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Problem area

With the steady increase in air
traffic, airports are under
continuous pressure to increase
aircraft handling capacity. One
potential approach is to reduce the
wake vortex separation distances
between landing aircraft without
compromising safety.

Description of work

Within the ATC-Wake project for
the European Commission, an
integrated Air Traffic Control
(ATC) wake vortex safety and
capacity system has been designed
S0 as to provide the means to
significantly enhance airport
capacity. The system will enable
Air Traffic Controllers to apply new
weather based dynamic aircraft
separation. The ATC-Wake
Separation Mode Planner (SMP)
advices the ATC supervisor about
safe separation. The SMP is used in
the planning phase where weather
and wake vortex forecast
information is used together with
aircraft separation rules to establish
the arrival sequence. Criteria on
crosswind and associated safe
separation minima are derived from
safety assessment results. Analysis
of a crosswind climatology provides
insight in the potential benefits in
terms of runway throughput or
delay reduction.

Results and conclusions

The ATC-Wake SMP has been
designed and evaluated. It uses
Nowcasting Wake Vortex Impact
Variables (NOWVIV) wind forecast
data and WAKke Vortex Induced
Risk assessment (WAVIR) results
for single runway arrivals to
provide an advice on time frames
suitable for reduced separation
several hours in advance. An
accurate prediction of wind is
essential as a too low accuracy may
lead to an unacceptably large
number of missed approaches.
Initial WAVIR assessment results
show the possibility to safely reduce
separation to 2.5 Nm for single
runway approaches, provided that
crosswind at 10m altitude exceeds
2m/s. It is estimated that this could
imply a runway throughput
improvement of up to 5% or a delay
reduction of 29%.

Applicability

The design of the SMP and the
evaluation results support the
implementation of the ATC-Wake
system at airports. ATC-Wake
outcomes and tools can also be used
for assessing the wake vortex safety
and capacity implications of new
wake vortex operational concepts
(such as time based separation and
crosswind departures).
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Increased Arrival Capacity Through the Use of the
ATC-Wake Separation Mode Planner

Gerben van Barérand Lennaert Speijker
National Aerospace Laboratory NLR, Amsterdam, Tathé&flands

Michael Frech
Deutsches Zentrum fir Luft- und Raumfahrt DLR, @fadfenhofen, Germany

Today’s wake vortex separation rules tend to becomeapacity bottlenecks at busy
airports. Within the ATC-Wake project for the Europ ean Commission, an integrated Air
Traffic Control (ATC) wake vortex safety and capacty system has been designed so as to
provide the means to significantly enhance airportcapacity. The system will enable Air
Traffic Controllers to apply new weather based dynanic aircraft separation. One of the
components of the ATC-Wake system is the Separatiodode Planner (SMP) that advices
the ATC supervisor about safe and adequate separati. The SMP is used in the planning
phase where weather and wake vortex forecast inforation is used together with aircraft
separation rules to establish the arrival and/or dparture sequence. Weather nowcasting and
wake vortex prediction and detection information isused in the tactical phase to monitor
and control safe separation. Wind forecast data alwg the flight path is used in the proposed
methodology of the SMP to determine time frames staible for reduced separation. Criteria
on crosswind and associated safe separation mininere derived from safety assessment
results. The methodology is illustrated using Nowcsing Wake Vortex Impact Variables
(NOWVIV) wind forecast data and WAke Vortex Induced Risk assessment (WAVIR) results
for Single Runway Arrivals. Analysis of a crosswindclimatology provides insight in the
potential benefits in terms of runway throughput or delay reduction.

Nomenclature

AMDAR = Aircraft Meteorological DAta Relay
ATC = Air Traffic Control

ATCO = Air Traffic Controller

FAR = False Alarm Rate

GUI = Graphical User Interface

HMI = Human Machine Interface

ICAO = International Civil Aviation Organization
NOWVIV = Nowcasting Wake Vortex Impact Variables
RMS = Root Mean Square

SMP = Separation Mode Planner

SRA = Single Runway Arrival

TKE = Turbulent Kinetic Energy

TLS = Target Level of Safety

WAVIR = WAke Vortex Induced Risk assessment
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I. Introduction

With the steady increase in air traffic, airport® amder continuous pressure to increase aircraiftllimay
capacity. One potential approach is to reduce ¢parstion between aircraft at take-off and landinipout
compromising safety. One major limiting factor hie trequired separation distance between aircraiftglapproach
and take-off in order to avoid each others wakédulence. With the aid of smart planning techniqubsse
distances can be reduced safely, thereby signtficantreasing airport capacity.

