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1 EXECUTIVE SUMMARY 
This document describes the work to be carried out conducting a fast-time simulation that 
tests a number of operations which may lead to increased runway throughput, achieving the 
maximum runway capacity possible in all weather conditions. This document is important as a 
first step in evaluating potential gains in terms of; 

• reduced runway occupancy time  

• recovery of lost aircraft movements in certain wind conditions  

• increased aircraft movements  in certain wind conditions 

• increased runway throughput due to reduced wake turbulence separations for 
certain aircraft types  

• maintaining throughput in low visibility conditions as close as possible to the 
throughput achieved in visual conditions 

The methodology employed is to simulate reference scenarios i.e. current operations, then to 
simulate those scenarios with variations applied, allowing comparison between the reference 
and modified scenarios. Results will be expressed in terms of; 

• runway occupancy times of individual aircraft 

• total runway occupancy times for a specific time period 

• number of aircraft departing from a runway during a specific time period 

• number of aircraft landing on a runway during a specific time period. 
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2 INTRODUCTION 

2.1 PURPOSE OF THE DOCUMENT 

This document provides the Validation Exercise Plan for WP5.3.3 FTS on Runway Capacity. 

2.2 BACKGROUND 

The EUROCONTROL Study Report “Challenges to Growth” [24] suggests that, under the 
most optimistic of circumstances, existing airport capacity in Europe is capable of absorbing a 
maximum of twice the traffic demand of 2003. Other studies [14][15] suggest a traffic growth 
rate of between 4% & 5% per annum through to 2025 can be expected. At these rates, a total 
capacity barrier would be reached around 2017. Noting that this includes capacity filling at 
regional airports as well as current major hub airports, it is reasonable to assume that the 
practical capacity barrier will be reached well before the theoretical barrier. 

On this basis, it is reasonable to assume a practical capacity barrier will be reached between 
2013 and 2015. Consequently, in order to meet the SESAR challenge and break through this 
barrier, sufficient capacity in the basic ATM infrastructure of the air transport network 
(including airports) must be created, together with a concept of operations which makes it 
function as a true, single network and the political will to commit to achieving it - all with a 
planning horizon based upon the above. 

According to Chapter 1.2 of SESAR Task Deliverable “Identification of limits/blocking points 
for airport environment” [27] the most relevant blocking points and possible solutions are: 

• Lack of relevant tools and procedures to manage bad  weather conditions and 
imperfect meteorological forecasting,  which give substantial reduction of airport 
capacity (Taxiways and runways) in abnormal weather operations (CatII, CatIII, 
contaminated taxiways and runways). (PRR7) and leads to excessive maintenance 
of regulations. Under low visibility conditions the possibility of runway incursions 
rises dramatically. A degraded situational awareness of all partners involved 
(ground and cockpit) is the cause. The ROT (Runway Occupation Time) rises under 
these conditions with a consequent reduction in runway capacity. “There is the 
potential for considerable short term benefits from the widespread implementation of 
best practices.” (EUROCONTROL Airport Domain Action Plan), 

• Inadequate airport infrastructure.  Short-term improvements are possible (rapid exit 
taxiways, holding areas…), but have to be planned in the long-term cycle of the 
infrastructure building. It is also relevant to safety (prevention of runway incursions). 

Episode 3 is charged with beginning the validation of the operational concept expressed by 
SESAR Task 2.2 and consolidated in SESAR D3 [7]. The initial emphasis is on obtaining a 
system level assessment of the concept’s ability to deliver the defined performance benefits in 
the 2020 time horizon corresponding to ATM Capability Level 2/3 and the Operational 
Improvement Step IP 2. 

The validation process as applied in EP3 is based on the E-OCVM [2], which describes an 
approach to ATM Concept validation. However, to date the E-OCVM has not been applied to 
validation of a concept on the scale and complexity of SESAR.  Such a system level 
validation assessment must be constructed from data derived from a wide range of different 
validation activities, integrating many different levels of system description, different 
operational segments and contexts and different planning horizons. The data will be collected 
through a variety of methods and tools and will vary in its quality and reliability. 
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The process of performing systematic validation and the integration of results must be actively 
planned and managed from the beginning of the whole validation activity. This validation 
management is coordinated by EP3/WP2.3, which is responsible for ensuring the effective 
application of the E-OCVM, the consolidation of the Episode 3 Validation Strategy, and 
establishing a Validation Framework, which will allow the integration of the validation results 
and the construction of the necessary system level view. 

Validation exercises should produce evidence (preferably measured) about the ability (of 
some aspect) of the concept to deliver on (some aspect) of the performance targets. In order 
to be able to do Validation Exercises, there is a need for concept clarification, requirements 
development or elaboration activities in preparation for down line validation activities. 

This exercise plan is based on a general template that has been produced collaboratively 
between WP2.3 and the Validation Strategy and Support Tasks within WP 3, 4 & 5 (x.2.1) and 
complementary guidance material for E-OCVM Step 2, as provided by WP2.3.4 [11]. 

2.3 ORGANISATION OF THE DOCUMENT 

The document is structured in four main parts. The first details the scope, justification and 
objectives of the exercise together with the methodology, indicators and metrics, hypotheses 
and scenarios tested. The second part describes the activities, resources and time planning. 
The third part describes the data collection and analysis methodology. Finally the fourth part 
details the exercise design. 
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4 EXERCISE SCOPE AND JUSTIFICATION 

4.1 STAKEHOLDERS AND THEIR EXPECTATIONS 

At present, capacity at airports i.e., their infrastructure and consequentially, TMAs is primarily 
the limiting factor of overall system capacity, with contribution of the en-route sector to delays 
at historically low levels. 

The most important stakeholders are the airspace users and their requirements as expressed 
in SESAR D2. There are two other groups of stakeholders involved: the external ones to 
Episode 3 and the internal project participants.  

The table below shows the main stakeholders needs and expectations from an increment on 
the runway throughput and a reduction of the impact of bad weather conditions on airport 
capacity.  

Stakeholder  External 
/ Internal  

Involvement Why it matters to 
stakeholder 

Performance 
expectations 

Airport 
Operator 

External Airport Operators 
will participate in 
the WP5.3.2 
Expert Group on 
Airport Issues that 
will provide inputs 
including 
hypothesis and 
Assumptions to 
this Exercise. 

Aena (Spanish 
ANSP) currently 
manages all the 
Spanish Airports 

- Airport capacity is the key 
challenge in the SESAR 
timeframe. Runway throughput 
must be optimised at congested 
airports to levels that exceed 
current ‘best-in-class’ operations. 
This requires a spectrum of 
measures including long-term 
infrastructure development, 
realistic airport scheduling, real-
time demand and capacity 
balancing, sequencing and 
metering, time-based spacing, 
wake vortex detection, runway 
occupancy improvements. 

- Maintaining the runway capacity 
levels during bad weather 
conditions e.g. low visibility 
conditions, while enhancing 
safety levels through tools to 
support runway incursion 
prevention is another key issue 
for the Airport Operator. 

- Increased 
runway 
throughput. 

- Increased 
runway utilisation. 

- Reduction of the 
existing capacity 
gap between 
visual and 
instrumental 
conditions. 
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Stakeholder  External 
/ Internal  

Involvement Why it matters to 
stakeholder 

Performance 
expectations 

Airport ATC 

Including air 
traffic 
controllers in 
the airport 
such as TWR 
RWY, TWR 
GND and 
indirectly in 
the context of 
this 
experimental 
plan, APP 
controllers, 

External Airport ATC will 
participate in the 
WP5.3.2 Expert 
Group on Airport 
Issues that will 
provide inputs 
including 
hypothesis and 
assumptions to this 
Exercise. 

 

- The Operational Improvements 
which are the focus of this 
exercise will possibly lead to an 
increment on runway throughput. 
Therefore they will imply an 
increment on the number of 
aircraft simultaneously taxiing 
to/from the runway and also an 
associated increment on the 
workload. 

- At the same time, some OIs 
steps aim at reducing the 
separation between successive 
departures, arrivals due to wake 
turbulence issues and therefore 
will impact their daily work. 

- Other set of OIs steps will 
maintain the airport level of 
service during low visibility 
conditions  

- Safe 
application of 
reduced Wake 
Vortex 
separation 
minima. 

- Develop 
controller working 
procedures and 
related support 
tools for low 
visibility 
conditions will 
help ATC to 
safely maintain 
the runway 
capacity levels. 

 

Airlines External N/A - An increment of runway 
throughput will be translated 
into a better accommodation 
of the airlines demand at 
airport level. It will increase 
the business possibilities at 
congested airports. 

- These OIs will increase the 
resilience of the airport 
capacity under low visibility 
conditions. Schedules will be 
more respected as planned in 
different weather conditions. 

- Increased 
runway 
throughput. 

