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Abstract — In this paper, we present a method to prdict runway
use at airports for the period of one hour to two dys in the
future. Based on actual, nowcast, and forecast metedata,
probabilistic runway use can be an aid to air traffc controllers in
choosing runway combinations for a period of time & long as
possible.

A stable runway system is necessary; first as runwachanges are
costly operations, moreover, ATC developments in Qaborative

Decision Making (CDM) and Continuous Descent Operabns

(CDO) require an efficient traffic flow and predictable runway
allocation for aircraft in order to create lasting plans.

The proposed system has been evaluated at Amsterdafirport

Schiphol, with its complex noise preferential runwg system, and
unstable weather conditions, where we demonstrate gquality of

60 to 70% in predicting runway use on a meteo andraffic

sample for the year 2009. The work has been perfored by the
National Aerospace Laboratory NLR in cooperation wih the
Royal Netherlands Meteorological Institute (KNMI).

The system we propose will assist air traffic contllers to

anticipate upcoming weather changes and will enablenore

lasting runway use. Other benefits from our systemare that

airlines will be given the opportunity to look further ahead, based
on the runways that will be in use for the followig 3 to 10 hours,
to improve operational planning. Inhabitants of the local

communities around the airport will get insight into the traffic

that will fly over their houses. Being informed isthe first step in

understanding and will reduce the number of noiseamplaints.

Keywords: runway allocation, weather forecast, planning
systems, airport noise, noise preferential runway system, air traffic
control, decision support

l. INTRODUCTION

The tower and approach supervisor air traffic cullers
together are responsible for selecting runwaysclse co-
operation with Air Traffic Control The Netherlan@lsVNL),
the National Aerospace Laboratory NLR has develdpads,

a decision support system for allocating runwaysntmund
and outbound traffic at Amsterdam Airport Schiph®he
system became operational at Approach and Tower ATC
1998 [1] and has been in operation at Basel Eurpoi since
2008]2].
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A stable runway system is necessary. Runway chaaiges
costly operations, moreover ATC developments intibaous
Descent Operations (CDO) and Collaborative DeciMatking
(CDM) require an efficient traffic flow and predattle runway
allocation. An aircraft on route to an airport wile able to
better plan its landing time from knowledge on vwhianway
it will land. Based on the runway that will be us#te aircraft
may take up to ten minutes more, an unacceptafferatice in
planning of CDOs. As the lead time of CDO plansdoees
longer (up to 90 minutes) it will be more importatd
anticipate the runway use of the airport. Also téixies may
differ significantly from one runway to another, s has a
serious impact on the planning systems in airpoBMC
systems.

Air traffic control bases the decision for usingnways on
trafic demand (one or more runways nhecessary),
meteorological conditions (wind direction, wind spe gust,
and visibility), and the availability of runways @nlLS
systems. An evenly important factor is the agrednweth
politics (legislation) and local communities ons@limits.

From these factors, meteo is the most uncertaianpetier
as it changes continuously over time; large changgg occur
in the weather in brief time periods. The air taffontroller
will therefore not only look at current weather ddions, but
will also take into account the weather forecasttfee next
hours in his decision on which runways to use.

We have investigated a method through which ATC
supervisors can anticipate upcoming weather chamges 30
hours ahead, enabling them to choose more lastimgay use.
As meteo forecasts are probabilistic by naturesipées runway
combinations will be given in terms of probabilitias well.

The method has been evaluated by comparing thécpedd
runway use with actual runway use. This was donéh® year
2009, based on historical data. Results are progii€i0% to
70% of the runway use can be predicted well, whee
remainder of the cases must be explained by odutors (e.g.
non-availability of runways, rain showers, altitudands). The
exact score differs per situation. During the nigtgriod,
predictions have a higher quality than those far day time
period.



Other possible users for the proposed system aineasi
who can anticipate
predictions for aircraft arrival times. Furthermoggrport
surrounding communities will benefit as they canifermed
about predicted aircraft noise (information is firet step in
understanding). As seen before, CDOs and CDM wifirove
predictability of their operations if the runwayformation is
known on forehand.

