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Abstract—An intensive LIDAR measurement campaign of air- and are separated according to standard runway and radar
craft wake vortices (WV) in the landing phase of flight has bee  separations. During final approach (the phase of flight on

carried out at London Heathrow Airport. The WV trajectory an d  \vhich we focus), ICAO WT separations are expressed by
circulation as well as wind intensities have been collectedrhe distance

possibility of reducing current ICAO wake turbulence minimum
separations in case of favourable wind conditions is assesk by
comparing the wake vortex encounter (WVE) risk associated  These separation minima are today one of the limiting

to calm wind conditions to the WVE risk in these propitious factors in the Air Traffic Management (ATM) of the most
conditions. An original approach used to quantify the freqency 4ngested airports. The ICAO WT separations were designed

and the severity of the potential WVE is presented. As some of f I th diti hile it h b that
the WV are stopped being tracked before they effectively bemme or all weather condiuons while It has been proven tha

insignificant, it is also decided to fit and extrapolate each W WV transport and decay strongly depend on meteorological
circulation evolution using a two-phase decay model. Firstthe conditions (wind, turbulence and stratification) and on the
computed severity-frequency curves provide generic restd, and - ground proximity [2], [3]. Those separations are impligit|

indicate that a 0.5NM reduction is possible in case of “pure” ,yar conservative in most favourable conditions [4], from
headwind equal to 9-10 knots and “pure” crosswind equal to . . o

7-8 knots. The potential local application of these conditinal the WV decay and transpo_rt p0|_nt of view. The capacf[y 1S
reductions is also evaluated at two European hUbS, London thus Unnecessa”ly constrained in such weather COﬂthIOI’]S
Heathrow and Paris Charles de Gaulle. The resulting head- hence it is aimed to reduce separations. The potential bgnefi
and crosswind thresholds are very similar to those obtainedor  of such separation reductions would consist of a temporary

the generic analysis. Yet, in addition to this theoretical sidy, increased runway throughput, reduction of airborne delays

a complete safety assessment has to be performed before such di d i
thresholds can be used operationally to reduce separation. and improved runway resiience.

|. INTRODUCTION Several studies already have investigated the possibility

The two counter-rotating wake vortices (WV) generated bgf reducing separations in certain favourable conditions.
any flying aircraft constitute a potential risk for the follimg In the context of the S-Wake project, the assessment of
aircraft. The rolling moment induced by WV can indeethe appropriate WV separation distances for aircraft on
be very hazardous, going from a recoverable and almdle approach glide path has been studied. The severity of
unnoticed upset to a loss of control leading potentially tencounters was related to possible risk event classes [5].
fatal consequences. Wake-vortex aircraft separationmainiln the framework of the CREDOS project, Denglet al.
were empirically established in the 1970s by the Intermatio [6] obtained crosswind thresholds lying within 3.psnand
Civil Aviation Organization (ICAO) in order to minimize 4.6nys to clear in 60s a 150m-flight corridor with a %5
wake vortex encounter (WVE) risk [1]. In this study, theprobability. The investigation concerned departing aiftcr
potential WVE is defined by WV of a certain circulationand was based on correlation between crosswind and lateral
strength, at the time spacing of the specific pair, which masrtex drift velocity enabling to transport the WV out of the
be encountered by the follower aircraft. The quantificatiditight corridor. It is also worth mentioning that the Wake
of the real impact of such WVE is very complex and famdependent Departure and Arrival Operations (WIDAO)
beyound the scope of this paper. The separations dependstrdy, led by EUROCONTROL, allowed to successfully relax
the leader and follower aircraft masses. Some pairs are tlo¢ wake turbulence constraint at Paris Charles de Gaulle
concerned by these wake turbulence (WT) separation rulsisport, finally allowing closely spaced parallel runways



to operate in wake independent segregated modes [7]. The of WVE and is taken into account by the presence
proposed methodology for risk assessment in WIDAO was of a lateral corridor.

quite similar to that employed in this paper and had to ensutejs aimed to define, for a 0.5NM reduction, the wind
that an acceptable level of safety was maintained despitgesholds from which the positive effects in terms of sityer
the expected increase in WVE risk. It is also worth to adghd frequency sufficiently mitigate the negative ones, ifeor

that the operational applicability of such reduced ICAO W1 satisfy the safety condition described in the next sectio
separations will be conditioned to the wind predictahility

