosen to keep the look of the head 

up display close to the look of existing radar displays, in order to help controllers quickly transition to a head up 

working mode. To avoid clutter and provide the ATCO only with relevant flight data in dependence of the current 

operational context, a set of labels was developed. Only one label type per time is attached to each aircraft. Each label 

type conveys a slightly different set of information, tailored to the operational requirements of the controllers.  

 Visual marker: Aircraft and vehicles are highlighted by suitable visual cue (box, dot or similar) in the outside 

view. This highlighting is however just a visual cue that an aircraft or vehicle is at that position and does not 

contain any further information. 

 Concerned label: This label type attaches the following information to the aircraft: callsign, aircraft type and 
wake turbulence category. 

 Departure ground label: For departing aircraft on ground, the label shows the following information adjacent 

to the highlighting box: callsign, aircraft type and wake turbulence category, departure route, calculated 

takeoff time (CTOT) if any 

 Departure air label: Once departing aircraft are airborne, the data content shall be reduced to show callsign, 

aircraft type and wake turbulence category and the aircraft altitude 

 Arrival air label: For arriving aircraft on final approach shows the following information adjacent to the 

highlighting cue: callsign, aircraft type and wake turbulence category, ground speed and distance to the 

threshold. 

 Arrival ground label: Once arriving aircraft are on ground, the label displays the following information: 

callsign and scheduled parking position. 
 

 
Fig. 2.  

Visualization of the augmented label concept: DLH8JA with a departure ground label (left), aircraft with callsign 

AFL2320 with a concerned label. On the upper right a data block with critical data is displayed (UTC, wind data and 

QNH) 

 

To satisfy the requirement of identifying air traffic transmitting on the frequency, a visual cue similar to a very high  

frequency direction finder (VDF) on a radar scope shall be provided to indicate from which direction the transmission is 

originating. To concatenate the information pertinent to the entire airport, the following data shall be included as 

overlay data block in the head up display for visual meteorological conditions (VMC): 

 Wind data (direction, speed, and gusts), 

 Air pressure value (qnh). 
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For inclement weather conditions, additional data shall be added to this data block:  

 RVR values (touchdown, midpoint, rollout), 

 Runway friction values. 

 

4.3. Invocation Conditions  

 
To trigger the changes between the labels, invocation conditions or triggers are defined. These triggers may be one or a 

set of several values or states measured by the adaptive system. If none of the invocation conditions of the other label 

types are met, no label is displayed.  

The concerned label is invoked for a period of time (e.g. 30s) after the aircraft has been transferred by another controller 

(e.g. ground control) to the tower controller. This information could be derived from a flight strip system or (should it be 

available) an automated speech recognition system that detects the other controller’s instructions. Hereby, this label 

serves as an announcement that this aircraft will most likely make radio contact in the near future. 

The departure ground label is invoked when an aircraft is on ground, scheduled to depart and enters a predefined area on 

the airport where aircraft usually receive the take-off clearance. This label is displayed however for aircraft that are 

judged to be the next in the take-off sequence based on the sequence of aircraft on the taxiway, slot times and departure 

schedule information if available. This trigger is based on flight plan data, ground surveillance radar and departure 
schedule data if available. Example areas for this solution are depicted in figure 3: the green areas are marking the 

taxiways leading to the runway thresholds of the departure runways while the red area marks the areas where arriving 

aircraft will cross. 

 
Fig. 3. 

Invocation areas for adaptive labels 

 

The departure air label will replace the departure ground label as soon as the system by means of aerodrome surveillance 

radar detects position information indicating a climb of the aircraft or by means of automatic speech recognition 

detecting the take-off clearance by the tower controller. The departure air label will display continuously until the aircraft 

reaches a defined altitude and/or distance from the field (e.g. 5000 feet and/or 8 NM). This requires again data from the 

radar system. 

The arrival air label is presented for inbound aircraft on 10 NM final approach. The possible triggers are the groundspeed 

information and the flight plan. As for the departure ground label, this label is only displayed for the next inbound aircraft 

on final approach.  
Once arriving aircraft pass a certain threshold speed, the arrival air label is replaced by the arrival ground label, a 

switching speed could be e.g. 40 knots. This label is presented until the speech recognition senses a handover of the 

tower controller to the ground controller or the flight strip is closed by the controller in the electronic flight strip (EFS) 

system.  

 

5. Summary and Outlook 

 

The paper describes the advancement of the concept proposed by Gürlük (2016) in the area of context based adaptive 

system design. Based on air traffic controllers' feedback during conducted interviews, a wearable head up display with 

adaptive information presentation seems beneficial with regard to information acquisition and information analysis times. 

This is the case when only aircraft are labeled with augmented flight data which are actually under the responsibility of 

the ATCO. Another aspect which promises to reduce controller workload and over-cluttering regards the tailoring of the 
information requirements to the current operational conditions and the ATCO’s needs. As the concept is developed based 

on feedback and ideas of air traffic controllers to consider the operational reality and covers many of the requirements 

that the experts have. This concept is developed along the established theoretical frameworks for adaptive systems 
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(Dorneich & Feigh, 2012) and complies with recommended practises for automation employment in air traffic 

management (Inagaki, 2003). 

While this concept takes into account actual operational requirements, there are still some open questions. Mainly, the 

concept does not take into account the state of the art of data collection and processing in the ATC environment. 

Technologies like automatic dependent surveillance (ADS), multilateration (MLAT) or ground radar as part of an 

advanced surface movement guidance and control system (A-SMGCS) are available today, however are not consistently 

available or even required for all relevant participants in aerodrome traffic (e.g. ground vehicles).  
Future work on this topic should investigate the technical feasibility of augmented vision in the tower environment, 

especially the usability and display delay. These factors have so far precluded the introduction of augmented reality 

devices into the tower environment, although all studies indicate that it would be beneficial for the safety and efficiency 

of the work of tower air traffic controllers. Simulation studies will be conducted this year where parts of the 

multidimensional adaptation model as well as the augmentation of adaptive radar label into the outside view will be 

implemented and tested in collaboration with ATCO’s from DFS.  
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Abstract: Given the importance of the air traffic analysis both for airlines and civil aviation authorities, the main aim of this paper  is 
to develop an econometric model to analyze, assess and forecast the air travel demand in Morocco. To select the relevant variables, 
the all possible regression procedure was conducted. The model containing price index consumer, the gross national product, 
household final consumption per capita and international tourist’s arrivals is the most appropriate model to represent the demand for 

air travel in Morocco. 
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1. Introduction 

 
Air travel demand modeling is a major determinant of airport planning. In fact, forecasting errors of air travel demand 

can be very expansive. Underestimate the air traffic demand can cause airport facilities congestion, increasing wait time 

and inadequate airport facilities. In the same time, overestimate the air traffic demand can induce serious financial 

problems for airport authorities.   Air travel market analysis allows airlines to rationalize its human and financial 

resources and estimate future needs for recruitment and training manpower. Moreover, air travel market analysis allows 

airlines to assess objectively the current and future air travel demand by destinations and routes. 

Over the period 1970-2000, air traffic has been trending regular evolution. However, once Moroccan government 

conducted a voluntary policy of air service liberalization, air passenger traffic recorded an average annual growth rate 

of 9% over the period 2005-2012. Indeed of air traffic increase, the policy of air service liberalization has reconfigured 

the Moroccan air travel market, there was a massive affluence of low cost carriers (LCC) and diversification of flight 

supply, as a consequence, the number of low cost European companies’ weekly frequencies in the Moroccan market, 

rose from 600 in 2003 to 960 frequencies in 2009. This increased supply flights require a similar increase in airport 
facilities. Such a rapidly increase on aviation demand requires significantly accurate tools for short-term and long-term 

forecasting. Thus, the main purpose of this paper is to develop an econometric model that not only predict traffic but 

also determine the impact of changes within the economic environment on traffic. 

This paper is organized as follows. Section 2 provide the literature review and section 3 presents data source used to 

analyze and develop an econometric model for air travel demand in morocco. Section 4 describes the chronology of the 

air traffic development in Morocco. Section 5 presents the determinants of air travel demand in Morocco while the sixth 

section display a descriptive analysis based on matrix correlation. Section 7 section describes the base model 

development. Base model run results is provided and commented in section 8. Finally in section 9, conclude the paper. 

 

2. Literature review 

 
The rapid growth of global air traffic has attracted the attention of many researchers and academics in the period 1970-

2012, global air passenger traffic achieved an average annual growth rate of 5.4%  (The World Bank IBRD-IDA). 

Studies that explore the air traffic demand has emerged strongly over the past four decades, and an abundant literature 

dealing determinants of air traffic demand has emerged. 

There are several methods to model the air travel demand, ranging from methods base on time series, which can be 

summarized in two approaches, Box&Jenkins (1976) univariate approach and multivariate approach based on VAR and 

VECM, until approach based on econometric modelling. Time series power certainly has a strong predictive power, 

especially in short term, but are limited by their inability to determine the causes of changes in the explanatory 

variables. They cannot, for example, quantify the impact of rising income on the air travel demand. This question 

requires the specification and development of an econometric model that links changes in traffic demand with other 

relevant variables. 

The study led by (Jung & Fujii, 1976) is considered one of the pioneering works in terms of estimating the price 
elasticity of air travel demand, however, this results are significant but not reliable for the following reason : The 

authors did not consider the differences from one trip to another; in fact, the price elasticity of demand for air travel for 

a passenger who wants to spend his weekend in another city is not the same as if he has to travel for business. This is 

confirmed by a recent study by (Callaghan & Tol, 2013) where the travel pattern case is price inelastic. 

According to (Lewis & Mitchel, 1990), the quality can be defined as: 'To what extent service fulfills or exceeds the 

needs and expectations of consumers. Indeed, the quality of air service is an important factor for modeling the air travel 

demand, this factor was still ignored at several studies that aim to model the air travel demand. (Spence, 1975, cited by ( 

(Ippolito, 1981)), considers that this variable is the key element of product differentiation. Despite the theoretical 

interest of the variables that represent the level of air traffic services, empirical models for modeling the demand for air 

passenger traffic have generally assumed that demand is insensitive to the air level service quality (example (De Vany, 
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1974). (Jung & Fujii, 1976). In 1975 (De Vany, 1975) caught the omission of air service quality in his model (1975), he 
integrated flight frequency as an indicator which can reflect the quality of service, although the empirical results for the 

variable frequency of flights were unsatisfactory, but this study has the merit of including the variable quality of service 

as a determinant of air travel demand. To take into account the variable quality of service (Ippolito, 1981) has specified 

the following model: 

 

   SYQNbFAQ /)exp( 2   
 (1) 

   

Where; Q represents the origin/destination demand, Y passengers in transit, N flight frequencies, (Q + Y) / S is load 

factor and S is the average size of aircraft (the number of seats). The estimation results of equation 1 are compatible 

with the assumptions given by (Ippolito, 1981), the empirical results show that the demand for air travel is positively 

related to frequency of flights and negatively to load factor. However, the study results (Ippolito, 1981) come from a 

relatively small sample and carefully chosen to eliminate the theoretical and empirical problems, hence, the study 

results are related to these study assumptions. 

In order to detect the determinants of domestic air traffic in the case of Saudi Arabia, (Abdullah O, Seraj, & Sajjad, 
2000) used the technique of stepwise regression to find the best econometric model of the air traffic demand. The 

authors split the income into several categories; oil-GDP, Private Non-oil GDP, Government Non-oil GDP and total 

Non-oil GDP. They found that the model containing the explanatory variables as population size and total spending is 

the appropriate model to explain the demand for domestic air traffic in Saudi Arabia. Neither aggregate income nor any 

of its components were significantly explanatory of demand for international air travel in Saudi Arabia. 

(Alperovich & Machnes, 1994) used permanent rather than current income as relevant variable which determines the 

demand for international air travel demand, the authors have shown that the main source of misspecification for last 

studies is the omission of variables representing the wealth of the consumer. The authors fond that demand for air travel 

out of Israel is price-inelastic and income-elastic, the results of their study support the fundamental assumption that the 

wealth of consumers is the key determinant of demand for air travel. The authors divided the consumers’ wealth in two 

categories; financial and non financial assets. They argue that an aggregate income variable which combines income 
from different sources may be inadequate, since propensity to travel may be different according to the source of 

income. The main innovation of this paper is that ((Alperovich & Machnes, 1994) found that wealth variables display 

the anticipated positive signs and highly significant. Thus, the demand for air travel depends on consumer wealth and 

not only the current income. 

In order to evaluate the economic impacts of permitting charter flights on tourism in Israel, (Haitovsky, Salomon, & 

Silman, 1987) have specified a two-equation model, one for overall tourism demand and the other for tourism demand 

addressed to scheduled flights. The resulting model has shown that regular flights demand is price-elastic in the 

presence of charter flights, that being said, the permitting of charter flights induces a fall in air fares of regular flights as 

a result of competition, and this indirectly promotes tourism in the countries that liberalize charter flights. 

 

3. Data source 

 
The data used to estimate the model have been taken from different sources. Data on Moroccan air travel are from 

Moroccan civil aviation authority database. The data on Moroccan social and economic characteristics that could affect 

demand for air traffic were taken from World Bank collection of development indicators  (The World Bank IBRD-

IDA). 

 

4. Moroccan air travel developments 

 

The geographical location and socio-political stability in Morocco, are considered as a  significant  factors to an 

important air traffic growth. Morocco is the first North African and seventh African country, with whom the United 

States signed an open skies agreement since 2002, in addition, indeed, in 2006, Morocco has signed with the European 

Union an open sky agreement, it was the first of its kind among the agreements between the European Union countries 
and non-EU countries. 

Following the voluntary policy of air service liberalization conducted by the Moroccan government, the volume of air 

traffic passenger has increased from 6.7 million passengers in 2002 to 7.7 million passengers in 2006 and 15.2 million 

in 2012, realizing an average annual growth rate of 9% over the 2004-2012 period. 
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Fig. 1. 

Air passenger traffic evolution over the 2002 à 2012 period 

Source: Author's calculations based on Moroccan Civil Aviation Authority data. 

 

Airlines have strongly increased their supply since 2003, all types of airlines together, they have increased the seat 

supply over the period 2003-2009 by 1.685 additional monthly frequencies. 

 
Fig. 2. 

Supply growth of the Airlines that serve Moroccan air travel market  

Source: Author's calculations based on OAG data, may 2003-2009.   

 

Taking advantage of the open sky agreement signed between Morocco and the EU in 2006, several low-cost airlines 

have begun to serve the Moroccan destination. Thus,  the European low cost carriers alone have increased their monthly 

frequencies of 360 additional frequencies between 2003 and 2006, in turn, followed the trend, the Moroccan LCC 

increased their monthly frequencies of 519 frequencies over same period. 

 

5. The determinants of air travel demand in Morocco 

 

The literature review allowed us to identify several factors that impact the demand for air travel, these factors can be 

summarized into two categories; The first affecting air transport supply and second affect demand side.  

The factors that affect the air transport supply sides include regulatory framework, airline strategy in terms of number 

and frequency distribution over the day and over the week, the level of service quality in terminal and during the flight, 

infrastructure capability and competition from the other transportation modes. 

Factors that impact the demand sides of air travel include household wealth (Alperovich & Machnes, 1994), the 

population size and total expenditure (Abdullah O, Seraj, & Sajjad, 2000) and the purpose of travel (De Vany, 1974). 

The examination of literature review allowed us to select a list of air travel demand explanatory variables. 
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Modeling air travel demand in morocco will enable us to decide on the significance of each variable. Before starting the 
conception and estimating the econometric model, we begin with a correlation analysis of the used variables list. 

