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CHAPTER 1 – 
Introduction 
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1 Honeywell Aerospace, PARIS AIR SHOW, June 15, 2009. 
2 The fatality rate typically associated with runway excursions is much lower than in other accident types such as Controlled 

Flight Into Terrain (CFIT). Typically 3% of the occupants are fatally injured in a runway excursion whereas for other accidents 
this is in the order of 20%. 
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3 The ICAO ADREP/ECCAIRS taxonomy used in this study does not make a difference between causal and contributing factors. 

The difference between the both is often subjective and unclear. A factor is defined here as an item, which was judged to be 
instrumental in the causal events leading to the occurrence. It can be referred to as ‘factor’ or ‘causal factor’ in this study. 
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4 See for the latest release www.icao.int/anb/aig/Taxonomy/. 



 

Edition: 1.0 Released Page 11 

�	�
�
�
���(�� >��	� ����� ��	� �
��	�	��	� �	��		�� �� �� ����� 	
����
��� ���
�	�� � ���� &�	�
���( �


��
�	�� �
���
����	�������	�����	/�	��	���������������	���� ��������������	����	�	
����
������

����	����
 

%�	�������
���������	���	�	��������	�-�

�

·  =�����	��	� ����� �	�	� 	������	�� �������� �� ����
����� ������ �
���	#���
���	� ������
���

%�
��
�����	���	�	���
�����	/�	�����
���
���
����&� ���������(����	������������	����	���

%�	� ������	��	� ����� �	�	� ������	�� ����� ����� ��	� ��� ���� ���� �����	��� �	���	��
�	��

?
��	�	��	�� &
�� ���(� �	��		�� ����� �	�
���� �	�	� ���� 	��	�� ���� 	
���
�	��� %�
��

������
�� ����
�	�	�� ���� ����
��	� �������� ����� ����� 
���	�� ��� ������� 	
����
���� &	����

�%4�����	���	��������������	���
�������	���	������� �
�	������	������	� 	���(���>��	�

�������	��������	
����
������
�������������	������� �	�����������
��	���

�

·  %�	� ������	��	� ����� ����� ��	�>0+#�%��� �������	� �	�	 � ��	�� ��� 	��
���	� ��	� �������

	
����
��� �
��� �����
��	�� �
��� ��	� ���
���� ��	���
� ���� �������� &	���� 	
�	��� ��		���

�
���������������
�
���	���(�����
����	�	���	�	��	� �
���������	���������	���	���	��	����

��	�	� 
��
�
����� �������� ���
��� ���	����� ���� ����
� ��� ��
��� �
�� ��� � 	��� ��� 
�� ���

	
����
����A��� 
������	� ��� 	��
���	� ��	� �
��� �����
 ��	�� �
��� ����� ����
���� 
�� �������

�	� ������ ���� ����� ����� ����
���� ����� ����	� �
������ �	����
��� 
�� ��� ��	������

+	��������� �������	� 	��
���
���� ��� ��	� ��	���	��	� � �� �� ����	�� ��� �
��� �������� 
��

���#���
�	�����
������	�	����	�������	�����	�� ����� �	�������������
�����������	��

��� ��	� �
��	�	��� ������� ������	� ����
�
���� ���� ��	� � 
�� ��
�� ������� ���	� ���	�� �
���

��������������������
�	�������A�
����?����4��
���
� ������	�����������
�
�	������	��

��� ��	�������� %�	�	� ��
���� ����� ���� �	� ��	�� ��� 	��
 ���	� ��	���	��	� ��� �� ����	�� ���

�
��� �������� 
�� ���#���
�	��� ����
����� �
����	�� ��	 � 	
�	��� ��������� ��		��� �����

����
����� ���� �
��� ��������	��� ��� 
�� �	��
�	�� ����� ��
�� ����� �
�	�� �� ������ ���	�� ���

����
���	������	���	���	��	��������	��
������������ �����	���
����������
�	���

�

��� 	��
���	� ��� ��	� �
��� ��� ���
��� �� ������� 	
����
� �� �
��� �� ����
������ �
��� �������

��	�	���
���������
��	�������������
������
������
� ��%�
���
������
������
�	��
��
�������

��	������
��
��������������������	��
���
���������� �	
����
����%�	��
������
��
����	����	�

��� ��	� ������	��	� ������
�
��� �
��� ��	� ������� ��	�	 ��� ��	�� ��	� ������	��	� ������
�
���

�
��������	����������	�	����%�	��
������
��
���
�	� ������	�������
����������-�

 



 

Page 12 Released Edition: 1.0  

��
�

�
��
�

�

��
�

�
��
�

�

=

factorrisk  a of presence without landings normal
factor risk  a of presence without soccurrence

factorrisk  a of presence with landings normal
factor risk  a of presence with soccurrence
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2.3 Consultation with experts and professional 
associations 
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CHAPTER 3 –Big picture 

3.1 Data sample description 
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Figure 1: Type of operation and aircraft type distr ibution. 

                                                
5 These were all coded according to the ECCAIRS/ADREP taxonomy. The majority of the runway excursions were coded by the 

reporting organisations (e.g. AIB or CAA). 
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3.2 Comparison between Europe and the rest of the 
world 
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Table 1: Comparison frequency of runway excursion t ypes (includes excursion with and 
without known causes). 

Region Runway excursion type Phase of flight Number of occurrences Percentage  

Overrun Landing 499 37.1% 

Overrun Takeoff 144 10.7% 

Veeroff Landing 535 39.8% 

Worldwide 
excl. 
Europe 

Veeroff Takeoff 166 12.4% 

Overrun Landing 162 41.8% 

Overrun Takeoff 49 12.6% 

Veeroff Landing 139 35.8% 
Europe 

Veeroff Takeoff 38 9.8% 
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6 The factor data presented in this section are in percentage of all corresponding occurrences with known causes. 

Corresponding occurrences are e.g. the number of landing overruns in Europe, the number of takeoff veeroffs in the rest of 
the world. The term “insufficient data” applies to those cases where there were not enough data to derive a statistically 
meaningful frequency. Note that one runway excursion can have more than one causal factor assigned. 

7  At 5% significance level. 
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Table 2: Comparison landing overrun factors. 

Landing overruns 

Factor Europe Rest of the world 

Wet/Contaminated runway 38.0% 66.7% 

Long landing 24.0% 44.5% 

Incorrect decision to land 14.9% 16.8% 

Speed too high 14.0% 22.1% 

Late/incorrect use of brakes 14.0% 10.3% 

Late/incorrect use of reverse thrust 14.0% 10.0% 

Aquaplaning 7.4% 16.2% 

Tailwind 7.4% 15.9% 

Too high on approach 3.3% 7.2% 

 

 

Table 3: Comparison landing veeroff factors. 

Landing veeroffs 

Factor Europe Rest of the world 

Crosswind 31.6% 25.0% 

Wet/Contaminated runway 23.7% 39.9% 

Nose wheel steering problems 17.1% 8.5% 

Landing gear collapsed 7.9% 5.8% 

Hard landing 7.9% 13.1% 

Tire failure 7.9% 6.1% 

Asymmetric power 2.6% 3.7% 
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Table 4: Comparison of takeoff overrun factors. 

Takeoff overruns 

Factor Europe Rest of the world 

Abort/reject - After V1 29.6% 44.1% 

Wet/Contaminated runway 11.1% 15.1% 

Tire failure 11.1% 12.9% 

Takeoff mass too high/incorrect Insufficient data 9.7% 

 

 

Table 5: Comparison of takeoff veeroff factors. 