- Increased 
runway 
utilisation. 

- Reduction of 
the existing 
capacity gap 
between visual 
and 
instrumental 
conditions. 

Pilots External N/A - Validate the safe application 
of reduced wake vortex 
separation minima. 

- More generally: acceptance 
by the human actors (Pilots). 

- Safe 
application of 
reduced Wake 
Vortex 
separation 
minima and 
brake to vacate 
procedures. 
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Stakeholder  External 
/ Internal  

Involvement Why it matters to 
stakeholder 

Performance 
expectations 

ANSPs External Represented by 
AENA 

- Validate the safe application 
of reduced wake vortex 
separation minima. 

- More generally: acceptance 
by the human actors 
(ATCOs). 

- Increased 
knowledge of 
the position and 
planned 
movements of 
aircraft. 
Enabling fine-
tuning of the 
airport ATC and 
turn around 
processes e.g. 
early sequence 
renegotiation. 

- Knowledge of 
the areas where 
more 
investment is 
needed to 
increase airport 
capacity. 

Research 
and 
development 
centres 

External Represented by 
EUROCONTROL 
as exercise 
leader 

- Deeper knowledge of 
techniques for reducing the 
impact of the wake turbulence 
and the brake to vacate 
concept 

- Knowledge of 
the areas where 
more research 
is needed to 
increase airport 
capacity. 

Table 4-1 Stakeholder expectations 

4.2 DESCRIPTION OF ATM CONCEPT BEING ADDRESSED;  

This validation exercise addresses specifically the following elements of the SESAR ConOps 
(SESAR D3).  

• Reducing applicable wake turbulence separation: The existing minimum wake 
turbulence separation is based on a very broad set of aircraft weight categories and 
provides the opportunity for a complete re-classification of aircraft into a wider range 
of weight categories more accurately based on the true wake turbulence related to 
the aircraft weight, speed, wingspan loading etc., and its transport and decay 
depending on meteorological conditions, 

• Minimising Runway Occupancy Times (ROT): Runway occupancy is one of the 
constraining factors to runway throughput. It determines the minimum time interval 
between consecutive movements in situations where wake turbulence separation is 
not an issue, 

• Final Approach Spacing: The application of time based spacing instead of distance 
spacing between consecutive aircraft on final approach mitigates the negative effect 
of strong headwind on the runway throughput rate, 

• Reduced Departure Spacing: It should be feasible to reduce the time interval 
between two successive take-off movements where wake turbulence is an issue. 
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Wake turbulence detection technology will make it possible to reduce the intervals 
without increasing the risk of wake turbulence encounters, 

• Increase runway utilisation during Low Visibility Conditions (LVC): The runway 
capacity of an airport reduces significantly with low visibility conditions. Not only is 
increased separation on final approach needed due to the requirement for an 
undisturbed ILS signal, ground movement traffic is limited due to the reduced ability 
of the ground controller to manage surface traffic by visual means, and due to 
reduced ability of pilots and vehicle drivers to ‘see and avoid’ surrounding traffic or 
obstacles. The introduction of Advanced Surface Movement Guidance and Control 
System (A-SMGCS) greatly enhances the possibility to improve the control of 
surface traffic in reduced visibility conditions. 

Refer to DOD E1 on Runway Management [30] pages 12 to 14 and more specifically in those 
subsections dealing with Runway Management Support to Manage traffic Queues. 

This table below shows the list of OI steps that will be addressed by the exercise using Fast 
Time Simulation Techniques:  

OI 
Id OI Title 

OI 
Step 
Id 

OI Step 
Title 

OI Step 
Description 

OI Step 
Rationale 

IP 

IOC/FOC 

How 
addressed? 

L10-
04 

Using 
Runways 

Configuration 
to Full 

Potential 

AUO-
0702 

Brake to 
Vacate 
(BTV) 

Procedure 

Brake to vacate 
at a pre-selected 

runway exit 
coordinated with 
ground ATC by 

voice. 

Landing aircraft 
can make optimal 

use of existing 
exits (RETS or 

other) by adapting 
their braking 

techniques. During 
blue sky situations 
the pilot can adapt 
its braking as he 
can see the exit 

from quite a 
distance. During 

low visibility 
conditions this will 

become more 
difficult and longer 
ROTs will occur. 
Assisting the pilot 
in optimal braking 

techniques will 
result in lower 

ROTs and thus 
increasing 
capacity. 

IP1 

2008/2015 

The application of 
BTV technology 
will be simulated 
in order to 
measure the 
runway occupancy 
time (ROT) of 
equipped aircraft. 
These values will 
be expressed as 
(a) ROT of 
individual aircraft, 
and (b) global 
ROT for the 
simulated period. 
For each 
simulated 
exercise, results 
will be expressed 
in terms of 
differences in 
ROT of equipped 
and non-equipped 
aircraft.  

L10-
05 

Maximising 
Runway 

Throughput 

AO-
0301 

Crosswind 
Reduced 

Separations 
for 

Departures 
and Arrivals 

Under certain 
crosswind 

conditions it may 
not be necessary 

to apply wake 
turbulence 

minima. 

The objective is to 
reduce 

dependency on 
wake vortex 

operations which 
under suitable 

weather 
conditions, will 
lead to reduced 

arrival / departure 
intervals, with a 

positive effect on 
delays and runway 

throughput. 

IP1 

2009/2013 

This OI step will 
be tested in FTS 

in order to 
determine the 
impact on the 

runway throughput 
of implementing a 

set of reduced 
separations in 

crosswind 
conditions. It will 

be done through a 
comparison 
between a 

nominal situation, 
the baseline, 
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OI 
Id OI Title 

OI 
Step 
Id 

OI Step 
Title 

OI Step 
Description 

OI Step 
Rationale 

IP 

IOC/FOC 

How 
addressed? 

against a scenario 
where it is 

assumed that the 
wind conditions 
are the proper 

ones to apply the 
reduced 

separations where 
there is dissipation 

of Wake 
turbulence due to 

crosswind 
conditions. The 

FTS will assume 
that these 

procedures are in 
place and it will 

not cover 
important key 

aspects related to 
the feasibility or 

safety of the 
procedures. 

L10-
05 

Maximising 
Runway 

Throughput 

AO-
0302 

Time Based 
Separation 
for Arrivals 

Constant time 
separations (LIV 

& STIV) 
independent of 

crosswind 
conditions and 

wake turbulence 
existence are 

introduced. Time 
based separation 

is an option to 
replace the 

distance criteria 
currently used to 
separate trailing 
aircraft on the 

approach beyond 
the wake 

turbulence of the 
leading aircraft. 

The intent is to 
mitigate the effect 

of wind on final 
approach 

sequencing so as 
to achieve 

accurate and more 
consistent final 

approach spacing, 
and recover most 
of the capacity lost 

under strong 
headwind. 

IP1 

2012/2015 

The use of Time-
based spacing on 
final approach will 

be simulated in 
order to indicate 
the numbers of 
landing slots 

which could be 
recovered during 
periods of strong 
headwind; when 

aircraft 
groundspeeds are 

reduced, and 
fewer aircraft land 
in a given period 

using the standard 
radar separation. 

L10-
05 

Maximising 
Runway 

Throughput 

AO-
0303 

Fixed 
Reduced 

Separations 
based on 

Wake 
Turbulence 
Prediction 

In the applicable 
situations, the 
controller uses 
reduced aircraft 

separations 
derived from 

forecasted wake 
turbulence 
behaviour. 

Separation 
standards are too 
conservative for a 

variety of 
meteorological 

situations. Use of 
a statistical model 
giving wake-vortex 

behaviour with 
fixed aircraft 

separations - e.g. 
from collection of 

all relevant 
combinations of 

wake vortex 
behaviours in 

meteorological 
situations - could 

be an intermediate 

IP1 

2012/2015 

Tested in FTS. 
The FTS assumes 
that the system to 
predict the wake 

turbulence 
behaviour is 

already 
implemented at 

the airport, and it 
will be focused on 

providing 
evidence about 
the expected 

increment on the 
runway 

throughput. 
Therefore, the 
FTS will not 

addressed issues 
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OI 
Id OI Title 

OI 
Step 
Id 

OI Step 
Title 

OI Step 
Description 

OI Step 
Rationale 

IP 

IOC/FOC 

How 
addressed? 

step towards 
individual wake-

vortex forecasting. 

like the 
operational 

feasibility of the 
related 

procedures, safety 
aspects, etc. 

L10-
06 

Improving 
Operations 

under 
Adverse 

Conditions 
incl. Low 
Visibility 

AO-
0503 

Reduced 
ILS 

Sensitive 
and Critical 

Areas 

Smaller ILS 
sensitive and 

critical areas in 
CAT II/III are 

created through 
changes in the 

ILS antenna and 
ILS interception 
procedures due 
to smaller angle 

of localizer beam. 

