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Abstract—The behaviour of an aircraft and its Flight
Management System adjusting its speed in order to eet an Air
Traffic Control required Time of Arrival at a given waypoint in
its flight plan strongly depends on the accuracy othe predicted
time of arrival at that waypoint. This is the reasm why assessing
the accuracy of such predictions is a key elememnt ithe research
on time based operations in Air Traffic Management. The
accuracy of a predicted Time of Arrival at a givenwaypoint will
depend on the prediction performance by the aircrafbut also on
the weather forecast that is available in the cockp This study
aims at assessing the accuracy of the latter. Fohdusands of
flights over a one year period, the forecasted wirglthat were
uplinked from an airline operational centre to the aircraft have
been compared with the actual wind vectors measurely the
aircraft during flight. Given the large number of flights, a
statistical approach was possible and the distribibns (standard
deviations and mean values) of the wind speed diffence, wind
direction difference and resulting groundspeed diffrence were
computed. Additionally, results have been analysedrom two
different perspectives. First, a waypoint-based angsis has been
performed for which the statistics have been comped for all the
waypoints over flown of all the flights. The impactof different
elements, e.g. phase of flight, wind magnitude, wpgint altitude,
season, aircraft registration and forecast latencyhas been
assessed. It seems that the wind magnitude and tHerecast
latency are the main drivers in terms of accuracySecondly, a
trajectory-based analysis has been performed for wibh the data
along a complete descent profile has been averagéor each
flight, to obtain an idea of the impact of the windforecasts on the
average ground speed uncertainty during descent. Th analysis
has shown that the difference in average ground spd during
descent that would result from applying the measum winds
instead of the forecasted winds in the trajectory @mputations is
below 12 knots for 95% of the time.
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. INTRODUCTION

This accuracy of wind data has an important infageon
the quality of trajectory computations of an aiftsaFlight
Management System (FMS) or ground-based trajectory
predictor (TP), and especially on the computatidn ao
Estimate Time of Arrival (ETA) over a fix in theidht plan.
For example, a difference of 12 knots (kts) in gibspeed can
result in an ETA deviation of 5%, assuming an odiground
speed of 250 kts [1]. In addition the quality oihaidata plays
an important role when considering the use of taoetrol in
future Air Traffic Management (ATM) applications.sAthe
speed envelope of the aircraft is bounded, thdabtaicontrol
range to make an aircraft arrive at a specific tiower a
waypoint (WPT) is also limited. Reference [2] pres
detailed information of the available earliest$atetime
window in which aircraft can arrive over a WPT,alsalled
ETAmin — ETAR Window, and how this window can be further
reduced to make it more reliable. This idea cossi$tadding
an extra margin to the boundaries of the physiCBA K, —
ETAmax Window so that if an aircraft encounters more essl
unpredicted wind along its trajectory, there idl stufficient
speed control available to ensure that a predefiines within
the reduced ETA, — ETAm Window can still be met. The
extent to which the ETA, — ETAn window should be
reduced depends on the assumed magnitude of thed spe
correction that would be necessary to arrive oretimhich
itself depends on the quality and quantity of tHadadata in
the FMS. Reference [3] has shown that the widththaf
achievable time windows (ETA — ETAn. windows) at a
metering waypoint of several aircraft arriving atarport, has
a large influence on the likelihood that an efiitiearrival
sequence based on primarily speed control can tedfdn
medium to high density traffic.

The purpose of this study is not to assess thetguaid
accuracy of the wind forecast data itself but nratbecompare
the wind forecast data that is currently availdbleoperations
with actual aircraft measurements. Aircraft measnets were
made available by Novair, a European airline ojregad fleet

The purpose of the study is to assess the windowectOf three modern A321-200 aircraft. The source ofidvdata

forecast accuracy that is currently available ie ttockpit,
assuming that this wind forecast is provided by BT\Mservice
provider and used in daily operations in Europe.

and the way these data are transmitted to theaftirdepends
on the airline policy. In the case of Novair, thruce of the
wind data is the World Area Forecast Centre (WAE@)don
operated by the UK Met Office on behalf of ICAO.€TICAO