Within the ATC-Wake projeétfor the European Commission, an integrated sysmmATC (Air Traffic
Control) has been developed so as to enable varaldraft separation distances, as opposed ttixin distances
presently applied at airports. This paper descrites ATC-Wake system and operation, with a focustlom
Separation Mode Planner (SMP). The SMP is the ATé&k&\subsystem that provides an advice on safeatapar
minima with a look-ahead time of several hoursehblasn wind forecast and wake vortex safety assessrasults.
The proposed SMP methodology is illustrated usiegited crosswind forecast data (provided by NOWAYIahd
wake vortex safety assessment data for variouswind conditions and leader/follower aircraft condtions in a
Single Runway Arrival (SRA) operation (provided WAVIR® + 3.

Analysis of a crosswind climatology, constructednfr 400,000 measurements at European airports, q@®vi
insight in the potential benefits of the systemislishown that runway throughput may increase up%oand/or
delay can be reduced by almost 30%, provided Heatvind conditions can be forecasted with sufficietiability.

Section Il describes the ATC-Wake system and ojperal he concept of Separation Mode Planning, leadd
an advice on the aircraft separation to be appligtie coming period, is introduced in Section Ifisight into the
potential capacity benefits at European airporéspaovided in Section IV. The results are discusaeSlection V.
Finally, Section VI contains the conclusions ancbramendations for follow-up research.

II. ATC-Wake System and Operation

The main objective of the ATC-Wake projeutas to develop and build an innovative platfornthvihe aim of
optimizing safety and capacity in the airport eamment. The platform serves as a test bed to adhess
interoperability of the ATC-Wake system with exigliATC systems currently used at various Europé&pors, to
assess the safety and capacity improvements thabeabtained by applying the system in airportiremments,
and to evaluate its operational usability and atat@fity by pilots and controllers.

In the definition of the ATC-Wake operational coptand procedurés’, the principle of “evolution not
revolution” has been applied as far as possibléstiag concepts and procedures for arrivals anédepes and the
use of wake vortex information have been consideéoedllow a smooth transition from current ICAO ca@ft
separation rules to ATC-Wake aircraft separatidesiuFour key issues have been identified: wakéexarritical
areas, different separation modes, wake vortexalization to Air Traffic Controllers (ATCOs), andegting of the
ATCOs in case of a potentially dangerous situatRwtential solutions for all these issues have laeeinessed

Wake vortex critical areas have been identifiedhase parts of the airspace where the risk of aewatktex
encounter cannot be neglected and where detectidnpeediction of wake vortices will be beneficial ATC
operations. This concerns the final approach pathtle initial departure path. Areas around glidthpntercept on
approach and first turn on departure are also iiifethias critical.

The ATC-Wake operation is based on the applicattbrtwo different separation modes: ICAO standard
separation mode and ATC-Wake separation mode. Dgpgron weather conditions influencing wake vortex
transport out of arrival or departure critical areane of these two separation modes is applietCAD standard
separation mode, ICAO separation is applied wl&TC-Wake separation mode the targeted separbtbmeen
two succeeding aircraft is 2.5Nm for approached0s for departures.

To support safe implementation of the concept AE-Wake systerhis designed with four main components,
which will interface with existing ATC systems, lading ATCO HMIs, Flight Data Processing Systemsd a
Surveillance Systems (Fig. 1). The new componemstlae ATC-Wake Separation Mode Planner, Predictor,
Detector, and Monitoring & Alerting. The visualizat of predicted and detected wake vortex infororais taken
care of by the design of an ATC-Wake ATCO Human Mae Interface (HMB.

The Predictor and Detector respectively predict deekct the extent of the wake vortex for individaiacraft
within the critical areas. This information suppatie ATCOs in tactical operations to apply wakgesoseparation
and to implement a transition between the two sdjwar modes. The Monitoring & Alerting system prades an
alert to the ATCO in case of significant deviatioetween prediction and detection information olufai of one or
more of the system components.