 

5.1. Correlation matrix analysis 

 

Table 1  

Correlation matrix of the variables considered to explain air travel demand in Morocco 

 
PAX GDPC CPI EGS FCE FDI FF GNI HFCEPC ITEP ITET ITNA ITR 

PAX 1 0,96 0,97 0,92 0,88 0,68 0,94 0,92 0,97 0,94 0,98 0,98 0,95 

GDPC 
 

1 0,99 0,95 0,85 0,77 0,96 0,97 0,99 0,96 0,96 0,99 0,97 

CPI 
  

1 0,96 0,88 0,76 0,97 0,97 0,99 0,97 0,97 0,99 0,97 

EGS 
   

1 0,85 0,81 0,95 0,95 0,93 0,95 0,89 0,95 0,98 

FCE 
    

1 0,65 0,87 0,90 0,84 0,87 0,87 0,90 0,87 

FDI 
     

1 0,70 0,77 0,76 0,77 0,69 0,73 0,84 

FF 
      

1 0,94 0,95 0,94 0,93 0,96 0,95 

GNI 
       

1 0,95 0,94 0,92 0,97 0,95 

HFCEPC 
        

1 0,96 0,98 0,98 0,96 

ITEP 
         

1 0,96 0,95 0,96 

ITET 
          

1 0,97 0,93 

ITNA 
           

1 0,96 

ITR 
            

1 

Where GDPC : GDP per capita (constant 2005 US$), CPI: Consumer price index (2005 = 100), EGS: Exports of 

goods and services (constant 2005 US$), FCE: Final consumption expenditure (constant LCU), FDI : Foreign direct 

investment, net inflows (BoP, current US$), FF : Flight Frequency, GNI : HFCEPC : Household final consumption 

expenditure per capita (constant 2005 US$), ITEP : International tourism, expenditures for passenger transport items 

(current US$), ITET : International tourism, expenditures for travel items (current US$), ITNA : International tourism, 
number of arrivals, ITR : International tourism, receipts (current US$). 

 

The correlation matrix shows that there is a high correlation between on the one hand, the consumer price index 

Household final consumption expenditure per capita, tourist spending, the number of international tourist arrivals and 

air traffic on the other. 

One can observe that there is a strong correlation between the regressors variables and the dependent variable, it is a 

sign of collinearity presumption between independent variables. The presence of collinearity between the independent 

variables induces an increase of some estimated coefficients variance, instability of least squares coefficients estimator, 

and in case of perfect collinearity, the X'X matrix of regressors is singular, therefore it would be impossible to estimate 

the coefficients. Considering the problems that can cause the presence of collinearity phenomenon between the 

regressor variables, we must first check its presence and provide a procedure to treat it. 
Farrar and Glauber test allows detecting the presence of collinearity. Appendix 1 gives program details for calculating 

the Farrar and Glauber test in Eviews. 

According to the test results, it was found that the calculated chi-square is greater than the theoretical chi-square, 
22
thc  

 ,in this case we reject the null hypothesis H0 of no collinearity and alternative hypothesis H1 is accepted, 

there is a collinearity presumption among explanatory variables for air travel demand in Morocco. 

As mentioned above, when there is an exact linear relationship between two or more explanatory variables, the linear 

regression equation becomes insoluble, that being said, one should keep only one of the explanatory variables among 

those that are perfectly correlated. This kind of collinearity treatment is especially true in cases where the correlated 

variables represent the same reality, when deleting one or several collinear variables, the remaining variable capture the 

effect of other removed variables. 

 

5.2. Base model development 
 

To find the right mix of explanatory variables, the all possible regression procedure for selecting independent variables 

was conducted (the detailed procedure program in Eviews is in Appendix 2). The procedure is to calculate all possible 

regressions or (2k-1) regressions, in our case; we have to estimate 4095 models. Among 4095 models, we have to 

choose the appropriate model. The criteria for selecting the right model are the following: 

a) All of the model coefficients must be significantly different to 0 and , 

b) The appropriate model must have the highest R2. 
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The procedure of selecting the relevant variables shows that the best model is as follows: 
 

0.990964R Adjested

(8,02)                         (2,94)                                (-4,66)                     (-2,30)                               

x*82.62428396 x*37502.93894x*005-6e1.97578364 - x*8168393.384-911818357.8

2

11t8t7t2t



tY

       (2) 

 

The values in parentheses represent the t-statistics of estimated parameters. 

The R-squared (R2), which can be interpreted as the fraction of the variance of the dependent variable explained by the 

independent variables, shows that there is a high linear relationship between air passenger demand in Morocco and the 

relevant variables chosen by the procedure (appendix 2), indeed, the F-statistic p-value, which is the marginal 

significance level of the F-test, is less than the significance level ( %5 ), so we reject the null hypothesis that all of 
the regression coefficients are zero.  
Generally, when the time series are used, there is always a risk of falling into the error serial correlation phenomena 

when model is estimated by the OLS estimator. Therefore, before using the estimated model for statistic inference (eg, 

statistical hypothesis tests and projections), we should generally examine the residuals for evidence of serial correlation. 

Generally, according to ((Johnston & DiNardo, 1997), with 50 observations or more, and only a few independent 

variables, a DW statistic below about 1.5 is a strong indication of serial correlation of positive first order serial 

correlation. 

 

Table 2  

Correlogram of residual squared 

Autocorrelation Partial Correlation  AC   PAC  Q-Stat  Prob 

    .  *|   .   |     .  *|   .   | 1 -0.111 -0.111 0.2469 0.619 

    .  *|   .   |     .  *|   .   | 2 -0.153 -0.167 0.7515 0.687 

    . **|   .   |     . **|   .   | 3 -0.191 -0.239 1.5954 0.660 

    .  *|   .   |     . **|   .   | 4 -0.107 -0.217 1.8816 0.758 

    .   |***.   |     .   |** .   | 5 0.343 0.240 5.0517 0.410 

    .  *|   .   |     .  *|   .   | 6 -0.122 -0.152 5.4901 0.483 

    .   |   .   |     .  *|   .   | 7 -0.052 -0.059 5.5784 0.590 

    .   |   .   |     .   |   .   | 8 -0.029 0.021 5.6089 0.691 

    .   |   .   |     .   |   .   | 9 0.000 0.011 5.6089 0.778 

    .   |   .   |     .  *|   .   | 10 0.000 -0.175 5.6089 0.847 

Source: Author's calculations based on OAG data, world bank indicators database and Moroccan civil aviation 

authority database. 

 

The correlogram for the first 10 lags from equation (2) does not show a significant serial correlation in the residuals. 

This result is confirmed by the Breusch-Godfrey LM test for serial correlation of residuals. 

 

Table 1  
Test Breusch-Godfrey Serial correlation LM Test  

F-statistic 0.088754     Probability 0.915784 

Obs*R-squared 0.296499     Probability 0.862216 

Source : Author's calculations based on OAG data, world bank indicators database and Moroccan civil aviation 

authority database 

 

The test does not reject the hypothesis of no serial correlation up to order two, The p-value of F-statistic and Obs* R-

squared is well above the threshold of significance α 5%. 
 

6. Results comment 

 

By looking into the results of regression analysis of equation (2), it’s found that variable X2, which represents the effect 

of Consumer price index in Morocco, - holding other thing the same, has a negative and significant effect on air travel 

demand in Morocco. As such, the Consumer price index reflects changes in the cost to the average consumer of 

acquiring a basket of goods and services that may be fixed or changed at specified intervals, such as yearly. The 

Laspeyres formula is generally used. The consumer price index is usually calculated based on periodic surveys of price 

basket consumer. As shown in the regression results of equation (2), as consumer price index goes up by one percentage 

point, on the average, demand for air travel down by 16.8  million passengers. This result is consistent with those found 

by (Alperovich & Machnes, 1994), which showed that the air travel demand depends on the consumer total wealth. The 
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inflation increase, as measured by consumer price index, increases artificially the basket price of goods and services 
purchased by a standard consumer, as a result, the consumer wealth, especially the current income, is modified. 

Gross National Income (GNI), represented by the variable X7, GNP under the old appellation, which represents the sum 

of value added produced by all residents plus any taxes product (less subsidies) not included in the production 

valorization, plus net receipts of primary incomes (compensation of employees and property income) from abroad. In 

other words, this variable is the sum of value added produced by national, whether in the country or abroad. According 

to the Moroccan tourism observatory, almost 95% of the air passengers are foreign tourists or the Moroccan living 

abroad. Therefore, it seems that the air  travel demand in Morocco is influenced much more by macroeconomic 

aggregates emitting countries tourists than by economic fundamentals of the national economy. Although the GNP 

variable is significantly different from 0, his impact is very small, its coefficient does not exceed the value of 

0.0000198. 

Household final consumption expenditure per capita, represented by the variable X8, have a positive and significant 
coefficient, the t-Student statistic value of his coefficient is 2.94, meaning that true X8 coefficient is different from 0. 

This variable captures the effect of Household final consumption expenditure per capita, represented by the market 

value of all goods and services, including durable products (cars, washing machines, and home computers), purchased 

by households. In other words, the evolution of this variable reflects the standard of living of households, an increase in 

final consumption expenditure of households indicates an increase in household wealth. The X8 coefficient sign is 

consistent with those found by (Schafer & David G, 2000), indicating that as far as personal income tends to increase, 

the people mobility increases accordingly by turning to other faster and more expensive modes of transportation. Thus, 

our results are consistent with what we found in the literature review on the air travel demand, the travelers mobility 

depends strongly on the passenger wealth. Nevertheless, the impact of this variable is a handle with care, its impact is 

very small, as X8 goes up by one percentage point, - holding other thing the same, demand for air travel increased only 

by 0,7 million passengers. This confirms what we have said above, the air travel demand in Morocco largely come from 
international tourists and Moroccan living abroad.  

The X11 variable, represents the international tourism, number of arrivals. This variable include international inbound 

tourists visiting Morocco, ie, the number of tourists who travel to Morocco for a period not exceeding 12 months and 

whose main purpose in visiting is other than an activity remunerated from within the country visited. Under this 

definition, the Moroccan living abroad are also considered as foreign tourists. 

The X11 variable has positive and strongly significant coefficient, this result is in line with those found by (Haitovsky, 

Salomon, & Silman, 1987), which concluded that the liberalization of charter flights in Israel, due to generation effect, 

forces scheduled air fares down and encourages improvement in the level of service; thus it indirectly favours tourism 

to countries permitting charter flights. Passengers on business trips or for other non-tourism purposes are price 

insensitive, but leisure purpose passengers are highly price sensitive. 

The Moroccan government has adopted a deliberate policy of air service liberalization, it creates more competition 

between airlines, and such competition is played primarily on air fares. The introduction of low cost carriers in 
Moroccan air travel market induced lower air fares, increasing flight supply and diversification of destinations. 

 

7. Conclusion 

 

In this paper, an attempt is made to develop and estimate an econometric model explaining the air travel demand in 

morocco. The econometric model will be used as a tool to analyze and forecast the air travel demand, through 

establishing statistical relationship between selected demand-influencing factors and the corresponding level of traffic 

in morocco. In order to selecting the relevant variables, initially, we used correlation analysis, and then, we used a 

procedure that estimates all possible variables combinations and then choose between them the best model that satisfies 

the constraints required by the procedure. 

We find that the model containing price index consumer, the gross national product, household final consumption per 
capita and international tourists arrivals is the best model. Thus, it seems that air travel demand in Morocco is 

dependent of socio-economic characteristics of transmitter States tourists. 

The Moroccan civil aviation authorities and airlines, who want to deserve the Moroccan air travel market, can be based 

on this model to assess and predict the air travel demand in Morocco. 

 

Annexes  

 

Annexe 1 : Farrar and Glauber test program in Eviews 

equation eq2.ls  y c x1 x2 x3  x4 x5 x6 x7 x8 x9 x10 x11 x12  

group mygroup1  x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 

mygroup1.cor 

matrix mat=@cor(mygroup1) 
scalar dt = @det(mat)  

scalar khi = -(@regobs-1-(2*@ncoef+5)/6)*log(dt) 

scalar ndf = 0.5*@ncoef*(@ncoef-1) 

if @chisq(khi,ndf) < 0.05 then scalar test2 = 0 

else scalar test2 = 1 
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endif 

 

Annexe 2: Based model selection with all possible regression in Eviews 

!a = 1  

FOR !I =1 TO 7 

equation eq!a.ls Y C X!i  

!a = !a + 1  

next  

'Equation à deux variables' 

FOR !I = 1 TO 6  

FOR !J = !I+1 TO 7 

equation eq!a.ls Y C X!I X!J 'equation à deux variables  
!a = !a + 1  

next  

next 

 

'Equation à trois variables' 

for !i=1 to 5 

for !j=!i+1 to 6 

for !k=!j+1 to 7 

equation eq!a.ls y c x!i x!j x!k 

!a=!a+1 

next 
next 

next 

 

'Equation à quatre variables' 

for !i=1 to 4 

for !j=!i+1 to 5 

for !k=!j+1 to 6 

for !l=!k+1 to 7 

equation eq!a.ls y c x!i x!j x!k x!l 

!a=!a+1 

next 

next 
next 

next 

 

'Equation à cinq variables' 

for !i=1 to 3 

for !j=!i+1 to 4 

for !k=!j+1 to 5 

for !l=!k+1 to 6 

for !m=!l+1 to 7 

equation eq!a.ls y c x!i x!j x!k x!l x!m 

!a=!a+1 
next 

next 

next 

next 

next 

'Equation à six variables' 

for !i=1 to 2 

for !j=!i+1 to 3 

for !k=!j+1 to 4 

for !l=!k+1 to 5 

for !m=!l+1 to 6 

for !n=!m+1 to 7 
equation eq!a.ls y c x!i x!j x!k x!l x!m x!n 

!a=!a+1 

next 

next 

next 
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next 
next 

next 

 

'Equation à sept variables' 

for !i=1 to 1 

for !j=!i+1 to 2 

for !k=!j+1 to 3 

for !l=!k+1 to 4 

for !m=!l+1 to 5 

for !n=!m+1 to 6 

for !o=!n+1 to 7 
equation eq!a.ls y c x!i x!j x!k x!l x!m x!n x!o 

!a=!a+1 

next 

next 

next 

next 

next 

next 

next 

 

'Selection du meilleur modèle' 
Scalar BEST = 0  

FOR !I = 1 TO 127 

scalar IND = 0  

scalar NV = eq!I.@ncoef  

for !J = 2 TO NV  

scalar te =@abs( eq!I.C(!J)/sqr(eq!I.@covariance(!J,!J))) 

scalar ddl = eq!I.@regobs-eq!I.@ncoef  

IF @tdist(te,ddl)> 0.05 then ind = 1  

endif 

NEXT !J  

IF IND = 0 then  

 IF eq!I.@R2 > BEST then scalar neq= !I  
 BEST = eq!I.@R2  

  

ENDIF  

ENDIF  

NEXT 
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Abstract: Today’s aircraft cabins often did not comply with the needs of people with reduced mobility. Due to several regulations it 
was expected that, just like railways already had, arrangements in air traffic would be set to improve accessibility for these people in 

aircraft cabins. The aim of our project Cabin4All was to implement and evaluate steps that provided an added value for disabled 
persons. These steps should also be efficient enough for airlines. With the help of a large  survey at the airport in Salzburg it was 
possible to get a good overview of which problems different kinds of people had. Moreover, several networking workshops were 
held to bring together representatives from aircraft industry, railway industry and potential passengers and define the speci fic 
requirements. 