WAFC London is part of a global aviation forecagstem
established and specified in ICAO Annex 3 and peceduvind
information in a GRIdded Binary code format (GR(B). The
wind forecasts are produced in 4 daily model rbased on an
analysis at 00:00, 06:00, 12:00 and 18:00 Coordihat
Universal Time (UTC) respectively and valid for eripd of 6,
12, 18, 24 or 30 hours after the analysis time drickv the
forecasts were based. The wind forecasts are blaila
approximately 4 hours after each analysis, i.€4a00, 10:00,
16:00 and 22:00 UTC to be used in airline’ flighamming
systems. Wind information is available for differeftight
levels (FL) (50, 100, 140, 180, 240, 300, 340, 880 450) and
is based on a grid of 1.25° by 1.25°. Data from\W&FC is
interpolated by the flight planning system so thdbrecast is
obtained tailored to a specific flight, taking ind@count the
flight planned route. The data is made availableufgink to
the aircraft through an Aircraft Communications Aekbking
and Reporting System (ACARS) datalink service. Whan
aircraft requests an uplink of MET data, the latghilable
data is uplinked. The MET forecast data within éhegnd
uplink messages was compared with aircraft measdegd,
available through the Flight Data Recorder (FDRpagis.
These exports contained, at various time intenthks,aircraft
state data like altitude, position, Mach numben€eTAirspeed,
heading as well as wind speed and wind direction.

First, this paper briefly presents the outcomepreiious
studies which assessed the wind and temperatuecastr
accuracy and defined wind and temperature infoomati
requirements for the time based operation. Follgwihis,
section Il justifies the methodology retained tonpare
operational wind forecasts with recorded data. Than
overview and description of the data analyzed emiin
section IV. Section V presents a waypoint-basedyaisaand
the impact of different parameters. Section Vldsused on a
trajectory based analysis and a flight by flightmparison.
Concluding remarks are discussed in section VII.

Il.  BACKGROUND

Wind and temperature information requirements for a

possible future enhanced Air Traffic Management AT
system involving 4D-time control were already folated in

e.g. 10 kts in a 12 hour forecast during winteringsaircraft
measured data as input to improve the forecash, eddled
"Nowcasting", experiments showed that errors of than 1° C
in temperature and close to or less than 5 kts indw
component were possible, results that were depéngem a
sufficient supply of aircraft data [6].

More recent studies have been conducted as well.

Reference [7] assessed the quality of the MET mé&tion of

an Automatic Dependent Surveillance-Contract (ADSfCan
aircraft. MET information in the ADS-C reports ofzaropean
carrier was compared with wind and temperaturecasefields
from a specific Numerical Weather Prediction (NWR9del,

the European Centre for Medium-Range Weather Fsteca
(ECMWEF), during 76 days. For the investigated perand
data sample, a STD of respectively around 5.5 hdis1®° was
found for wind speed and wind direction differences

In a study done by Air Services Australia basediboraft
measurements from 729 arrivals into Melbourne airpeer a
4 month period during summer, the RMS wind vector
difference between aircraft measured wind and WAFRIB
based wind was calculated for each arrival. Theramee of
these RMS values was 8.2 kts with a STD of 3.§Hts

Finally, a study has been conducted in the U.S.pawing
Aircraft Meteorological Data Relay (AMDAR) wind
measurements from the aircraft with 2 hour Naticdhakanic
and Atmospheric Administration (NOAA) Rapid Updatgcle
(RUC) forecast data. Depending on the FL RMS wiedtar
differences of between 8 and 10 knots were fouhd [9

This brief overview indicates already that it isteof
difficult to compare the results of different stesli as each
study has typically its own defined performanceidatbrs
(RMS vector difference of all measurements, aveidgeMS
vector difference of each trajectory, average amd $f the
ground speed difference, etc.).

The measured wind reports contained in the FDR of a
specific flight were compared with the wind foresas
available in the ACARS wind uplink messages whicérev

METHODOLOGY

the EUROCONTROL PHARE program. Standard deviationgrepared by the airline’s operations centre fos thght. FDR

(STD) for along track wind component of 5 kts arat f
temperature of 2.5° C were considered as a reqairerior
meteorological data to achieve accurate time a¥arcontrol
in an aircraft. MET service providers were assulmeithg able
to comply with the temperature requirement, butwith the
requirement for wind [5].

data and wind uplink messages stored by the aidwver a
period of one year, betweeri af July 2011 and 30of June
2012, were made available for analysis. Duringighf] two
types of wind uplink messages were available tacthe:

« Wind forecast information at a set of altitudes for
climb or descent phase of flight.