Takeoff veeroffs 

Factor Europe Rest of the world 

Wet/Contaminated runway 40.9% 41.3% 

Nose wheel steering problems 18.2% 17.2% 

Inadequate supervision of the flight 13.6% 4.6% 

Crosswind 13.6% 19.5% 

Asymmetric power 13.6% 8.0% 
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3.3 Trends in accident rates 
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Figure 2: Runway excursion accident rate trend for commercial and business flights (incidents 

excluded).  
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Figure 3: Annual runway excursion accident rate (in cidents excluded). 
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Figure 4: Annual runway excursion accident rate dur ing landing (incidents excluded). 
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Figure 5: Annual runway excursion accident rate dur ing takeoff (incidents excluded). 
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CHAPTER 4 –Causal factor analysis 

 

 

 

 

4.1 Landing overruns 
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Table 6: Most important causal factors for landing overruns 

Landing overruns 

Factor Percentage 

Wet/Contaminated runway 58.8% 

Long landing 38.9% 

Speed too high 19.9% 

Incorrect decision to land 16.3% 

Aquaplaning 13.8% 

Tailwind 13.6% 

Late/incorrect use of brakes 11.3% 

Late/incorrect use of reverse thrust 11.1% 

Too high on approach 6.1% 
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8 Contaminated runway: A runway completely or partly covered with standing water (more than 3mm), slush, snow (wet, dry), 

ice or a combination of these conditions. A runway is considered to be contaminated from a performance point of view if the 
percentage of the portion intended to be used exceed 25%. However, reporting of contamination could occur before this 
threshold is reached as is known from operational experience. 

9 The macrotexture encompasses the large-scale roughness of the surface whereas the microtexture is concerned with the 
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sharpness of the fine grain particles on the individual stone particles of the surface. 

10 FAA recently published Safety Alerts for Operators (SAFO), entitled “Landing Performance Assessments at Time of Arrival 
(Turbojets)”, The FAA urgently recommends that operators of turbojet airplanes develop procedures for flight crews to assess 
landing performance based on conditions actually existing at time of arrival, as distinct from conditions presumed at time of 
dispatch. Those conditions include weather, runway conditions, the airplane’s weight, and braking systems to be used. Once 
the actual landing distance is determined an additional safety margin of at least 15% should be added to that distance. 

11 See e.g. Statens haverikommission, SHK Report RL 2003:08e, Incident involving aircraft G-FLTA at Arvidsjaur airport, BD 
County, Sweden, on the 22nd of February 2002. 
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12 There is no common accepted definition of what a long landing (or deep landing) is. Typically, touchdowns of more than 

2,000-2,300 ft. from the threshold are considered long landings (Van Es et. al. (2009)]. However sometimes it is related to the 
available runway length, e.g. 25-33% of the runway length.    
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13 For dispatch calculations thrust reversers are not considered. However for in-flight landing performance calculations reverser 

thrust may be used.   
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4.2 Landing veeroffs 
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Table 7: Most important causal factors for landing veeroffs 

Landing veeroffs 

Factor Percentage 

Wet/Contaminated runway 36.9% 

Crosswind 26.2% 

Aircraft directional control not 
maintained 13.9% 

Hard landing 12.1% 

Nose wheel steering issues 10.1% 

Tire failure 6.4% 

Landing gear collapsed 6.2% 
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14 During the combined aircraft braked and yawed rolling (as present in a crosswind landing roll), the braking friction coefficient 

peak decreases in magnitude and shifts to higher wheel slip ratios as yaw angle increases. This would require an increasing 
wheel slip ratio as the aircraft yaws in order to maximise aircraft stopping performance. On the other hand, maintenance of 
maximum tire cornering capability for aircraft directional control requires wheel motion at low slip ratios. Only at low aircraft 
yaw angles do the aircraft tire requirements merge so that antiskid controls can perform an effective job of preserving both 
tire braking and cornering capability for aircraft stopping and directional performance. These effects are more critical on 
wet/contaminated runways on which lower cornering forces can be generated by the tires than on dry runways. 

15 A flight test program devised to explore the limits of aircraft crosswind performance under slippery runway conditions results 
in placing the safety of both aircraft and flight crew in jeopardy. It is therefore unfeasible to require such tests. 
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16 Current data sample is too low to justify this as a hard conclusion. 
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Figure 6: Influence of nose wheel steering, differe ntial braking, and rudder on ground 
directional control. 