ILS tuning will 
increase runway 
capacity during 
already limiting 

visibility conditions 
as landing aircraft 

will free the 
runway earlier. 

This seems even 
more important 

with the 
introduction of 

New Large Aircraft 
(NLA) and their 
effect on the ILS 

when taxing 
near/parallel to the 

landing runway. 

IP1 

2008/2015 

Through FTS 
Techniques, the 

exercise will 
assess the impact 

on the Runway 
Throughput of 

reducing the ILS 
Sensitive Areas. 
This OI step will 

be therefore 
analysed both in 
nominal and in 
Low Visibility 

conditions since 
the main objective 
of this OI step is 
maintaining the 

capacity provision 
of the runway 
regardless the 

weather 
conditions at the 
airport. The FTS 
will assume that 

these procedures 
are in place and it 

will not cover 
important key 

aspects related to 
the feasibility or 

safety of the 
procedures. 

Figure 4-1: Operational Improvement Steps 

SESAR has defined a set of 11 Key Performance Areas (KPAs), and within each area a set of 
Focus Areas (FA) focussing on well defined understandable subjects. This exercise will be 
focused on the KPA Capacity, and more specifically on the Focus Area “Airport Capacity”. 

The operations at airports form the ground segment of the business trajectory. The airport 
throughput is one of the main processes that determine the on-time performance of the 
Reference Business Trajectory. This exercise is especially focused on the impact of a series 
of operational improvements from the SESAR Concept of Operations on the airport 
throughput, and moreover on Runway Capacity. 

The table below summarises the KPAs, Focus Areas and main KPIs covered by the Exercise. 
As it will be described later on, this exercise will consider as an assumption that the runway is 
the most constraining factor for the airport capacity. This means that the KPAs and KPIs 
described in the table will be only partially covered; and here airport capacity is understood as 
runway capacity. The exercise will not take into account any limitation related to the taxiway 
or apron system or the impact of the turn-around process: 
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SESAR 
KPA Description Focus 

Area Description KPI 

KPA - 

CAPACITY 

This KPA addresses the ability 
of the ATM system to cope with 
air traffic demand in number 
and distribution through time 
and space. 

The global ATM system should 
exploit the inherent capacity to 
meet airspace user demand at 
peak times and locations while 
minimizing restrictions on traffic 
flow. To respond to future 
growth, capacity must increase, 
along with corresponding 
increases in efficiency, 
flexibility, and predictability 
while ensuring that there are no 
adverse impacts to safety giving 
due consideration to the 
environment. The ATM system 
must be resilient to service 
disruption, and the resulting 
temporary loss of capacity. 

FA-2 
Airport 
Capacity 

Focus is on the throughput of 
individual airports in terms of 
aircraft movements, taking into 
account the composite effect of air- 
and landside constraints. So this 
Focus Area covers much more 
than just runway capacity. Focus is 
also on the throughput of individual 
congested airports both in VMC 
and in low visibility (IMC) 
conditions.   

Hourly number of 
IFR movements 
including 
departures and 
arrivals, as 
possible during 
low visibility (IMC) 
conditions. 

Daily number of 
IFR movements 
including 
departures and 
arrivals, as 
possible during a 
15-hour day 
(between 0700 
and 2200 hrs local 
time) during low 
visibility (IMC) 
conditions. 

Hourly number of 
IFR movements 
including 
departures and 
arrivals, as 
possible during 
(VMC) conditions. 

Daily number of 
IFR movements 
including 
departures and 
arrivals, as 
possible during a 
15-hour day 
(between 0700 
and 2200 hrs local 
time) during 
(VMC) conditions. 

Figure 4-2: KPAs/KPIs 

Finally, it would be highlighted that SESAR has performed a survey of existing ATM initiatives 
that have carried out a previous evaluation of some elements of the SESAR ConOps. The 
following table shows all ATM Initiatives related to the issues addressed by this validation 
exercise together with the addressed Key Performance Areas. 

Project Description Maturity level 
(E-OCVM) 

KPAs 

CREDOS – 
Crosswind 
Reduced 
Separations for 
Departure 

The aim of this project is to study the 
feasibility of using reduced separations for 
departures under precise meteorological 
conditions. Specifically CREDOS aims to 
demonstrate the feasibility of a concept of 
operations allowing reduced separations for 
single runway departures under crosswind; 

V1 Safety, Efficiency, 
Predictability and 
Flexibility 
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Project Description Maturity level 
(E-OCVM) 

KPAs 

and to provide all stakeholders with the 
required information to facilitate the 
implementation of this concept where 
appropriate in the near-term (pre-2012). 

RESET – Reduced 
Separation Minima 

RESET will identify, for each flight phase, if 
and by how much the separation minima 
have to be reduced in the highest traffic 
areas in order to accommodate a doubling 
of peak-hour air traffic. This will be 
addressed independently of the particular 
operational concept, meaning that the 
feasibility remains to be proven. It is 
intended that the RESET project will select 
and prioritise at least three separation 
minima proposals for potential modification, 
which will be supported by comprehensive 
safety, efficiency and economic 
assessments. Finally, RESET will provide 
adequate supporting evidence and 
justification, in terms of safety, efficiency 
and economic assessments, to press for 
changes in separation minima. The principal 
objective for the project is to identify what 
reductions in separation minima are safe 
and feasible to contribute towards enabling 
a factor of 2 (x2) traffic growth over Europe. 

V0, V1 Safety, Efficiency, 
Flexibility and 
Capacity 

Increase Landing 
Capacity Schiphol 

The landing capacity at Schiphol during 
marginal visibility will need to be increased 
in order to achieve the requested 
sustainability of 90% at a capacity of 150 
movements per hour. The following aspects 
will be of importance when considering the 
desired improvement of the landing capacity 
during marginal and poor visibility 
conditions: 

Adapting the ILS protection area size to the 
current ILS system requirements according 
to the state of the art technology, or 
narrowing the ILS radiation pattern 

Improving the radar screen presentation by 
applying ground labels for Air Traffic 
Controllers 

Possible modifications in the required 
approach guidance system will be studied. 

TRL31 Efficiency and 
Capacity 

                                                

1 Technology Readiness Level  (TRL) is a measure used by some United States government agencies and many 
major world's companies (and agencies) to assess the maturity of evolving technologies (materials, components, 
devices, etc.) prior to incorporating that technology into a system or subsystem. Generally speaking, when a new 
technology is first invented or conceptualized, it is not suitable for immediate application. Instead, new technologies 
are usually subjected to experimentation, refinement, and increasingly realistic testing. Once the technology is 
sufficiently proven, it can be incorporated into a system/subsystem. 
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Table 3-3: ATM Initiatives and Level of Maturity 

4.3 EXERCISE OBJECTIVES.  

4.3.1 High level objectives 

At present, capacity at airports i.e., their infrastructure and consequentially, TMAs is primarily 
the limiting factor of overall system capacity, with delays in the en-route sector at historically 
low levels. The airport throughput is one of the main processes that determine the on-time 
performance of the Reference Business Trajectory. 

Therefore, airport capacity is the key challenge in the SESAR timeframe. Runway throughput 
must be optimised at congested airports to levels that exceed current ‘best-in-class’ 
operations. This requires a spectrum of measures including long-term infrastructure 
development, realistic airport scheduling, real-time demand and capacity balancing, 
sequencing and metering, time-based spacing, wake vortex detection, runway occupancy 
improvements.  

Airport throughput in adverse weather conditions must be maintained at levels close to normal 
by deploying: precision landing support that does not require the current protection limitations, 
accurate time-based spacing, and support to monitoring and controlling movement on the 
surface (A-SMGCS and CDTI). 

In this context, the aim of WP5.3.3 is to provide evidence on the expected increment of 
runway throughput and utilisation at airports due to the implementation of various techniques 
and procedures. 

Runway throughput has been selected as the key reference for the analysis, considering that 
the cost of runway deployment far exceeds the implementation costs of the other capacity 
influence factors and therefore maximising runway performance is paramount.  

4.3.2 Specific objectives 

1. The first objective of this exercise is to measure independently the impact of the 
Operational Improvement Steps described in the previous section and included within the 
SESAR Concept of Operations, on the Runway throughput: 

• AUO-0702: Brake to Vacate (BTV) Procedure, 

• AO-0301: Crosswind Reduced Separations for Departures and Arrivals, 

• AO-0302: Time Based Separation for Arrivals, 

• AO-0303: Fixed Reduced Separations based on Wake Turbulence Prediction, 

• AO-0503: Reduced ILS Sensitive and Critical Areas. 

When relevant, the impact of these OI steps will be assessed both in VMC and IMC 
conditions.  