Studies have been conducted in the PHARE program

showing that during winter, where the jet streaprdtto be
stronger in the northern hemisphere (around FL300)3the
Root Mean Square (RMS) wind vector error of aviatio
forecast data could exceed 20 kts in a 24 houcéste 15 kts
in a 12 hour forecast and 10 kts in a zero houwedast. Over
Europe as a whole, where the average wind streésgtieaker,
the errors were found smaller, being 16 knots i84ahour
forecast, 12 kts in a 12 hour forecast and 8 kts #ero hour
forecast. At lower levels, where winds were foundbt less
strong on average, the RMS errors were consideahbller,

* Wind forecast information for several WPTs at defin
FLs for the en-route phase.

A. En route comparison volume

For each of the en-route WPTs defined in a windnigpl
message, a comparison volume around this WPT vesdedt
(Fig. 1 and 2). This volume is defined by:

e A spatial window consisting of a cylinder cented
the WPT with a height of +/- H and a radius R.



e A time window defined as the time starting when the
message has been received until the next message or

the end of the flight.

The FDR data for the same flight was then retrieard
whenever the trajectory contained in this FDR datssed the
defined volume, the
averaged within the volume. A WPT for which bothndi
uplink information was available and measured dz#tdahe
FDR had been found and averaged, is called “corspari
point”.

B. Climb or descent comparison volume

For each of the FLs contained in the climb or despart
of the wind uplink messages, a comparison voluroarat this
FL was created. This volume has the same shapetlibaone
created for the en-route comparison points exdetthe R of
the cylinder depends on the aircraft trajectory alihiis
illustrated in Fig. 3. In this figure it can be gethat the R is
given by the aircraft's slope to ensure that adl ttata within
the defined buffer +/- H around the FL will be ciesed.

C. Data processing and filtering
Directional references within the raw data weréotlews:

recorded wind measurements were

e WSyer and WDQyer are respectively the wind speed
and the wind direction forecasted in the wind uplin
message.

WS and WDRprare respectively the wind speed and
the wind direction recorded in the FDR.

GSyer is the aircraft ground speed computed by
applying the wind forecasted in the wind uplink
message to the aircraft's True Airspeed and track.

e GSopr is the aircraft ground speed computed by
applying the wind recorded in the FDR to the aiittsa
True Airspeed and track,

For each of these differences (wind speed, windctimn
and ground speed), the statistical distribution piasted and
the mean and standard deviation of these distdbstiwere
computed. Fig. 10 in section V of the paper give®eerview
of these distributions.

E. Determination of the comparison volume

Table | and Il show the distribution parameters, STD
and Mean, for W&, WDgx and GSQi versus several
comparisons volumes. The first two columns of Table
provide the definition of the comparison volumedi{tes R and

* The wind direction in the wind uplink messages wereheight H). In Table II, only H is given, as the & the descent

referenced to True North.

 The wind direction recorded in the FDR data wer

referenced to True North.

» The aircraft heading recorded in the FDR is refesen
to Magnetic North.

Therefore, to ensure that the same reference wad u

during the data processing, the aircraft's headings
converted to True North using a worldwide magnetidation
(declination) table.

In addition, when computing the wind direction di#nce,
a filter was applied to only take into account tha&ta for
which the wind speed (coming from the wind uplinkssage)
was greater than 10 kts.

D. Dataanalysis

S

comparison volume is computed from the aircrafitps. The
next column gives the number of analyzed companzmnts.

®The last six columns give the STD and Mean of thedw

speed difference distribution, wind direction diffece
distribution and ground speed difference distrinitiFor en
route comparison points, the most important paramistthe
radius of the cylinder. Indeed, when flying at saiievel, the
aircraft's altitude is usually very well maintainetiherefore,
the height of the cylinder has a very small impant the
results. As shown by Table I, the number of conguaripoints
increases with the R of the comparison volume. H@arethe
wind speed, direction and ground speed differeraresnot
depending a lot on the volume dimensions. As aequesnce,
a volume which gives a high number of comparisoimtsdut
which also has realistic dimensions was selectedfigher
analysis. For the descent phase, the number of @osop
points is constant whatever the height of the cgm In

For each of the comparison points, the wind Spee@ddition, the STD and the Mean of the wind speedround

difference WSy, the wind direction difference Wi, and a
ground speed difference gSwas computed as follows:

WS, =WSpr —~WSyer - D
WD =WDgpr —WD ey - 2
GSyir = GSepr ~ GCSyer - ®)

Where:

speed difference are also constant. This meanghbaieight

has very little impact on the quality of the sttitisl analysis.