 

                                                
17 On for instance the Airbus aircraft tiller authority in terms of maximum steering angle is progressively reduced above a 

groundspeed of around 40kts (to avoid usually unsuccessful attempts of correcting aircraft path with the tiller at high speed), 
and rudder pedals authority is progressively reduced above 100kts of ground speed (to avoid excessive inputs at high 
speed). 
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4.3 Takeoff overruns 
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Table 8: Most important causal factors for takeoff overruns 

Takeoff overruns 

Factor Percentage 

Abort/reject - After V1 40.8% 

Wet/Contaminated runway 14.2% 

Tire failure 12.5% 

Takeoff mass too high/incorrect 10.8% 

Late/incorrect use of brakes 4.2% 
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18 V1 has been referred to amongst others as the critical engine failure speed, the engine failure recognition speed, and the 

takeoff decision speed. To the pilot V1 represents the minimum speed from which the takeoff can be safely continued 
following an engine failure within the takeoff distance shown in the aircraft flight manual AFM, and the maximum speed from 
which the aircraft can be stopped within the accelerate-stop distance shown in the AFM. These definitions are not restrictive 
as other definitions may be outlined in the AFM of a particular aircraft model. 
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4.4 Takeoff veeroffs 
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Table 9: Most important causal factors for takeoff veeroffs. 

Takeoff veeroffs 

Factor Percentage 

Wet/Contaminated runway 41.3% 

Aircraft directional control not 
maintained 33.9% 

Crosswind 18.3% 

Nose wheel steering issues 17.4% 

Asymmetric power 9.2% 
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19 The exact speed at which the aircraft started to deviate was not always known. 
20 Operators can define hard limits themselves often based on the maximum demonstrated crosswinds. 
21 A flight test program devised to explore the limits of aircraft crosswind performance under slippery runway conditions results 

in placing the safety of both aircraft and flight crew in jeopardy. It is therefore unfeasible to require such tests. 
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22 Regulations for large aircraft require the establishment of a minimum control speed on the ground (Vmcg). Vmcg is the 

calibrated airspeed during the takeoff run at which, when the critical engine is suddenly made inoperative, it is possible to 
maintain control of the aircraft using the rudder control alone (without the use of nosewheel steering), as limited by 150 
pounds of force, and the lateral control to the extent of keeping the wings level to enable the takeoff to be safely continued 
using normal piloting skill. In the determination of Vmcg, assuming that the path of the airplane accelerating with all engines 
operating is along the centreline of the runway, its path from the point at which the critical engine is made inoperative to the 
point at which recovery to a direction parallel to the centreline is completed may not deviate more than 30 feet laterally from 
the centreline at any point. Vmcg is only determined for dry runways. 
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4.5 Role of ATC in runway excursions 

A���� ��	� ������	�� ������� 	
����
���� ����� 
�� �	���	� ��	��� ����� ��	� �
�	��� ���	� ��� �
��%����
��

<������� 
�� ������� 	
����
���� ���� �	���
�	��� ������� %�	�	� �	�	� ����� �� �
�
�	�� ����	�� ���

�	������ 
�� ��
��� �%<� ���� ��������� 
�	��
�
	�� ��� ��	 � ��� ��	� ������� �������� �	��
��� ��� ���

������	��	��
������
��������	�����
�
������
�����	� ��������	�
�������
��������	��
�����	����
���

��	��	���	������������� ����
�
����;��	�	����	����	� ����%<������	�����	�������
��
���	�����

��	� ����� ��	�� ����
��� ��� ��	� ����	�� ��� ������� 	
��� �
���� �	���	�� ��� ������
�
�	��

��������	�� &�
��� ��		�� ���� ��� �
��� ��	�� ��	� ���	��� ��(� ���� �����#*� ��
��
��� 	���� �����

�	����
��� ��� ��	� �
������� ������ �	����� 
�� ������
�
 �	�� ��������	��� �
�����	� �	�
��� ���� �����


���	��	� ��	� �
�	�
����� ��� �������	� ��������	�� 	��� � �
���� ����� ����� ���	� �	�� ��� �
����

���������� �
�����	� �	�
��� ����� �	/�
�	�� �
���� ����� � 
�� ������ �
�	����	� 	���� =��	�
���

�	�*������
���	�����������
����
������������������
 ��
���������
���	��	���	��
�������������

	
����
��������
����	��
���M���
�����	�����
�
�
��� ����	�
�	�����������	��
��������
�	����	��
���C�

�����������
�
������������	����
�	�����������	����� ������;��	�	���%<M������	�	��������	�	�

�
������	�����
��
��������������	����
�
�����	���	� �����
�
�������	���	����
����
������������

��	���	�
��
����������������	���	��
���	�
����	��
 

0�>?�>F�=>�%;��8!""�A%��%+�)�%;��)�0=%�0=�%�?�+�<%� =>�0�<=>%+=0��%;����+<+�A%�

�0�?�=AA�%;����?��=A�%;��+K>9�G��@"�A%�A+=4�%;���>? ��>?�<=00�)��?�%;��>=���

F��+��)+�=+�%=�0�>?�>F�%;��)�0=%�9���F�I�>��><=++�< %�9�>?��>A=+4�%�=>��>?�;��

0�>?�?�9�%;���$"�O%�%��09�>?�<=4)=>�>%���??�%�=>�00 G�%;��+K>9�G�<=>?�%�=>�

9���+�)=+%�?�%=�,��SF==?S��9;�<;�%;��<=>�=0��=)�+�% =+�����K4�?�9=K0?�,��

�>%�+)+�%�?�,G�)�0=%��%=�4��>�S�<GS�?K+�>F�%;��9�>% �+�4=>%;���



 

Edition: 1.0 Released Page 39 

4.6 Comparison of results from other studies 
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4.6.1 Australian Transport Safety Board study 
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4.6.2 Flight Safety Foundation study 
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4.6.3 Boeing study on rejected takeoffs 
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4.6.4 NLR study on landing overruns 
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4.6.5 EASA study on runway friction 

���������
	��������������������������
��
���������� 	�
��
����	����	�	��������
�����������
���


�� $""!#$"" � H<������� 	��� ���� � &$"" (J�� %�	� ��	���� � ��'	��
�	� ��� ��	� ����� ������ ���� ���

����
�	� �	����	����
���� �	����
��� ��	� ���	���	��� �� � ������� ��
��
��� �������	�
��
��� ����

�����������
�
����	����
����4�
���
��
�����������
� ���������	�����-�

�

·  �� ������� �	����
�� 
�� �	�	������ ��� �	����� ������� ��� �
�
���� ������� ���� ��
��
���

����
��.�

·  �<�=����	
��B��		������	�����	���	��.�

·  A�
��
��� �	����
��� �	�
�	�� ��	� ����� ��	� ��� ��	� ���� �� ���
����	� ��� ���	��� �������

����
�
���.�

·  %��
�
�������	������	�������
�������
��������.�

·  %�	� 
���	� ��� �����
��� ���	�	��� ��
��	����	�&	����L� �
��	��� ��	�� �	�Q(� ���� ��� �	�

�	�����	���������	���
������
�������������	
����
�� ���

�



 

Edition: 1.0 Released Page 41 

%�	�	� �
��
���� ��	� �������� ��� ��	� �
��
���� ��� ��	� � �	�	��� ������ �	����
��� ��	� 
���	�� �
���

�����������
�
��������
�����������
�����
��
����

�

4.7 General aviation 
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23 However the US NTSB is an exception to this observation. The public database of the NTSB gives a very complete record of 

accidents with smaller piston type GA aircraft that occurred in the US. The ATSB of Australia, AAIB UK and TSB of Canada 
also have good public records in GA aircraft.  
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CHAPTER 5 –Preventive measures 

5.1 Introduction 
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5.2 Landing overruns 
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24 Firm landings also promote wheel spin-up which is needed for the proper functioning of the anti-skid system. 
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5.2.3 Use of available stopping devices 
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25 The certified landing distance provided in the Aircraft Flight Manual is not representative for day-to-day landings. It is only 

used for dispatch purposes using correction factors e.g. 1.67 (jets) or 1.43 (turboprop)  for dry runways,  plus 1.15 for wet 
surfaces. 