Several wind forecast studies have been carried out in the !ll. WVE RISK ASSESSMENT METHODOLOGY
context of the Wake Turbulence Mitigation for Arrivals First of all, a £100m-width safety corridor (centred on
(WTMA) project, see e.g. [8]. the runway axis) is defined, outside which we consider it

is unlikely to find an aircraft. The LIDAR scanning plane
This paper aims to evaluate the possibility of reducingeing about 1500m away from the runway threshold (see
current ICAO WT separations minima for approach phasgdg. 1), aircraft are supposed to be precisely aligned on the
in favourable wind conditions and to determine the win{l.S, hence the chosen width of 200m is considered to be
criteria that would allow it. Being based on LIDAR (Lightconservative. Secondly, a correspondence between ICAO
Detection And Ranging) measurements as many other studi@s; distance-based separations (DBS) and time has to be
it also exploits most of the measured wake vortex tracksstablished. Indeed, studying the WV behavior of an aitcraf
including the short tracks that would normally not be used, lfor a certain distance separation between this aircraft and
extrapolation consistent with basic WV physics. After Biyie follower is done by analysing the severity (i.e. circulatio
explaining the consequences and the major issues of regludin the present case) of WV lying in the LIDAR scanning
separation (Section 1), the relative WVE risk assessmentglane at a certain life time. We consider a reference approac
described (Section Ill); it is performed by comparing séyer true airspeed (TAS) depending on the follower WT category.
vs. frequency curves for a defined baseline and the invéstigaThe ground speed is of course dependent of the headwind
concept. Section IV explains the methodology used to fibmponent, so that the time separation is computed for each
and extrapolate circulation measurements and the undgrlycase (e.g., we haves, = 99s for the Heavy-Heavy pair
reasons of such an approach. The WVE risk is assessed fighen assuming a reference approach speed of 145kts, in case
these extrapolated curves and the concept of generic aall lasf no headwind and considering the ICAO WT DBS of 4NM).
curves is introduced (Section V). Sections VI and VI finally
present the results valid generically and locally. The WVE risk is evaluated in a relative way, as there is
Il. REDUCTION OF ICAO WT SEPARATION MINIMA still no worldwide agreement on the approach for an absolute

A 0.5NM reducti f 1ICAO WT . is h risk assessment. A relative risk assessment is performed by
. .'5 re ucthn ot ) separahons IS erecomparing the WVE risk anticipated from implementation of
investigated. Its applicability will be conditioned to thead-

o - X ... .the proposed change to wake turbulence separation, with the
and/or crosswind intensities. Those wind thresholds wel RNVIE rizk observedg for a baseline considerepd tolerably safe
derived from the data analysis. today. Indeed, ICAO WT separation minima are considered
safe, hence it is also the case for those separations applied
S(?L]ring calm wind conditions. Calm wind conditions are
considered as the worst-case conditions in terms of WV

By reducing current separations, two undesired con
guences exist:

* the time available for wake decay is reduced. Thigehayiour; they are here defined by a total wind lower than 5
has a negative impact on tiseverityof the possible | nots. That defines the baseline.
WVE;

. the time available for wake transport laterally out |, order to assess the WVE risk, CCDF (Complementary

of the runway axis is reduced. This has a negativemylative Density Function) curves of circulation are eom
impact on thefrequencyof the potential encounters. pyted. For a certain circulatio, CCDF(T) is defined as
However, strong winds have positive repercussions: the probability to observe, assuming certain wind condijo
. the background atmospheric turbulence associateddoa timetsep, a Wake vortex with a circulation higher thaf
medium or strong wind enhances the wake decayanding in the lateral corridor. For the baseline, that thas
compared to low wind conditions. This has a positivee mathematically formalized by writing:
impact on theseverity

) in case of strong headwind, the vortices tend to be CCDF(T) = 'P((Fi(tsep)>rﬁ'y§100) |Tw<5) (1)
moved backwards, i.e. below the glide path. This
positive effect is here not accounted for as the prox- _ P(Fi(tsep)>FﬂySlOOﬂTw<5)
imity of the ground, causing a systematic rebound, - P(Tw<s5) ’

could counteract it. In case of strong crosswind, it iwith y = min(|y,|, |ys|) [m] the closest WV % ands standing
obvious that the lateral transport of the wake is irfor port and starboard WV) to the runway axis afid [ktg]
creased. This effect positively impacts thequency the total wind. It has to be stressed that the probability