This paper is organized as follows. Chapter 2 des€rthe
factors that play a role in runway allocation. mapter 3, the
most important factor, the meteorological inforroati is
analyzed and the probabilistic nature of the infatiom
discussed. Chapters 4 and 5 form the theoretica o0b the
paper and describe the use of probabilistic metémrrmation
to determine runway allocation. Chapter 6 givesrdmilts of
an evaluation of runway use at Amsterdam Airportiwol
over a one year period. Finally, chapters 7, 8, @rgive an
outlook on related work and future possibilitiesttwiour
proposed method.

II. DECISIONFACTORS ON ARUNWAY SELECTION

Air traffic controllers make a choice for use ofunway
based on different factof2][8]. The wind and visibility are the
most important factors as these are concerned saitbty of
operations. Other factors are requested capacityway and
ILS availability, and social factors such as naisstrictions,
originating from the environment and politics. A vhave
evaluated our system at Amsterdam Airport Schiphiog
situation at this airport will be used for illugica.

Depending on the surface condition of the runwakictv

runway use and thus make betteran be either dry or wet, the cross- and tail wimits differ,

i.e. in wet weather conditions tailwind is not alled and the
cross wind limit will be reduced. More accuracy cha
achieved by actually measuring the runway frictoefficient.

Visibility conditions are important decision paraers in
allocation of landing and take-off runways. Visityilconsists
of two parameters: horizontal visibility and clobase.

At the moment that visibility or cloud base is atbelow
the level of LVC (Low Visibility Conditions), theystem will
indicate this and supervisor controllers will usedl rules for
runway assignment.

Visibility conditions are also related to ILS. Belaertain
visibility values landing runways can only be uskethey are
equipped with ILS.

B. Demand

Depending on traffic demand, one or more runwayshea
used at any time. Traffic demand can distinguistivar or
departure peaks, off-peak, or night period. Typycakat
Schiphol, the segregated runway use policy leadssittg two
arrival runways and one departure runway duringagival
peak and vice versa during a departure peak. Durffigeak
and in the night one arrival and one departure aynave used.

Sometimes four runways are used during transitions

between peaks, be it that this use is limited dugolvernment
regulations.

Runways combinations are sets of one or more ruswayC. Runway and ILSavailability

Depending on their relative configuration, differeminway
combinations have a different capacity. When opagatnore
than one runway, controllers prefer the use of pedeent
runways as this gives a high capacity and doesreaqtire
special measures for separating traffic. Runwapsbeaused in
mixed mode or segregated mode. Mixed mode giveigleeh
capacity, but also dependencies. Amsterdam AirSottiphol
operates its runway system in segregated mode a&h @sl
possible. For indicating runway combinations, ia #xamples
used below, we will use standard runway numbergrevffirst
arrival runway numbers will be given and then dapar
runway numbers. Arrivals and departures will bendiééd by
a slash. For example 06 36R/36L means that thregays are
in use: runways 06 and 36R are for arrivals anevayn36L for
departures. When two departure runways are inthisewill be
indicated as for example 06/36L 36C.

A. Meteo

Runways may be unavailable for short periods (rynwa

check, friction test, snow sweep, etc.) or for rgler time, e.g.
for maintenance.

Status of the ILS is important for advising a rugwa be
used for arrival. The ILS status consists of a gatg glide
path indicator, and localizer.

Depending on ILS category, a runway can be used for

landing within restricted visibility conditions. Pdanding
runway, the ILS category can vary, so that the aysican be
used under different visibility conditions.

D. Social factors

To be able to meet noise restrictions, airports lwamg a
noise preferential runway system into use. Whererttzein one
runway combination satisfies all weather critettie one that is
most preferred with respect to noise load managemitinbe
used. This preference is laid down in a predetezthiordered

Most important meteo parameters for deciding whichygt of runway combinations: the preference[8kt

runways to use are wind (direction and speed) asithikty.
Wind has two elements: direction and velocity, vahéze used
for determining the crosswind and tailwind compdsefor
each runway. A maximum cross- and tailwind will dggplied
and when exceeded, the runway will not be usedynad the
possible combinations. Usually, in good conditioascross
wind limit of 20 knots and a tail wind limit of 7nts are
allowed (including gusts). Furthermore, if both ttresswind
and tailwind are at their limit, the runway will tnoe used.