26 On aircraft with rear fuselage mounted engines full reverse thrust is normally not allowed. This could cause directional control 
problems as the flow could blank out the rudder affecting rudder efficiency. Especially with operations on wet/contaminated 
runways under crosswind condition this is very critical.  
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5.2.4 Runway condition and braking friction 
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27 On some aircraft the activation of the braking is delayed somewhat when the lowest auto brake setting is selected. Pilots 

sometimes react to this by applying manual braking before the auto brake system activates. 
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5.2.5 Aquaplaning 
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5.2.6 Unstabilised approaches 
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5.2.7 Technical solutions 
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28 When vectoring to intercept the ILS localizer course or MLS final approach track, the final vector shall enable the aircraft to 

intercept the ILS localizer course or MLS final approach track at an angle not greater than 30 degrees and to provide at least 
2 km (1.0 NM) straight and level flight prior to ILS localizer course or MLS final approach track intercept. The vector shall also 
enable the aircraft to be established on the ILS localizer course or MLS final approach track in level flight for at least 3.7 km 
(2.0 NM) prior to intercepting the ILS glide path or specified MLS elevation angle. 

29 Information regarding ROW/ROP or ROPS was obtained from several sources including presentations and articles. 
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30 Information regarding Smartlanding was obtained from official brochures and presentations. 
31 The basic concept was originally looked at by Honeywell in 2000 (US Patents 7,132,960 & 7,068,187). 
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5.3 Landing veeroffs 

5.3.1 Crosswind and wet/contaminated runways 
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32 During the EASA workshop “Workshop Runway Friction and Aircraft Braking- The way forward”, simailir suggestions were 

made by airline operators (March 2010). 
33 Unterschungsbericht, 5x003-0/08, March 2010. 
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5.3.2 Hard landings 
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5.4 Takeoff overruns 

5.4.1 High speed aborts 
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34 In 1989 the U.S. Federal Aviation Administration (FAA) urged the aviation industry to take steps to reduce the number of 

overrun accidents and incidents resulting from high-speed rejected takeoffs (RTO). This led to the formation of an 
international takeoff safety task force, with members from airlines, regulatory agencies, pilot unions, and manufacturers. 
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5.4.2 Takeoff performance monitoring systems 
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5.4.3 Incorrect takeoff mass 
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35 Statement made Capt. Claude LeLaie from Airbus S.A.S. at the International Air Safety Seminar 2009. 
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5.5 Takeoff veeroffs 
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5.6 Flight Data Monitoring 
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36 First the FMS wind is not what it appears to be, in particular during takeoff and landing. First, the FMS wind is not corrected to 

a height of 10 meters. At 500 ft. AGL the wind is about 50% higher than at a height of 10 meters. Second, internal FMS 
calculation of the wind during approach is filtered, delayed and very sensitive for small errors in track or heading 
measurement. Furthermore, the FMS wind is not corrected for sideslip. Note that the FMS tailwind component is relatively 
insensitive to FMS errors in the determination of the drift angle. 
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Figure 7: Example airborne distance and long landin g analysis [Van Es et. al, (2006)]. 
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Figure 8: Example of time from touchdown to thrust reverser engagement analysis. 
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CHAPTER 6 –Conclusions and 
recommendations 

6.1 Conclusions 
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6.2 Recommendations 

6.2.1 Preventive measures 
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6.2.2 Landing Safety Training Aid 
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