is conditioned to specific wind conditions, as we do nathich we are interested. The “rate of trackingfs defined as
want to reflect the probability of observing certain windhe proportion of tracks that are usable at a time correspgnd
conditions into CCDF(T') but the WVE risk associatedto the ICAO WT DBS: they are either still alive at this time,
to these conditions. In this paper, any CCDF curve is thus the tracking stopped with a last measured no significant
coupled with conditions on the wind. circulation [Cjast < 200 [m?/g]). It is plotted on Fig. 2 for the
Heavy-Heavy pair in function of several head- and crosswind
Any new operational concept (e.g. current ICAO WT sepdhresholds. The stronger the wind, the worse the rate of
rations minima reduced of a 0.5NM for a to-be-defined mintracking (this effect being dramatically more important fo
mum required wind) is considered safe if the baseline CCDOfeadwind than for crosswind). Regardless of the wind, the ra
remains above the concept curve over the whole circulatiohtracking indicates that more than @0of the initial tracks
spectrum, i.e.: are stopped being tracked before the considered time separa
tion, despite having still a circulation larger than 266 /].
CODF(D)gaseine> CCDF (I')concept V1" @ They would normally not be used when computir?g s{a]tistics
In other words, the risk related to the new concept may ni the Heavy-Heavy pair, yet they constitute a considerabl

be greater than the current accepted risk under low wigghount of tracks (more than 18,000). In order to add even
conditions. more value to the already valuable database, it is suggested

to extrapolate the good quality short tracks, even if no poin

The CCDF(F) is a frequency/probabi“ty practica”y Com_Older than the studied time Separation is measured.
puted as a ratio between a numerator (all favourable cas&s)
and a denominator (all possible cases). The numerator 15
an accounting of all tracks meeting the previously describe In order to be consistent with WV basic physics, it was
conditions. It actually lists all the tracks likely to causevake Cchosen to fit and extrapolate circulation using a two-phase
vortex encounter. Being divided by the number of all track&ecay model [9], [10]. Each phase is analytically descried
meeting the same wind conditions (i.e. the denominatoiy, i decreasing exponential function characterized by casfiis

number gives theCCDF(I'); Eq. (1) can be equivalently @1 and az, using I'g as initial circulation. The transition
rewritten by: between the two phases occurs tat= t; which can be

viewed as a measured time-to-demise (as used in the Sarpkaya
CCDF(T) = N(Fi(tsep>>NF(;f/Ui(;0ﬁT“’<5) (3) approach [9]). The mathematical expression of the'fit)
can be written as:
with N(...) the number of tracks meeting the described {

Fit and extrapolation of circulation data

Ty exp(—aq t) for t < ty,

conditions. This is actually an upper bound of the WVE I*(t) =
o exp ((ag — )ty — ast) for t > 4.

probability as a WV lying in the lateral corridor at a
certain time corresponding to the minimum ICAO WT DB
(distance-based separations) will not necessarily indace
encounter for the follower aircraft.

4

%our parametersly, a1, as andty) have to be determined
by minimizing the residues between thelfit(¢) and the data
T'(¢) in the least squares:

N
IV. EGLL DATA COLLECTION AND ANALYSIS res — Z (T*(au, as, ta, Tos ;) — T(t:)>. (5)

A. Description of the LIDAR measurements campaign i=1

The present work is based on the analysis of the EGLIThis multi-variables minimization problem without coratt
1 database. The measurement campaign started in Octdbegolved for each individual track (port and/or starboard
2008 and ended in December 2010, and was jointly run Ngrtex) for which at least one vortex is still within the |edé
EUROCONTROL and NATS. The whole campaign concerrgorridor after a time corresponding to the radar minimum
aircraft during final approach. The Lockheed Martin Cohepeparation. The circulation of tracks having both WV out of
ent Technologies (LMCT) LIDAR was installed at Londorthe lateral corridor within this time is not investigatecher
Heathrow Airport, at about 1500m of the runway thresholdar minimum separation corresponds to a time separation
(see Fig. 1), corresponding typically to an ILS altitude~of of 58s when conservatively assuming a reference landing
80m (= 260ft). The scanning concerns only West operationspeed for the follower aircraft of 155kts.
i.e. runways 27L and 27R. The database contains 121,636
tracks (among which 883 Super Heavy; 54,516 Heavy andIndividual extrapolations can be as good as the quality

66,237 Medium in the sense of ICAO WT categories). of measurements is, as illustrated by Fig. 3 showing two
) examples of fits obtained with measurements which can be
B. Shortcomings of the LIDAR data qualified of good (up) and poor (down) quality. As some