The Separation Mode Planner is used in the planpimgse and advices the ATC Supervisor on applicable
separation mode and associated validity periods Hulvice is based on meteorological forecast indbion in
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combination with safety assessment results thataehe weather forecast to safe separation mirkmarecast
horizon of 3 hours is foreseen where a transitiothé other separation mode should be indicatéshat 40 minutes
in advance when an Arrival Manager is used and 2ies otherwise.

ATC-Wake Operational System (v3.1)
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Figure 1. ATC-Wake Operational System and its (funtonal) elements and involved actors

lll.  Separation Mode Planning

In the developed methodology for the ShReather forecast information is analyzed withpees to wind
conditions that result in transport of wake vorsicaut of the critical areas and therefore enable saduction of
separation. Crosswind conditions that allow safpliegtion of ATC-Wake separation are derived froafesy
assessment results obtained with the tool-set fakéMWortex Induced Risk assessment (WAVIR). Botpuin
sources are shortly introduced hereafter.

A. Weather Forecast Data

In order to predict wake vortex behavior, the atpih@sic parameters (wind, temperature, and turbelenc
influencing wake vortex decay and transport mustkhewn. NOWVIV? (Now-casting Wake Vortex Impact
Variables) provides forecast of these parametetisearairport environment. NOWVIV consists of a higisolution
mesoscale weather forecast model designed to moeal time 3-D weather information in the termiasga with a
lead time up to 12 hours and a planned updateofatérour. NOWVIV has a horizontal resolution of Zm, 8-50m
in the vertical, and considers orography and dedaiand use maps to predict realistic boundaryrlégatures.
NOWVIV is driven by standard weather forecast pded by German Weather Service and continuouslynilases
data from weather observation systems installetiénairport environment. NOWVIV provides verticabfiles of
horizontal and vertical wind, virtual potential tparature, and Turbulent Kinetic Energy (TKE) aldhg glide path
every 2 km and at a temporal resolution of 10 ngaufhis nowcasting system has been used in realdiring a
number of measurement campaigns. For those cangp&gat Mean Square (RMS) errors in wind speed en th
order of 2 m/s and in wind direction on the ordér26° were fountf. The False Alarm Rate (FAR) of the
predictions was also investigated. A false alarfereeto a situation where the predicted crosswsrabiove a certain
threshold, whereas the measured crosswind appedis below the threshold. For thresholds of 2 amds3he
computed FAR was 0.2 and 0.32 respectively. Thigliga that improvements of the crosswind forecaigthinbe
needed.
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B. WAVIR safety assessment data

WAVIR®* *3is a tool-set to assess wake vortex induced niskfallows a probabilistic approach. The WAVIR
tool-set includes four submodels for flight patfolexion, wake vortex evolution, wake encounter datian, and
risk prediction, see Fig. 2.
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Figure 2. Overview of the WAVIR tool-set.

A WAVIR assessment is carried out in eight steps:

1. To represent the wake induced risk along therair flight path, a set of relevant longitudinadstions
(‘gates’) along the proposed aircraft track is ria@iteed, where the instantaneous risk will be evaldgFig. 3).
Samples of aircraft (lateral and vertical) positemd speed in the selected gates are obtainedthatflight path
evolution model.

Vortices generated by a Large jumbo jet at x=-13813m, encountered by a Medium turbo prop
at x=-13813m with 2. 5NM separation; Elapsed time at encounter 65s; 99% of vortices alive;
Reference crosswind 3m/s; headwind Om/s; ATCWAKE_LAC1_x01_FAC5_s2.5NM_cw3mps_hwOmps
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Figure 3. Glide path corridor for Single Runway  Figure 4. Vortex positions in meters of vortex

Arrivals (in blue) with gates (in yellow) at pajrs after Monte Carlo simulation at a certain

relevant longitudinal positions. longitudinal position analyzed at the time that a
follower aircraft arrives at that position. The
color of the dots indicates the vortex strength.
The oval area indicates the flight path corridor.



P

NLR-TP-2006-518 (NLR

y =

2. Monte Carlo simulations are performed with wake vortex evolution model, based on work of Corgmd
Poinsot* and Sarpkaya Position, strength, and core radius of the wakéices are computed as a function of time.