                                                                                                                                       

TRL 3: Analytical and experimental critical function and/or characteristic proof-of-concept:: at this step in the 
maturation process, active research and development (R&D) is initiated. This must include both analytical studies to 
set the technology into an appropriate context and laboratory-based studies to physically validate that the analytical 
predictions are correct. These studies and experiments should constitute "proof-of-concept" validation of the 
applications/concepts formulated at TRL 2 
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2. The second objective is to demonstrate that the Operational Improvements addressed by 
the exercise will effectively contribute to maintain the airport throughput in adverse weather 
conditions at levels close to nominal ones. 

3. Finally, the exercise will also address the combined effect on runway capacity of different 
sets of the previous list of Operation Improvements. The objective is to evaluate the possible 
crossing effects and overall contribution on runway throughput of the joint implementation of 
such techniques and procedures. 

The following combinations of OIs are foreseen to be analysed: 

Set 01: It will include AUO-0702 and AO-0302 Brake to vacate and Time-based spacing. 

Set 02: It will include AO-0303 Fixed Reduced Separations based on Wake Turbulence 
Prediction together with the AO-0503 reduced ILS Sensitive and Critical Areas. 

Set 03: It will include AO-0301 Crosswind Reduced Separations for Departures and Arrivals 
together with the AO-0503 reduced ILS protection zone. 

4.4 CHOICE OF INDICATORS AND METRICS 

The exercise will provide an initial measurement of Airport Capacity focused in single runway 
airports. The indicators that will be selected aim to give measurements on Capacity 
Provision  (provide airport capacity for accommodating demand with expected QoS) and 
Reduction of Capacity Gap between VMC and IMC condi tions : 

Runway Capacity Impact through runway throughput im provement and maintained 
close to normal even in adverse weather conditions.  

The following capacity metrics have been selected from the EP3 WP2.4.1 Performance 
Framework v2.0 Cycle 1 [3]: 

Capacity Provision:  

CAP.LOCAL.APT.PI 1: Airport Capacity (VMC): Maximum achievable movements per hour. 

CAP.LOCAL.APT.PI 2: Airport Capacity (IMC): Maximum achievable movements per hour. 

Capacity gap between VMC and IMC conditions:  

CAP.LOCAL.APT.PI 21: Difference between Airport Capacity (VMC) and Airport Capacity 
(IMC): Difference between Airport Capacity in VMC and IMC conditions. 

4.5 VALIDATION SCENARIO 

Taking into account the objectives of this exercise, a series of validation scenarios will be 
carried out to test the effects of the operational improvements steps described in the previous 
section on the runway landing/taking off rates. Next table shows a summary of the validation 
scenarios that will be addressed by this exercise. 

Operational 
Improvement 

Scenario 

OI Step OI Step Title 

OI1 AUO-0702 Brake-to-Vacate (BTV) procedure 

OI2 AO-0302 Time-based Spacing (TBS) for arrivals 

OI3 AO-0301 Crosswind Reduced Separations for 
Departures and Arrivals 

OI4 AO-0303 Fixed Reduced Separations based on Wake 
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Turbulence Prediction 

OI5 AO-0503 Reduced ILS Sensitive and critical areas 

SET_1 AUO-0702 + AO-0302 

SET_2 AO-0303 + AO-0503 

SET_3 AO-0301+ AO-0503 

Table 3-4: Scenarios 

Since the scope of the exercise addresses among other things Operational Improvement 
Steps dealing with reducing the capacity gap between VMC and IMC conditions, scenarios 
OI3, OI4 and OI5 will be modelled in both weather conditions. 

The organisation of exercises associated with each validation scenario is provided bellow. 

Validation Scenario OI1 (Brake to Vacate exercises) 

The following table shows the organisation of exercises related to OI1. 

Exercise Segregated 
Arrival 

Mixed 
mode 

No BTV BTV BTV equipped 
aircraft 

OI1 BTV Ref A X  X   

OI1 BTV A X   X Airbus A320 

OI1 BTV Ref B  X X   

OI1 BTV B1  X  X A318/319/320/321 of 
2 major carriers* 

OI1 BTV B2  X  X All A318/319/32/321* 

OI1 BTV C  X  X All Airbus aircraft*  

Table 3-5:Brake to vacate exercises 

* percentage of aircraft BTV equipped will be confirmed with refinement of traffic sample 

Validation Scenario OI2 - Time Based Spacing exercises 

The following table shows the organisation of exercises related to OI2. 

Exercice RADAR 
separation 

TBS No Wind Head 
Wind 

OI2 TBS Ref A X  X  

OI2 TBS Ref B*  X X  

OI2 TBS A X   X 

OI2 TBS B  X  X 

Table 3-6:Time based spacing exercises 

* This exercise is to validate the performance of the TAAM time separation algorithms 

Validation Scenario Set_1 - Combined BTV and TBS exercises 

The following table shows the exercise related to scenario Set_1, a combination of OI1 and 
OI2. 

Exercise BTV TBS Headwind  

Set_1 X X X 
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Table 3-7:Combined BTV and TBS exercise  

Validation Scenarios OI3 and OI4 - Wake Turbulence exercises: 

The following table shows the organisation of exercises related to OI3 and OI4. 

Exercise VMC IMC 

Reference X X 

OI3 xwind A X  

OI3 xwind B  X* 

OI4 fixed A X  

OI4 fixed B  X* 

Table 3-8: Wake turbulence exercises 

* Even though the separations due to wake vortex do not change whether the conditions are 
VMC or IMC, the rest of applicable separation standards may change and it might occur that 
the resulting improvement from the Reference to the OI3 and OI4 Scenarios calculated in 
VMC conditions would not be relevant in IMC conditions. 

Note: the reference exercises presume optimal conditions without crosswind and with 
standard separations. 

Validation Scenario OI5 - ILS Protection Zone exercises 

The following table shows the organisation of exercises related to OI5. 

Exercise VMC IMC (CATII/III) 

Reference X X 

OI5 ILS zone A X  

OI5 ILS zone B  X 

Table 3-9: ILS protection zone exercises 

Validation Scenario Set 2 and Set 3 - Combined Wake and ILS protection zone exercises 

The following table shows the organisation of exercises related to scenarios Set_2 and Set_3, 
a combination of OI3, OI4 and OI5. 

Exercise VMC IMC 

Reference X X 

Set_2  X 

Set_3  X 

Table 3-10:Combined wake turbulence and ILS protecti on zone exercises 

Note: the reference exercises presume normal operating conditions with standard separations 
and standard ILS sensitive and critical areas. 

4.5.1 Hypotheses 

The list below contains the main hypothesis identified for this exercise: 

H1 The implementation of Brake to vacate procedures at the airport will reduce Runway            
Occupancy Time, 
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H2 The implementation of Time Based Spacing Techniques will prevent the loss of landing 
slots during periods of strong headwind,  

H3 The implementation of Crosswind Reduced Separations for Departures and Arrivals will 
increase Runway Throughput when favourable wind conditions prevail, 

H4 The implementation of Fixed Reduced Separations based on Wake Turbulence Prediction 
will increase Runway Throughput, 

H5 The reduction of ILS Sensitive and Critical Areas will result in a reduction in the loss of 
runway throughput due to Low visibility conditions, 

H6 The implementation of OIs in combination, will result in an additional runway throughput 
improvement greater than the sum of their individually observed contributions. 

4.5.2 Hypothesis and associated metrics (see also 4.4) 

HYPOTHISIS METRICS 

HI CAP.LOCAL.APT.PI 1 

CAP.LOCAL.APT.PI 2 

H2 CAP.LOCAL.APT.PI 1 

CAP.LOCAL.APT.PI 2 

H3 CAP.LOCAL.APT.PI 1 

CAP.LOCAL.APT.PI 2 

H4 CAP.LOCAL.APT.PI 1 

CAP.LOCAL.APT.PI 2 

H5 CAP.LOCAL.APT.PI 21 

H6 CAP.LOCAL.APT.PI 1 

CAP.LOCAL.APT.PI 2 

CAP.LOCAL.APT.PI 21 

4.5.2.1 Assumptions 

As the main scope of the exercise project is to assess the impact of a set of operational 
improvements steps on the runway capacity, the rest of the subsystems of the airport should 
be modelled in such a way that the runway capacity results are clear and are not biased. 
Thus, the possible capacity benefits will be strictly due to the implementation of the new 
operational improvements at runway level.  

The main assumptions for the capacity assessment are: 

Airport modelling  

The airport system will be modelled in such a way that no element apart from the runway 
could mean a bottleneck from the capacity point of view 

This means that simulations will not take into account any limitation regarding taxi system, 
aprons and gates, ATC workload, sector capacity, etc.  

ATCO/Pilot modelling 

It is assumed that Controller tools and working methods are in place as follows: 

Validation Scenario OI2 - Time Based Spacing. TMA/Approach controllers will be required to 
implement time spacing between aircraft on final approach. This operation will require 
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controller support tools. The presence of these tools is assumed, as is controller competence 
in delivering aircraft time separated to the runway controller. 