Preference lists are used at several airports withore
complex layout of runways. Amsterdam Airport Scluiphas
evolved into a complex airport with runways in difnt
directions that would have an uneven impact on canities
in its vicinity if not for the use of a preferentianway system,
seeFigure 1. Airports with similar complex layouts,cbuas
Logan International Airport in Boston and John Fenikedy
International Airport in New York, also make usepoéference



lists to control noise load in its surroundings. #he US
airports, noise load balancing is carried out omo&untary
basis. The Netherlands is unique in the fact thaisen
restrictions are enforced by law, making noise Itia@ main
steering parameté4].

Figure 1. Schiphol Runway Lay Out

I1l.  PROBABILISTIC METEOFORECAST

More attention needs to be paid to the meteo fsteca
Weather forecasts are usually given in terms ofieslwith
uncertainty figures or standard deviations. Relepamnameters
for the runway allocation problem are wind direntiavind
speed, gust, visibility, and cloud base. For ogeaech, we will
assume that the values are given with their stahdaviation,

a method commonly used by meteorological
Furthermore, we will assume a normal distributioh tioe
uncertainty, which is for most meteo forecasts didva
assumption.

Short term weather forecasts provide a weathercéste
every hour for the next six hours. Long term fostsgrovide
an update every three hours for the next two d&lyken
deemed necessary by the meteorologist, an inteateedpdate
of the forecast can be provided at any time. Uaddst will be
higher with an increased look ahead time.

Weather and weather forecast are available thrgeghral
services. All large airports have a dedicated nretegical
service and the necessary equipment, which proaiderate
local information on the local weather conditionsibility
values are provided for the airport; when neces&argway
Visual Range (RVR) is given per runway or per parthe
runways. In general, meteo service providers andpetent
provide information on wind and Vvisibility; necesga
information for deciding runway use.

Wind information contains:

¢ Wind direction in degrees

e Wind speed in knots

¢ Gusts in knots

» Standard deviation on wind direction

e Standard deviation on wind speed

institutes

Visibility information is given as chances to th@ldwing
parameters:

» Chance of visibility per category, given in horitain
visibility, Runway Visual Range (RVR), and cloudbas
values, given in percentage

An example of meteo forecast information is giveatotw,
from the weather forecast of Amsterdam Airport $bbi as
provided by the Royal Netherlands Meteorologicadtitnte
KNMI. Significant events that may have their infhoe on
runway allocation are for our purpose marked yellovange,
or red (depending on severity), degure 2.
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Figure 2. Example Meteo Forecast with Gust and Standard Beria

Notice that no gust is given as of 23:00. Thisdatks that
gust will be below 5 knots (compared to the windexf), hence
not significant.

IV. DETERMINING A RUNWAY USE PREDICTION

Weather forecasts are, by nature, uncertain. As abeve,
the uncertainty is given in terms of variation darslard
deviation over the predictions of wind directionind/ speed,
and visibility conditions. This uncertainty will beflected in
the expectation of runway use. We can see thisdridllowing
example.

An airport with two crossing runways, one northisoand
one east-west will have difficulty deciding whichnway to
use with a southwestern wind, because of cross liimits. A
forecast of south-southwestern wind will give prefece to the
north-south runway; however, because of the uniogytan the



prediction of wind direction, a small chance existsat
eventually the wind will have a stronger westermponent
than expected, so that the east-west runway wildn® be
used for operations.

The probabilistic meteo inputs need to be trandlatea
deterministic output, since the list of runway camaliions has
a limited number of possibilities. In our study, wél present
the output of the forecast runway allocation sysganpossible
runway configurations, together with their probaifor use.

A. Method

The probability for each combination can now be
determined by the size of the weighted surfacdhefGaussian
function. This is a two dimensional problem.

Suppose we have one change of runway combinati@m wh
varying smoothly along the set ofwind vectorsVyyy,...,Vig),
each provided with a specific probability valg,,...,resp.
Py, and the change takes place when passing vector
k (1<k<n). Then the probability of each combination can be
determined by integrating the Gauss distributiomcfion
between standard deviation bound &hkjl

Finally, the result for each combination is mulgpl with

We regard the input of the weather forecast in twahe probability for the visibility condition. Thigives the

probabilistic directions: wind direction and wingegd. This
leads to a two dimensional array of possible inpgotsour
system, each associated with a probability valeefgure 3.