3. The results from step 2 are analyzed at the fimstant when the vortices have the same longialdin
co-ordinate x as the follower aircraft (Fig. 4).iFtime depends on aircraft speed profile, the eheseparation, and
longitudinal wind.

4. Using a dedicated probability density fittingopedure that accounts for dependencies betweelatdral
and vertical position, the strength, and the cadius of the wake vortex pair, the joint distriloumtiof the wake
vortices position, strength, and core radius isioled in each of the gates.

5. Monte Carlo simulations are performed to simalgte wake vortex encounter. In this step the joint
distribution from step 4 is used. Samples of thiéovfeer aircraft (lateral and vertical) position asgeed in the
selected gates are obtained with the flight pathiugon model. Encounter metrics such as maximunkkangle,
altitude of encounter and loss of height are ole@iThis step provides the encounter severity fniiibes in the
different gates (Fig. 5).

6. The instantaneous risk due to a wake vortexasuated in each of the gates for four differesk revent’
Minor incident, Major incident, Hazardous accidant Catastrophic accident.

7. The wake-induced risk is obtained by integratimgrisk obtained in step 6 over all gates. Byeegng steps
1 to 7 for different separation standards, inciladident risk curves as function of the separasitandard are
determined for all four risk events.

8. Application of the risk management procedurevigles the required separation minima (Fig. 6). This
procedure is based on the requirement that thefoiskach of the four risk events should satisfyoagated Target
Level of Safety (TLS) valués

Encounter severity diagram
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Figure 5. Encounter severity classification schemieft) and example result (right).

An initial WAVIR safety assessménfor the single runway approach operation, in whicivas assumed that
crosswind can be modeled by a logarithmic profilthwaltitude, indicates that a crosswind of 2 nt/4@m altitude
might allow a safe reduction of the aircraft sefjamto 2.5 Nm (between all aircraft types). Theessment was
performed for a Large jumbo jet (like Boeing 74fdaMedium jet (like Airbus A320) as leader aircrait
combination with Large jumbo jet, Medium jet, Reugb jet (like Fokker 100) and Light turbo prop @ilkCessna
Citation 1) as follower aircraft. Crosswind coridits of 0, 1, 2, and 4m/s were evaluated. The tiegukafe
separation distances are shown in Fig. 7.
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Example WAVIR result: Incident/Accident Risk versus Separation
o for a Medium Jet behind a Large Jumbo Jet; Average weather conditions, no wind
10

=== Milinor Incident
- : =—&— Major Incident
<«——Minimum Radar Separation —= HazardousAecident

—&— Catastrophic Accident

107
)
[
(&3
S 4 e
S 10 R P %Targset Level of Safety
b . Z
5 o
[
=3
g

-6
5 10
o
-
]
x
-8 = -
10 N A Minimum Separation r
107° i i \ | I
1.5 2 25 3 3.5 4 4.5 5 55 6 6.5

Separation distance [Nm]

Figure 6. Risk management procedure.

Single Runway Arrivals: Safe separation per aircraft combination and crosswind condition
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Figure 7. Overview of WAVIR assessed safe separatiominima for the SRA operation for various
crosswind conditions per leader-follower aircraft @mbination; (LAC1/FAC1 = Large jumbo jet,
LAC3/FAC3 = Medium jet, FAC4 = Regional jet, FAC6 =Light turbo prop).
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C. SMP Methodology

The objective of the SMP is to provide advice concgy the separation mode to be applied to the rsigmey
controller. The functional design of the Separafibode Planner consists of seven steps in the psdoesbtain an
advice on applicable separation mode. The stepshanen in Fig. 8.

Step 1Determine

* Runway lay-out

e Operation

* Nominal flight path

e Flight path uncertain

A 4

Step 2Determine
¢ Relevant NOWVIV grid points
e Relevant vertical range per grid pc

A 4

Step 3

Determine minimum wind conditions that
allow ATC-Wake separation, according to
WAVIR safety assessment results

A\ 4

Step 4
Obtain weather forecast data for the next 3
hours

v

Step 5Determine

* Relevant NOWVIV forecast data

e Compound wind profiles along flight
path

e Minimum wind profile as function of
time, minimised over vertical ranc

A 4

Step 6

Determine time frames that reduced
separation can be applied for a prolonged
time (e.g. at least 30 minutes)

Update if new weather forecgst
data becomes availa

A 4

Step 7
Provide the ATC Supervisor with the time
frames

Figure 8. SMP methodology steps.
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Approach corridor and relevant NOWVIV grid points
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Figure 9. Approach corridor towards runway with NOWVIV grid point locations and relevant vertical
ranges.