Among the very large number of WV tracks in the databasiacked points have no physical sense, it is also the cashdor
some of them are not directly usable as they stop withralated fits. Some simple filters on the results (i.elgna;,
significant last circulation value before reaching the time «s andt; which are the solutions of (5)) can avoid working
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Fig. 1. Location of the LIDAR and of the measurement planesttie EGLL-1 campaign (the background photograph is fi@Microsoft Visual Earth).
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Fig. 2. Rate of trackingrf) as a function of headwind (left) and crosswind (right) #frelds for a time corresponding to the Heavy-Heavy pair ICAD
DBS of 4NM.

with those tracks. The most trivial of them is to require that level and the ground vicinity) is directly related to theatot

is positive, ensuring a decreasing second-phase of debay. Wind intensity. The succession of slow and rapid phases of
same condition could be imposed fai, as it is physically decay are however not as clearly distinguishable as usha. T
impossible to see the circulation durably increasing, bat tis mainly an effect of the averaging process.

beginning of a track is regularly noisy and potentially ems

an increasing first-phase. This does not mean that the wholdet us also add that no extrapolation of the lateral WV
track has to be discarded; hence we consider a less resricposition has been considered; we conservatively assunte tha
constraint by keeping tracks with; belonging to the 9%- the WV lateral positions after the last measured point remai
envelope of all computedy;. Filters on the dimensionlessconstant.

residuesres/T'o andT are also applied. D. Implications of extrapolating circulation

As the number of tracks is significantly increased by the use

The dimensionless mean results obtained for several di-the extrapolation technique (see Fig. 2 indicating thoete
mensionless total wind7{w/Vp) bands show the influence30% of the normally lost tracks will be taken into account),
of the wind intensity on the wake vortex decay (see Fighe frequency of the potential WVE can only increase. The
4);, Vp = 271;%0 [m/9 defines the initial descent velocity, withconsequences on the CCDF curves are thus observed by a
bo [m] the initial spacing between the two WV (and practicallyrend to principally move upward. As the safety criterion (2
approximated by the difference between the two WV laterid expressed relatively, the question of knowing whether th
positions given by the LIDAR measurements). The resuléxtrapolation technique is more conservative than thessitd
conform to the basic WV physics indicating that the decagne has to be answered by comparing the relative WVE risk
of the WV is increased with the turbulence of the atmospheigrowths for both the baseline and the concept curves. It can
Close to the ground, the atmospheric turbulence (the mairpriori be supposed that the concept curve will be the most
factor impacting the WV decay, together with the stratifimat affected by stopped tracks and thus will incur the greatest
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and bad (down) quality measurements.

Two examples of extrapolations Bf¢) obtained from good (up)
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dimensionless total wind bands.

Results of the extrapolations bf(t) for both port and starboard
vortices (Heavy aircraft): dimensionless mean results*aft) /Iy for several
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Fig. 5. CCDF curves obtained with (thick curves) and with@ibin curves)
extrapolated circulation tracks for a 0.5NM reduction (tHedleavy pair).

V. LOCAL AND GENERIC CCDF CURVES
A. Local validity of CCDF computed with “raw” data

When assessing the WVE risk for a new concept in function
of wind conditions, it is aimed to define a wind criterion from
which the concept is considered safe and can be activated (a
buffer related to accuracy of short-term wind forecast woul
still need to be added). Such a wind constraint is intended to
be expressed as a “greater-than” criterion. Working witthsu
a criterion implicitly induces that the CCDFs computed from
data without any other consideration are only valid locally
Indeed, CCDF curves obtained from “raw” data (yet they
consist of extrapolated circulation data) are highly dejeer
of the wind distribution at the measurements location. Lt u
consider the following simple example: for a certain ciecul
tion ' = T and for a crosswind threshol&X w| > 6kts, all
WV are for sure out of the lateral corridor, i €CDF(T') = 0.

One aims to comput€’CDF(T) for | Xw| > 5kts, knowing
that, between 5 and 6 knots, at least one of the two WV still
stands within the lateral corridor and has a circulatiogdar
thanT; one has thu€’ CDF(T') = 1 for 5 < |Xw| < 6kts.