A comparison volume of 10 Nautical Miles (NM) radiand

of +/-150 feet (ft) height will be used to comptite different

statistics presented in this paper. Using this m&lua total of
23400 comparison points has been found (9965 casgvar
points for en-route, 13299 comparison points fasceat and
136 comparison points for climb).
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TABLE I. EN.ROUTE RESULTS FOR DIFFERENT COMPARISON VOLUMES
Volume En Route comparison points
R H No. of W St (ktS) WD gis¢ (o) GSui (ktS)
(NM) (ft) points | STD | Mean| STD | Mean| STD| Mean
3 25 4691 9.2 1.9 20.4 0.9 9.1 -0.8
3 75 6182 9.3 1.8 20.3 1.1 9.5 -0.r
5 75 7450 9.2 1.7 20.7 0.9 9.5 -0.6
10 75 9911 9.1 1.6 21.6 0.8 9.4 -0.6
10 150 9965 9.1 1.6 21.8 0.4 9.4 -0/6
20 150 13246 9.2 1.6 22.9 0.5 9.4 -0{6
20 250 13329 9.2 1.6 23 0.4 9.4 -0J6
30 250 15822 9.3 1.6 24.2 0.4 9.4 -0{8
TABLE II. DESCENT RESULTS FOR DIFFERENT COMPARISON VOLUMES
Volume Descent comparison points
H (ft) NO of WSdiff (ktS) WDdiff (O) GSjiff (ktS)
points STD Mean STD Mean STD Mean
25 13296 9.2 14 25.5 0.7 8.4 -0.6
75 13299 9.2 1.4 26.6 0.7 8.4 -0.4
150 13299 9.2 14 27.5 0.7 8.4 -0.7
250 13299 9.2 14 28.3 0.6 8.4 -0.7

IV. OVERVIEW OF THE DATA ANALYZED

A. Period of analysis

A total of 2728 A321-200 flights from Novair betwed®
of July 2011 and 3Dof June 2012 have been considered. Fig.
4 shows the number of comparison points per mokshone
may see, the number of comparison points is siaitly
higher during the summer (July, August and Septe)riban
during the other months, due to a more busiertfighedule in
this period.

B. Geographical coverage

Fig. 5 shows the location of the comparison poibis-
route comparison points are represented in bludewdiimb
and descent comparison points are respectivelyesepted in
red and green. The comparison points are mainigtéatcover
Europe along a Northern Europe - Canary Island anthérn
Europe - Middle East axis.

C. Wind distribution

The distributions of the forecasted wind speeddirettion
in the wind uplink messages have been plottedgn 6-iand 7.
Fig. 6 shows that wind speeds have been forecésted0 to
160 kts. The average wind speed is 32 kts. The wirattion
distribution plot (Fig. 7) shows that the winds armainly
coming from the North-West (from 220 to 310°). ldéion,
the relation between wind speed and wind directiég. 8), as
well as wind speed and altitude (Fig. 9) have alsen plotted.
These plots show that strong winds are mainly cgrfiom the
North-West and are mainly at high altitude.

V. WAYPOINT-BASED ANALYSIS

A. Overall results

The distribution of the wind speed difference, wind
direction difference and ground speed differeneepdotted in
Fig. 10 for the total number of 23400 comparisom{so Note
that the distribution of the wind direction is bdsen only
20213 points which was due to the fact that wineksis of less
then 10 kts were disregarded when computing thedwin
direction differences. Table IIl provides an ovewi of the
statistical parameters characterizing these digtdbs. The
first column gives the number of comparison pofotend, the
second column gives twice the STD, the third coldhenMean
and the last column gives the empirical 95% valuthe data
sample. The empirical 95% value is obtained byirsprll the
values and selecting the value that bounds 95%eofalues. If
the data distribution is a Gaussian distributidrent the 95%
value and twice the STD should be the same. Ibeaseen that
twice the standard deviations of the ground spewtl wind
speed difference are very close to the 95% vahmth, around
18-19 kts. Twice the standard deviation for thednitirection
difference is 50°, which again is close to the 9&frpirical
value. This indicates that the distributions carcbesidered as
nearly Gaussian distributions.
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TABLE III. OVERALL RESULTS
No. of points 2-STD Mean 95%
GSuinr (kts) 23400 17.8 -0.6 18.2
WS (kts) 23400 18.4 1.5 19.0
WDyt (°) 20213 50 0.7 47.0

B. Impact of the flight phase

The different comparison points have been separate

depending on the flight phase: en route and deséenbnly
the trajectory data of the last 2 hours of thehtlipave been
considered to limit the size of the FDR exportsjyofil
comparison points have been found in climb phasetwis
considered not enough to compute a statisticafiloigton. Fig.