Validation Scenario OI3 - Crosswind Reduced Separations for Departures and Arrivals. Tools 
will be required to provide real-time and forecast wind information, and go/no go decision 
making support to controllers, allowing the abandonment of wake turbulence separation. 

It is assumed that Aircrew awareness has been achieved regarding the above operations.  

Wind and weather modelling 

Wind conditions will be simulated or assumed during the modelling process as follows: 

Validation Scenario OI2 – Time Based Spacing. A headwind of 20 knots will be simulated to 
replicate the corresponding reduction in ground speed of aircraft on final approach. 

Validation Scenario OI3 – Crosswind Reduced Separations for Departures and Arrivals. The 
presence of a crosswind will be assumed, thereby allowing the abandonment of wake 
turbulence separations. 

Since the exercise will address some Operational Improvement Steps dealing with reducing 
the capacity gap between VMC and IMC conditions, the effect of both weather conditions will 
be analysed. 

Traffic mix 

See 4.5.5.1 and 4.5.5.2.  

Aircraft Equipment 

All aircraft are supposed to be equally equipped for any new concept. However the Brake-to-
Vacate exercises will assume a certain number of aircraft are not equipped for the procedure. 
This will be clarified with refinement of the traffic sample.  

Separations 

It is assumed that ICAO will approve the reduced longitudinal separations resulting from Time 
Based Spacing, the abandonment of wake turbulence separations described in Validation 
Scenario OI3, and reduced wake turbulence separations under Validation Scenario OI4 – 
Fixed Reduced Separations based on Wake Turbulence Prediction 

Iterations per Scenario  

In order to achieve a high statistical confidence on the simulation results, suitable scenarios 
will be run an appropriate number of iterations per scenario. In the case of indicators such as 
those addressed in this exercise; the maximum achievable movements per hour, 10 iterations 
provide a level of confidence of at least 95%. However, preliminary tests will be run in order to 
define the minimum number of runs necessary to reach the level of statistical confidence of 
95%. 

4.5.3 Airport Information 

The focus of the assessment will be focused on the Runway capacity as this is assumed the 
limiting factor. The assessment does not cover the Turnaround process and assumes that 
Apron, Taxiway, Stand, and other Airside processes are not going to be a limiting factor. 

The Challenges to Growth 2004 Report provide a classification of airports relevant for airport 
capacity assessment: single runway, crossing runways, parallel dependant runways, parallel 
independent runways, complex airports 2, and complex airports 1. 

Two different airports Malaga and Paris Charles de Gaulle have been selected as subject 
airports for the simulation exercises.   
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4.5.3.1 Airport Runway Configuration – Malaga 

AENA has data for a number of airports in its TAAM database of airports. For the purpose of 
the Wake Vortex Reduced Separations, and Reduced Runway Protection Limits, Malaga 
airport will be used as the simulated platform. 

Malaga airport service is 24 H and is approved for VFR and IFR traffic. As shown in figure 3-
3, its layout is based on one single runway 13-31. 

 

Figure 4-3: Malaga Airport Layout 

Malaga Airport has been selected as representative of single runway airports. 

The analysis will be performed in a single runway configuration, as to analyse the total effect 
of the Operational Improvements in both Arrival and Departure flows. 

4.5.3.2 Airport Runway Configuration – Paris Charles de Gaulle 

EUROCONTROL has data for a number of airports in its TAAM database of airports. For the 
purpose of the Brake-to-Vacate and Time-Based Spacing scenarios, Paris Charles de Gaulle 
airport will be used as the simulated platform. 

Paris Charles de Gaulle airport has two pairs of parallel dependant runways, one to the north 
and one to the south of the airport infrastructure, in an east-west configuration. Each pair of 
runways has an inner departure runway and an outer landing runway. 

The Brake-to-Vacate and Time-Based Spacing analysis will be performed in a single runway 
configuration, so as to analyse the total effect of the Operational Improvements in both Arrival 
and mixed Arrival/Departure flows. 

Erreur ! Des objets ne peuvent pas être créés à par tir des codes de champs de mise en 
forme.  

Figure 4-4: Charles de Gaulle Airport Layout 

4.5.4 Airspace Information 

4.5.4.1 Airspace Configuration – Malaga and Paris Charles de Gaulle 

Airspace configuration around Malaga and Paris Charles de Gaulle Airports will be modelled 
in such a way that it will not imply any capacity restriction at airport level. 
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4.5.5 Traffic Information 

4.5.5.1 Malaga Airport 

The reference traffic will be extracted for Malaga Airport from the traffic provided by 
EUROCONTROL for the simulation exercises run within T231 in SESAR Project. This 
reference traffic corresponds to the 19th of July 2005 one-day traffic sample. The 2020 
scenario are built from the reference scenario by applying the expected traffic growths 
provided by the EUROCONTROL Statistics and Forecast Service (STATFOR) and the 
estimated modifications in the scenario for the future horizons. The STATFOR long-term 
forecast identifies four different scenarios built on the STATFOR medium-term, 7-year 
forecast. In the long-term the forecast scenarios differ in structural ways, rather than just in 
the amount of economic growth. The forecast scenario selected is the one so called Scenario 
A LTF corresponding to globalisation and rapid growth. 

Since the maximum throughput of the runway is going to be studied in this simulation 
exercise, the traffic profile to be chosen does not matter as long as the mix of aircraft 
categories i.e. the distribution of heavy/medium/light aircraft, is coherent with the expectations 
of the 2020 horizon. The traffic mix included in the simulations is the one correspondent to the 
scenario A LTF. The 2020 traffic estimation will then be cloned so as to saturate the runway 
and make sure that it runs at full demand in order to obtain maximum throughput.  

4.5.5.2 Paris Charles de Gaulle Airport 

Actual traffic data was obtained from the Central Flow Management Unit which included all 
Paris CDG traffic for September 7th 2007. A peak two hour morning traffic load was selected 
from the 24 hour sample to reflect a typical busy period with varied aircraft types. 

For the purposes of this exercise, runway 26L at CDG is used as the subject runway. Arriving 
and departing traffic during the simulated period have been merged to simulate a mixed mode 
operation on runway 26L which is normally used in segregated mode for arriving traffic only. 

4.5.6 Additional Information 

Wind modelling 

In the OI3 study, crosswind conditions will be determined by a constant crosswind. Direction 
and intensity will be constant on the runway and in the considered area around the airport. In 
the first Airport Expert Group meeting, it was commented that crosswind is characteristic for 
being irregular due in particular to its passing over terminal and hangar buildings on the sides 
of the runway, however the scope of this exercise prevents entering in such a level of detail. 
Besides, since at airports, there is only one point of wind measure, it would make little sense 
assuming the ATCO know the wind at different points on the runway and/or before/after the 
runway. During the time of the study, the direction and intensity may be changed but only on 
an hourly basis and remaining constant throughout the time span of one hour. 

Crosswind influence on aircraft performances 

To take into account the wind influence on aircraft performances, the TAAM wind module will 
be used: wind is applied in calculations of aircraft movement during take-off and landing 
(position, direction, speed, estimation of flight time etc.) and wind affects the ground speeds 
of aircraft. It remains to be seen how realistically the module calculates the longer ROTs due 
to the cross winds making the landing more difficult for the pilot. 

Traffic mix 

The traffic mix studied will be the one from the traffic described in 3.5.4 Traffic Information. If 
the work schedule permits, the influence of the traffic mix on the runway capacity will be 
considered. 
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Separations applied 

The following types of separation will be applied between 

·         Departing aircraft: 

• Wake vortex separation 

• Runway time separation 

·         Landing aircraft: 

• Wake vortex separation 

• Radar  separation 

• Operational procedure to allow a departure in between in a mixed runway operation 

·         A departing and a landing aircraft: 

• Wake vortex separation 

• Runway occupancy time. 

Radar Separation 

A minimum radar separation of 2.5NM is required. In the 2020 horizon, with fast runway exits, 
such a value is reasonable. In any case, in the case that a following aircraft respecting this 
separation minimal but too close to the leader to allow the leader to clear the runway before 
reaching capture distance, will be prevented to land by TAAM as would controllers do in the 
real world. If needed, a 2.5NM minimal radar separation could be further justified by the 
conclusions of the Brake-To-Vacate study. 

Radar separations remain the same regardless of the weather and runway conditions. 

Wake Vortex separation 

It will be assumed that, given a crosswind intensity superior to a certain value, the wake 
turbulence of an aircraft will not be liable to endanger the following aircraft and that in this 
case, no wake vortex separation will be applied between such a pair of aircrafts. This limit 
crosswind intensity remains to be determined and it could be decided to have distinct limit 
intensities depending on the category of the leading aircraft. To determine these values, 
feedback from the CREDOS project is awaited. 