 
Keywords: air traffic, cabin, accessibility. 

 

1. Introduction  

 

Due to the fact that there are already valid laws and additional national and international laws and EU-regulations 

against discrimination currently being prepared it is expected that, just like railways already have, there will be stricter 

requirements for accessibility in European air traffic in a few years. Currently there are several aides for people with 

reduced mobility in air traffic but  during the flight only some needs are being met yet. Flight industry is increasingly 

caught between necessary equipment for peoples with special needs and the economic pressure to use all available 

space in an air cabin to maximize seats. 
The aim of the project Cabin4All is to set up a clearly defined requirement catalogue as a key foundation for future 

aircraft development based on technological and ecological feasibility under consideration of what people with reduced 

mobility need. Many requirements have already been implemented in railways, so it´s easy to use the specific know-

how for flight industry as well. The Cabin4All project is an exploratory study that primarily presents the cross-linkage 

between flight industry, railway industry and disabled persons. Under consideration of valid regulations and safety 

requirements the project should show which steps are viable and which steps should not be pursued. 

 

2. General requirements of persons with reduced mobility 

 

The study “European Standardisation of Accessible Tourism Services” found out that there are some lacks in EU 

legislation on accessibility. Moreover, most standards focus on technical specifications and few on service and quality 
management. Access Standards show considerable variation by European countries in the functional requirements they 

prescribe and in the dimensional and design requirements. (European Network for Accessible Tourism, 2009) 

The right contact and the right manner with people with reduced mobility is one of their requirements. For this reason it 

is important to control the quality of the service management. Moreover it should be included in the user’s 

requirements. Concerning the EU legislation 1170/2006 travellers with reduced mobility have the right to aides without 

any charge and without showing any medical reports. A report must only have to be shown if there are any risks 

concerning the health and security of the traveller, of other travellers or the boarding crew. (European Commission, 

2012) 

 

2.1. Situation concerning the airplane 

 

Many different problems in a report concerning the air-travelling situation of persons with reduced mobility were 
mentioned by the European Commission: 

 “Disabled people and people with reduced mobility continue to come across many problems when travelling by air: a 

lack or unequal level of quality of service in Europe; too often unjustified refusals or restrictions of reservations or 

boarding based on unclear safety reasons; inconsistencies in the treatment of passengers who need medical oxygen 

onboard; limited level of awareness of passengers regarding their rights; limited percentage (around 40%) of pre-

notification of their needs before travelling; lack of harmonisation of the interpretation of the regulation by national 

enforcement bodies; and lack of effectiveness in the treatment of complaints.” (European Commission, 2011) 

To obtain similar options as other travellers, certain assistance and facility elements have to be offered for persons with 

reduced mobility. It is illegal that this support cost anything due to non-discrimination rules. The service components 

which have to be achieved are located in the airport manager’s authority on the one hand, and on the other hand, they 

have to be guaranteed by the cabin crew. The cabin crew is responsible for safety regulations and also for comfort. 
Safety regulations are, for example, on-board-emergency-equipment like  seat belts, oxygen masks and life jackets. The 
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catering with snacks and drinks belong to the comfort. Generally, the cabin crew is responsible for the safety of all 

passengers. But they do not have to support anyone with the food intake or with any medical issues. If someone needs 

support in general or help for the transfer from the seat to the toilette for example, the cabin crew has to help. In 

principle, the airline company or travel agency has the right to refuse the reservation or the journey if the safety 

regulations cannot be observed. If the person with reduced mobility gets the permission to travel, he/she usually has to 

inform the airline company at least 48 hours before travelling. The assistance at the airport is regulated in the EU 

guideline 1107/2006 and has to be free of charge.  
According to the practical field, it would be better for people with reduced mobility to inform the airline at least one 

week before their travel date because  the airport also needs some time for preparation and even handling wheelchairs 

can vary at all airports. (Mobilista, 2015). 

Therefore the airports and the airline companies have categories, so called Special Service Request Codes (SSR). With 

the help of these codes it is possible to differentiate between different assistance needs and aid utilities. Most of the 

time, the categories are consistent across different airports and airline companies but vary in detail and amount. (Porter 

Airlines, 2016).  

As an example the categories or codes of the Vienna Airport are mentioned as follows (Vienna International Airport, 

2015; Vienna International Airport, 2016):   

 WCHR (wheelchair – ramp): Passenger is able to walk long distances and climb stairs. He/she can move 

unaided in the cabin and negotiate aircraft steps. Help is required to/from air craft,  

 WCHS (wheelchair – steps): Passenger cannot negotiate aircraft steps but can move unaided in the cabin, 

 WCHC (wheelchair – cabin seat): Passenger is completely immobile and must be accompanied to/from his/her 

cabin seat, 

 DEAF (deaf – passenger): Passenger with hearing or hearing/sight impediment, 

 BLND (blind – passenger): Passenger with sight impediment, 

 BLND/DEAF (blind and deaf passenger): Blind and deaf passenger, who can move only with the help of an 

accompanying person, 

 DPNA (disabled passenger needing assistance): Disabled Passenger with intellectual or development disability 

needing assistance.  

 

2.2. Situation concerning the train 
 

The equality-law of disabled persons has had to be executed since 2016 concerning the situation of people with reduced 

mobility in the train. New railway carriages will only be bought with the equipment and design according to the 

standard of the relevant legislation. Old, non-barrier-free railway carriages which modification would not be 

economically reasonable will gradually be taken out of service.  

Concerning accessibility current elements of the railway carriages are: 

 Entrance: lifting devices, low floor wagons, boarding ramp, wide doors, call buttons for assistance during entry 

and exit, 

 Parking positions for the wheelchair including plug sockets to charge the battery of electro wheelchairs.  

 Folding tables, 

 Identification markings in high contrast of handles and grips, package storage, stairs and door handles,  

 Toilet: suitable for wheelchairs, tactile elements, emergency buttons, helplines and automatic sliding door, 

 Information systems for the passengers: acoustic irradiation (voice mails or train staff), visual announcement 

(“2-senses- principle” – shown in figure 1), 

 

 
 

Fig. 1.  
2-senses- principle 

Source: Kalamidas (2006) 

25



 Tactile elements: guidance system to the toilet, SOS-technology, guidance system to the exits, elevated buttons 

for entrance and exit doors, identification marking in high contrast for important infrastructure, sensor-

controlled internal doors, tactile pictograms. (ÖBB-Holding, 2015) 

 

Concerning the applicability of these elements in airplane cabins it must be said that it is not possible to transfer all of 

these elements because the stress capability of facilities in airplane cabins are different. For example, it is unfeasible to 

use the own wheelchair as a seat during the flight. Another obstacle for the use of one’s own wheelchair is the width of 
50 cm of the aisle in the airplane. 

 

3. Method 

 

One main part of the project Cabin4All was a survey at the waiting area of the airport in Salzburg and an online 

questionnaire. 1790 people were questioned at the airport Salzburg and 507 online. With the help of the survey at the 

airport it was possible to get an opinion of the average travellers with and also without reduced mobility and about their 

evaluation of accessibility in the airplane cabin. The link of the online questionnaire was especially sent to 

organizations and associations of persons with reduced mobility. For that reason a higher number of these persons took 

part online. The questionnaire included questions of different parts of the airplane cabin which the questioned people 

had to evaluate concerning satisfaction and problems. The entrance and exit of the airplane, the corridor of the cabin, 

the toilets, the seat, the storage of the cabin luggage and the airplane cabin in general were evaluated. The data analysis 
was done with the program SPSS 22. Figures and graphs were made by the program Microsoft Excel.  

 

4. Results 

 

4.1. General data  

 

From the 1790 questioned people at the airport Salzburg, 58% were male and 42% female. Most of them were between 

30 and 59 years. 83% of the questioned persons indicated that they had normal weight. The body height of the 

questioned people could be seen in figure 2.  

 

 
 

Fig. 2.  
Body height of the questioned person at the airport Salzburg 

 
16,5% of the questioned people answered that they had one or more disability. In comparison to the Austrian average, 

where according to the Federal Ministry of Social Affairs 20,5% of the population have a disability, it is visible that 

there are less handicapped persons at the airport (Leitner & Baldaszti, 2008). The 20,5% doesn’t include pregnant 

people and people with little childen! Moreover, this percentage refers to private households. Persons in institutions are 

not included. As a result the number of highly disabled people is underestimated. (Bednar et al, 2008) 

 

4.2. Requirements and problems of persons with a wheelchair  

 

Figure 3 shows a dissatisfaction ranking of the different parts of the airplane cabin. Summing up this ranking, it is 

obvious that the toilet is the biggest problem of persons with a wheelchair. These results are from the online 

questionnaire. 

 
 

26



 
Fig. 3.  
Dissatisfaction ranking of persons with a wheelchair or a walking frame 

 

Concerning the problems of wheelchair users in the airplane cabin they answered that they especially had problems at 
their seats. For example, 67% of the questioned persons said that they had problems with clapping back the seat and 

46% said that they had problems with the legroom. But the amount of participants was low (n=8-13) concerning the 

questions about the problems. 

 

4.3. Requirements and problems of persons with visual handicaps 
 

Most of the persons with visual handicaps said that they were unsatisfied with the seat. They also said that they had 

most of their problems with the seat. One eye-catching point is that visual handicapped persons had problems with the 

information through announcements (18%). This kind of information is probably very important for people with visual 

handicaps. That could be the reason why it should work very well for them. Acoustic irradiation is one element where 

the airplane could use the guidelines of the railway.  

In Figure 4 and 5 it is possible to see the dissatisfaction rankings and the most frequent problems of persons with visual 
handicaps. 

 

 
Fig. 4.  
Dissatisfaction ranking of persons with visual handicaps 

 

 
Fig. 5.  
The most frequent problems of persons with visual handicaps 
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4.4. Requirements and problems of persons with little children 

 

Persons with little children on their hands or with a pram are also persons who are hindered. That is why this group was 

questioned as well. In principle this group showed a higher dissatisfaction in comparison to other groups. The most 

dissatisfying element was the seat. Especially the legroom (79% were not satisfied), the comfort of the seat (63% were 

not satisfied), and the size of the seat (53% were not satisfied) were dissatisfying. Moreover, the aisle width was not 

satisfying for 63% of the questioned persons with little children. More results are showed in figure 6 and 7.  
Concerning the situation in the train there are less problems with the legroom or the aisle width. There are guidelines 

suggesting that there should be a children area in each train. Moreover, there should be enough space at the entrance to 

turn around a pram or a wheelchair. Concerning recommendations the entrant area should be at least 150 x 150 cm 

(BMVIT, 2009). This is not feasible in the plane because there they have space issues. 

 

 
Fig. 6.  
Dissatisfaction ranking of persons with little children 

 

 
Fig. 7.  
The most frequent problems of persons with little children 

 

4.5. Requirements and problems of special groups (age, gender, body height and body weight) 
 

Body weight  

All in all, overweight people were less satisfied with the cabin than people with normal weight or underweight. They 
had the most dissatisfaction with the legroom. 70% answered that they were not satisfied with the legroom. Other 

dissatisfying elements were the space in lavatories (55%), the seat comfort (51%) and the seat size (49%). It was 

obvious that these dissatisfying elements were increasing with body weight. Overweight people had more problems 

with the seat than people with normal weight or underweight. 37% of the questioned persons with overweight answered 

that they had problems with the legroom. 22% of them had problems with the seat comfort.  

Concerning underweight people, it is eye-catching that they were more satisfied in general than people with normal 

weight and overweight. One dissatisfying element of underweight people is the temperature in the cabin, where 31% 

were unsatisfied. Moreover, the temperature was also the biggest problem of underweight people. 29% had problems 

with it. Another eye-catching point is that underweight people had problems with the handle and grip options. For 

example, 18% of these people answered that they had problems with the handle options in the toilet.  

Body height 

In summary, tall people had more problems and a higher dissatisfaction than small people. The biggest problem of tall 
people was the legroom. 66% of persons who were over 1,89 metre tall had already had problems with the legroom. 

Actually, 87% of them were unsatisfied with the legroom. By the way, the seat comfort was also decreasing with the 

body height. Tall people were also unsatisfied with arm rests (49%) and neck-rests (48%) of the seat. Interestingly, Tall 
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people (over 1,89 metre) (32%) as well as small people (under 1,60 metre) (22%)were less satisfied with the 

accessibility of the sink than persons with average body height. Other dissatisfying elements of tall people were the seat 

size (57%) and the space in the lavatory (52%).  

Small people (under 1,60 metre) had a bigger dissatisfaction with the accessibility of the hand luggage rack than tall and 

average-size people. 38% of them were unsatisfied with the accessibility of the hand luggage. Actually, 32% of the 

small people had already had problems with the accessibility of the hand luggage. Interestingly, small people (31%) 

were also more unsatisfied with the size of the storage of the hand luggage than the others. Moreover, the neck-rests of 
the seats showed a higher dissatisfaction with small people (30%). One more dissatisfying element of small people is 

the temperature. 31% of them were unsatisfied with this element and 18% of them had already had problems with this.  

Age 

Concerning people of the age of 70 years and older, it is eye-catching that they had in general a higher satisfaction but 

more problems than younger ones. Biggest problem and dissatisfying element of the elderly is the legroom. The group 

of the 70-year-old-ones and older-ones also had problems with the information through announcements. This is the only 

element where the elderly showed a higher dissatisfaction than the younger age groups.  

Gender 

Concerning the difference between men and women, it is obvious that men were much more unsatisfied with the seat 

than women. Maybe the reason is that they are taller than women. Most dissatisfying element of men was the legroom 

(71%). Concerning women it was the same, but only 65% of the women were unsatisfied with it. With the legroom men 

and women also had the most problems and also in this case men (32%) had more problems than women (24%). 
Typical women’s problems were the temperature (19% of all women had had problems with it) and the accessibility of 

the hand luggage rack (16% of all women had had problems with it). Also the dissatisfaction of these elements was 

higher with women (temperature 34% and accessibility of the hand luggage rack 22%) than with men.  

 

4.6. Short-term and long-term service components 

 

All in all, there are a lot of areas in the airplane cabin which could be modified concerning accessibility. A lot of short-

term and long-term service components have to be changed to obtain a barrier-free airplane cabin. Some ideas for short-

term and medium-term improvements are shown in Table 1.  

 

Table 1  
Ranked ideas for short-term and medium-term improvements 

Ranking Idea 

1. Mobile application - assistance 

2. Guidance system for visually impaired 

3. Accompanying person 

4. Staff training 

5. Bi-sensory information 

6. Special cutlery, tableware, tray 

7. Communication supporting items (symbol or card set for showing) 

8. High-contrast elements (especially in the toilet) 

9. Pre-information about special needs 

10. Triangle handle 

 

5. Conclusion  

 

Altogether, there are similar problems and requirements within the different groups of disabled persons according to the 

survey. Afterwards there are the top five problem areas which were mentioned by the questioned people: 

 Legroom, 

 Comfort of the seat, 

 Space at the toilet, 

 Aisle width 

 Clapping back the seat.  
 

The problems legroom and comfort of the seat were definitely the leading areas. In the project Cabin4All the comfort of 

the seat has a less important part because it is more a comfort criteria than a real problem. The legroom at the seat could 

be a real problem of certain people, for example of wheelchair users, tall persons or persons with an injury of the legs. 

Unfortunately, this result is unlike the actual trend of the flight business because at the moment the space between the 

seats is getting smaller and smaller. For example, the Austrian Airlines has reduced the space between seats at the end 

of 2015. Concerning the clapping back of the seat the reduced or changed space are probably the main problems. 