The weather forecast information needs to be availan an area that encloses the approach and tdepar
corridor, at an accurate distance and time spa@ngn the nominal flight paths of leader and foléy aircraft and
the crosswind profiles at nearest grid points, ‘tteempound’ profile of crosswind along the flighttipaan be
constructed. Figure 9 illustrates this for an applo operation. Taking into account uncertainty avigation
performance, a flight path corridor is constructedund the nominal flight path. At locations alahg flight path
close to a grid point, the vertical range covetting vertical positions in the flight path corridatrand around that
location is determined.

Figure 10 shows the crosswind profiles at 12 releggaid points along the approach corridor. Thekhied line
indicates the nominal vertical position at thataien while the red shaded areas indicate thecantanges. Each
blue curve represents a forecasted crosswind erafila certain time. The crosswind forecast dathinvthe red
shaded areas is used to determine the compounitepsfshown in Fig. 11. Next, the crosswind vadligbalong
the flight path and during the considered time fdmdetermined. The blue and pink shaded aregyurd-12 show
the crosswind and headwind variability respectivasdya function of time of the day, based on an @lamata set.
The minimum crosswind and/or headwind profile isrttused to analyze possibilities for reduced sépataFrom
the safety assessment results for various crossednditions, a crosswind criteria is derived thatel/ allows
reduced separation for all aircraft combinationse SMP advice now consists of these time periodkinvihe
considered time frame, in which the minimum crosslyprofile shows crosswind values that exceed thesavind
criteria for a prolonged time (e.g. at least ford2@l0 minutes).

Figure 12 shows as an example that if a crosswintirds or more would safely allow ATC-Wake separati
this would be possible from 09:00 to 09:40 and froBri30 to 21:50. A Graphical User Interface (Gldi) the SMP
has been implemented for analysis purposes. Thef@lilitates the user with buttons and editablédfido select
weather forecast data from a data base and spewiftrol parameters like the time frame to be coergid and
uncertainty in wind forecast to be taken into aetolihe GUI is shown in Fig. 13.

11
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Figure 10.  Crosswind profiles at 12 relevant grid Figure 11. Compound crosswind profiles during a

points during a particular day. The red shaded particular day. Each profile represents the

areas indicate the vertical ranges that are used to crosswind as experienced along the approach path

construct the compound profile. at a particular time. The red lines correspond to he
altitudes where the flight path crosses a relevant
grid point.

Crosswind / headwind with reduced separation indication
25-04-2001; considered time frame from 00:00 to 23:59
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Figure 12. Example result of SMP analysis of NOWVI\Wata.
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Figure 13.  Graphical User Interface for the SMP th&a shows the control parameters (upper left), grid
points (upper right), compound crosswind and headwid profiles (bottom left) and separation mode advie
(bottom right).

As an example, day 5 of DLR's WakeOP measuremempain (April 26' 2001) has been selected for the time
frame from 06.00 to 09.00 (AM). On start-up of ®BKEIP GUI, the available weather data is analyzedthadSMP
will display the results and associated separaibrice for the selected time frame. For a crosswiitdrion set to
4 m/s and virtually neglecting the headwind criar{set to -15 m/s), reduced separation may bdeapgduring the
whole time frame. As can be seen from the plots ctlosswind envelope (blue shaded area) is belewrtsswind
criterion at -4 m/s, i.e. the absolute crosswindlieve the criterion of 4 m/s.

IV. Analysis of Capacity Benefits

To provide insight in the capacity benefits thatyrba expected when the ATC-Wake operation and sysie
introduced at an airport, a crosswind climatoldggttis based on about 400,000 observations at diffontaltitude
at three large European airports is dde@he probability of crosswind exceeding 2m/s &ted in Table 1.
Crosswind from left and right appeared to be eguiély.