Let us consider the two crosswind distributions described i
Table | (a bullet corresponding to one piece of data). For two
different wind distributions, the CCDF computation for the
wind condition| Xw| > 5 kts gives two different results, being
only valid for the particular wind distributions resultidigom

the measurements campaign (i.e. strongly dependent of the
period during which the LIDAR was used and of the place

CCDF jump when adding extrapolated tracks, as the baseliggere it was located). It could however be aimed to remain
limits to cases in calm wind conditions. Considering a senplyeneric in terms of results. They might then characterize th

example with strong headwinds confirms that the baselirss (Igpny physics and not the frequency at which this physics is
concerned by the dead short tracks, as it could be expectggerved at a certain location.

increases to a lesser extent than the concept curve (see Fig. ) o o

5), implying a more constraining safety criterion when gsinB:- Generic CCDF computed with wind band criterion

the extrapolation technique. This example also shows thatin order to obtain such generic results which do not depend
the 0.5NM reduction satisfies the safety criterion when gisirof the local wind distribution, one would like to dispose
“raw” data whereas it does not when using extrapolation. ¢f an identical number of cases for each investigated wind
thus appears that the use of extrapolated tracks is cotiservacondition, i.e. a uniform wind distribution. The local wind



| Xw] [kts] speak of “partial” headwind distribution as we consider the

56 | >6 probability of having a headwind within a certain band, at
Distribution 1 | e | eee | = CODF(T) = 1/4 the condition that it is larger than 4kts. The second terms
Distribution 2 | eee | see | = CCDF(T) = 1/2 designate the generic headwind banded CCDF curves, aiming

TABLE | to present a universal character. As the total number of

SIMPLIFIED EXAMPLE OF TWO CROSSWIND DISTRIBUTIONS AND OF THE bandS iS ﬁnite’ we COﬂSider that a” cases V\th) Z 15ktS
RESULTING CCDFCOMPUTATION. COMPUTATION OF CCDF(T) FOR constitute a unique band. The same methodology applies
| Xw| > 5KTs. for any local curve, and thus also for the baseline. The
considered wind distribution is then the total wind, and the
generic curves are those related to CCDFs by total wind bands

distribution would not affect results in this case. The tolu
is to consider wind bands and to compute for each of them VI. GENERIC RESULTS FOR THEHEAVY-HEAVY PAIR
a CCDF curve being considered as generic. Applying the Headwind concept

;22232: tzte ?ogaelr:f/lilrr]] da(;St? irtgu\f(\ilgzldA;hﬁ: ﬁéli?v;/s;%;qak?mmto We here examine the possibility of a 0.5NM reduction for
' P ot the Heavy-Heavy pair in case of strong headwinds. This eorre

Eprits tizeo;\c ?odugizgutﬂ%ncssgngﬁmgggﬁoﬁﬂhﬁ '%i:;;ﬁponds to 12s of reduction in case of no headwind and assum-
. ; P f h f 145kts. W [ i
is, the closer to uniform the distribution can be assumea: Th g  reference approach speed o Skts. We analyse generic

counterpart is that statistics are in this case less welleged. r_es_ults, €. hee_ldwmd banded CCDF curves, _We arbitrarily
It is also worth mentioning that wind banded CCDFs arltlam't the crosswind component to 2kts, as we aim tq evaluate
actually both generic and local, as wind distribution iuassd Whether the su_pposed eqhanced WV d|SS|pat|on In case of

. ) ' . ,strong (head)wind can mitigate or not the increased WVE
uniform in both cases. They are thus supposed to be valid |n

anv LIDAR scanning plane standing at the same distance rbstk due to the separation reduction. Considering only pure
y gp 9 . ~headwind excludes most of the cases with WV transported out
the threshold and being crossed with the same traffic mix

. 8F the corridor. The effect of reducing separations has thus
in the EGLL-1 database. theoretically only an impact on the severity of the potdntia
WVE. Graphically, the CCDF curve of a same case is thus

o ) o ) supposed to move to the right due to the reduction, but the
The application of the concept into a certain airport imBoSgya| risk (i.e.C'C'DF(0)) does not increase. This is confirmed

that this is vqlidate_d I.oca.lly (with a complgte local safety, Fig. 6 by comparing the curves without (thin red) and
case). The wind distribution has a huge influence on tha, (thick red) reduced separation. The CCDF curves for two
frequency with which all the possible circulation evolul®0 peagwind bands of interest indicate that a 0.5NM reduction

occur, and thus with the WVE frequency of a certain severifyoais the safety condition expressed by (2) for headwinds
at a certain moment. Computing local CCDF valid at thgetween 9 and 10 knots.