Especially for blind people or people with visual handicaps and wheelchair users the reduced or changed space could 

become a real hindrance. 
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The topic toilet in the airplane and especially the space at the toilet is the main problem of wheelchair users. Also the 

head of the stewardesses of the Austrian Airlines mentioned this problem in an interview. Most of the time wheelchair 

users are not able to use the toilet without the help of others. Especially due to less space and this makes it impossible 

for some of the wheelchair users to even use the toilet. From the stewardess’s view the transfer of the wheelchair user to 

the toilet is another important problem. Often the disabled persons have no auxiliary persons with them. In the worst 

case, the cabin crew has to ask another passenger to help them with the transfer.  

Travellers who have problems with the sensory organs are, on the one hand, persons with visual problems and, on the 
other hand, also persons with hearing impaired. One of the main problems for this group is to get information. This is 

the reason why announcements should be given in a 2-senses- principle . This is also one of the guideline points of the 

train.  

In addition, there are some other guideline points for the railway system which could be implemented in the airplane 

system. For example, the train staffs are getting taught about handling disabled persons (ÖBB-Holding, 2015). 

This should also happen with the cabin crew. In addition, the guideline for a barrier-free train says that 10% of the seats 

in a passenger train should be marked for persons with reduced mobility. The seats should be near the entrance and 

should be standardized across all cabins. (BMVIT, 2009) These are some guideline points which are also 

implementable in the airplane.  

All in all, there are a lot of areas in the airplane cabin which could be modified concerning accessibility. Concerning 

this survey the best ideas for short-term and medium-term improvements were a mobile application-assistance and a 

guidance system for visually impaired.  
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Abstract: The main problem in general aviation is still the rapid rising level of congestion in the airspace all over the world. It may 

cause a problem with the plane accommodating, controlling and plane tracking in the airspace with actually non-upgraded land 
facilities. This topic is a conclusion of 5 years long research about performances of radar technology in general. The main idea of this 
topic is to give solution to increasing tracking capacity in the airspace for very long time, substantially lower price in the short period 
of time with sufficient precision for safety increase. For this task we found out that one of the best technologies is the passive 
surveillance technology, previously used just for military operations but nowadays still more consulted in the civil sector. This article 
presents the findings from five years research in cooperation with company ERA. The second part of topic solved in the article is 
theoretical concept of building up the new radar network based on passive radar technology in Slovakia. Article shows the 
advantages and disadvantages of this passive radar architecture, in comparison with currently used primary and secondary radar 

network. The research is applicable as a theoretical base for all other countries, with some minor changes. 
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1. Introduction 
 

The main task of our project is to offer possible solution not only how to fulfill current needs and requirements of the 

air space, but also how to solve the problem with the rapid rising level of congestion of the airspace now and in the 

future. Our solution is based on a new type of technology which has come to civil aviation industry in the past few 

years: Passive Radar Technology (PSS). In our 5 years long research we were comparing all available and used radar 

technologies and systems to find one with the best option for future development of the air traffic control, navigation 

and surveillance. By upgrading the most of currently used surveillance systems there is no possibility to achieve 

sufficient performance for the future development of aviation industry. The upgrading of currently used radar systems 

could solve the situation for the short term. PSS technology is a long term solution to increase the capacity with a very 

high precision, during a very short time for very low costs (in comparison with active radar systems). Our conclusion is 

that one of the most suitable technologies for this task is the passive surveillance radar technology, previously used only 

for military operations as the strategic secret weapon but nowadays still more consulted in the sector of civil aviation. 
Our research is based on findings obtained in cooperation with a company ERA, which is the biggest distributor of 

passive radar technology and multilateration systems in the world. Other tasks summarized in the topic are to 

approximate operation and principle of the radiolocation facilities and to describe whole topic of PSS technology also 

from the historical point of view (development, invention, importance, current status). The article provides a brief 

overview of alternative solution of airspace coverage by passive radar technique in the territory of Slovak Republic 

(SR). The result based on the research is a clearly described geographical position of deployment of the PSS radar 

equipment in the geographical map of SR. This article leads you through information about advantages and 

disadvantages of using passive surveillance technology and multilatertion in Air traffic control network, as well as 

technical restrictions. Our conclusions are supported by ERA simulation programs for planning wide area mutilateration 

(WAM) networks and by consultancy experts. The outcome of this research is a short manual on how to proceed during 

planning PSS network in different areas and countries with different landscapes and which conditions need to be 
considered during planning. 

 

2. Principle of work of PSS systems VS active RADARs 
 

PSS system works without the transmitter. All active radars usually use the transmitter providing radars with ability of 

transmitting signal into the space. The signal in the space is reflected by the objects in the range of the radar only if 

objects have ability to reflect electromagnetic signal. Such ability is given by construction material of the object. The 

most of active radar technologies detects this reflected signal by antenna. If object is constructed of material which is 

not able to reflect electromagnetic signal or shape of the object is specially designed for deflection of this signal, the 

target will become invisible (undetectable). This is the main disadvantage of active technology which goes in a hand 

with acquisition and operating costs. PSS technology is able to bring convenient solution and solve these as well as 

many other problems. 
For comparison, the main part of PSS is the system of several receivers. PSS system transmits any electromagnetic 

signal into the space. Its principle is based only on receiving electromagnetic energy from the space in radar range. 

Precise position of targets is determined by comparison with all detected signals from all receiving stations of PSS 

system. This kind of radar is the most common and the most frequently used in application to aviation in military sector. 

Nevertheless, this technology is still not completely used in civil air traffic. Potential of PSS technology is often 
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underestimated by the civil air traffic sector. For air traffic control is nowadays the most common concept of active 

radar network based on impulse and primary radar technology. 

PSS is working on principle of cooperative, independent tracking. PSS system consists of several side antennas located 

at different places and one central antenna which is used as reference point for all received signals at all antennas. After 

receiving of signals are all signals evaluated and compared by central antenna. Theoretically is PSS able to detect and 

track all possible sources of electromagnetic signals. In aviation is commonly used principle of transmitting and 

receiving message by using secondary radar technology used with cooperation with PSS. In case of this concept is 
assertion that PSS radar is transmitting any signal, false. 

PSS does not transmit any signal, it only receives electromagnetic signals from the space by an antenna system. Despite 

of passive principle of receiving signals, PSS receiving antennas still need some source of this signal (echo) for tracking 

of the target. PSS radar is able to detect all kind of radio technical signal from the source. Radio technical signals are all 

electrical signals from all electronic devices. For this purpose can be sufficient for example transmitter of the radio, 

television, mobile network, avionic, radar signal or sight technology. The less common signals which is PSS able to 

detect are signals from household or foreign radars but also a jammer. All these kinds of signals are reflected from all 

objects in the sky and also on the ground. It creates natural signal which passive radar can process. For data of higher 

quality are compulsory more antennas in the system for process of evaluating data relative to reference antenna. From 

differences in the signal of separated antennas is possible to precisely determine position, direction and speed of target 

in the time. 

 

3. Current situation of using multilateration equipment in SR 
 

There is no multilateration system implemented in Slovak Republic nowadays. Also no PSS is used for civil operations 

and air traffic control in Slovakia. A few PSS are used for Slovak military air traffic control services. On the other hand, 

you can find three of these systems used by Air traffic control in Czech Republic. The exact name of this system of PSS 

radars is Wide Area Multilateration (WAM) system. In Czech Republic, this system is located in the area of cities Brno, 

Ostrava and Prague. Those three systems are able to cover the whole air space of Czech Republic and also the west part 

of Slovakia. In Czech Republic, there is also in use one Airport Multilateration (AMLAT) system as part of A-SMGCS 

in Prague. EUROCNONTROL is nowadays working on the surveillance services supporting the implementation of 

reduced traffic separation minima, by improving and harmonizing the surveillance infrastructure by using of MLAT 

systems, their implementation, evaluating, testing, prototyping and legislation for proper use. The main objective of 
SASS-C EUROCONTROL center for next year research (2017) is to find new tasks for which MLAT and MSPSR 

could be used, and how MLAT and PSR systems could influence tracking and surveillance in the aviation operations. 

Another task of the project is to find the best possible existing technology for purposes of MLAT and MSPSR systems 

to improve their efficiency in comparison with currently used systems for the same purpose. 

 

3.1. Process of implementation of multilateration system for SR 
 

Our research is based on assumption that Slovak and Czech Republic (CR) are very similar areas with similar ground 

segmentation (see Fig. 1 and 2 below). The most significant problem in CR was to build up WAM network in the area 

of mountains with sufficient coverage of air space because of the landscape shape which is the most limiting factor. The 

whole area of CR is 78 866 km² and more than 30% of Czech area is above 500 m above sea level. During WAM 
system planning in SR we have found the same limiting issue with the landscape. The area of SR is only 49 036 km², 

but the shape of the landscape is very mountainous (more than 35% of it). This is the main issue to be solved. After 

taking this into account, the methodology and experiences gathered during building up the Czech PSS system can be 

also used for building up the Slovak PSS system (mainly in problematical mountain parts) as well as many studies and 

expert´s opinions. The simulations of ERA company simulator, developed with the aim to design concepts of the 

architecture, the ERA company expert´s opinions and found historical data have shown that the ideal amount of central 

stations for the area of Slovak republic is number three. In this configuration and case of cooperation with Czech Air 

Traffic Control (ŘLP) there is a possibility to achieve in the air space of Slovakia, tracking information with higher 

precision or less number of used central stations in the network for lowering costs. In the air space of Slovakia in case 

of lowering costs acquisition during building up the new WAM system, there is an opportunity to reduce number of 

central stations to one. Disadvantage of the concept with one central station is lower tracking capacity of the system and 

slower data evaluation as well as congestion of only one central station. In concept of one central antenna all data will 
be preceded by one station, because this station will be a reference point for all other antennas in the terrain. 

 

3.2. Limiting factors for designed architecture 
 

The number of stations for coverage of Slovak air space dependent mainly on three limiting factors: 

 The area which has to be covered 

 Ground segmentations and mountains in the country 

 The lowest flying level which has to be covered. 
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Those factors are crucial and restrictive in term of work principle of PSS radar technology. The principle is based on 

method of multilateraion. For this purpose it is necessary that PSS detects signals from targets direct visibility between 

the object and the radar. The condition of direct visibility between four antennas and the target in time must always be 

complied with. In the area of Slovak republic it is necessary to take into account the high mountains which in some 

areas exceed 2500 m above sea level. The most significant obstacles during planning are in this case are the Tatra 

Mountains. In case of request to cover lower flight level above ground level, it is necessary to use more central stations 

and side antennas. 
 

3.3. Design of WAM system for area of SR 
 

This concept of WAM system design for Slovakia is based on collected information about work principles of this 

system in cooperation with company ERA. They supported this project with materials which contain manual and basic 

information for design of WAM networks, the same as was used for building up the radar network in Czech Republic. 

Our concept for Slovakia has been designed for these cities: 

Bratislava – we have chosen this area for better coverage in proximity of international Bratislava Airport in the capital 

of Slovakia from the lowest possible flight level. The main purpose is that there are expected aircraft operations in low 

altitudes, mainly during take offs and landings. This position will also ensure very precise coverage of whole Danubian 

Plain and sufficient coverage of western part of Slovakia. The western part of Slovakia situated behind Little 

Carpathians mountain is perfectly covered by Czech WAM network. In case of sharing the radar data between Czech 
and Slovak republic will be this part behind obstacle also under control of ATC. The condition of sharing this radar data 

is not required, as there won´t be flights in such a low altitude. WAM system designed for this area will partly cover the 

middle part of Slovakia. Our architecture concept for this area is to build eight stations in total. Five of them will be 

situated near the airport with direct visibility to lower altitude above area of Danubian Plain. Stations around the airport 

guarantee higher precision mainly in critical area of the airport. Other three antennas will be situated farther from the 

airport for coverage and better precision of system in other parts outside the airport. 

Liptovský Mikuláš – this area was designed to improve the quality of coverage of whole WAM system mainly for 

mountain area, where the signal can be often shielded by obstacles for stations and antennas from Bratislava and Kosice 

systems. This central station has to ensure the coverage of northern Slovakia, mainly the area of High and Low Tatras. 

This system also provides coverage for the area of the third biggest international airport in Slovakia, airport Poprad – 

Tatry. Our architecture concept for this area is to build seven stations in total. Four of them will be situated near to the 
airport for the same reason as it is mentioned for WAM system Bratislava in article above. Other three antennas will be 

situated at the mountain comb of Low Tatras for better range and higher precision of system. The result will be better 

coverage of whole airspace above airspace of Slovakia, mainly in problematical mountain part. Designed concept will 

ensure coverage also in the area between hills, although, there is no expectation of any air traffic in such altitude just in 

case of emergency. 

Košice – the main reason for choosing this location is the second biggest international Slovak airport - Kosice airport. 

Other reasons are similar as mentioned above for the area of Bratislava. This central station of WAM system will cover 

the whole eastern part of Slovakia. Our concept of architecture for this area is total of six stations. Three of them will be 

situated near to the airport for the same reason as it is mentioned for WAM system Bratislava in article above. Other 

three antennas will be situated at the mountain called Slovak Ore Mountains for better coverage and higher precision of 

system in the east part of Slovakia. The position of antennas at the elevated position will ensure direct visibility for 
whole east area. The result will be the better coverage of whole airspace above the airspace of Slovakia, mainly in 

problematical mountainous parts. 

 

 
Fig. 1.  
Ground segmentation in Czech republic and position of WAM central stations in CR area with partly coverage of SR. 

Source: ERA company 
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Fig. 2.  

Design of WAM system for Slovak republic. 

Source: Author Ing. Nikolas Žáčik 

 

The best possible technology with the aim to build up new WAM network is actually the most modern Czech system: 

P3D-WS at all chosen positions of central stations. This technology removed bugs occurred in the previous versions and 
also meets all ICAO traffic safety requirements. Previous version P3D-40 was just beta testing version with lower 

maximal range. All radar centrals in this concept where chosen for the best possible coverage of whole required 

airspace of Slovak Republic. The concept of three centrals will not ensure the coverage of whole area of Slovakia from 

the ground, but will ensure the coverage around all international airports in the country as well as the coverage of 

airspace in the mountain from the altitude where the air traffic can be expected. All side antennas must be placed in the 

range of 100 km from the central stations. All antennas are communicating between each other and share information 

about the position of the target. Chosen architecture of WAM network and distance between separated antennas can 

ensure tracking targets in the range of 350 km in ideal terrain condition. Restrictive factor in maximal possible range is 

just range of the transponder station, which can effectively works just in range of 100 km. According to the 

recommendations of Era company, the minimal number is five antennas for one central station. The price of the whole 

WAM network designed for Slovakia, built up by company ERA is around 3 – 4 million euros. The whole research was 
supervised by ERA during regular consultations about each point of designing. The concept was developed from 

theoretical knowledge, based on simulations of ERA company simulator, developed following the design concepts of 

architecture in all terrain conditions. For better economical overview and advantages of this solution see graph at Fig. 3. 

 

 
Fig. 3. 

The comparison of whole operation costs, in case of using of primary radar (PSR), in comparison with MLAT system 

(PSS). 