Figure 3. Two Dimensional Gaussian Distribution

This landscape represents the variation in winection
and wind speed, where the value represents thalpilitp. To
cover 99.6% of the surface, we need to considerethimes
standard deviation.

In our method, we represent the wind direction speed
by a limited nhumber of values, with a step siz& afegrees for
the wind direction and a step size of 1 knot fa Wind speed.
This leads to a grid of wind vectors (combinatidrdwection
and speed). For each point on the grid the bestvayn
combination will be determined. IrFigure 4. different
combinations are found. For example, the white ezpeesents
all runway combinations 06/36L, and the green aepaesents
all combinations 18R/24.

—— direction

Figure 4. Grid with Runway Combinations

probability for each runway combination. So now the
probabilistic meteo forecast has been translatéal anlist of
runway combinations, each with its own probabilithe grid
from the figure gives for example the following tdisution:

Runway combination
06/36L
18R/24

probability
13%
87%

We used a modified version of the Runway Allocation
Advise System (RAAS) to calculate the different way
combinations in the grid. RAAS is in use at SchipAmport
and is a decision support tool for the tower angragch
supervisors to assess runway use given current omete
conditions[1][2]. A mean grid has a size of around 150 nodes,
so that we must invoke RAAS around 150 times. Rugptime
for processing one grid is in between one and twwtes.

B. Runway combination selection

The next step is that we need to assess the listrovay
combinations that is generated. For this, we catingjuish two
situations. The first is the list as is, which daninterpreted as
the possibilities that either one of the mentionetway
combinations will be used. In the example above car thus
narrow the list of possibilities down to two podsib
combinations. Chance is 87% that for the given tinaene
runway combination 18R/24 will be used. We can alsggest
the combination 06/36L for 13%.

The second situation is that at any certain montaetair
traffic controller will have to make a choice comiag the
runways that will be used. Should the aforementiogituation
occur at the moment the controller needs to choibes he
will almost definitively select the northern runwasge, i.e.
18R/24. In this case, we can ‘translate’ the gipesbabilities
of 13% and 87% to a near 100% certainty that theham
runway use will be selected.

V. EVALUATION METHOD

In order to validate our method and to investigtte
situation where a choice needs to be made, we aeahpghe
predicted runway use with actual runway use.

When comparing predicted runway use with actuaivayn
use, an algorithm to select the “most probable” wam
combination needs to be determined. For this, wefasevery



runway combination its weight (expected probabijity. The
distance between two predicted runway combinatioiti
weight wy, resp.w,, is defined agw;-w,|. The actually used
runway combination will get weight, wherel-w is now the
distance between the chosen runway combination thed
predicted runway combination. This distance is radfication
for the qualityg of the prediction.

A. Discussion

The example given in the previous section gives
reasonably clear situation for selecting the coutiom
18R/24. If we now notice that the actual runway boration
that was used during the given period of the ptixdlids the
same, we have a hit. However, in many cases, thatisin is
not that clear. Below, we give a few examples wiitisemore
difficult to determine what the actual runway condtion will
be.

First, the situation in the given picture shows istirdct
white and a distinct green area but in practice,ateas show
overlap. We determine the probability of use focreaunway
combination within safety and operational restoic. This
will lead to a situation as given in the examplohe

Runway combination
06/36L
18R/24

probability
75%
85%

We can observe the most preferred combination (lsecaf
noise considerations) on top of the list has ah8liglower
probability of use than a less preferred combimati®he
controller can choose the highest combination élit as this
will be noise preferred, but this also has the égglpossibility
of exceeding wind limits in the course of the pdyiso that he
runs the risk of having to change runways durirggshift. If he
chooses the second combination in the list, he hale to
provide his motives for the choice of a less ngiseferred
runway combination.

This situation will be easier to judge when thestfiand
second combination are both given a very high gitiba
let's say 97% for the first and 99% for the secdndhis case,
the controller will certainly choose the first coimdtion as the
risk of exceeding wind limits is very limited. Irrgetice, we
have noticed that controllers tend to choose thbdst possible
runway combination when the possibility figure Bgae 80%.