Table 1. Indicative separation per crosswind interal for the SRA operation and crosswind
probability per interval

Crosswind interval | Indicated separation in the SRA operation | Crosswind probability
0< u.<2m/s ICAO 0.288

Uc > 2m/s 2.5NM 0.712

Analytical capacity studi@sperformed within ATC-Wake have provided informatigegarding runway
throughput and delay characteristics.

A sample traffic mix is determined (see Table 2jdkd in a number of aircraft weight categories: fTedium
turboprops), MJ (medium jets), MH (medium when wft is following another aircraft, heavy when kgin
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followed by another aircraft, applicable to the Bge757-series only), and H (Heavy). The distinctietween MT
and MJ is made, because of differences in chaistitsr(e.g. approach speeds, runway occupancylime

Table 2. Traffic mix and characteristics

Weight category M H

Sub category MT MJ MH H
Traffic Mix 19% 59% 3% 19%
Approach speed (knots) 130 150 150 150
Arrival runway occupancy time (sec) 45 50 55 60

Table 3 and Table 4 show arrival throughput anivardelay characteristic numbers in case of ICAPasation
and in case of ATC-Wake separation. Although thigetied separation in ATC-Wake mode is 2.5 Nm, 30 iil
also considered. When ATC-Wake mode could be apiteany time, arrival capacity might be increas&tth up
t0 6.3% (3.0Nm) or 7.1% (2.5Nm). Delay might thenrbduced with up to 33% (3.0Nm) or 40% (2.5Nm).

Weighing the runway throughput and delay charesties in the different separation modes per crazgdwi
interval with the probability of occurrence of theosswind interval yields the results as summariredable 5.
Considering the crosswind climatology for Europesrports, runway throughput increases up to 4.4% b
expected in case of ATC-Wake separation of 3.0 While in case of 2.5 Nm separation this furtheréases up to
5.0%. Delay may be expected to decrease with upttand 29% respectively. Analysis of landing opereat in
relation to wind conditions at Amsterdam Airporth§shol has revealed that crosswind exceeding 2aoésirs in
about 61% of the timt& The associated benefits (assuming the samectraiffi and throughput numbers as in Table
2 and 3) are also listed in Table 5: an expecterkase in runway throughput of 3.8% (3.0Nm) or 4(2%Nm)
and expected decrease of delay of 20% (3.0Nm) & @45Nm). These results are promising as alreatlpa2%
increase in runway throughput may lead to substhationomic benefits.

Table 3. Arrival throughput in case of ICAO or ATC-Wake separation

Configuration Arrival Capacity (ac/h) | % Change
ICAQO separation 35.2 0 % (reference)
ATC-Wake mode (3.0 Nm37.4 6.3 %
ATC-Wake mode (2.5 Nm37.7 7.1%

Table 4. Delay in case of ICAO or ATC-Wake separatin

Configuration Arrival delay (min) % Change
ICAO separation 3.0 0 % (reference)
ATC-Wake mode (3.0 Nm2.0 -33 %
ATC-Wake mode (2.5 Nm}.8 -40 %

Table 5. Runway throughput and delay characteristis for the SRA operation in ICAO and ATC-
Wake separation mode when taking into account a ceswind climatology

Crosswind climatology for Crosswind climatology for
European airports Schiphol airport
Runway Delay [min] Runway Delay [min]
throughput [ac/hr] throughput [ac/hr]
ICAO 35.2 3.0 35.2 3.0
ATC-Wake (3.0Nm) | 36.8 (+4.4%) 2.29 (24%) 36.5 (+3.8%) 2.39 (-20%)
ATC-Wake (2.5Nm) | 37.0 (+5.0%) 2.15 (29%) 36.7 (+4.3%) 2.27 (24%)
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V. Discussion of Results

Within the ATC-Wake project, the SMP methodology teeen applied to different scenarios using fotedas
weather data for two days of the WakeOP and WakdT@®asurement campaidhsn some scenarios, the SMP
advised to apply reduced separation, while the oredsweather information appeared to be below thesgvind
threshold value. However, the corresponding wakéexgredictions based on weather nowcast infolonats well
as the wake vortex detection information did nadl¢o an alarm while reduced separation was appliee reverse
situation, where the SMP advised ICAO separationlenthe actual conditions would have allowed redlce
separation, also occurred.