11 shows the STD of the ground speed and wind spe

difference for each flight phase. It can be obs#rireat the
STD of the ground speed and wind speed differeneebath
close to 9 kts, independently of the flight phase.

C. Impact of the wind magnitude

Another distinction has been made based on thedeted
wind speed in the ACARS datalink messages. FigsHd@wvs
the STDs of the ground speed and wind speed difterdéor
the following wind speed intervals: wind speed lowsan 20
kts, between 20 kts and 40 kts, between 40 kts8@nkts and
above 80 kts. There is a clear correlation betwhese STDs
and the wind speed: a wind speed increase inducesgease
of the ground speed and wind speed difference STDs.

D. Impact of the altitude

The comparison points have also been separatedcdiege
on their altitude. This was done for altitudes bel6L120,
altitudes between FL120 and FL280, and altitudesvab
FL280. Fig. 13 shows the STDs of the ground speedvand
speed difference versus the wind altitude. In dmlithe mean
wind speed for each altitude window has been addegems
that the ground speed and wind speed differences$ddease

with the altitude. However, this is probably rethte the fact
that the mean wind speed also increases withstitu

E. Impact of the season

Fig. 14 shows the STDs of the ground speed and wind
speed difference versus the month. In additionntean wind
speed for each month has been added. A ground spekd
wind speed difference STDs increase has been aaberwing
fall and winter 2011/2012. However, as the meandvdpeed
also increases during fall and winter, and as @ dample
used only covers a year of observation, it is cliffi to
determine whether the increase in STD is actually tb the
change in season or due to the wind speed evolution

F. Impact of the aircraft

Data have been retrieved from three different aftdén the
Novair fleet: SE-RDN, SE-RDP and SE-RDO. All of ske
aircraft are similar A321-200 types. Although itut be
expected that the aircraft in which the measuresmak place
has no influence in the results, it makes sensekeok that the
ground speed and wind speed difference distribatanme the
same for all of the aircraft. Fig. 15 shows the STd@ the
ground speed and wind speed difference for theerdifit
aircraft. As expected, no significant variation ¢enseen in the
results from different aircraft.

G. Impact of the forecast latency

As previously mentioned, the wind forecast is updat
%ery 6 hours and available for uplink at 4:0000016:00 and

00 UTC. As the wind uplink message containedtitne at
which this message was sent, it was possible terméie the
earliest time at which the forecast information wasde
available to the airline. Therefore, for each corigma point,
the forecast latency could be defined as the tiifferdnce

&Ftween:

« The UTC time of the wind forecast availability (@;0
10:00, 16:00 or 22:00 UTC) which is before the UTC
time at which the aircraft received the wind uplink
message and

e the UTC time at which the aircraft is crossing the
comparison volume.

This forecast latency gives an idea about how tetten
forecast was. Fig. 16 shows the STDs of the grayedd and
wind speed difference for the following forecastetey
intervals: 2 and 4 hours, 4 and 6 hours, 6 and @shand
longer than 8 hours. It seems that overall and addcbe
expected, the ground speed and wind speed differ&1ds
increase almost linearly with the forecast latency.
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VI. TRAJECTORY-BASED ANALYSIS

In order to assess the impact of the MET data tyuafhi a
future trajectory based operation and the capgbitit fly
towards a Controlled Time of Arrival (CTA) in therizal
phase of flight, an analysis of the wind speed avidd
direction differences at various points in the @esgrofile of
an aircraft was undertaken and a resulting avegrgend
speed difference during each descent profile wigsileded.