Another situation occurs when the possibilities use
runway combinations all are below this 80% thresh@n
example is given below:

Runway combination
06/36L
18R/24
18R/18L
36R/36L
18R/09
06/09

probability
55%

5%

7%
52%

1%
69%

The controller now can choose for 06/09 with thghkst
probability, but this is a combination that exclsd¢éhe
preferred north-south runways of Schiphol. Instefselecting
the runway combination with the highest probabi{@g/09), in
this case, we have observed controllers tend to ase
combination that includes one of Schiphol’'s norhith
runways. In both cases, chance of having to changeays
during a given period is quite high, so in thisiatton it will be
better to use the noise preferred combination foloag as

ossible. According to our analysis, controllensdt¢o use the
irst and second preferred combinations in theristre often
than the others.

B. Algorithmfor Selection from the List of Possibilities

We need to find an algorithm to determine the “ife5t
runway combination from the list of possibilitiegiven the
above mentioned considerations. We examined several
algorithms for this.

Algorithm 1. In this algorithm, we assume a list of possible
preferred runway combinations as explained in thevipus
section. To select the runway combination to use, finst
select the most preferential runway combinatiomfritne list
and determining its probability score. The remairmfethe list
of combinations will then be evaluated compared the
previous ones.

The choice for a runway combination is now thet fose
which scores above a threshold, e.g. 80% or iktieenone, the
combination with the highest probability will bdesgted.

LOOP (all combinations)
WHILE NOT found
IF combination; (score) > threshold
THEN FOUND (combination;)
ELSE next-combination

IF NOT FOUND THEN
LOOP (all combinations)
IF combinationy.; (score) < combinationy (score)
THEN FOUND (combination,)

Algorithm 2. In this algorithm, again we determine for each
runway combination its probability, independentitsfranking
on the noise preferential list. This will lead topeobability
value for each runway combination.

However, the choice for a runway combination is moare
difficult. We will select the runway combinationathis above a
certain threshold (e.g. 80%), but only if theredscombination
that is higher in the list which only differs a ibed percentage
(e.g. 20%). For example:

Runway combination
06/36L
18R/24

probability
65%
70%

The choice will be 06/36L as this indeed has theekt
probability, but it differs less then the 20% thvelsl from the



2E%
TET2%
0.05%
0.17%
061%

highest probability, so that the controller willopably choose | B
the noise preferential combination.

LOOP (all combinations) T
IF combination,. (score) < combinationy (score)
THEN FOUND (combination,)

22.92%
75 72%
005%
0.17%
t=7 : 0300 -
LOOP (all-higher-combinations)

WHILE NOT FOUND
IF combinationy (score) — combination; (score) R

< threshold

THEN FOUND (combination)

ELSE next-combination

t=8:06:00-0900 06 - 36L 38C  1153%
18R - 24 1BL B508%
18R - 18L 18C  003%

Algorithm 3. As in algorithm 2, but with a different Sl
selection criterion. We have observed (as indicatzul/e) that R - L EC LM%
there is a tendency to use the first or secondefudipg on
wind direction) noise preferential combination, s first Figure 5. Snapshot of all possible Runway
decide whether one of these combinations can kkarseg only Combinations with Chance > 0

if not, we investigate the possibilities for théets. ) o )
Step 3 is the determination of the quality of the

IF combination, > threshold prediction. The result of this process will deterenthe success
THEN FOUND (combination;) of the project.

ELSE IF combination, > threshold
THEN FOUND (combination,)
ELSE LOOP (combination-3-to-final)
etc...

Step 4 concerns the analysis of “unsuccessful”iptieds.
This has to be done manually, where trends caigbeled for
implementation in updates of the algorithm.

Figure 6. shows the analysis for one day, Jurfe @& can
VI. RESULTS OF THEEVALUATION observe that 83% of the time, the runway allocatiaa been
The evaluation has been made for the year 200then tPredicted correctly. In 10% of the time, the secdmghest

predictions and on historical runway use. The ein has Vvalue from the prediction was used, and in 7% ef ¢ases,
been carried out for different periods: the arriyabak, SOme runway combination was used that was not qieetias

departure peak, off peak, and the night period. first or second.

Furthermore, the evaluation has been carried owgdweeral
time horizons of predictions.