OI4: Fixed Reduced Separations based on Wake Turbul ence Prediction 

The OI rationale states “Use of a statistical model giving wake-vortex behaviour with fixed 
aircraft separations - e.g. from collection of all relevant combinations of wake vortex 
behaviours in meteorological situations”. For a first study of this OI, it is planned to determine 
the wake vortex separation of a pair of aircrafts basing the calculation on the weight of the two 
aircrafts. A table with five aircraft weight categories defines these separations. The 
preliminary results of the ReCat and Reset projects were combined to build this table. The 
resulting table is described below: 

Category W: Aircraft 
weight in tons 

SS 7 >W 

LM 40 > W > 7 

MM 116 > W > 40 

UM 136 > W > 116 

HH W > 136 
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Table 3-9: Aircraft Categories 

 Follower 

 HH UM MM LM SS 

HH 2 2 3 4 5 

UM 2 2 3 4 4 

MM 2 2 2 3 4 

LM 2 2 2 2 3 

Leader 

SS 2 2 2 2 2 

Table 3-9: Wake Turbulence Separations 

4.5.7 Equipment scenario requirements 

For the objectives of WP5.3.3, no need has been identified so far for updating the platform as 
it is now. 

4.6 EQUIPMENT REQUIRED TO CONDUCT THE EXERCISE  

The FTS exercises require a platform that is capable of accurately modelling aircraft 
performance, ATC constraints and airport runways and taxiways. The platform must also 
allow flexibility in modifying aircraft performance characteristics.  

Given these criteria, TAAM  has been selected for the EP3 WP5.3.3 Runway Operation FTS 
Exercises to be carried out by ERC and AENA. The Total Airspace and Airport Modeller 
(TAAM), developed by Preston, is a comprehensive, interactive software tool for modelling air 
traffic, both en route and in the airport area, as well as on the ground. Its main objective is to 
be used to assist with the design of airspace, airport systems, and facilities and can benefit 
the operational planning activities of airlines.  

TAAM is used to create a model of any airport or air traffic environment, together with any 
given set of circumstances affecting that environment. This model can then be used to 
simulate realistic air traffic control simulations, usually in fast time. 

ERC is also evaluating the AirTOp fast time simulator, and will accordingly run parallel Brake-
to-Vacate exercises on the AirTOp model. Results from both models will be analysed in the 
simulation final report. AirTOp is a product of Airtopsoft SA. 

4.7 LINKS TO OTHER VALIDATION EXERCISES 

This exercise will provide input to WP 5.3.2. Airport Expert Group, enhancing and improving 
the knowledge on the benefits of the concept in terms of Runway Throughout. 
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4.8 CONCEPT ASSUMPTIONS 

The main assumptions of this exercise are completely aligned with those applied in SESAR 
T231/D4: 

The focus of the assessment will be made on the Runway capacity as this is assumed the 
limiting factor. The assessment does not cover the Turnaround process and assumes that 
Apron, Taxiway, Stand, and other Airside capacity are not going to be a limiting factor. 

See also section 4.5.2.1. 

4.9 SUMMARY 

Annex A provides a summary and overview of the exercise scope. 

5 PLANNING AND MANAGEMENT 

5.1 ACTIVITIES  

The main activities that are necessary to perform this validation exercise are: 

• Preparatory activities: 

o Definition of the exercise, including selection of the SESAR CONOPS 
elements, platform, scenarios. The main output of this activity is this 
deliverable (D5.3.3-01 Experimental Plan), 

o The input data pre-processing (airport model, traffic, …) and the introduction 
of this input data in the TAAM tool. 

• The execution activities that include: 

o Validation of scenarios 

o Simulation execution 

• Post-exercise activities: 

o Output data post-processing to obtain the selected metrics 

o Analysis of these results 

o Elaboration of final report (deliverable D5.3.3-02: Simulation Report) 

5.2 RESOURCES.  

To perform this validation activity, several skills are required from the participants: 

• Knowledge of FTS tools, in particular, TAAM tool. 

• Experience in data analysis. 

The following table shows the expected effort in person weeks to perform all activities 
described in the previous section. 
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 Effort (pw) 

Activities Detail ERC AENA ISDEFE NATS 

Exercise Definition 0.8 1 2 1 

Input data pre-
processing 

1.6 2 1 0.6 
PREPARATORY 

Introduction of 
input data 

2.4 3 1 0.4 

Validation of 
Scenarios 

0.32 0.4   

EXECUTION 
Simulation 
Execution 

1.28 1.6   

Output data post-
processing 

4 5 1 0.4 

Results analysis 4 5 1 0.6 
POST-EXERCISE 

Final Report 1.6 2 2 1 

TOTAL (pw) 16 20 8 4 

Table 5-1 Expected effort 

5.3 RESPONSIBILITIES IN THE EXERCISE 

This FTS Simulation Exercise has four different partners: 

• ERC, as the leader of the Exercise. Its main tasks are to coordinate all activities 
within the exercise and provide support to other partners of this sub-WP. ERC will 
be responsible for analysing the Operational Improvements AUO-0702 (Brake to 
Vacate BTV Procedures) and AO-0302 Time Based Separation Procedures. They 
will also, support AENA in the production of D5.3.3-01 Experimental Plan, and, 
together with AENA, produce D5.3.3-02 Simulation Report. They will also analyse 
the combined effects of AUO-0702 and AO-0302 (Set 01). 

• AENA will analyse the Operational Improvements AO-0301 (Crosswind Reduced 
Separations for Departures and Arrivals), AO-0303 (Fixed Reduced Separations 
based on Wake Turbulence Prediction) and AO-0503 (Reduced ILS Sensitive and 
Critical Areas). They will also analyse the combined effects of AO-0303 and AO-
0503 (Set 02) and the combined effect of AO-0503 and AO-0503 (Set 03). AENA 
will produce D5.3.3-01 Experimental Plan, integrating their contribution together with 
ERC contribution, and contribute to D5.3.3-02 Simulation Report. 

• ISDEFE will review deliveries D5.3.3-01 Experimental Plan and D5.3.3-02 
Simulation Report. 

• NATS will review deliveries D5.3.3-01 Experimental Plan and D5.3.3-02 Simulation 
Report. 

5.4 TRAINING 

The Fast-Time Simulation exercises will be carried out by simulation experts with background 
in the use of the different Fast-Time Simulation tools. Therefore, no further training is needed. 
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5.5 TIME PLANNING 

The exercise began in January 2008 with the selection of the set of OIs and the Performance 
Indicators. 

The simulation activities will finish in November 2008, when the joint Simulation Report for the 
Validation Exercises carried out by AENA and ERC will be delivered. 

5.6 RISKS.  

Risk <1>: Validation of Hypothesis and Assumptions by the Airport Expert Group 

Description: It may be the case that the Expert Group on airports discuss some 
hypothesis on this exercise late for the planning of the simulations. 

Impacted Area:   Own Exercise   Other Exercise   WP 

Level:   Low   Medium   High 

Possibility of occurrence:   Low   Medium   High 

Contingency Actions Ask the experts directly  

Mitigation Actions: N/A. 

Responsible party: WP5 

Table 5-2 Risk identification 

6 ANALYSIS SPECIFICATION 

6.1 DATA COLLECTION METHODS 

Basically two types of information can be obtained from the validation exercises: quantitative 
and qualitative. Generally, “quantitative” information is related to objective measurements 
while “qualitative” information refers to subjective measurements.  

• Quantitative data is obtained from information recorded by the simulations tool 
during each run. These data contain information regarding traffic trajectories, 
number of movements, etc and can be provided by FTS,  

• Qualitative data is provided by the human actors, pilots/controllers, intervening in 
the exercises and obtained by means of subjective data collection methods such as 
questionnaires or real time measurements. This information can be obtained only 
from RTS. 

The FTS tool that will be used for this exercise will produce quantitative data on runway 
throughput through a series of runs for each validation scenario. 

6.2 OPERATIONAL AND STATISTICAL SIGNIFICANCE 

Operationally significant changes are those that have a significant impact on ATM operations 
and are measured considering the exercises objectives. An operationally significant 
improvement will be recognised if the expected benefits are achieved. 



 

Episode 3 

D5.3.3-01 - Runway Operations FTS Experimental Plan  
Revision: 2.02 

 

 - Page 33 of 43 -  

Issued by the Episode 3 consortium for the Episode 3 project co-funded by the European Commission and Episode 3 
consortium. 

The statistical confidence level is considered acceptable if the simulation results are in line 
with the expected behaviour of the model representing the operational context to be 
investigated. 

Often a result may be determined as being statistically significant but still may not be 
considered as operationally significant when viewed against the operational context. The 
comparison to operational context determines which of the results are meaningful. 