Source: (http://www.multilateration.com/benefits/cost.html) 

 

4. Conclusion 
 
The final conclusion of the project is to offer an alternative solution on how to build up a radar network and the radar 

coverage of the overall air space of Slovak Republic’s territory. Our concept consists of PSS radar technology, which is 

provided by Czech company called ERA. This technology is characterized by high level of the precision, reliability and 

low operating expenses. During designing of WAM system in Slovakia, there were two possible solution concepts of 

positioning all stations and antennas. The first of them is to build up a network with three independent central stations 

with several antennas (in case of PSS technology: receivers) for each of them. For this concept is the most important the 
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cooperation between all three stations and also between all antennas. The second possible solution is: to build up just 

one central station with more antennas in the space, as it is in the first case with 3 central stations, but the costs of this 

concept will be lower. The Disadvantage of this concept is a lower tracking capacity. After consultation and 

recommendations of specialists from company ERA, our recommended outcome of new WAM concept for Slovakia is 

the first solution: to build up a network with 3 separated central stations. The best location for this three stations 

regarding to terrain in the country are cities: Bratislava, LiptovkýMikuláš and Košice with total number of 21 antennas. 

The biggest challenge during designing the WAM network in Slovakia were the mountains, especially the area of High 
Tatras. PSS needs a direct visibility of detected target for correct and smooth operation. In our chosen concept we have 

achieved the coverage of entire airspace of Slovak Republic with the required range. In addition, the system covers part 

of the air space of surrounding countries. The range of one system of antennas with central station is approximately 350 

km in dependence on ground segmentation. The price of the whole concept of designed WAM system is around 3 – 4 

million euros. The exact price depends on the actual number of used antennas and stations. For better overview, one 

PSR applied for the same purpose, has the price of 3 million euros and its operating costs are 5 or 6 times higher than 

operating costs of PSS radar. The main advantage of WAM system is the increased level of safety in the air traffic. 
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2.1. Habitat management   

 

Complex problem like bird strike requires collaboration between different subjects within air transport and outside of it.  

Three main factors would be airport, air traffic company and municipalities authorities. Multiple elements cooperation 

is necessary because certain areas will be more attractive to birds then others due to existence of elements that provides 

food and shelter to the birds. Risky areas will be airports: 

 Grassy areas within and outside of airport surface woodland and agricultural fields, 

 Near to lakes, seas and globally water rich areas, 

 Freshly excavated lend, 

 Closeness to sewage or landfill.  

 

It is obvious that effective habitat management requires collaboration with multiple organizations and it is almost 

impossible for airport to manage this kind of situation on its own. Critical areas that are mention above require careful 

analysis through few phases. First phase would be detailed observation of airport environmental with accent on 

topographical, biological, geographical and urban characteristics. Analysis of collected data should be done through 

second phase which final result should be evaluation of how risky concrete airport area is. Biology experts should be 

part of the team that conducts this research for analyzing bird behavior patterns. Third phase would suggesting which 

measures would be most effective and feasible in concrete case in order to reduce bird strike risk. Fourth phase is 
implementation and evaluation phase. This process needs to be cycle process to ensure that safety standards are met.  

Collaboration between different institutions is emphasized during the fourth phase of implementation. For example, 

analyze of certain airport area may suggest that drying out the field, or landfill relocation is necessary to remove birds 

from the critical territory. Airport vicinity could be municipality or private property which makes this problem even 

more complex out of legal and ownership reasons. Habitat management is ever present measure because even if great 

modifications are not necessary, maintenance of airport area is constant to keep flight zone safe.   

This kind of approach to the problem gives the best results because of its long term and comprehensive nature. The 

most effective way is proactive approach which means infrastructural and urban planning with considering bird strike 

problem in air transport. In those way costs of landfill relocation, drawing up field and etc. would be avoided because 

original location would not be accepted as proper because of the problem that may cause. It is clear that with this air 

transport demand and traffic volume it is not possible to find perfect location every time and to predict bird problem in 

the future. Therefore, except organization measures others measures need to be applied known as habitat management. 
Costs of organizational measures are probably the highest among the bird strike mitigation measures. This type of 

measures include long term planning, multiple organization collaboration and each organization will have its own costs 

on this project, complex and expensive terrain modifications which requires engaging trained stuff and proper 

equipment.  

 

2.2. Bird movement monitor devices 

   

Airport field is wide area and it is difficult to make sure if birds are present in the airport environment and to quantify 

them. The main purpose of bird radar is to detect small objects movements. Nowadays, different model of radars are 

being used for tracking birds and other animals. Some of them are multifunctional and beside birds monitoring, they 

have additional functions, like weather surveillance radar (WSR) that has been used to study bird movements and bat 
roosts since the late 1950s in the USA. In the early 1990s the WSR-88D (also known as NEXRAD, or NEXt 

Generation RADar) replaced the older WSR-57, WSR-74S, and WSR-74C radars in the national network (Gauthreaux 

and Schmidt, 2013). The company DeTect (USA, Florida) developed the ‘Merlin radar system’ specifically for 

detection and tracking of birds and bats (Figure 1). It is a dual radar system with an S-band HSR and an X-band VSR. 

The effective range of the VSR is 3 to 5 km and 5 to 7 km for the HSR. Merlin software processes, analyses and records 

the radar information (Brabant and Jacques, 2010). 
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Fig. 1.  
Different Versions of Merlin Aircraft Birdstrike Avoidance Radars   

Source: DeTeact site: <http://www.detect-inc.com/DeTect%20info%20-%20wind/Technical_Data_Sheet_-

_MERLIN_Bird_Radars_%20Wind_models_1205.pdf> 

 

Lately Accipiter Avian Radar became very popular for its efficancy and flexibility in use. It can detect and track birds 

in the vicinity of an airport to within one meter and 2.5 seconds of their actual position. Accipiter has developed an 

advanced dish that provides unmatched 3-D surveillance. For a multi-transceiver system, an antenna rotates horizontally 

while a second antenna spins vertically (Watson, 2009).  
Is radar going to be used for tracking birds and which model will be chosen for this purpose depend on multiple 

elements like airport characteristics, level of bird strike risk and funds available. Table 1 shows some of radar model 

being used for this purpose with their main characteristics and average costs.  

 

Table 1  

Different Models of Contemporary Radar Being Used for Bird Tracking  

Bird radar model  
Range for detecting 

birds (max) 

Characteristics   Price  

High-resolution marine 

surveillance radar 
14 km  

X-band and S-band 

version 

Not available  

Accipiter Avian Radar 20 km 
Mobile or fixed version $200,000 to $1 million per 

airport 

WSR-88D 120 km (75 miles) Two operational modes  $5,000,000 each unit 

 

2.3. Devices for dispersing birds 

 
Devices for dispersing birds is group of devices that is used for temporary eliminating birds from the critical area, this 

devices in basic aren’t lethal but in certain cases could become deadly. Devices for dispersing birds are guns, laser guns, 

speakers, repellers that emit ultrasonic waves, scarecrows, trained predators…  Sound devices are often used for this 

purpose, numerous models are in use worldwide with different swapping frequencies and sound that mustn’t been 

disturbing for people. Contemporary measures also include modern repellents which generate ultrasonic waves and   

with automatically varied frequency. Nowadays mostly solar powered ultrasonic repellents are being used in different 

areas, from agriculture to air transport. Ultrasonic Bird Repeller Detection belongs to this group of measures, producing 

an ultrasound of 118dB, on the average will cover a distance of 45.02 2m  while the 23.98W with an ultrasound of 

123dB will cover a distance of 232.26 2m  when placed on the elevation of 0.78m but when placed on the elevation of 

1.86m, their average area coverage will be 175.83 2m and 429.53 2m (Figure 2). About 5-6 pieces of the 23.98W de 

vice will be needed to cover a hectare sized field (Ezeonu et al., 2012). 
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Fig. 2.  
Scheme of the Ultrasonic Bird Repeller System and its Elements   

Source: <http://www.copybook.com/airport/companies/scaringbirdscom/articles/birdbuzzer-ultrasonic-bird-repeller> 

 

Bird Gard Super Pro Amp is another device used for bird problem mainly in agriculture and at airports which cover a 

larger territory, even up to 25 acres (Figure 3). It consists of 20 speakers that change the sound every 6 minutes. The 

device is able to broadcast sound in the range of 125 decibels. The power supply is a solar device is resistant to all 

weather conditions. Bird Gard Super Pro Amp is mainly used in Australia (Djordjevic, 2012). 

 
Fig. 3.  
Bird Gard Super Pro Amp Dispersing Device 

Source:< http://www.birdcontrolpro.com/bird_gard_super_pro_amp.htm > 

 

Beside audio, devices with visual effect are also used and their effect varies on bird spices. It has been found that the 

use of lights at night in high rise buildings can significantly increase the likelihood of nighttime migratory fatalities. 

Light apparently causes disorientation and attracts birds to structures resulting in impact and death.  

39



 

Table 1  

Different Models of Contemporary Bird Dispersing Devices  

Model bird 

dispersing device  

Range for 

detecting birds 

(max) 

Characteristics   Price  

QuadBlaster QB-4 6 500 sq. ft.  Bird repeller designed for indoor and semi-enclosed use $556.75 

Ultrason X 3 600 sq. ft. 
Ultrasonic (silent-to-humans) bird repeller designed for 

outdoor use or in semi-enclosed areas  

$670 

BroadBand PRO 6 acres 
Both sonic & ultrasonic bird repeller, option to include 3 

visual scares. 

$725 

Super QuadBlaster 
QB-4 

6 500 sq. ft. 
Ultrasonic pest bird repeller + flashing strobe light is a multi-

sensory attack  
$670 

Bird Gard Super pro 

Amp 

25 acres (10 

hectares) 

Fully programmable, with adjustments for volume, specific 

sound combinations, daylight, night, or 24-hour operation. 

3300 

Euro 

Source:< http://www.bird-x.com/ultrasonic-bird-control-pages-103.php> and <http://www.sperietori.ro/en/produs/95-

bird-gard-super-pro-amp> 

 

2.4. Chemical aids  

 

Chemical aids include all chemical substances which purpose is eliminating birds or food for birds in the airport area. 

Chemicals are divided in two groups: lethal and non-lethal. Lethal method is very effective but also very controversial 

due to environmental changes and problem with endangered spices. Chemicals are the cheapest of all previously 

mentioned measures.  Areas with endangered spices must be extra cautious because lethal measures are forbidden. The 

most common example of using this method is using chemicals to eliminate insects after digging land due to 
infrastructural changes on the airport. In that way bird will lose food source and inters in airport area. 

Non-lethal measures are known as chemical repellents and would evoke two kinds of behavior: first is bird reflective 

withdrawal or escape due to taste, odor, and irritation; second group of non-lethal measures is causing psychological 

effect and illness. There is variation on behavior between different spices, for example this method has stronger effect 

on mammals then on birds, also different birds spices react differently to chemicals. The number of chemical bird 

repellents is limited, only two are registered for use in the United States: methyl anthranilate and anthraquinone. Methyl 

anthranilate is a primary repellent that produces an immediate unpleasant sensation that is reflexive and does not have 

to be learned. As such it is most effective for transient populations of birds Methyl anthranilate has been used with great 

success at rapidly dispersing. Anthraquinone is a secondary repellent that has a gastronomic effect that is not 

instantaneous (Clark and Avery, 2013). 

 

3. Costs caused by bird strikes  
 

Because of its complexity estimating of total costs caused by bird strikes in the air transport is very challenging. This 

kind of costs are far from the bird strike damage costs, that are often interpreted as bird strike costs. According to bird 

Strike committee USA bird and other wildlife strikes cause more than $650 million in damage to US civil and military 

aviation annually. In addition, bird strikes put the lives of crew members and passengers at risk — more than 200 

people have been killed worldwide as a result of wildlife strikes since 1988 (Nicholson and Reed, 2011). In most cases 

bird strikes would cause negligible or minor damage to the airplane and flight will continue without disruptions. 

Sometimes pilots wouldn’t even notice that the bird strike has occurred and strike was discovered at regular airplane 

technical service.  

For creating image of bird strike costs a few questions have to be answered like: How often bird strike happens? What 

is severity/damage of strike? What are effects on the flight? 
How often do bird strikes occur? 

Bird strikes are daily events but not all of them have the same effect or cause the same costs. In order to prevent this 

kind of events predicting them is the key of the problem. Per FAA There have been about 142,000 wildlife strikes with 

civil aircraft in USA between 1990 and 2013 (about 11,000 strikes at 650 airports in 2013). It needs to be acknowledged 

that probability of bird strike is not constant during whole flight.  Take off/climb and decent/landing are the most 

endangered flight phases and the great majority of strikes happened during this phases, cursing flights level are too high 

and bird’s presence is extremely rare therefore bird strike during this phase is unlike to happen but it is not impossible. 

It is difficult to estimate exact number of strikes because not all of them are reported. Although bird strikes are daily 

events, accidents with major damage and human loses caused by these events are not that often. On the average, aircraft 

crashes every eighteen months as a result of a bird strike related incident (Thomas, 1990). 

What is severity/damage of strike? 

Level of damage caused by bird strike depends on multiple factors like mass of the bird, angle of the impact, matter 
density, material type and part that suffered the strike.  It is clear that exposed parts are the most endangered. Per 

Boeing three-quarters of bird strikes involve the wing or engines. Engines on the most popular models of large jets, 

such as the Boeing 737 and the Airbus A320, are not certified to withstand an impact with birds larger than four pounds 
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(Dukiya and Gahlot, 2013). Repair actions would be taken based on damage degree, if bird strike was not detected 

during flight servicing will take place during regular technical checks. Engine, as the most vulnerable part of the 

airplane, beside enormous influence on the safety is giving one more problem - its repair is extremely expensive. Repair 

of one engine could cost up to few million dollars. 

 
Fig. 4.  
Locations of Bird-Strike Damage 

Source:(Nicholson and Reed, 2011) 

 

What are effects on the flight? 

Bird strike effect on flight greatly depends on part of the airplane that suffered impact. Roughly based on part that 

suffered impact expected effects are: engine – loss of thrust; windshield – decompression or visibility decreasing; tail – 

decreasing of stability and maneuverability. As mentioned before not all of the bird strike will have influence on the 

flight, in most cases flight will be finished without any problems. Expect repair of the damage caused by bird strike and 

costs of repair material, airplane withdrawal from the traffic and maintenance staff working hours costs there also other 
bird strike related costs. Collision with bird might require immediate grounding which will lead to flight delay or 

cancellation and costs that follow this events, also company reputation will be questioned as well as passenger decision 

to chose same company again. 

 

4. Preventing bird strikes model and costs   

 

Developing model for preventing bird strikes at airports requires analysis of all bird spices that inhabit area and all other 

biodiversity and biological characteristics of certain area characteristics. Based on analysis airport must be classified 

into one of following categories: 

 Areas with high risk – areas rich with water, insects, migration paths, farms;   

 Areas with middle risk – ordinary areas without extra elements that attract birds;   

 Areas with low risk – drought and desert areas.   

 

In certain cases area could temporary become very attractive to birds and cases like that require immediate short term 

actions to remove elements that attract birds which means that presence of temporary activities on the airport must be 

included in the analysis. The most common case that requires temporary actions is land excavation which is leading to 

insect’s presence on the surface.  

After airport classification, possible modifications should be considered. This modifications could be minor like 

installing safety nets but in some situations extensive transition actions are required with multiple subjects included. 

Large modifications are always very expensive and no matter if other measures are applied or not  this activities are 

classified as large investments with high costs.  

Except mentioned area adaptations other contemporary technical devices could be used individually or in combination 

with other devices. Which of this masseurs will be applied depends on first step and analyze of bio-characteristics and 
bird species features. Basically using dispersing, monitoring and chemical aids is considered as medium investment 

with medium or low costs but in certain cases modern equipment with multiple functions or combination of few 

measures could be very expensive and considered as large investment. After terrain modifications and/or technical 

equipment installation results of implementation must be monitored and evaluated. In case results are unsatisfactory 

process must be repeated.  
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Fig. 5.  