Prediction runway combinations on June, 26th

The aim of the evaluation is to validate the algpnis as o
described in sectiok. The evaluation has been carried out by b
comparison of provided runway configuration preidits of a

@ best choice

specific period with actual runway use during thpegriod. -
Deviations are analyzed to gain insight into theywa goter
controller performs runway allocation. The resalts fed back

to improve the algorithm. §3%

A Seps

Step 1 is the input processing from the file thamtains
meteorological predictions for a large number afqus. There
will be overlap between different prediction pesgodn this
step, one period is selected and processed. B. Results
We evaluated algorithm 1 with one year of trafl20@9)
and different values for the threshold. Total squeecentages
for algorithm 1 sum up as given in Table 1 per peetiod.

Figure 6. First, Second, and Other Choices

Step 2 is the invocation of RAAS for each meteo
prediction, which covers a period of 1-6 (shorirteror 6-30
hours (long term) ahead. For each hour possiblevayn

combinations are determined and probabilities aleutated Table 1. Results of Algorithm 1
accordlng_ly. This is done for the d!fferent periodght, off- — ST ST S60% ST
peak, arrival or departure peak. figure 5. , the blue area Landing £0% 5206 £2% £0%
indicates the night period, yellow is an off-peakeen an Night 68% 67% 65% 64%
arrival peak, and red the departure peak. Off-Peak 58% 59% 58% 57%
Departure 54% 54% 54% 53%
Total 59% 60% 58% 57%




In the rows, the different values for the periods given:
the night and off-peak periods are best predicted.

The results are rather disappointing. First, it edso be
observed that the figures in the different colurdasot differ
significantly from each other. Apparently, the anaffic
controller chooses the combination with the higipesbability
in around 59% of the cases, independent of theitgu@r
score) of the combination. This indicates that dakgorithm is
too simple and needs extension to refine the cHaitkeer.

It can be observed that the accuracy increaseslietiveen
70% and 85% with a threshold of 80%. Again, thepafik and
night have the highest scage

The next step in evaluating this algorithm is tdirdethe
choice between the first and second runway comibimat

C. Factorsthat influence the results

When using a historical dataset, it is impossibte t
reconstruct a situation exactly as it was at tiraet Many

Algorithm 2 improves the selection of a runway factors, which are not recorded, have their infageon the

combination by making the choice dependent on tioees of
other combinations. Algorithm 2 can be applied vdifierent
parameters for

e threshold 1 =
highest score and the alternative, and

decision of the air traffic controller.

The most important factor is runway closures fdrestuled
and unscheduled maintenance. Maintenance takes hders

minimum difference between t0 several days. Scheduled maintenance is, asdtimplies,

known beforehand, but an external factor can chamgelan.
Bad weather or unexpected events at some otheragucan

+ threshold 2 = minimum score necessary to beseriously disturb maintenance plans. Brief mainteeacan not

selected,
given as threshold1/threshold2 in Table 2.
Table 2. Results of Algorithm 2

Peak 10/50 | 20/50 | 30/50 | 40/50 | 20/60 | 20/70 | 30/70
Landing 49% 52% 53% 52% 52% 529 539
Night 68% 69% 67% 64% 69%) 689 679
Off-Peak 58% 60% 60% 58% 609 609 609
Departure | 54% 56% 55% 54% 56% 559 549
Total 59% 61% 60% 58% 61%) 609 609

The table shows the hit-score for several valuebath
thresholds. Here, it can be observed that the iaddit
threshold that was introduced actually makes audiffce, see
for example the increased score in columns 1 and/€.can
read here that the overall quality of the algorithmreases
when we search for combinations, higher in thegresfce list,
but with a lower probability, provided that the fdifence
between the two probabilities is no more than 2@
difference in column 2 as compared to the 10% afron 1).

From the table we can see that with a thresholtiZD% is
still realistic to expect that the runway combioatithat is
higher in the list will be selected.

A further refinement was made in algorithm 3, wherm
first assume the top two combinations to be saleated only
below a threshold, we will decide on the otherse Tésult of
this is given in Table 3.

Table 3. Results of Algorithm 3

Threshold | Total nr. %
90%

Landing 4637 66
Night 9958 80
Off-Peak 7986 72
Departure 3658 69
Threshold | Total nr. %
80%

Landing 4976 70
Night 10598 86
Off-Peak 8638 77
Departure 3909 73

be foreseen.

Also the weather prediction may differ from the uadt
observed weather or local weather phenomena otagal
showers, snow, altitude winds, and fog have thdiuénce on
the decision whether to use a runway or not. Uguétlese
effects are temporary. Again, not everything carfdreseen,
like local showers or decisions on which runwaglear snow
from first.