measurement location, with a “greater-than” wind criterie
straightforward (as explained in Section V-A) as soon as tfle Crosswind concept
distribution Coming from the wind measurements during the The same princip|e as for the “essentia"y headwind” con-
campaign is representative of the local wind distributibhe cept is now considered; we investigate “essentially crasstv
present campaign having been led for almost two full yeaggases by limiting the headwind component to 5kts. When the
it can reasonably be considered that this condition is kedfil crosswind increases, the probability of having the WV blown
What would be interesting is to be able to construct, from thgyt of the lateral corridor is increased. As for the headwind
generic results, the local CCDF curves for any other locatiginy strong crosswind means that the background atmospheric
than EGLL. It simply comes back to add wind banded genefigrhulence is also supposed to be strong, hence the regultin
curves and weight each of them by the local distribution. Weacay is accelerated. Reducing separation for pure crogswi
simply consider the example of the pure headwind concepfises implies thus that the WVE are potentially more fretjuen
we aim to compute the local CCDF for all headwinds largeind more severe: the CCDF moves both upward and rightward
than 4ktS It can be mathematica”y formalized in the folhg\/ (See F|g 7) Th|S doub'e negative impact on both Severiw an
way, assuming a bandwidth of 1kt: frequency appears to be mitigated for crosswinds enclosed
between 7 and 8 knots. The WVEs for the reduced WT

C. Construction of local results

CCDF(I' = PU<Hw<5|Hw>4) - CCDF(I' | 4<Hw<5) + 6 .
) (S Hw<s [ Huw=4) (rjasHw<s) + (6) separations are of course more frequent and more severe than
P(<Hw<6| Hw24) - CCDF(I'|5<Hw<6) + the case with no reduction, yet they are acceptable acaprdin
— to the safety criterion (2).
PsSHw<co| Hw24) - CODF(T[15<Hw<o0). VII. L OCAL RESULTS FOR THEHEAVY-HEAVY PAIR

The first terms of the right-hand side are simply given The application of the concept locally requires to validate
by the local headwind distribution. We should actuallyhe reduced separation for the specific local wind distidyut



It is operationally aimed to establish a wind threshold frorthe generic results. Two examples of local 0.5NM reductions
which the separation reduction mode can be activated. Itas London Heathrow and Paris Charles de Gaulle Airports
expected from the generic curves that, for the Heavy-Heawere given, and the methodology to identify the specific and
pair, these wind thresholds should not be higher than 10 aiedal wind thresholds enabling the separation reductian fo
8 knots respectively for headwind and crosswind conditiongny other airport has been explained. An important disaaim
Considering larger winds can indeed only have a positite the present investigation is that the wind criteria found
influence on the WV decay and on the frequency of laterallysing the described methodology shall not be applied dyjrect
transported WV. without proper adaptation of the local operational concept
for conditional reductions of WT separations and without
As described in (6), the local wind distribution and thelevelopment of a local safety case. Reducing separations
generic CCDF curves are required to compute the local CCEquires to fulfil much more demands than providing freqyenc
curves. We compare these local CCDF curves for two of tlaad severity curves for potential WVESs. This is thus only an
busiest airports in Europe: London Heathrow (EGLL) anihput as one of the basic evidences to the full safety assrgsm
Paris Charles de Gaulle (LFPG). The local wind distribugiorprocess.
are respectively based on the EGLL-1 and on the LFPG-
1 databases. The total wind distributions being not syrictl
equivalent for both locations, the baselines for the twpais ~ This study is sponsored by EUROCONTROL's research
are slightly different. The headwind case (Fig. 8, left)who grant “University support to P6.8.1". The LIDAR data used in
that the 0.5NM reduction could be applied at both Londdhis study was provided by EUROCONTROL and NATS. The
Heathrow and Paris CDG as soon as the headwind is lar§&rk presented contributes to initial assessments redjdioe
than 9 knots. The concept curves féfw > 8kts (not validation of Weather Dependent Separations concept (WDS)
shown here) clearly cross the related baselines. The cingswand it also relates to potential short-term operationakowe-
curves (Fig. 8, right) indicate that the 0.5NM reduction cafents such as CROPS (Crosswind operations). Thanks are also
be considered at EGLL as soon as the measured crosswaddressed to project colleagues for numerous discussiahs a
is larger than 6 knots. The crosswind distribution at EGLL igseful comments.
thus such that the mitigation effects, getting more impdrta
with the crosswind, are frequent enough to have a crosswind , o _ , _
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