The statistical study commonly used for validation purposes is the Hypothesis test. Validation 
hypotheses express an expectation on the foreseen result to be obtained with the 
implementation of each new procedure or technique by using the indicators available. 

For example, for this particular exercise it could be defined as follows: 

• The OI step AUO-0702 (Brake to Vacate (BTV) Procedure) significantly increases 
the runway throughput. 

The following steps explain the process: 

Step 1: Hypotheses definition 

Two hypotheses must be defined for each metric, the “null hypothesis” and the “alternative 
hypothesis”.  

•  “Null hypothesis” (H0), is usually stated in terms of equality. The denomination 
comes indeed from the assumption of that the data are not going to show a change 
with the new scenario, 

•  “Alternative hypothesis” (H1), usually states the validation objective to test. The test 
is set up to see if there is evidence that the alternative hypothesis is more likely to 
be true than the null one. 

The statistical parameter that will be used to compare the two scenarios are the runway 
throughput mean obtained from a series of FTS runs for each validation scenario. 

The null hypothesis expressed in terms of Runway Throughput mean is: 

 H0 → µx = µy : The mean of Runway Throughput obtained for a new scenario (OI step)  is not 
significantly different from the mean of Runway Throughput obtained for the Reference scenario 

 

The “alternative or experimental hypothesis” is as follows: 

 H1 → µx > µy: The mean of Runway Throughput obtained for a new scenario (OI step)  is 
significantly higher than the mean of Runway Throughput obtained for the Reference scenario 

 
Since this hypothesis specifies the direction of the effect, a “one-tailed test” of significance 
can reasonably be applied.  

The procedure will be focused on whether accepting or rejecting the null hypothesis. It must 
be considered that, if a new OI step aims to improve one particular aspect related to capacity 
such as runway throughput, the rejection of the “null hypothesis” for the associated metric 
would mean that the objective has been achieved.  

Step 2: Calculate the appropriate test statistic 

The acceptance or rejection of the “null hypothesis” will be determined by comparing the 
measurements for each OI step scenario with those from the Reference Scenario. 

Suppose that the list of measurements of Runway Throughput for each OI step scenario is 
given by (X1, X2 , …, Xn ) and those for the Reference Scenario by (Y1, Y2, …, Ym). These 
measurements can be considered as a set of independent observations representing the 
population X and Y respectively. The test statistic for the “null hypothesis” will be based on 
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the mean of the population X and Y. These mean values are unknown but can be 
approximated by the means of the observations. 

∑
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where N and M is the sample size of the set of observations from X and Y respectively. 

The means of the observations, X and Y , depend on their parent observations and are 
therefore distributed. The Central Limit Theorem states that for large sample size (N/M ≥ 30) 
drawn randomly from a population the distribution of the means of those samples: 

• follow a Normal distribution, irrespective of the shape of the population distribution,  

• has a mean equal to the population mean, 

• has a standard deviation, x, equal to the population standard deviation, sx. 

Now assume that the number of measurements is large enough so that the means of the 

observations follow a Normal distribution. Then these means are given by X and Y  from the 
observations (see above) and the standard deviations are given by: 
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Now that the mean and the standard deviation are known, the test statistic can be 
determined. In case of a large sample size the test statistic of the two samples Z-test is used: 
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Step 3: Specify the critical statistic 

The acceptance or rejection of null hypothesis must be stated with a defined level of 
confidence, which specifies the probability of erroneously rejecting H0. The level of 
significance that will be used is 95% (α = 0.05). This is the most common value used for ATM 
studies. 

For one-tailed test, the critical value is zα and H0 is rejected if Z>zα (µx > µy). For a normal 
distribution with a 95% of level of confidence, zα = 1,64. 

Rejection Region
when

H 1: {µ x > µ }

Rejection Region
when

H 1: {µ x < µ }

-zα zα0

Rejection Region
when

H 1: {µ x > µ }

Rejection Region
when

H 1: {µ x < µy }

-zα zα0

y

 

Figure 6-1: One-tailed test 

Step 4: State conclusions 
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If test statistic falls in the critical region, H0 will be rejected in favour of H1 .If it does not fall in 
critical region there is not enough evidence to reject H0. If H0 is rejected, H1 will be accepted 
with a level of confidence of 95%. 

6.3 ANALYSIS METHOD 

The method that must be applied to analyse FTS results will depend on the amount of 
available data. If this is large enough, a statistical study can be developed. This will be the 
case of information obtained from this exercise.  

Quantitative analysis will be carried out to reach a specific numerical result, often with an 
associated statistical level of confidence. Some post-processing activities may be carried on 
in order to compute the performance indicators selected from the Performance Framework 
based on the raw data provided by the FTS tool. 

Descriptions of the data, such as by making graphs and histograms, will be provided in order 
to aid the interpretation of the results. 

The analysis and reporting activities will include: 

• Carrying out the output data analysis taking into account the selected KPAs, KPIs, 
tools and experimental plan, 

• Preparation of analysis contributions, a detail about all meaningful results, 

• Preparation of the simulation report. 

 

Figure 6-2: Analysis Method 

6.4 DATA LOGGING REQUIREMENTS 

Data logging must be sufficient for the scope of the FTS validation exercises, in particular for 
reconstruction and analysis of the simulation results. The storage of the following output data 
will be required to measure the addressed metrics: 

• Runway throughput 

FT Simulator TAAM will be set to produce and register these data. 

6.5 OUTLINE REPORTING PLANS 

The Simulation Report will be delivered in November 2008. The format of this report will be 
that provided by WP2. 
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7 DETAILED EXERCISE DESIGN 

7.1 DEPENDENT AND INDEPENDENT VARIABLES  

The five OIs steps addressed by this exercise are aiming at: 

• Increasing the runway throughput at the airport through reducing the separation 
between successive operations or the runway occupancy times, 

• Maintaining the runway throughput when the airport is operating under low visibility 
conditions. 

These two objectives lead to the definition of alternative validation scenarios for each OI step 
or combination of them: 

The OI step AO-0503 (Reduced ILS Sensitive and Critical Areas) aims at maintaining the 
capacity provision at the airport in low visibility conditions. For addressing this OI step, or any 
possible combination that includes it, it is necessary to consider two alternative validation 
scenarios in VMC and IMC conditions. 

The OI Steps AO-0301 (Crosswind Reduced Separations for Departures and Arrivals) and 
AO-0302 (Time Based Separation for Arrivals) will be analysed under different wind 
conditions. The former will be also analysed in IMC conditions since it will be later combined 
with the OI step AO-0503. 

The OI step AO-0303 (Fixed Reduced Separations based on Wake Turbulence Prediction) 
will be analysed in VMC and IMC conditions since it will be later combined with the OI step 
AO-0503. 

The OI step AUO-0702 (Brake to Vacate - BTV Procedure) will be analysed considering 
different percentages of equipped aircraft for these procedures. 

7.2 LENGTH AND NUMBER OF RUNS 

For each scenario a set of a significant number of runs with the selected traffic sample will be 
simulated. It could be needed carrying out more than one simulation run depending on correct 
preparation of the simulation scenarios. In the case of indicators such as those addressed in 
this exercise, maximum achievable movements per hour, 10 iterations provide a level of 
confidence of at least 95%. However, preliminary tests will be run in order to define the 
minimum number of runs necessary to reach the level of statistical confidence of 95%. 

7.3 TIME PLANNING FOR THE EXERCISE 

Week Activity 

1 2 3 4 5 6 ….8 9 10 ….17 18 19 20 

Write experimental plan              

Prepare scenarios              

Prepare traffic sample              

Run scenarios              

Verify models’ output              

Write analysis report              

Table 7-1 Detailed time planning 
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8 ACRONYMS 

AENA  Aeropuertos Españoles y Navegación Aérea 

ANSP Air Navigation Service Provider 

APP Approach Control 

A-SMGCS Advanced Surface Movement Guidance and Control System 

ATC Air Traffic Control 

ATM Air Traffic Management 

BTV Brake To Vacate 

CATI/II/III ILS Category I/II/III  

CDTI Cockpit Display of Traffic Information 

CFMU Central Flow Management Unit 

ConOps Concept of Operations 

CREDOS Crosswind Reduced Separations for Departures 

DOD Detailed Operational Description 

E-OCVM European Operational Concept Validation Methodology 

ERC EUROCONTROL 

FA Focus Area 

FTS Fast Time Simulation 

GND Ground 

ICAO International Civil Aviation Organisation 

IFR Instrument Flight Rules 

ILS Instrument Landing System 

IMC Instrument Meteorological Conditions 

IP Implementation Package 

ISDEFE Ingeniería y servicios para la defensa y el transporte 

KPA Key Performance Area 

KPI  Key Performance Indicator 

LVC Low Visibility Conditions 

NATS National Air Traffic Services 

NM Nautical Mile 

OI Operational Improvement 

RESET Reduced Separation Minima 

ROT Runway Occupancy Time 

RWY Runway 

SESAR Single European Sky ATM Research and Development Programme 

STATFOR EUROCONTROL Statistics and Forecast Service 
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TAAM Total Airspace and Airport Modeller 

TBS Time Based Spacing 

TMA Terminal Control Area 

TRL Technology Readiness Level 

TWR Control Tower 

VFR Visual Flight Rules 

VMC Visual Meteorological Conditions 
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Annex A Exercise Overview Table 
The following table provides a summary and overview of the exercise scope. 