Process of Applying Measures for Mitigating Bird Strike Based on Analyze and Airport Assessment  

 

5. Discussion and conclusion   
 

Worldwide expansion both air traffic and birds population is requiring more effective and creative solutions for this 

problem. Fact that there is no universal solution complicates problem even more. Impact on air traffic safety and 
enormous costs caused by this problem just confirm that bird strike phenomenon must not be ignored. Complete 

elimination of this risk is ruled out as an option, this risk is ever present and it is possible only to mitigate it.    

In conditions of difficult economy terms and high competition additional bird strike costs are undesirable and 

companies can't afford expensive repairs, delays, cancelations and airplane withdrawal. Except this costs, there is whole 

other group of costs which amount is almost impossible to estimate, that costs are costs of lost demand, passengers 

dissatisfaction, influence on company reputation and modal split. On the other hand managing bird strike risk could be 

very expensive and overcome airport available budget for this purpose and assistance of other organizations might be 

needed.  

Bird strike management should not be considered as short term project, it is non-stop process. Even if airport is 

evaluated as bird strike safe area or applied measures gave desired results, that is not point where process ends; constant 

monitoring and regular reevaluations are required to make sure that there are no new circumstances and that airport 
maintains safe.  
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Abstract: A missed approach (otherwise known as a go-around) is a part of an instrument approach procedure. It is a maneuver 

conducted by crew when an instrument approach procedure cannot be completed to a landing.  

Main objectives of the study: 

 To measure the performance of flight crew performing unexpected go-arounds and the number of errors made. (In a 

simulated environment) 

Sub-objectives of the study: 

 To determine whether a co-relation exists between the occurrence of error and the number of missed approaches carried 

out. 

 To evaluate the severity of the errors. 

A standardized grading system was used to measure the errors observed, the grading system was adapted from the grading system 

adopted by the airline industry currently. Constraints were imposed on the crew (weather) to observe the effects of external stress 

factors on crew performance. 15 sets of crew were tested from Feb 14 to July14 on 3 types of aircraft, B-777, B-787 and A-320 (full 

flight six axis simulators). 

 

Keywords: go-arounds, mis-managed go-arounds, undesired aircraft state during a missed approach, performance errors. 

 

1. Introduction 

 

A missed approach (otherwise known as a go-around) is a part of an instrument approach procedure, it is a manoeuvre 

conducted by a pilot, when an instrument approach cannot be completed to a landing. This could be due to a variety of 

reasons, but the most likely reasons for a missed approach are, ATC (Air Traffic Control) or the meteorological 

conditions existing at the time of the approach. Flight crew errors are considered to be the primary factor in seventy 

percent of approach and landing incidents/ accidents. Studies have shown that the errors tend to be of a cognitive 

nature, among others they tend to be errors of judgment and errors caused due to a loss of situational awareness. 

 Due to the fact that go-arounds are an uncommon manoeuvre for most pilots, the hypothesis was that errors would 

increase with every missed approach or go-around that is carried out. A study was conducted to observe the 

performance of flight crew performing unexpected go-arounds, and determine whether a correlation exists between the 

occurrence of errors, and the number of missed approaches the crew carried out.  

 

2. Study 

 

A Scenario in a simulated environment was created to allow the pilots to fly from point A to point B. 

The fuel provided to the crew was sufficient to carry out a maximum of four approaches.  

15 sets of crew (a total of 30 pilots) were used in the study; their age group ranged from 24 years to 60 years and their 

flying experience ranged from 700 hours to 18,000 hours. All the participants were male and type-rated and current on 

the aircraft they were being observed on. 

All 15 sets of crew attempted two approaches and two go-arounds or missed approaches. 7 sets of crew attempted a 

third approach and a go-around before a diversion was considered.  

 

2.1. Grading and evaluation of the crew’s performance 

 

The sessions were observed and graded according to a set of performance indicators and competencies. A competency 

is commonly defined as a combination of the knowledge, skills and attitude needed to perform a task according to a 

prescribed standard. A three-point scale (1= poor performance, 2=acceptable performance, 3=ideal performance) was 

used for the study. 

The data collected was classified according to the following performance markers: 

1 (Technical) Automation 

2 Procedures 

3 Knowledge 

4 Communication 

5 Decision-making 

6 Situation awareness  

7 Workload management (Non-technical). 
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While the evaluation of the Technical markers (Automation, Procedures and Knowledge) is relatively straightforward, 

the non-technical markers present more of a challenge. In order to remove any bias and subjectivity on the part of the 

observer, the grading criteria is based on the NOTECHS system created by the European Air and Space Agency 

(EASA, formerly known as JAA), and further explained by Flin 2003, pp. 95 – 117): 

“Five operational principles were established to ensure that each crewmember receives as fair and as objective an 

assessment as possible with the NOTECHS system.  

1. Only observable behaviour is to be assessed - The evaluation must exclude reference to a crewmember’s personality 

or emotional attitude and should be based only on observable behaviour. Behavioural markers were designed to 

support an objective judgement.  

2. Need for technical consequence - For a pilot’s non-technical skills to be rated as unacceptable, flight safety must be 

actually (or potentially) compromised. This requires a related objective technical consequence.” 

 

2.2. Analysis of simulator observations  

 

The observations can be looked at in two ways, the occurrence of errors per crew, and the number of actual errors.  

Occurrence of errors: while some crew made a few errors on the 1
st
 attempt - 3 out of 15 made errors (20%) the other 

12 were error free, the errors increased as the crew undertook more approaches. The errors increased to 8 sets of crew 

out of 15 on the 2
nd

 approach (53%), and on the 3
rd

 attempt every single set of crew that attempted an approach made an 

error 7 sets of crew out of 7 (100%). It is important to note here that two crews who were totally error-free did not 

attempt the third approach. 

Number of errors: for the number of errors the author looked at the data set as a whole to gauge the total number of 

errors possible. Given that there were 15 sets of crew and they were graded according to 7 markers, this allowed for a 

possibility of a total 105 errors. On the 1
st
 attempt by all the crew a total of 4 errors were observed out of a total of 105 

possible errors (3.8%), on the 2
nd

 attempt a total of 16 errors were observed out of a total of 105 possible errors 

(15.23%). On the 3
rd

 attempt however only 7 sets of crew attempted approaches and subsequent missed approaches so 

the maximum amounts of possible errors were 49, out of which a total of 15 errors were observed (30.6%) 

 

Occurrence of error rating 1 (most severe error) 

The author then looked at where errors occurred. It was found that which each approach as the stress of making a 

landing increased, the crew was committing more errors, with the majority being in decision making and situation 

awareness. For example, attempting to accomplish a landing with the tailwind component greater than 15kts, or actually 

going below the decision height and making a landing. On the first approach no errors on decision-making were 

observed. 

The following charts were created from the data collected. 

 

 
Fig. 1.  
Occurrence of rating 1 (poorest rating) by type of error marker 

 

This can be seen more clearly when we look at the charts for Rating 1 (Fig. 2) and Rating 3 (Fig. 3) separately: 
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Fig. 2.  
Percentage of occurrence of error rating 1 (poorest) across all attempts 

 

 
Fig. 3.  
Percentage of occurrence of error rating 3 (best) across all attempts 

 

3. Implications of mismanaged go-arounds in the aviation industry 

 

This incident above shows the threat that mismanaged go-arounds can pose to flight safety. A degradation of situational 

awareness on the part of the crew almost led to an undesired aircraft state. As the research conducted demonstrates the 

errors increased with each subsequent go-around. As noted in the result section not only did the incident of errors 

increase on each subsequent go-arounds but the number of errors also showed a steep increase. Given the published 

statistic (Weigmann and Shappell 2003) that 70 to 80% of all aviation accidents are caused by human error it is 

therefore of vital importance to identify where these errors occur and take steps to reduce the possibility of their 

occurrence.  

The hypothesis of this study was that human errors would increase with every missed approach or go-around that is 

carried out. This study clearly shows that mismanaged go-arounds are a potential source of error. 

 

Objective Outcome 

To measure the performance of flight crew 

performing unexpected go-arounds and the 

number of errors made 

It was noted that errors did occur when flight 

crews had to perform a go around. These 

increased with each subsequent attempt. 

On the first attempt 20% of the flight crews made 

errors in at least one performance marker. This 

increased to 53% on the second attempt and 100% 
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(in at least one performance marker) on the third 

attempt. 

To determine whether a correlation exists 

between the occurrence of errors and the number 

of missed approaches the crew carries out 

There was a noted degradation in performance 

with each unexpected go-around. In addition to 

the occurrence of errors increasing, the number of 

these errors also increased. On the 1
st
 attempt by 

all the crew a total of 4 errors were observed out 

of a total of 105 possible errors(3.8%), on the 2
nd

 

attempt a total of 16 errors were observed out of a 

total of 105 possible errors (15.23%). On the 3
rd

 

attempt however only 7 sets of crew attempted 

approaches and subsequent missed approaches so 

the maximum amounts of possible errors were 49, 

out of which a total of 15 errors were observed 

(30.6%). 

 

4. Conclusion 

 

Failing to abandon a risky approach when necessary can be disastrous, but several times in recent years go-arounds, 

formerly considered a simple maneuver, have themselves ended in disaster. Go-arounds occur between one and three 

times every 1000 flights (Flight International 29
th

 July 2014). This gives rise to a very interesting question: is it safer to 

continue and land off an unstabilized approach or carry out a go-around? According to the Flight Safety Foundation 

3.5-4% of all approaches are deemed to be unstable
2
. 

The results show strong and unambiguous support for the hypothesis, allowing the author to conclude that even though 

the research was single blinded if a more elaborate double-blinded process could be undertaken, the results would be 

similar. The results clearly show that a deficiency lies in the cognitive element of human information processing and 

not with knowledge, procedures or any of the technical elements. Sadly the current training and recurrent training 

programme’s in force at a majority of airlines worldwide do not give the airlines the flexibility to prioritize issues that 

arise from time to time. Dated regulatory requirements sadly dictate current training programme. Endorsement training 

and recurrent training syllabi concentrate on missed approaches with an engine failure but do not practice or 

recommend the practice of full power two engine missed approaches, which is where the mis-management arises. In 

fact the pilots surveyed during the BEA study felt they were more than adequately trained for single engine missed 

approaches but not for those when all engines are operating. To quote flight international “ Go-arounds are frequently 

infrequent and although they are an unexceptional procedure, that does not mean for pilots they are an everyday 

occurrence” 

Until such time as EBT or another alternate form of training allows airlines the flexibility to adjust their training 

syllabus, it is the strong recommendation of the author that airline seriously consider a limit on the amount of missed 

approaches that a flight crew can accomplish and only attempt a 2
nd

 or 3
rd

 approach if the weather improves 

substantially. 
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Abstract: The aim of this paper is to determine the influence of aircraft performance degradation on necessary take-off field length. 

In this paper, the methodology of determination of required field length for aircraft take-off is presented. In order to determine the 

influence of aircraft performance degradation on required take-off field length, it is necessary to calculate the approximated values of 

aircraft lift and drag coefficients. After calculating aircraft lift and drag coefficient values, an equation of required lift-off field length 

is implemented. In order to solve the above mentioned equation, it is necessary to make some assumptions of constant values in 

equation such as air density, runway friction, aircraft mass and the runway length required to lift-off. These values can be measured 

in exploitation of an aircraft in real conditions and recalculate the runway length required. During model evaluation, authors 

concluded that required field length for lift-off and take-off is increasing with aircraft drag increase which has a great influence on air 

traffic safety, especially in a situation where aircraft experiences engine failure during takeoff. In order to maintain high level of air 

traffic safety, authors proposed several actions that need to be implemented in aircraft exploitation process. The influence of the 

aircraft performance degradation on required take-off field length has never been analyzed before, although there is a possibility to 

implement this particular methodology in the aviation industry in a practical manner. 

 
Keywords: aircraft, safety, performance, drag, performance degradation. 

 

1. Introduction 

 

In aviation, the most critical phases of flight in terms of aircraft safety are considered to be take - off and landing phases 

(Čavka et al., 2014; Čokorilo et al., 2010; Čokorilo et al., 2011; Čokorilo et al., 2014). Safety reports from The 

European Aviation Safety Agency (EASA) indicate that about 44% of aircraft accidents occur during runway 

operations, ground operations, approach and initial climb and as a consequence of controlled flight into terrain (EASA, 

2015). For this reason, it is necessary to pay special attention during the process of analysing and calculating aircraft 

performance parameters in these critical phases of flight. This issue is of particular interest because, in practice, the 

degradation of the performance characteristics of an aircraft during exploitation process is often neglected and 

overlooked. During research process, authors have found that previous researches on this particular topic were primary 

focused on performance degradation of aircraft and its elements related to aircraft reliability and effectiveness and not 

as an issue related to aircraft exploitation quality or aircraft safety during flight. The aim of this paper is to analyse the 

influence of aircraft performance degradation of aircraft safety during take-off operations. Given the fact that the 

degradation of aircraft performance mainly reflects in an increase in aircraft drag, it is necessary to perform a detail 

analysis of influence of aircraft drag increase on required take-off field length and the influence of aircraft drag increase 

on characteristic values of flight parameters at this flight phase such as v1 decision speed, aircraft pitch rotation speed 

vr, and the take-off safety speed v2 (Cavcar et al., 2004). It is particularly interesting to analyse the issues related to the 

required accelerate and stop distance. It is necessary to perform a detailed analysis of aircraft performance in the event 

of one engine failure during take-off and initial climb (Ford, 1998). 

In the second chapter of this paper, the mathematical model of aircraft performance degradation influence on required 

take-off field length is presented. In the first and second section of this chapter, methodology of gathering data of 

interest is presented. By usage of airliners intern documents such as Flight Crew Operating Manual (FCOM), authors 

calculated necessary data for proper model formulation. Aircraft performance data necessary for the formulation of the 

mathematical model of aircraft drag increase influence on required take-off field length were gathered from FCOM 

published by national flag carrier Air Serbia, for aircraft Airbus A319/320 which operates in Air Serbia fleet (Air 

Serbia, 2011). By usage of aircraft performance take-off charts (RTOW), authors determined the mathematical function 

of required take-off field length increase with the increase of aircraft drag. In this particular case, the model has been 

made for the case of take-off from Paris Orly airport from runway 08. In order to make required take-off runway length 

estimations for certain airport it is necessary to use the data from valid RTOW chart of airport for which the estimation 

is made. 

In the third section of the second chapter, the model results are presented and discussed. During model evaluation, the 

authors noticed several potential hazardous situations which can occur as a consequence of aircraft drag increase which 

are also discussed in this chapter. At end of this chapter, authors proposed several actions that need to be implemented 

in order to decrease the negative influence of aircraft performance degradation on aircraft safety. In the final chapter of 

this paper, concluding remarks are presented. 

  

2. The model 

 

The method of estimating the influence of aircraft performance degradation on required take-off field length is 

presented for an aircraft Airbus A319-100, but can be determined for every other aircraft. In order to define the model 
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with top precision possible, it is necessary to define the gathering process of input data. The aircraft take-off 

performance data is published by aircraft manufacturer in FCOM in take-off section. The first step in model 

formulation is the estimation of aircraft lift and drag coefficients. In this case, the lift and drag coefficients are estimated 

for entire aircraft and not for its components separately. 