The waypoint-based analysis showed that primatilg t
wind magnitude (and as a consequence the seasaaltinde
as induced effects) has an impact on the grounedsped wind
speed differences. Indeed, during summer and spitimg
average wind magnitude is lower and so were therobd
ground speed and wind speed differences. On ther ddnd,
more comparison points were recorded during sumier.
avoid any bias in the results due to this non-unifdlight
distribution over the year, a subset of 433 flights randomly
selected within each season.

A. Comparison point average along descent

For each flight, the average of the ground spefédrdnces,
the wind speed differences, and the wind directiifferences
over the comparison points along the descent hasen b
computed. Flights which had a number of descentpewison
points lower than 4 were discarded. Note that iditah, the
wind direction difference distribution excluded pisi for
which the wind speed was lower than 10 kts. Figsiaws the
distribution of the average ground speed, wind &l wind
direction difference along the descent part of fthght while
Table IV provides an overview of the statisticatgraeters of
those distributions. The first column in Table \vep the
number of flights for which the data was calculatbe second
column gives twice the STD, the third column theadend
the last column gives the empirical 95% value. dnh che
observed that the STD and the 95% empirical vadmesnuch
lower than the ones for the WPT based analysithisncase, a
STD of 6 kts has been computed for the ground speddvind
speed difference. In addition, twice the STD and #5%
empirical values are very close to each other, whieans that
the distribution can be considered as nearly Ganssi

TABLE IV. RESULTS OFAVERAGED DATA ALONG THE DESCENT

No. of flights 2:STD Mean 95%
GSiir (kts) 1732 11.8 -0.5 11.9
WSiirr (kts) 1732 12.2 1.3 12.9
WDyt (°) 1273 29.4 1.3 31.8

B. Interpolation of the wind profile along descent

Another way of analyzing the effect of wind dataalify on
a descent operation, from a trajectory-based petispe is to
use the ACARS wind uplink message to reconstrub¢scent
wind profile. Then, all of the available FDR measuents
along the descent profile could be compared to deiscent
wind profile.
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Figure 17.Average ground speed (left), wind speed (centrd)vénd
direction (right) difference distributions duringstent phase of flight
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Figure 18.Wind speed (top) and direction (bottom) as defingthe FDR
data (blue), the wind uplink message (magentag)ianhd its linear
interpolation (red)
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Figure 19.Average ground speed (left), wind speed (centrd)veind
direction (right) differences distributions for theerpolated descent



As an example, Fig. 18 shows for one flight, thadwpeed
(upper figure) and wind direction (lower figurepudting from
the FDR data (blue line) as well as the same viesalesulting
from the wind uplink message (red line, resultirant a linear
interpolation between the 5 magenta forecast pamtthis
example).

For each flight, the descent wind profile has beer

determined by linearly interpolating the descentndsi
contained into the ACARS wind uplink message. Teuea a
good quality of the analysis, any flight which hasumber of
descent wind points lower than 4 was discardecadadition,

the interpolated curve was bounded between theekighnd
lowest altitude for which a wind forecast was aafal in the
wind uplink message. For each descent point in-DR data,
the difference between the wind speed and windctiine

resulting from the FDR data and the interpolateddibrecast,
was computed and averaged along the descent prbiie the
average ground speed difference was computed tlsingame
methodology. For the wind direction difference conagpion,

points along the descent for which the wind speed lewer
than 10 kts were discarded.

Interpolated Descent +/-150ft/10NM 1732 points
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Figure 20.Arrival time error per altitude distribution forethinterpolated
descent

Fig. 20 shows the distribution of this ETA errors Ane
may see, the STD is 0.8 seconds per 1000 ft. Thssrgation

Fig. 19 shows the ground speed, wind speed and wingbuld be used to assess the arrival time errorrthgit result

direction difference distributions for the interptdd wind data
along the descent profiles. Table V provides amaew of the
statistical parameters. The first column gives tlenber of
flights, the second column gives twice the STD, thid
column the Mean and the last column gives the eoghi®5%
value. The 95% empirical values and twice the ST®\eery
close and in the order of magnitude of 12 kts.