Validation Scenario Summary/ 
Purpose 

Hypothesis Metrics/ 
Indicators 

SESAR OI SESAR KPI DOD References 

Brake to Vacate Scenario The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
reduction of 
Runway 
Occupancy Times 
(ROT) due to the 
implementation of 
the Brake to 
Vacate 
Procedure. 

The exercise will 
analyse 
segregated 
arrivals and Mixed 
Mode Operations 

The implementation of 
Brake to Vacate 
procedures at the airport 
will reduce  Runway 
Occupancy Time.  

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

 

AUO-0702: Brake to 
Vacate (BTV) 
Procedure 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput of 
implementing the Brake 
to Vacate Procedure 

DOD E1 – Runway 
Management 

 

Time Based Spacing The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
implementation of 
Time Based 
Spacing 

The implementation of 
Time Based Spacing 
Techniques will prevent the 
loss of landing slots during 
periods of strong 
headwind. 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

 

AO-0302: Time 
Based Separation for 
Arrivals 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput of 
implementing Time 
Based Spacing 
Techniques 

DOD E1 – Runway 
Management 
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Validation Scenario Summary/ 
Purpose 

Hypothesis Metrics/ 
Indicators 

SESAR OI SESAR KPI DOD References 

Techniques 

The exercise will 
analyse different 
wind conditions. 

Crosswind Reduced 
Separations for Departures 
and Arrivals 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
implementation 
crosswind 
Reduced 
Separations for 
Departures and 
Arrivals 

The exercise will 
analyse both IMC 
and VMC 
conditions. 

The implementation of 
Crosswind Reduced 
Separations for Departures 
and Arrivals will increase 
the Runway Throughput 
when favourable wind 
conditions prevail 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

CAP.LOCAL.APT.PI 2: 
Airport Capacity (IMC): 
Maximum achievable 
movements per hour. 

CAP.LOCAL.APT.PI 
21: Difference between 
Airport Capacity (VMC) 
and Airport Capacity 
(IMC): Difference 
between Airport 
Capacity in VMC and 
IMC conditions. 

AO-0301: Crosswind 
Reduced Separations 
for Departures and 
Arrivals 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput of 
implementing the 
Crosswind Reduced 
Separations for 
Departures and Arrivals 

DOD E1 – Runway 
Management 

 

Fixed Reduced 
Separations based on 
Wake Turbulence 
Prediction 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
implementation of 
fixed reduced 
separations based 
on Wake 
Turbulence 
Prediction 

The implementation of 
Fixed Reduced 
Separations based on 
Wake Turbulence 
Prediction will increase the 
Runway Throughput 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

CAP.LOCAL.APT.PI 2: 
Airport Capacity (IMC): 
Maximum achievable 
movements per hour. 

CAP.LOCAL.APT.PI 
21: Difference between 
Airport Capacity (VMC) 
and Airport Capacity 

AO-0303: Fixed 
Reduced Separations 
based on Wake 
Turbulence Prediction 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput of 
implementing the Fixed 
Reduced Separations 
based on Wake 
Turbulence Prediction 

DOD E1 – Runway 
Management 
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Validation Scenario Summary/ 
Purpose 

Hypothesis Metrics/ 
Indicators 

SESAR OI SESAR KPI DOD References 

The exercise will 
analyse both IMC 
and VMC 
conditions. 

(IMC): Difference 
between Airport 
Capacity in VMC and 
IMC conditions. 

Reduced ILS Sensitive and 
Critical Areas 

 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
reduction of ILS 
Sensitive and 
Critical Areas. 

The exercise will 
analyse both IMC 
and VMC 
conditions. 

The reduction of ILS 
Sensitive and Critical 
Areas will contribute 
effectively to maintain 
runway throughput in Low 
visibility conditions. 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

CAP.LOCAL.APT.PI 2: 
Airport Capacity (IMC): 
Maximum achievable 
movements per hour. 

CAP.LOCAL.APT.PI 
21: Difference between 
Airport Capacity (VMC) 
and Airport Capacity 
(IMC): Difference 
between Airport 
Capacity in VMC and 
IMC conditions. 

AO-0503: Reduced 
ILS Sensitive and 
Critical Areas 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput 
through the reduction of 
ILS Sensitive and 
Critical Areas. 

Maintain the level of 
service in IMC 
conditions up to VMC 
levels 

DOD E1 – Runway 
Management 

 

Brake to Vacate 
Procedures and Time 
Based Separation 
Techniques (Set_1) 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
combined effect of 
implementing 
Brake to Vacate 
procedures and 
Time Separation 
Techniques at the 

The implementation of this 
combined SET_1 of OIs 
steps will increase runway 
throughput 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

 

AUO-0702: Brake to 
Vacate (BTV) 
Procedure 

AO-0302: Time 
Based Separation for 
Arrivals 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput of 
implementing the Brake 
to Vacate Procedure 
and Time Based 
Separation for Arrivals 

DOD E1 – Runway 
Management 
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Validation Scenario Summary/ 
Purpose 

Hypothesis Metrics/ 
Indicators 

SESAR OI SESAR KPI DOD References 

airport. 

Fixed Reduced 
Separations based on 
Wake Turbulence 
Prediction  and Reduced 
ILS Sensitive and Critical 
Areas 

 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
combined effect of 
reducing the ILS 
Sensitive and 
Critical Areas and 
the 
implementation of 
fixed reduced 
separations based 
on Wake 
Turbulence 
Prediction. 

The exercise will 
analyse both IMC 
and VMC 
conditions. 

The implementation of this 
combined SET_2 of OIs 
steps will increase runway 
throughput 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

CAP.LOCAL.APT.PI 2: 
Airport Capacity (IMC): 
Maximum achievable 
movements per hour. 

CAP.LOCAL.APT.PI 
21: Difference between 
Airport Capacity (VMC) 
and Airport Capacity 
(IMC): Difference 
between Airport 
Capacity in VMC and 
IMC conditions. 

 

AO-0503: Reduced 
ILS Sensitive and 
Critical Areas 

AO-0303: Fixed 
Reduced Separations 
based on Wake 
Turbulence Prediction 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput 
through the reduction of 
ILS Sensitive and 
Critical Areas and the 
implementation of fixed 
reduced separations 
based on Wake 
Turbulence Prediction. 

. 

Maintain the level of 
service in IMC 
conditions up to VMC 
levels 

DOD E1 – Runway 
Management 

 

Crosswind Reduced 
Separations for Departures 
and Arrivals and Reduced 
ILS Sensitive and Critical 
Areas 

 

The objective of 
this exercise is to 
measure the 
increment on the 
runway 
throughput 
through the 
combined effect of 
reducing the ILS 
Sensitive and 
Critical Areas and 

The implementation of this 
combined SET_3 of OIs 
steps will increase runway 
throughput 

CAP.LOCAL.APT.PI 1: 
Airport Capacity (VMC): 
Maximum achievable 
movements per hour  

CAP.LOCAL.APT.PI 2: 
Airport Capacity (IMC): 
Maximum achievable 
movements per hour. 

CAP.LOCAL.APT.PI 
21: Difference between 

AO-0503: Reduced 
ILS Sensitive and 
Critical Areas 

AO-0301: Crosswind 
Reduced Separations 
for Departures and 
Arrivals 

 

Airport Capacity 

This Validation 
Scenario will aim to 
show the benefits in 
Runway Throughput 
through the reduction of 
ILS Sensitive and 
Critical Areas and the 
implementation of 
Crosswind Reduced 
Separations for 

DOD E1 – Runway 
Management 
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Validation Scenario Summary/ 
Purpose 

Hypothesis Metrics/ 
Indicators 

SESAR OI SESAR KPI DOD References 

the 
implementation of 
Crosswind 
Reduced 
Separations for 
Departures and 
Arrivals 

The exercise will 
analyse both IMC 
and VMC 
conditions. 

Airport Capacity (VMC) 
and Airport Capacity 
(IMC): Difference 
between Airport 
Capacity in VMC and 
IMC conditions. 

 

Departures and Arrivals 

. 

Maintain the level of 
service in IMC 
conditions up to VMC 
levels 

Table 8-1 Overview exercise scope 
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