 

2.1. Aircraft lift coefficient calculation 

 

Aircraft lift coefficient calculation is a complex problem because the forces acting on aircraft are variable which leads 

to a conclusion that lift equation should be a differential equation. However, in this particular case, problem can be 

solved without usage of differential equations. Since aircraft lift coefficient describes aircraft aerodynamic 

characteristics and its position in airflow, it is possible to determine a moment of time during aircraft take-off process 

when it is possible to calculate aircraft lift coefficient value. The problem can be solved by usage of this methodology 

because the lift coefficient values are of no interest during aircraft ground roll. The first equation which can be used for 

aircraft lift coefficient calculation is the basic equation for calculation of lift coefficient of an aircraft with constant 

speed and height in certain flight level, as it is shown in (eq.1), 

 𝑚𝑔 =
1

2
𝜌𝑣2𝑆𝐶𝑙 (1) 

 

Where m is aircraft mass, g is Earth’s gravity, ρ is outside air density, v is aircraft velocity, S is effective wing surface 

and Cl is lift coefficient. Equation (1) obviously cannot be used in this form for several reasons. First reason is that 

aircraft accelerates during take - off therefore speed is not a constant value. Second reason is that effective aircraft wing 

surface (S) and aircraft lift coefficient (Cl) are not same for different flaps and slats positions and third, the outside air 

density varies for different air temperature and pressure values. In order to calculate aircraft lift coefficient by using the 

equation (1) it is necessary to apply several corrections. Outside air density can be approximated with usage of outside 

air temperature (OAT) and pressure which both can be measured. Aircraft take-off parameters are published by aircraft 

manufacturer in RTOW charts for different values of OAT (Fig. 1.). 

 

 
Fig. 1.  
Paris Orly Airport RTOW Chart 

Source: (AirSerbia) 

 

Airport RTOW charts are calculated for every airport where certain airliner operates. It consists of general data such as 

aircraft engine type, airport elevation, take-off runway, runway surface condition and environmental data. This general 

data define which chart shall be used in take-off performance calculation. Relevant data used in model formulation is 

Operational Take-Off Mass (OTOM), decision speed (v1) rotation speed (vr) and safety speed (v2). This relevant data is 

calculated and presented for different OAT values, flaps configurations and wind. For example, For OAT equals to 

13°C, flaps configuration 2 and wind 0kt, OTOM equals to 81.4t, v1 equals to 156kt, vr equals to 156kt and v2 equals to 

161kt. Outside air density can be calculated from International Standard Atmosphere (ISA) tables (REF). 

Effective wing surface and lift coefficient influence can be approximated with usage of sets of data points for different 

flaps configuration (Table 1, Fig.1).  
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Table 1  

Airbus A319-100 flaps and slats configurations 

Configuration Flaps (°) Slats(°) 

0 0 0 

1+F 10 18 

2 15 22 

3 20 22 

Source: (A318/319/320/32 FCOM, AirSerbia) 

 

In order to estimate the aircraft lift coefficient value, it is necessary to formulate the first moment of time during aircraft 

take-off roll where lift coefficient can be calculated. This methodology provides certain speed value which can be used 

in equation (1) in order to produce approximated lift coefficient value. During aircraft take-off acceleration, lift force 

grows, and in moment when aircraft lifts off, lift force is equal to aircraft weight. This moment is called lift-off moment 

and aircraft speed in this particular moment is named lift-off speed (vloff). Lift-off speed can be approximated to be 10% 

greater than rotate speed. After defining input data, equation (1) can be formulated for aircraft take-off condition (eq. 

2). 

 𝑂𝑇𝑂𝑀 ∙ 𝑔 =
1

2
𝜌𝑣𝑙𝑜𝑓𝑓

2𝑆𝐶𝑙 (2) 

 

Utilization of equation (2), produces the aircraft lift coefficient values for different flaps settings. Since aircraft lift 

coefficient presents the measure of aerodynamic characteristics of an aircraft it can be determined for each take-off 

flaps configuration separately. For purposes of this model, we assume that take off runway is runway 08 on Paris Orly 

airport, ISA conditions, no wind and greatest aircraft mass possible which is OTOM. Since airport elevation equals to 

277ft, in ISA conditions, OAT equals to 14°C. Outside air density can be calculated from ISA tables for determined 

OAT. In order to calculate OTOM and v speeds for different flaps configurations, it is necessary to interpolate between 

values for OAT equals to 13°C and OAT equals to 23°C, because there are no data for OAT equals 14°C in RTOW chart 

(Fig.1). Interpolated values of OTOM, v1, vr and v2 are calculated and presented (Table 2).  

 

Table 2  

Interpolated values of OTOM, v1, vr and v2 for different flaps configurations 

Configuration OTOM(t) v1 (kt) vr (kt) v2 (kt) 

1+F 81.13 158.7 158.7 159.8 

2 81.34 155.8 155.8 160.8 

3 81.55 158.7 158.7 160.8 

 

After calculating and gathering all relevant data, lift coefficient values can be calculated by usage of equation (2). For 

OAT equals to 14°C, outside air density in ISA conditions equal to 1.212kg/m
3
, vloff is, as previously stated, equal to 1.1 

times vr which are already calculated (Table 2) and aircraft effective wing surface equals to 122.8m
2
 (Airbus, 2015). For 

previously stated condition, lift coefficients equal to 1.319166 for flaps configuration 1+F, 1.372275 for flaps 

configuration 2 and 1.325995 for flaps configuration 3. High values of aircraft lift coefficient can be explained through 

great angle of attack during lift off and extended flaps and slats (Fillipone, 2008).  

 

2.2. Aircraft drag coefficient calculation 

 

Aircraft drag estimation is even more complex than lift estimation. Aircraft manufacturers rarely publish precise data 

regarded to engine power settings and aircraft drag. In this part of paper, the unique take off model, which can be used 

for different flaps /throttle setting in take-off performance calculation, is presented. The aerodynamic and engine data 

for this model is imported from FCOM published by aircraft manufacturer. In order to estimate aircraft drag coefficient, 

it is necessary do apply certain assumptions. Centre of gravity position does not have influence on drag value obtained 

from low speed polar. The aircraft take off mass change is small. We assume that aircraft mass during take-off is 

constant. Environmental conditions are ISA conditions, aircraft takes off from dry runway, no wind and no runway 

slope. Aircraft drag coefficient can be calculated from the distance required for acceleration during take-off equation. 

Distance to accelerate to rotate speed from v=0 is calculated by utilization of eq. 3 (Mirosavljević et al., 2010). 

 
1 =

1

2𝑔
∫

𝑑𝑣

𝑇𝑛

𝐺
− 𝜇 − (

𝑣
𝑣𝑟𝑜𝑡

)
2

(
𝐶𝑑

𝐶𝑙
− 𝜇)

𝑣𝑟𝑜𝑡

0

 (3) 

 

By usage of Wolfram Mathematica® 7.0 software, a feasible solution of eq. 3 is obtained by eq. 4. 

 

𝐿1 =
1

𝑔
(−

−𝐶𝑙 ∙ 𝑣𝑟𝑜𝑡
2 ∙ 𝑙𝑜𝑔[𝐶; ∙ |𝐺 ∙ 𝜇 − 𝑇𝑛| ∙ 𝑣𝑟𝑜𝑡

2] + 𝐶𝑙 ∙ 𝑣𝑟𝑜𝑡
2 ∙ 𝑙𝑜𝑔[|𝐶𝑙 ∙ 𝐺 − 𝐶𝑙 ∙ 𝑇𝑛| ∙ 𝑣𝑟𝑜𝑡

2]

2(𝐶𝑑 − 𝐶𝑙𝜇)
) (4) 
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In eq. 4, G is aircraft weight, Tn is take-off net thrust for both engines in kN, μ is runway friction coefficient, Cd is 

aircraft drag coefficient and L1 is required take-off distance. The (eq. 4) can be utilized for aircraft drag coefficient 

calculation because there is no significant difference in aircraft position in airflow from the point of rotation to the point 

of aircraft lift-off. Engines net thrust in this particular case is assumed to be maximum take-off thrust of an engine type 

IAE V2500-A1, which can be read from RTOW chart (Fig.1.) and Engine Performance Section in FCOM. Since there 

are two unknown variables in equation (4), which are aircraft drag coefficient Cd and distance required for aircraft to 

accelerate from v=o to vr, it is necessary to assume the distance necessary for acceleration.  

For the purposes of this model, it is assumed that aircraft needs 70% of Take-Off Runway Available (TORA) to achieve 

vr speed. This data can easily be measured in exploitation and the model can be easily adjusted for the certain aircraft of 

interest for analysis. Runway friction coefficient can also be measured on the take-off runway. Therefore, with 

gathering input data process finished, it is possible to calculate aircraft drag coefficients for different flaps settings. 

For the purpose of model validation, aircraft drag coefficients have been calculated for ISA conditions, dry runway and 

runway friction coefficient equal to 0.02, OTOM, OAT equal to 14°C, Maximum Net Take-Off thrust equal to 102480N 

per engine and distance to accelerate to rotate speed from v=0 equal to 2324m which is 70% of available runway 08 

length on Paris Orly airport. For previously stated conditions calculated aircraft drag coefficient for flaps configuration 

1+F equals to 0.231351, for flaps configuration 2 equals to 0.249037 and for flaps configuration 3 equals to 0.229921. 

Estimated drag values for different flaps configuration are greater than usual values due to extended flaps.  

 

2.3. Aircraft performance degradation influence analysis 
 

In this section of the paper, the analysis of aircraft drag increase on required take-off field length is presented. After 

determination of aircraft lift and drag coefficients, it is possible to perform aircraft drag variation in order to estimate its 

influence on distance required for aircraft acceleration from v equals to 0 to vr. The aircraft drag values are increased to 

15% total with increment 0.5%. For different flaps configuration, the influence of aircraft drag increase on required 

take-off field length is determined by calculating each point separately (4). After calculating sets of data points it is 

possible to graphically present the results (Fig.2.). 

 

 
Fig. 2.  
Deviation of required runway length for achieving vr (ΔL1) with aircraft drag increase (ΔCd) 

 

After determining sets of data points it is possible to determine the fitting functions for each flaps configuration by 

usage Microsoft Excel® software. The fitting functions are quadratic equations with determination coefficients values 

close to 1. The fitting function of aircraft drag increase influence on required runway distance to achieve vr for flaps 

configuration 1+F is named L1corr1+F (5), for flaps configuration 2 is named L1corr2 (6) and for flaps configuration 3 is 

named L1corr3 (7). 

 𝐿1𝑐𝑜𝑟𝑟 1+𝐹 = 3955.1 ∙ 𝛥𝐶𝑥
2 + 1965.8 ∙ 𝛥𝐶𝑥 + 2325 (5) 

 𝐿1𝑐𝑜𝑟𝑟 2 = 5207.9 ∙ 𝛥𝐶𝑥
2 + 2149.7 ∙ 𝛥𝐶𝑥 + 2325.5 (6) 

 𝐿1𝑐𝑜𝑟𝑟 3 = 3787.4 ∙ 𝛥𝐶𝑥
2 + 1397 ∙ 𝛥𝐶𝑥 + 2325 (7) 

 

Previously stated equations indicate that required take-off runway length increases with aircraft drag increase. This 

practically means that aircraft needs greater runway length for take-off than calculated by usage of FCOM which leads 

to a conclusion that safety of an aircraft and its passengers can be compromised if aircraft performance degradation is 

not analysed. Required take-off runway length increase has direct influence on initial climb gradient which leads to a 

conclusion that there is probability that aircraft won’t be able to achieve minimum obstacle clearance altitude. On the 

other hand, greater aerodynamic drag value leads to less quantity of available engine thrust which leads to decreased 
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airspeed values. Decreased airspeed values have direct influence on aircrafts safety, especially in cases when airspeed is 

close to stall speed.  

Since rotate speed vr and decision speed v1 are in most cases equal, this particular analysis can be implemented in 

situations when one engine fails during take-off process. Aircraft drag increase, increases the runway length necessary 

to achieve decision speed. This leads to a conclusion that aircraft has less runway length available to perform full stop 

after one engine failure. Even if pilot performs full braking, it is questionable that aircraft can perform full stop before 

the end of runway.  

In a situation when pilot decides to continue take-off after one engine failure, initial climb gradient with one engine 

inoperative has less value than climb gradient with all engines operative which leads to a conclusion that there is 

probability that aircraft won’t be able to achieve minimum obstacle clearance altitude during initial climb.  

Previously stated facts indicate that aircrafts safety will be compromised if aircrafts performance degradation exceeds 

certain calculated limits. For this reason, in order to maintain aircraft safety on a satisfactory level, it is necessary to 

perform detail analysis of performance degradation for each aircraft in fleet with data gathered from real aircraft flights. 

This methodology allows operator to calculate real aircraft performance and prevent aircraft safety endangerment.  

 

3. Conclusion  

 

Aircraft performance degradation has negative influence on aircraft exploitation quality in several different manners. In 

order to overcome additional drag, which is consequence of ageing aircraft and its exploitation, it is necessary to 

generate additional thrust which reduces excess thrust margin. In flight regimes where engine runs close to its full 

potential, aircraft performance degradation can lead to loss of airspeed due to lack of excess thrust. Additional thrust 

generation leads to increased fuel consumption which leads to greater exploitation costs. Additional fuel necessary to 

overcome aircraft performance degradation issue, reduces maximum payload which has direct influence on income. 

Aircraft performance degradation has direct impact on aircraft safety. Increased drag increases required runway take-off 

length and decreases climb gradients of an aircraft in cases of all engines operative and one engine inoperative. 

Increased drag increases fuel consumption which is also a safety issue. 

Beside safety issues caused by aircraft performance degradation, it is necessary to mention operational issues caused by 

performance degradation. Operational issues caused by negative influence of aircraft performance degradation are 

technical delays, return to ramp or aborted take-off which can lead to operational disruption of flights schedule and loss 

of income in case of cancelled flights. 

The impact of aircraft performance degradation on the safety of aircraft operations can be reduced by creating adequate 

procedures, by performing revisions of flight operations manual on the basis of data collected from practice, adequate 

training of staff which handle the aircraft, equipment and other systems that are in contact with the aircraft as well as 

staff training for emergency cases. Constant monitoring of the degradation of aircraft performance helps optimize the 

maintenance plan of an aircraft, maintaining a high level of aircraft safety, and to perform optimization of flight 

parameters in order to reduce the aircraft exploitation costs.  
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Abstract: Is next to preventing a runway excursion also mitigating the outcome / severity of a runway excursion a cost effective 

method in reducing the risk? In the automotive industry has increasing the survivability of an accident become a voluntarily industry 

standard. Survivability enhancements in aircraft are due to weight and emission limitations very limited. However infrastructural 

mitigations at aerodromes are possible in line with current ICAO and the competent authorities guidelines. Are the investments in 

runway infrastructures that increase survivability enhancements, justified when related to potential safety benefits and the associated 

costs? Some aerodromes believe not and have non-standard runway safety area’s. This paper analysis runway overrun accidents into 

a non-standard runway end safety area, however equipped with engineered material arresting system as mitigation. These runway-

overrun accidents are analyzed and accidents costs are estimated. The accident costs consist of damage; operational; opportunity; 

injuries and the indirect safety costs. For human injuries a method is defined based on the costs of the accident injury score. At the 

same time are the costs estimated in the hypothetical case that EMAS would not have been installed. The difference, compensated for 

the worldwide installation costs, provides a cost-benefit indication. The total net savings are estimated at one Billion $. The law of 

diminishing returns poses a financial limit to limit to future runway overrun preventions. It is concluded that mitigating certain 

runways by bringing a non-standard runway end safety area either up to standard or mitigate it to an equivalent level of safety, is a 

cost effective method to reduce the risk for human life’s, injuries, property and equipment. 