TABLE V. INTERPOLATION ALONG THE DESCENT
No. of flights 2:STD Mean 95%
GSiir (kts) 1732 11.4 -0.7 11.4
WSirr (kts) 1732 11.6 1.0 11.6
WDyt (°) 1730 78.4 -4.2 113.3

C. Error of the estimated time of arrival

The reconstruction of the descent wind profile atiothe
computation of an Estimated Time of Arrival (ETA¥@ at
the end of the descent. This ETA error is the diffiee
between:

from a complete descent, in the absence of activeaatime
control in the aircraft FMS. Two examples can besidered:

e 95% of aircraft descending from FL300 to FL100 will

arrive at FL100 with a time error of less than 32

seconds.

e 95% of aircraft descending from FL400 to the ground

will arrive with a time error of less than 64 sedsn

VII.
This paper has presented an analysis of the diifee

CONCLUSION

between operational WAFC based wind uplink data enad

available to an aircraft and the wind measurechbyeircraft. A
total of 2728 flights over a one year period hagerbanalysed.

The first section aimed at defining the comparigsolume
in which the forecast and measured winds were cogdpdt
was justified that a cylinder of 10 NM radius ar@D3t height
was the most suitable. A valid time window was @gssd to
each comparison volume defined as the time at wihietwind
uplink was received until the next uplink or thedeof the

» The time recorded in the FDR at which the aircraftflight. This led to the identification of 23400 cparison

reached the lowest descent comparison point and

« The estimated time of arrival at the lowest descent

points.

The second section presented the data used fostuidg.

comparison point assuming that the wind is equal td’he distribution of the flights was not constanepthe year.

the interpolated wind profile.

This ETA error can be seen as the correction tbarelled
by the FMS, if a Controlled Time of Arrival equal the ETA
would have been assigned at the lowest comparisamt, p
before initiating the descent. This ETA error haserb
computed for each flight and divided by the altéutifference
between the highest and lowest comparison poineatgh
descent. This ratio of ETA error per altitude akow flight to
flight comparison.

The number of flights was significantly higher dgiJuly,

August, and September. The comparison points w&te n

equally spread over Europe as they were mainly exunated
along the line Norway/Sweden — Canary
Norway/Sweden — Greece/Turkey. The maximum foredast

wind in the wind uplink messages was 160 kts angl th

forecasted average wind speed over all the congrapsints
was 32 kts. It was concluded that winds are madadyning
from the West. The average wind speed is highewfods at
high altitude.

Islands and



The waypoint-based analysis showed that the grepeédd
and wind speed difference standard deviations ranend 9 kts
which means that for 95% of the comparison pothis ground
speed or speed difference is equal to or below t$8 khe
impact of different parameters has been studied fiain
driver seems to be the wind speed and the fordatesicy.

Indeed, the STDs of the ground speed and wind sped8

difference increase with the wind speed and with ftirecast
latency. Obviously, the STD is the smallest whea winds
have been uplinked less than 4 hours after thedimeéhich the
forecast data was available. As winds are stroradehigh
altitude and during winter, the STD of the groupéedd and of
the wind speed difference is higher at high algtaehd during
winter.

The trajectory-based analysis used a subset ohtdlig
equally distributed in time over the year. As th@dvspeed is
higher during winter, the use of a data set whiohtains more
flights during summer would have lead to an oveiroistic
result. Two different methods have been evaluattu:
comparison point average or the average of thecréifice
between all the descent points in the FDR and tengdolated
wind forecast profile. Both methods lead to simitesults. The
ground speed and wind speed difference STDs altweg
descent were around 6 kts which means that for 85%e
flights, the average ground speed or wind speefirdiice
along the descent would be equal to or below 12 kie
interpolation of the wind profile allowed the conption of an
ETA error at the end of the descent due to theerdffces in
wind. This ETA error is the difference between tirae of
arrival estimated at the beginning of the descedtthe actual
time of arrival. In the absence of active time ofval control
by the aircraft FMS, the STD of this time error westimated
to be around 0.8 seconds per 1000 ft of altitudes Would
mean that 95% of the aircraft descending from FL80BL100
would arrive at FL100 with a time error of lessrt&? seconds
and 95% of the aircraft descending from FL400 #® ghound
would arrive with a time error of less than 64 seto

As mentioned in the introduction, it is not straigbrward
to compare the results of different wind data asedywith each
other, as often different performance indicatoeswsed in each
individual study. One element that seems cruciaug in
having reliable wind information in an aircrafttre age of the
forecast data. It was observed that during somtefflights
the forecast data was used more than 8 hourstaéidime at
which it was made available to the airline operati@entre,
which resulted in high differences between forecastl
measured data. More optimistic results were obtbhwieen the
latency of the forecast data was smaller, i.e.tless 4 hours.
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