Several other factors play a role. These can baaus
and incidents on runways and taxiways, maintenaoae
taxiways, runway inspections, bird scare, etc.

Finally, air traffic controllers are reluctant tohange
runways, especially during peak periods. They widle a
runway as long as this is safe. When traffic denmiaolw, they
will choose to operate two instead of three runwdyeng a
peak period.

VIl. RELATED WORK

Many airports in the world operate a noise preféaén
runway system, where the operational runway use is
determined by agreements with surrounding comnmasitor
as far as safety permits. Almost all airports hageeements on
preferential runway use, although not all will dalso. Details
of preferential runway systems can be found atoairglP
entries and at the web site of Boe|bY

A system for runway allocation was set ug6h Here, for
enabling fast time calculations on noise at Sydaiegort, a
system called TNIP Runway Allocator was developeduild
data sets for use in aircraft noise predictionafdonger period
of time, which lead to expected airport noise cargo This
model is not based on probabilistic meteo inpute Bame
system has been evaluated for Brisbane Airport.

A preferential runway advisory system (PRAS) and
enhanced PRAS (ENPRASY)] have been developed for
Boston Logan International Airport. The system stssiair
traffic controllers with recommended runway configfions
which satisfy weather and wind requirements, reizegn



runway maintenance needs, and accommodate angidipatdifferent results from different methods and lemhmake a

demand levels. The operational system emerges ffiesearch
performed by MIT.

In [8], a study for Helsinki Vantaa Airport shows the preferential

impact of weather on runway allocation. The studyg h focus
on improving weather prediction and providing imf@tion to
the control tower on anticipated weather changes thight
influence runway use. In the study an analysis mvade of the
effect of runway changes in terms of delay.

VIIl. OTHER USE OF THE SYSTEM

choice himself, based on his expert judgement.

The system is mostly interesting for airports withnoise
runway system, where runway allocatiin
performed based on meteo conditions for safety and
agreements with the local communities on noisel$eve

The results are promising and suggest that a system
runway prediction can be developed further. A rupwa
allocation system will be a necessity for new depeients in
CDO and CDM, as we see that the time horizon ofdahe
planning systems gets larger. Also, it will enalilether

The system described in this paper is meant as apptimisation of airport operations of ATC and fariaes. The

information system to the air traffic controllerhav has a

system can also be used for communication with |loca

means to better decide on runway allocation to davoicommunities.

unnecessary runway changes.

The system can be used by airlines to improve tiet
management process and by surrounding commundieget
insight in current and expected noise. Just as, Wl system
can be integrated in the Collaborative Decision MgKCDM)
programs and in an arrival management functiorimjorove
overall planning.

A. Airlines

Airlines will benefit from the use of a runway pretibn
system as they have to schedule operations at itherta
Airlines will benefit from predicted runway use feeveral
hours ahead.

B. Communities

Inhabitants from communities around airports berfedim
a runway prediction system in that they will gesight into
noise over their houses. Insight is always thet fatep in
understanding why aircraft have to fly certain esutThe user
interface for an application must be provided tigltowa web
interface, so that everyone can have access ioftirenation.

C. Embedding in other systems

An arrival management function will benefit from
prediction of runway allocation. Current work onrffiauous
Descent Operations (CDO) assume that aircraft wwitlate
their approach in a neighbouring sector to theaaiip sector.
When making an arrival schedule this far aheaid,iihportant
to know what runways will be in operation at whate.

IX. CONCLUSIONS

We have presented a system for determining runway

allocations based on weather forecast informafidre system
uses probabilistic meteo forecasts to conclude nhast
probable runway combination that will be used fdre t
following 1 to 30 hours. The system has been etatlan one
year of historical data for Schiphol airport.

We have observed, and did not expect either, tH2086
score to predict runway use is not feasible; dejpendn the
method chosen, a hit-score of in between 60% arid %0
shown. However, none of the methods outperformly fail
other methods. One option is to present the end wih

Further work needs to be directed towards achiesisgll
higher percentage of hits. This can be done thrdinghtuning
our method and incorporation of more factors thetednine
runway use, like altitude winds and local weathieermena
such as rain showers and snow.
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