 
Keywords: runway safety, RESA, EMAS, cost-benefit, ALARP overruns, excursions. 

 

1. Introduction 

 

An Airbus A340-300, landed in severe thunderstorm conditions in heavy rain, touching down approximately halfway 

down the non-grooved runway at Toronto Pearson International Airport, Ontario, Canada. The aircraft did not stop 

before the runway end and overran into a ravine. The runway did not contain a standard runway safety end (RESA). 12 

out of the 309 people on board received injuries. Impact forces and a post-impact fire destroyed the aircraft. 

What are the accidents costs now, what would these have been with a full RESA and would that have justified an 

investment in a RESA or equivalent? 

 

The EAPPRE aims at preventing runway excursions, however with close to 50% of aviation accidents and fatalities 

occurring on or near the airport a certain rest risk will always remain (BOEING Statistical summary). Figures over the 

period 2011-2014 indicate no significant drop as compared to the 1995-2008 (NLR-ATSI; FSF). Aviation traditionally 

has always successfully focused on prevention, due to the non-survivability aspect of airborne accidents. However 

ground based accidents could in principle also be survivable with the right severity reducing mitigations.  

The costs of preventing an accident (COI) rise exponentially when the chance becomes extremely low (p
acc

). The costs 

of Investment (COI) rise exponentially, while gains from investment (GFI) remain the same. Thus the return on 

investment (ROI) of only preventing measures will become negative with a decrease of the accident probability (law of 

diminishing returns). Therefore is it to be expected that the costs associated with prevention will at a moment pose 

financial limits to further increasing safety. Could reduce the severity of a ground based aviation accident be cost 

effective and thus provide an additional method in reducing the risk?  

 

{
𝐺𝐹𝐼

limpacc). 0
=> ∞𝐶𝑂𝐼} and 

(𝐺𝐹𝐼−𝐶𝑂𝐼)

𝐶𝑂𝐼
= 𝑅𝑂𝐼          (1) 

 

The costs related to a runway excursion risk could, when combined with a probability calculation, provide a solid 

motivation if investing in a RESA (or equivalent) is cost effective. This additional approach could potentially save 

human lives, reduce the number and level of injuries, save aircraft and reduce the damage to equipment and property.  

 

2. Runway overrun risk mitigation by RESA 

 

Risk is a function of Probability and Severity of an occurrence. Combining these two separate elements provides an 

indication of risk. 

 

Risk = f{𝐏𝐫𝐨𝐛𝐚𝐛𝐢𝐥𝐢𝐭𝐲|𝐒𝐞𝐯𝐞𝐫𝐢𝐭𝐲} 

 
Safety Management Systems are capable of identifying and mitigating the possibility of an occurrence. ICAO doc 9859 

describes the management flow, including identifying the hazard, the consequences and as a result the risk. The result 

of an overrun is mitigated by a RESA. The Runway End Safety Area (RESA) intends to reduce the risk of damage to an 
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aeroplane undershooting or overrunning the runway. It provides that protection up to 90 meters and as far as practicable 

up to 240 meter (code 3 or 4) or 120 meter (code 1 or 2) additional to the runway strip length of 60 meter at the runway 

end (ICAO annex 14 § 3.4-3.5). That provides thus a minimum length of 150 meters and as far as practicable 300 

meters for aircraft undershooting or overrunning the runway. Research by the FAA (1975-1987)
 
indicates that a 1000 

feet RSA is expected to stop 91% of overrunning aircraft (Dry RESA). 

 

 
Fig. 1. 

RESA & EMAS 

Source: Zodiac Arresting systems 

 

An FAA tested and approved method to compensate inadequate Runway Safety Area’s (RSA) is Engineered Material 

Arresting system (EMAS). In order to provide an equivalent level of safety for those runways not having a full RSA, 

provides Engineered Material Arresting Systems (EMAS) a unique form of overrun protection for airports. Placed at the 

end of a runway in the form of a bed that crushes under the weight of an aircraft, the EMAS decelerates the aircraft and 

brings it to a safe stop within the overrun area (70 knots entry design speed limit of most critical aircraft). It intends to 

provide an equivalent level of safety compared to a full RESA. EMAS is installed on over 100 runways world-wide and 

has successfully and safely stopped aircraft. Arrestment’s show very little or no minor damage to the arrested aircraft 

and no injured people or fatalities at all. EMAS is a generic term and is at the moment produced by four different 

manufacturers using three different techniques.  
Contracting states have agreed to follow ICAO Standards and recommended Practices (SARPS) and needed to transfer 

these into their own national laws to become effective. Here start variations in interpretations. EASA, by example, 

almost copied the ICAO text in their regulation however with a vital difference: The replacement of “shall” into 

“should”, changing an ICAO standard into a recommendation on RESA requirements. This leads to various 

interpretations and levels of safety and thus standards to be achieved. 

 

2.1. ALARP 

 

EASA Safety Risk Management (EASA NPA 2015-18(B))
 

describes As Low As Reasonably Practicable (ALARP) as 

“Showing that the safety risk is ALARP means that any further 

risk reduction is either impracticable or grossly outweighed 

by the cost”. 

 
Determining the ALARP of RESA is thus depending on the 

interpretation of aircraft operators, aerodrome operators, 

ANSP’s as well as of the interpretation of the 28 EASA 

member states. ALARP is a function of safety, practicality and financial arguments. Financial repercussions of runway 

accidents can therefore be used as a common factor in Risks. 

 

ALARP = 𝒇{Safety gain, Practibility, 𝐂𝐨𝐬𝐭𝐬} 

 

For non-standard RESA’s has EMAS the potential to reduce the runway excursion risk through specifically mitigating 

the severity aspect of a runway overruns. Analysis of cost-benefit of full RESA or EMAS provides an indication if 

runway overruns ALARP levels is cost effectively achievable. 

 

2.2. Costs  

 

2.2.1. Human 

 

Injuries. Cavka and Cokorilo (2012) provide a method of calculating the cost benefit of aircraft safety, relate direct 

safety costs (DSC) to indirect safety costs (ISC), conclude that the financial losses are lower when timely the safety risk 

The consequences of a runway excursion for an 

ANSP might be re-routing and temporarily delays; 

for an aerodrome operator could it result in the 

temporarily closure of a runway, damage to 

equipment and handling of the occurrence; whilst 

an aircraft operator could loose an aircraft, be 

faced with full passenger compensations and 

severe financial and reputational repercussions. 
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is determined and used Eurocontrol figures on injury calculations. These however do not differentiate the levels of 

injuries. The AIS Abbreviated Injury Scale (AIS) is coordinated with the medical sector and is since 1980 an accepted 

international method for trauma scoring in transport. Combining the number of injuries per AIS code with an average 

on medical treatment expenses per code would provide an indication of the injury costs per accident. Various papers on 

the costs of road traffic traumas indicate the cost for AIS (Zaloshnja, 2004; Ching-Huei). The US Economic counsil to 

the transportation Industry released in 2001 a system and figures based on the AIS. These figures are in line with other 

calculations. Costs other than Willingness To Pay (WTP) such as emergency services, medical care and legal and court 

services (excluding the costs of settlements) are to be added on an individual basis to the WTP values. Postma (2014) 

concluded that improved protocols are needed to counter the challenges of treating the sudden and large numbers of 

injuries in aviation accidents. Secondary effects to hospitals confronted with a sudden large number of victims are not 

enough taken into account yet. 

 

Fatalities. In the period 1975-2014 a total of 17.558 people died due to air crashes
 
averaging 439 people per year, 

Comparing the 4 decennia (1975-1984: 236/yr; 1985-1994: 506/yr; 1995-2004: 555/yr; 2005-2014: 459/yr) show no 

noticeable reduction in absolute numbers. However in the same period have the flown passenger kilometers quadrupled. 

It is therefore concluded that safety gain successfully compensates the growth in aviation traffic.  

The 1999 Montreal (MC99) conventions established a modern compensatory regime in respect of passengers who 

suffer death or injury caused by an accident during international air carriage. It indicates a compensation of 

approximately $170 K per fatality. Kakalik et al.
 
concluded that an average of $421 K are the real paid expenditures per 

aviation casualty. The cumulative US$ inflation since 1988 is 103,5%, leading to a 2015 compensation of $856,7K$. 

The 2001 ASTER
 
report and Cavka and Cokorilo (2012), refer to the Value of Statistical Life (VOSL) and WTP for the 

European countries. These vary (1998) between 0,65M€ (Estonia) and 2,64M€ (Luxemburg). Applying inflation 

correction to the VOSL would give 2,96M€ (336 M$). The Economic counsel to the Transportation Industry (ECTI) 

advised the FAA in 2007 to use 3 M$ per casualty (+ 132K for WTP).  

 

Conclusion - It can therefore be concluded that scoring aviation accident victims in accordance with the AIS provides a 

basis for estimating the severity of an accident. The costs are underestimated due to inflation correction and the lack of 

third party costs, such as the consequences of sudden treatment of large numbers of victims. No inflation for this paper 

is justified since a number of the researched runway excursion accidents occurred during the past 2 decades. Since all 

EMAS arrestments have been in the USA, are for this paper the FAA figures taken. 

 

Table 1 

AIS aviation costs 

 
Source: Economic values for FAA investment and regulatory decisions, contract nr DTFA 01-02-C00200 

 
2.2.2. Direct Safety Costs (DSC) 

 

Both, Cavka and Cokorilo (2012) and ASTER, relate the DSC of an accident to the severity of the accident, the aircraft 

type and the aerodrome involved. ASTER differentiates and relates the severity classification depending on the level of 

damage to the aircraft and the number of fatalities. Although this table needs to be reviewed and updated (e.g. it is 

doubtful if 50% damage to a A380 resulting in over $200 million damage, with 500+ injured passengers would still be 

classified as a “moderate” accident), is the severity classification by ASTER taken as the best available at this 

moment.  

 

Table 2 

Aircraft damage levels definition 

 
Source: ASTER consolidated report 
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The aircraft damage costs depend on the Current Market Value (CMV), which is a function of list price and age. Some 

publications use a generic figure averaging at 13% for the restorations costs of aircraft. NLR-ATSI differentiates and 

relates the aircraft repair costs to the level of damage: Minor 15%; Moderate 50%; Major 80%, Disaster and 

Catastrophic 100% of the aircraft CMV. ASTER estimates a loss of resale value between 5% and 10% of an aircraft 

involved in an accident, which obviously does not apply to full hull losses (Disaster and Catastrophic).  

The accident aircraft needs to be replaced in order to maintain the same production capability during its downtime, that 

requires leasing an equivalent type. The price thereof varies with market availability, age and type. The monthly lease 

rates vary between 1.6% and 3,7% of the CMV.
 
For simplicity is the lease price based on a 5 year-old aircraft (63% 

CMV and 2.0% monthly lease). Airline costs for not being able to provide planned production is estimated at 360k$ 

(wide body) and 150k$ (narrow body) per day. This is valid until the moment a lease aircraft resume production. For a 

wide body aircraft results that in approximately 3,8M$ and for a regional aircraft 1,25M$ per month. Business type 

aircraft are regarded as narrow body.  

A runway excursion results in a closure of the runway resulting in delays and diversions. ASTER estimates the airline 

ground delay costs at € 22 per minute and € 33 per minute in the air. These are in the same range as the US FAA 

figures. Assuming an average of 40 departures per hour per runway are the ground delay costs estimated at 53k$ per 

hour. 

IATA
 
estimates the total diversion costs at 15k$ (narrow body) and over 100K$ (wide body) per aircraft. Diversion 

effects all aircraft inbound to an unforeseen closed runway. Aircraft not yet departed can be rerouted to an alternative 

destination; these are thus less affected. The diversion costs vary therefore between an estimated 600k$ (regional 

airport) and 20M$ (major hub). Diverting to another runway or airport causes also third party delays and additional 

safety risks. The extra costs associated with third party delays and the extra safety risk for diverting aircraft (low fuel, 

last minute re-planning, etc.) are not taken into account.  

The costs of a runway excursion for an aerodrome include the costs for repair and not being able to use the runway for a 

certain (unexpected) time. Direct aerodrome repair costs include damage to runway and its surroundings (strip, RESA, 

EMAS, lights, (frangible) equipment, etc.). Additional costs such as removal of the wreckage, fire brigade, legal etc. are 

excluded in the DSC. Third-party repair costs (e.g. the TAM at Congonhas, warehouse and gas station), are also 

excluded in the DSC. No open source information on aerodrome direct repair and third party costs has been found, thus 

these are not rated in this paper (NR).  

The opportunity costs consist of not being able to use the high value production asset: the runway. E.g. landing fees, 

passenger fees and taxes at major airports are estimated at $ 5k per aircraft. Having to close a runway could realistically 

cost up to $ 4,0M (50 movements /hour/ runway) per day (16 hours) for a major hub airport. The costs for regional 

airport is estimated at 200 K$ ($1k per movement/ 200 movements per 

day) for a regional airport. ASTER relates the runway closure to the 

accident severity: Minor 2 days, Moderate 2 days, Major 4 days, and 

Disaster and Catastrophic 5 days. These ASTER figures are used in this 

paper, although further research might provide an updated and more 

precise indication. 

EU Regulation 261/2004 regulates financial compensation for flight 

delays. These vary, depending on the type of flight and delay from € 250, €400 to € 600 per passenger. It might seem 

reasonable that accidents and or incidents would be excluded from passenger delay compensation. However 

jurisprudence on technical failures and birdstrikes indicates that passengers might also become eligible for 

compensation. The number of passengers affected is dependent of the type of flight, regional/intercontinental and 

number of daily flights (in and outbound) scheduled for the accident aircraft. It is assumed that regional flights have an 

average load of 100 passengers with 6 stretches per day and intercontinental flight 2 stretches, carrying 300. Thus the 

affected number passengers per day eligible for compensation are approximately the same and related the accident 

severity. Lost baggage compensation related to the severity of the accident is taken from Cavka and Cokorilo (2012).  

  

At 4th March 2015, veered Turkish 

airlines A330-300 of runway 02 of 

Kathmandu, collapsing the nose wheel, 

resulting in 4 minor injuries. Kathmandu 

closed the runway 02 for 3 ½ days.  
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Table 3 

All DSC in one table 

 
Source: Safe-runway GmbH 

 

2.2.3. Indirect safety costs (ISC) 

 

ISC relates to the investigation costs, search and rescue, recovery, legal and third party costs, loss of investment 

income, loss of reputation, increase of insurance premium, loss of business due to PR, etc. Various methods are 

available for calculating these. One method is to calculate each factor separately as provided the economic counsil to 

the US transportation Industry the FAA accident investigation costs. Although certainly possible to list all elements 

separately, used Cavka and Cokorilo (2012) a more practical approach by relating the Indirect Safety Costs (ISC) to the 

Direct Safety Costs (DSC) depending on the severity of the accident, which is used in our model. 

 

Table 4 
ISC-used - Indirect Safety Costs as a function of Direct Safety Costs 

 
Source: (Safe-runway GmbH) 

 

Miscellaneous costs such as loss of company share value fines, punitive damage, criminal proceedings, extra legal 

costs, third party compensation fees, environmental fees, etc. are therefore not taken into account due to lack of 

sufficient data. 

  

Classification MINOR MODERATE MAJOR DISASTER CATASTROPHIC

ISC	as	a	function	of	DSC 5%-15% 25%-40% 50%-70% 85%-110% 90%-140%

Median	ISC	as	a	function	of	DSC 10%	DSC 32,5%	DSC 60%	DSC 97,5%	DSC 115%	DSC
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