The abovementioned example scenarios and the atdduFalse Alarm Rate of the predictions (see &ecti
[1I.LA) obviously illustrate that an accurate pretha of wind is essential for the feasibility ofethATC-Wake
operation. Safety analysis of the ATC-Wake operdtshowed that a too low accuracy may lead to anaegpably
large number of missed approaches that may bateitiwhen reduced separation is applied erroneoGslythe
other hand the potential to apply reduced separatiay not be used to its optimum. A possible wayutbher
optimize the use of the ATC-Wake Separation Modmér is through assimilation of local measuremenitsthe
model. Better use of other measured meteorologdiata from various sources in the terminal areah siscweather
radar data and Aircraft Meteorological Data RelaMPAR) data, may also contribute to local optimizat of the
ATC-Wake Separation Mode Planner as part of the ATéke system.

The analysis presented here focused on crosswilyd ldeadwind is known to be beneficial as well émrhs of
wake vortex transport, while quartering tailwinds Wind of about 30 degrees from the rear) are densd
hazardous. Reference 14 suggests various aireqadiration strategies to benefit from headwind, ssctime-based
rather than distance-based separation and adaptedhirspeed in order to maintain groundspeed. dktiphol,
headwind landing operations with headwind more tharis occur for almost 40% of the time which le&asn
estimated loss of runway capacity of at least 7 &#bincreased glide path angle is also indicated agy to safely
enable reduced separation, though it should belrtbte this conflicts with the conclusions fromeefnce 4.

In the WAVIR assessment, crosswind has been asstorfetiow a logarithmic profile with altitude, reling in
a somewhat increasing crosswind with altitude, hilind speed and direction can be much more variabl
practice. Future work should therefore also foaug anore realistic wind climatology, which can héher different
per airport, so as to evaluate potential benefitslzottlenecks more accurately (see e.g. Ref. 10).

VI. Conclusion

Today's wake vortex separation rules tend to becoapacity bottlenecks at busy airports. Within &EC-
Wake project for the European Commission, an imtiegk Air Traffic Control (ATC) wake vortex safetyna
capacity system has been designed so as to prih@dmeans to significantly enhance airport capadihe system
will enable Air Traffic Controllers to apply new wather based dynamic aircraft separation.

This paper has described the design and developshenBeparation Mode Planner (SMP), a crucial comept
of the ATC-Wake system, which can be used in theeod of the ATC-Wake operational concefitThe SMP is
used in the planning phase where weather and wekiexvforecast information is used together witrcraift
separation rules to establish the arrival and/@adere sequence. Weather nowcasting and wakexvprégliction
and detection information is used in the tactidedg®e to monitor and control safe separation.

Provided that the forecasted weather, in particatasswind, satisfies predefined criteria, redusefaration
(compared to ICAO standards) appears to be feasibikis expected to increase airport handling dapat
European airports. The weather forecast data stomittiailable at a sufficient accurate time anthdise spacing at
various locations encompassing the flight pathidorr The SMP methodology takes into account theettainty in
aircraft navigation performance as well as weafbercast data. The criteria can be derived froretgadssessment
results obtained with the WAVIR tool-set for a \ayi of weather and wind conditions and aircraft borations.

Initial WAVIR assessment results show the posgibtlb safely reduce separation to 2.5 Nm for sirgleway
approaches, provided that crosswind at 10m alti;xdeeds 2m/s. An analytical capacity study shathatrunway
throughput could increase from 35.2 aircraft peurhio ICAO separation mode to 37.7 in ATC-Wake sapian
mode and average delay could be reduced from 3108taninutes per aircraft. Taking into account asswind
climatology, it was estimated that application of@&Wake separation mode when crosswind exceeds Zould
imply a runway throughput improvement of 5% or dageaeduction of 29%. These results are promisiaghay
may lead to substantial economic benefits.

Further study is recommended and should also foouseadwind as an enabler of reduced separatioelbas
on tailwind which is considered hazardous espacialicombination with a crosswind (‘quartering waiids'). The
analysis described in this paper is based on &alisafety assessment of the single runway opmrataking into
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account simplified aircraft speed profiles and swiad profiles. Extension of the assessment to mmeadistic
scenarios, preferably representing the local weatlmatology at the airport envisaged for instédia of the ATC-
Wake system will provide more insight in the safatyl capacity benefits of the ATC-Wake operation.
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